1.INTRODUCTION
        	Bumpers were at first just rigid metal bars. The first bumper appeared on a vehicle in 1897, and it was installed by Nesselsdorfer Wagenbau-Fabriksgesellschaft, a Czech carmaker. The construction of these bumpers was not reliable as they featured only a cosmetic function. Early car owners had the front spring hanger bolt replaced with ones long enough to be able to attach a metal bar. G.D. Fisher patented a bumper bracket to simplify the attachment of the accessory. The first bumper designed to absorb impacts appeared in 1901. It was made of rubber and Frederick Simms gained patent for this invention in 1905.
        Bumpers offer protection to other vehicle components by dissipating  the  kinetic energy  generated by an impact. This energy is a function of vehicle mass and velocity squared. The kinetic energy is equal to 1/2 the product of the mass and the square of the speed.
{\displaystyle E_{\text{k}}={\tfrac {1}{2}}mv^{2}}	
        A bumper that protects vehicle components from damage at 5 miles per hour must be four times stronger than a bumper that protects at 2.5 miles per hour, with the collision energy dissipation concentrated at the extreme front and rear of the vehicle. Small increases in bumper protection can lead to weight gain and loss of fuel efficiency.

      Bumper is increasingly being designed to mitigate injury to pedestrians struck by cars, such as through the use of bumper covers made of flexible materials. Front bumpers, especially, have been lowered and made of softer materials, such as foams and crushable plastics, to reduce the severity of impact on legs.
      Bumper protects the hood, trunk, grill, fuel tank, exhaust and cooling system as well as safety related equipment’s such as parking lights, head lamps and tail lights. Automobile bumpers have been implemented for two reasons – to allow the car to sustain a low-speed impact without damage to the vehicle’s safety systems and to protect the passengers in the vehicle from the injury. The safety of the passengers during vehicle crashes can be ensured to a certain limit by using good bumpers. 
           

   Bumpers are fixed on the front and on the back side of a car and serve as its protection. They reduce the effects of collisions with other cars and objects due to their large deformation zones. The bumpers are designed and shaped in order to deform it and absorb the force during a collision.
1.1 TYPES OF BUMPERS
The guards are classified into five distinct sorts in light of the shape and geometry. they are:
Standard Bumper:
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   					Fig. no 1.1 standard Bumper
Deep Drop Bumper (Also Known As a Cowboy Bumper):
Deep drop bumpers are typically found on older truck and it is made of with chrome plate. This type of bumpers are have heavy duty.
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       				Fig. no 1.2  Deep Drop Bumper
Roll Pan Bumper:
Roll pan bumpers are mainly use in custom compact trucks. Theavailable trailer hitches will sit in the middle, behind the bumper.
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[image: ]Fig. no 1.3 Roll pan Bumper
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Step Bumper:
Step bumper is typically found on heavy vehicles trucks, and SUVs. The small cutout in the center looks like a step. This bumper also has holes for hitch balls and can be used to tow lightweight trailers.
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                                         Fig. no 1.4  Step Bumper
Tube Bumper:
Tube bumpers are mainly used in jeeps.
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 					Fig. no 1.5 Tube Bumper







                               
                               
                         







2. LITERATURE   REVIEW

INTRODUCTION
                Literatures related to impact are studied by many researchers. It was absorbed that major injury due to impact velocity affects to the car bumper.

DISCUSSIONS:
Dubem Ezekwem [1] had studied and analyzed about the use of composite materials in frontal car bumper. Materials such as nylon-6 Nano composite and polyethylene/palm kernel shell-iron filings composites are used. The mechanical properties of these materials are then compared with conventional car bumper material such as Aluminum and Steel. This comparison showed a reduction in weight, cost and environmental impact and also has some disadvantages such as difficulty in mass production and sophistication(quality) of the production process was also noted.

Bhavesh A. Bohra, Prof. D. B. Pawar [2] In this review, the front bumper is designed and analyzed during impact, the materials used are ABS (Acrylonitrile Butadiene Styrene) and PEI (Polyetherimide). ABS plastic is very tough and resilient, has high impact strength, good chemical resistance and is nontoxic and taint free. ABS plastic has low density compared to PEI. Hence, ABS material has chosen and comparatively best than the PEI.

     Seenuvas, N Nagendran, N Gayathri, T V B Babu, R Manjunathan [3] In this review they studied about the energy absorption analysis in front bumper of a car. The bumper absorbs impact energy and transfers to opposite direction to the impact. The materials used in this are carbon fiber foam composite, steel magma alloy, aluminum honey comb materials are used. Evolution has been done between this material and best one has been chosen based on the level of energy absorbed on bumper.Carbon fiber foam composite absorbs more impact when compared to other material in this study. Hence, carbon fiber foam composite is chosen.

Mr. Nitin S Motgi and Prof. S.B. Naik [4] They had studied about the Impact Analysis of Front Bumper. In this review, the material used for analyzing are aluminum and composite fascia, where aluminum having higher density than fascia. Finally, it is found that composite fascia is suitable of view.

R. Raykai [5] They have proposed about the design and analysis of an   automotive front bumper. 
The material used is M220 (Martensite 220 min tensile strength) formed in carbon steels. It can minimize the bumper deflection, impact force and stress distribution and also maximize the elastic strain energy. But it also has some disadvantages such as high material cost compared to fiber glass and difficulty in mass production and also having high density.

Arun Basil Jacob, Arun kumar O.N [6] They emphasized that improving crashworthiness of an automobile bumper. This review proposes a new bumper model which has more crashworthiness than the existing bumper. They aim at improving crashworthiness of an automobile bumper. They selected TOYOTA CAMRY MODEL released in 2012. The bumper of the existing model had steel bumper. Two new designs were proposed in this review. Model containing Honeycomb inside the existing bumper being the first one and foam incorporated design as the second. The newly designed models namely foam and the honeycomb incorporated bumpers show better impact absorption capacity. 

         The absorption capacity of the Honeycomb model is 11.26% and of foam model capacity is 6%. Foam is used for crashworthiness in the automobile industry for two main reasons. To fracture and break, absorbing the crash energy and to reinforce sheet metal and an overall light structure.

Alen John, Nidhi M B [7] In this review, the materials used in this analysis are aluminum 390 alloy, chromium coated mild steel and carbon composite. The analysis under dynamic loading shows this carbon composite has the max. Stress value and it is having the highest strength to weight ratio and producing deformation. From all these analyses it can be conclude that carbon composite is the best material and it can be used.

[8] In this review the material used is long fiber reinforced thermoplastics. It is then compared to conventional material. The purpose of this project is to design a bumper which is to improve crashworthiness of bumper. From the above analysis it is concluded that long fiber reinforced thermoplastic material based is good. Then it is compared with other materials and natural fibers have good energy absorption capacity.

Pradeep Kumar Uddandapu [9] In this review material used is ABS plastic and PEI. The aim of this study is to analyze and to study the structure and material. In this research analysis is done for speed according to regulations and also by changing speed in this analysis. The density of ABS plastic and PEI is less than that of steel therefore the overall weight of car bumper is reduced. In this conclusion, comparing the results of ABS plastic and PEI with steel, the stress values are less for ABS plastic and for the other two materials, therefore ABS plastic is better for utilization comparing PEI.



Prashanth S and Suresh T [10] They designed and analyzed composite truck bumper using FEM. In this review the material used is mild steel and composite material (glass epoxy). The composite material designed gives lower stress compared to mild steel, and also composite material weight is less compared to steels.























                 3. PROBLEM IDENTIFICATION OVERVIEW
Bumper is one of the parts having more weight. The best way to decrease the weight is increasing the strength to weight ratio i.e., by replacing the existing bumper with composite bumper.

In this work estimation of stress and deformation for composite materials and isotropic materials has been carried out.

 INTRODUCTION TO MATERIALS:
   
 3.1 CARBON FIBRE:
	Carbon fiber is, exactly what it sounds like – fiber made of carbon. But, these fibers are only a base. What is commonly referred to as carbon fiber is a material consisting of very thin filaments of carbon atoms. 
    When bound together with plastic polymer resin by heat, pressure or in a vacuum a composite material is formed that is both strong and lightweight.
            Much like cloth, beaver dams, or a rattan chair, the strength of carbon fiber is in the weave. The more complex the weave, the more durable the composite will be. It is helpful to imagine a wire screen that is interwoven with another screen at an angle, and another at a slightly different angle, and so on, with each wire in each screen made of carbon fiber strands. Now imagine this mesh of screens drenched in liquid plastic, and then pressed or heated until the material fuses together. The angle of the weave, as well as the resin used with the fiber, will determine the strength of the overall composite. The resin is most commonly epoxy, but can also be thermoplastic, polyurethane, vinyl ester, or polyester.
Alternatively, a mold may be cast and the carbon fibers applied over it. The carbon fiber composite is then allowed to cure, often by a vacuum process. In this method, the mold is used to achieve the desired shape. This technique is preferred for uncomplicated forms that are needed on demand.
Carbon fiber material has a wide range of applications, as it can be formed at various densities in limitless shapes and sizes. Carbon fiber is often shaped into tubing, fabric, and cloth, and can be custom-formed into any number of composite parts and pieces. Familiar products made of carbon fiber include.

· High-end automobile components
· Bicycle frames
· Fishing rods
· Shoe soles
· Baseball bats
· Protective cases for laptops and I Phones
More exotic uses can be found in the:
· Aeronautics and aerospace industries
· Oil and gas industry
· Unmanned aerial vehicles
· Satellites
· Formula-1 race cars



 


  
  3.2ABS PLASTIC:   
            ABS is an acronym for acrylonitrile butadiene styrene. (Now you understand why it goes by its initials!) It is an opaque thermoplastic polymer. The term “thermoplastic” refers to a class of plastics that can be reprocessed after an initial heat cycle; as opposed to "thermoset" plastics that undergo an irreversible chemical change during its first heat cycle. ABS is a common engineering grade plastic and it is used in many products around you, particularly electronic enclosures.
	
Physical Characteristics of ABS:	

            The nitrile groups in ABS make it stronger than pure polystyrene, and its styrene component gives it a shiny, protective surface. The polybutadiene in ABS is rubbery in consistency, which provides impact strength and durability.

                   ABS is resistant to many chemicals and electrical current. ABS is lightweight and easily machined, sanded, painted, and glued. It can also be colored and textured relatively easily. Specialty grades can include flame retardants to meet a regulatory requirement or fiberglass fillers to improve stiffness, acting like rebar in concrete.

             Its low melting temperature not only makes it ideal for injection molding, but for other applications such as 3D printing.   Thus, the transition from a 3D printed prototype to production can be fairly smooth. It is a relatively inexpensive material, with a cost that typically falls between that of polypropylene and polycarbonate. These characteristics help explain why it is widely used across many product types and industries, and are an excellent choice for prototyping.

            Prolonged exposure to sunlight's UV rays will weaken or embrittle ABS, so it isn't a great fit for outside applications. With a low softening point, ABS is not used in applications that require high heat resistance. 
       However, additives mixed with the resin pellets can increase its heat resistance to an operating range of as high as 176 degrees Fahrenheit. Lastly, there are certain substances that will also weaken ABS, so it is important to consider what substances your product might face in the real world and check with your molder or material manufacturer.
Types of Products are Made with ABS:
        If a product must be light, shock absorbent, and possibly chemical resistant, there’s a good chance it will made of ABS. Some of the more common uses include:
· Automotive trim components
· Protective carrying cases and luggage
· Enclosures for many electronics
· Protective headgear
· Musical instruments like recorders and plastic clarinets
· Small kitchen appliances
· Computer keyboards and keycaps
· Plastic toys, including common building blocks
3.3   S2 GLASS EPOXY:
        S2-glass/epoxy composite is a material that has recently found increasing application as a constituent of Fiber Metal Laminates (FMLs) and in integral armor systems among other applications. Commercialized versions of glass-based FMLs under the name GLARE have found application in the bulk cargo floor of the Boeing 777, the bulkhead of the Bombardier Learjet 125 and most recently the upper fuselage of the A380. As such, it is important to develop analysis tools for the prediction of damage and failure in such materials.
          From an analysis point of view it is important when modeling multi material systems such as FMLs, to have information about the behavior of not just the multi-material system, but also the constituent materials, so that predictions concerning different multi material configurations can be made. Thus, this paper focuses on S2-glass and presents an experimental and numerical study of the notched (open hole) strength of this material.
                       
                 Following tests for determination of basic material properties, cross-ply laminates and quasi-isotropic laminates have been tested to failure to determine notched strength. The observed data is being used to develop a number of different methods to predict notched strength, and results from one such method using progressive damage analysis is presented with comparisons with experiments.
	[bookmark: _Hlk7021376]Material
	Density
(kg/m^3)
	S/W
	Cost

	ABS
	3.45
	High
	High

	C.F
	1.34
	Low
	Moderate

	S2 GLASS                     EPOXY
	2.34
	Moderate
	Moderate




             
                    
Table 1: Comparision of materials properties
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                       Fig 3.1 Car bumper dimensions (in mm)                                                        
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                       Fig 3.2 Blue print of the HYUNDAI I10 car bumper

                        

                                


                              
                       4. MODELLING IN CATIA V5 R20
Modeling is nothing but designing a car body with our required dimensions. So, here designing and analysis cannot be done because the complex shapes are too difficult to design in ANSYS. Hence we chosen a tool called CATIA V5 R20 to design our required car model.

4.1 Steps involved in CATIA to design car body
· 
1

54

· Selection of module in CATIA
· Sketcher
· Extrude
· Plane creation
· Projection
· Fill
· Thickness
· Fillet
Selection of module in CATIA:
This is the important step in CATIA .here we selected wire frame and surface design in mechanical design to draw the car body in that wire frame and surface design select the plane on which you want to draw the car body .then after selecting the plane we enter in to the sketcher. In this module only surfaces are extruded and filled.
[image: ]
Fig 4.1 Selection of module in CATIA
	
4.1.a Sketcher:
                    This sketcher is one type of tool in CATIA. In this we will draw the complete sketch of the car body and here we must notify that the complete figure must be Iso- constrained. If any unwanted portions are there in figure we have to trim with help of trim option. If any openings are there in drawing it shows errors in further steps so sketch must be accurate.
                      [image: ]         
                              Fig 4.2 Sketcher
4.1.b Extrude:
After completion of sketcher we have to exit from the workbench then you will find the surface extrude option by clicking that option you have to extrude the surface with the required dimensions of 925mm. from the axis as shown in below figure. If any openings are there in the figure then the surface doesn’t extrude so we must be very accurate in sketcher
                   [image: ]
Fig 4.3 Extrusion
4.1.c Plane creation:
After the completion of extrude now we have to create a plane to fill the left and right surface of the car so create a plane of 925mm distance from the original plane with the help of plane creation option in CATIA at a distance of 925mm.
[image: ]
		   Fig 4.4 Plane creation

           4.1.d. Fillet:
	This option is used to smooth the sharp edges after the completion of the complete figure the sharp edges of the car must be smoothen down with some required dimension to get the exact view of the car.                          [image: ]
                                                                                   Fig 4.5 Fillet
                                        
4.1.e. Pad:	
             This pad option is used to extrude the surface with some thickness and this applied same as the pocket first we have to enter in to the sketcher then draw the sketch where we have to apply the pad then exit from the workbench and apply the pad here this pad is done to close the lower portion of the car.
                       [image: ]
                            	    Fig 4.6 Pad
Saving of file in CATIA
	Now we have generated complete car model in CATIA now we have to save this model so now enter in to the file option and click on save as option then it will ask on which format the file has to save. So in that we have to select IGES format to save this CATIA file.


5.  INTRODUCTION TO FINITE ELEMENT METHOD
	 Problems involving structural analysis, analysis of aircraft structures, automobile components, heat transfer, thermal stress and fluid flow require large storage data, and equations governing the physical phenomenon are non-linear. Further these components have irregular geometries, complex material properties and sometimes even involve non-linear boundary conditions and selective problems with assumptions simplifying the analysis.

5.1 Techniques that are used to get solutions for problems are 
1) Analytical solutions and
 2) experimental techniques.
5.1.a. Analytical method: Regular and exact solutions 
5.1.b. Experimental Method:
· In this we require Equipment’s with Instrumentation 
· Initial cost is too High 
· It is time consuming 
Alternate to all this Methods is 
5.1.c. Numerical Method: -
In this there are many different methods are there 
i. FDM (Finite diff method )
ii. FEM( finite Element method)
iii. CFD(cumulative fluid dynamics)

	Engineers today face increasingly difficult challenges to contend in rapidly changing global market-to-market products in better quality at lowest cost possible, so that the product has a good market in competition. 


To achieve these goals, one of the powerful tools available for the designer is computer aided finite element analysis.

	Finite element Analysis is a powerful numerical technique for analysis .FEA is used for stress analysis in that area of solid mechanics. The basic concept of finite element method is that a body / structure may be divided in to smaller elements called finite elements. The properties of the element are formulated and combined to obtain the solution for the entire body or structure. For a given practical design problem the engineer has to idealize the physical system into a FE model with proper boundary conditions and loads that are acting on the system. Then the discretization of a given body or structure into cells of finite elements is performed and the mathematical model is analyzed for every element and then for complete structure. The various unknown parameters are computed by using known parameters.

FEM in Retrospect:
	With the advancement of computer technology and CAD systems, complex problems can be modeled with relative ease. Several alternative configurations can be tried out before fabricating the initial prototype. By using the FEM an approximate behavior of the continuum can be determined which will significantly facilitate for superior design.
FEM originated as a method of stress analysis, but today it is used to solve problems of heat transfer, fluid flow, lubrication, magnetic and electric field, fractures mechanics and in many other engineering fields. 


             Abundant software packages based on FEM and FEA have been developed such as SAP, ANSYS, STADD and STRUDAL. The analysis package ANSYS is like an encyclopedia of finite element packages.
ANSYS has got almost all types of elements with many fields of mechanics.
5.2. Finite element procedure:
 The FE procedure can be broadly classified into
· Pre processing
· Processing (solution)
· Post processing

5.2.a Pre-Processing:
Pre-processing consists of model generation and discretization into finite elements. These steps involved are appended below. Select a suitable element for analysis. Define material properties such as Young’s Modulus, Poisson’s ratio etc.
Prepare the sketch of continuum to be analyzed. Mesh generation i.e. dividing the geometry into a number of suitable fine elements, which are interconnected at the nodes.

5.2.b. Processing (solution):
After the model is built in pre-processing phase, the solution to the analysis is obtained in the processing phase. The analysis type indicates to the processor the governing equation to be used to solve the problems; the general categories available include structural, thermal, electromagnetic, computational fluid dynamics etc. Each category can include several specific analysis types, such as static or dynamic analysis. Processing requires no user interface. All analysis types are based on classical engineering concepts. These concepts can be formulated into matrix forms that are suitable for analysis using FEM. It calculates transformation matrices, maps elements into global system, and assembles the elements. 
Boundary conditions are introduced and solution procedures are performed.
          Most of the mechanical engineers are familiar with the structural static analysis. It is used to determine the displacements, stresses, strains and forces that occur in the continuum as a result of applied loads. 
The governing equation for analysis is:
[K] [Q] = [F]
Where,
[K] = Structural stiffness matrix
[Q] = Nodal displacement vector
[F] = Loads applied include concentric, thermal etc.
In the processing phase we really end up with governing equations for each element. By solving each equation at each node we obtain the degrees of freedom, which would give the approximate behavior of complete model.

5.2.c. Post Processing:
Post processing deals with the results such as deformed configuration, shapes, and stress distribution, temperature .Any post processor displays graphically the results in the following modes Displacement of shapes – deformed and unreformed mesh is displayed. Contours – A display of scalars like temperature distribution. Animation – Time dependent or harmonic results are portrayed vividly. Auto generation-results are presented as charts, tables graphs etc. The major job of post processor is to present results in an easy way to understand. Pictorial representation interactive graphics is the best. This aids in determining basic trends and then concentrates on critical areas.


5.3.  Advantages of FEM:
· This method can be efficiently applied to cater irregular geometry.
·  It can take care of any type of boundary conditions. 
· Material anisotropy and in homogeneity can be treated without much difficulty. 
· Optimization of design can be done with ease.

5.4.  Dis-advantages of FEM:
· To solve problem the approximations used do not provide accurate results.
· Stress value may vary from fine mesh to average mesh analysis.

5.5 Finite element structural analysis:
A finite element model approximates the geometry and physical behavior of a system with a discretization of finite elements. Each element is an approximate (sometimes exact) mathematical representation of a small part of the system.
Classification of Analysis Methods
Engineering Analysis can be broadly classified as follows:   
1) Classical Methods
0. Exact
0. Approximate
2) Numerical Methods
· Energy
· Boundary Element
· Finite Element
· Finite Difference 
Classical methods attempt to solve problems directly by forming governing differential equations using fundamental principles of physics. Exact solutions, those having closed forms, are possible only for the simplest cases of geometry, loading and boundary conditions. A somewhat wider variety of classical problems can be solved using approximate solutions. These solutions take the form of series expansions, which are truncated after a reasonable degree of convergence. Like exact solutions, approximate ones require regular geometric shapes, simple boundary conditions, and well-behaved loads. Consequently these solutions bear little resemblance to most practical engineering problems. The principal advantage of classical methods is the high degree of problem insight provided by solutions of this type. 

Numerical methods address a broad range of problems. The energy method seeks to minimize an expression for potential energy of a structure over its entire domain.
This approach works extremely well for certain problems, but it is not broadly applicable. The boundary element method approximates functions satisfying the governing differential equations, but not the boundary conditions. Problem size is reduced because elements represent only the boundary of the domain. 

                    However, the application of this method relies on knowing the fundamental solution to the governing equations, which can be difficult to obtain. The finite difference method replaces governing differential equations and boundary conditions with corresponding algebraic equations. This permits the representation of somewhat irregular problems, but complex geometry, boundary conditions, or loads become difficult to handle. 
           The finite element method offers virtually unlimited problem generality by permitting the use of various regular shapes. These elements can be combined to approximate any irregular boundary. Similarly, loads and constraints of any type can be applied. The finite element method is applicable to all classes of field problems; these include structural analysis, heat transfer and electromagnetic. 

The Basic Steps Involved in FEA:
Mathematically, the structure to be analyzed is subdivided into a mesh of finite sized elements of simple shape. Within each element, the variation of displacement is assumed to be determined by simple polynomial shape functions and nodal displacements. 
     
        Equations for the strains and stresses are developed in terms of the unknown nodal displacements. From this, the equations of equilibrium are assembled in a matrix form which can be easily be programmed and solved on a computer. 
                     After applying the appropriate boundary conditions, the nodal displacements are found by solving the matrix stiffness equation. Once the nodal displacements are known, element stresses and strains can be calculated.
                   Within each of these modeling schemes, the Engineer can insert numerous algorithms (functions), which may make the system behave linearly or non-linearly. Linear systems are far less complex and generally ignore many subtleties of model loading and behavior. Non-linear systems can account for more realistic behavior such as plastic deformation, changing loads etc. and is capable of testing a component all the way to failure.



The following are the five basic steps involved in a FEA analysis:
 1.  Discretization of the Domain
 2.  Applications of Field/Boundary conditions
                 3.  Assembling the system equations
                 4.  Solution for the system equations
                 5.  Review of results   
Let us understand the above five steps one by one sequentially 
1. Discretization of the domain:
Here the task would be to divide the continuum under study into a number of subdivisions called elements. Based upon the geometry, the continuum or the system under study can be divided into a number of elements. FEA permits us to do so
· If the continuum is a single point it can discretized using point elements
· If the continuum is 1D it can be discretized using line elements
· If the continuum is 2D it can be discretized using area elements
· If the continuum is 3D it can be discretized using volume elements.
2) Once the discretization is done, we shall include the known field/boundary Conditions which shall serve as references and help us in solving for the unknowns.
3) Once the reference or known conditions are imposed, we shall define sets of equations which are suitable to define the behavior of system. This involves formulation of respective characteristic (Stiffness in case of structural) equation matrices.
4) Once the equations are set up, we shall solve the same to know the unknowns and get insight into system behavior. That is basically the system of matrices which are nothing but a set of simultaneous equations are solved.
5) Upon the completion of solution, we shall review the results.





















6. FINITE ELEMENT MODELING USING HYPERMESH 10.0:
Altair hyper works is the engineering frame work for product innovation for maximizing product performance, automating design processes, and improving profitability within an open and flexible environment. Built from the core up to be programmable, automated and interoperable with all major commercial CAD systems and CAE solvers, hyper works enables innovation by providing high-end, value-based product design solutions within one common engineering environment. Hyper works provides applications for modeling and assembly, simulation, conceptual design, robust design and optimization, visualization and reporting, virtual manufacturing as well as automation and data management.

                Altair hyper works 10.0 is the new version of Altair’s CAE software suite .It includes many new features and several new applications. The objectives for Hyperworks10.0 are 
1. Improve usability of the interactive applications 
2. Release a comprehensive solver offering for structural and mechanical systems simulation using finite elements and multi-body dynamics 
3. Provide innovative design and optimization tools
4. Extend the data management offering 
The model is imported to develop a mesh by using HyperMesh-10, through IGES format and then solid elements were created for car body. FE model of the car body  is shown in figure





6.1 How to import file in HYPERMESH through CATIA
         After saving the file in IGES format in CATIA then you will find import option in HYPERMESH then click on that option and set file type as IGES and open the file path and click on import then the required CATIA file is imported.

[image: ]
              Fig 6.1 Hypermesh through CATIA
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                             Fig 6.2 Meshing in HYPERMESH
In HYPERMESH you will see a 2d option click on that option and select AUTOMESH and select surfaces and displayed and select and click on mesh option then the mesh is generated as shown in the below figure

[image: ]
                      6.3 Mesh   of a car bumper

Creating sensor material properties and components to the element:
· After the meshing we have to create sensor and material properties and components to the element which we have selected.
· First create element type before to do this so click on the 2d option in hypermesh and click on element types there click on quad 4 and assign shell 163 element there.
· After doing this click on elements and displayed and create so the element type is created in hypermesh
· Now we have to sense this element to export this file in to ANSYS.
· To sense click on 2d and click on et types and there specify sensor name and card image and click on create now the element is sensed.
· Now we have to create the component so click on the component option in hypermesh and there assign name to the component and give card image as hm-comp and assign property as a aluminum or carbon fiber and give material name and click on create and edit.
· So the component and sensor was created.
· After this assign properties to the material which we have created as aluminum and carbon fiber by clicking the properties option in the window.
· Now click on tool and organize and elements and displayed.
· Now the file is ready to export in to the ANSYS.

6.2. Element discription
                   Shell63 has both bending and membrane capabilities. Both in-plane and normal loads are permitted. The element has six degrees of freedom at each node: translations in the nodal x, y, and z directions and rotations about the nodal x, y, and z-axes. Stress stiffening and large deflection capabilities are included. A consistent tangent stiffness matrix option is available for use in large deflection (finite rotation) analyses. See Shell63 in the ANSYS, Inc. Theory Reference for more details about this element. Similar elements are Shell43 and Shell181 (plastic capability), and Shell93 (midside node capability). The ETCHG command converts Shell57 and Shell157 elements to Shell63.
[bookmark: ad17g119lmm][image: ]
                 Fig.6.4 : Shell63 Geometry
XIJ = Element x-axis if ESYS is not supplied.
x = Element x-axis if ESYS is supplied.

[bookmark: acoNxq319mcm][bookmark: ad27g251lmm]SHELL63 Input Summary
Nodes 
I, J, K, L
Degrees of Freedom 
UX, UY, UZ, ROTX, ROTY, ROTZ

	

	

	

	

	


Material Properties 
EX, EY, EZ, (PRXY, PRYZ, PRXZ or NUXY, NUYZ, NUXZ), ALPX, ALPY, ALPZ (or CTEX, CTEY, CTEZ or THSX, THSY, THSZ), DENS, GXY, DAMP
Surface Loads 
Pressures --  
	face 1 (I-J-K-L) (bottom, in +Z direction), face 2 (I-J-K-L) (top, in -Z direction), 

	face 3 (J-I), face 4 (K-J), face 5 (L-K), face 6 (I-L)


Body Loads 
Temperatures --  
T1, T2, T3, T4, T5, T6, T7, T8
Special Features 
	· Stress stiffening

	· Large deflection

	· Birth and death




How to save a file in HYPERMESH
Here to save a file click on save as option and save the file this file is saved in .HM format and this file has to export to .CDB file to import in ANSYS through HYPERMESH so again this file is saved in .CDB format in HYPERMESH



             7. INTRODUCTON TO ANSYS
 
The ANSYS computer program is a large- scale multipurpose finite element program which may be used for solving several classes of engineering analysis .the analysis capabilities of ANSYS include the ability to solve static and dynamic structural analysis .steady-state and transient heat transfer problems, mode frequency and buckling Eigen value problems, static or time varying magnetic analysis, and various types of field and coupled-field applications. 
        The program contains many special features which allow nonlinearities or secondary effects to be included in the solution ,such as plasticity ,large strain ,hyper elasticity ,creep, swelling ,large deflections, contact, stress stiffening, temperature dependency ,material anisotropy, and radiation .as ANSYS has been developed, other special capabilities, such as sub structuring, sub-modeling, random vibration, free convection fluid analysis, acoustics, magnetic, piezo electric, couple-field analysis and design optimization have been added to the program. These capabilities contribute further to making ANSYS a multi-purpose analysis tool for varied engineering disciplines. 

In order to solve test cases, specific ANSYS products may be required .the test cases appropriate to each product can be determined from the following table. Most test cases can be solved within the limitations of the educational ANSYS product. The test case input listings are available through a hyperlink in the test description.
                   ANSYS is a program intended for solving practical engineering problems .Many theoretical problems are not realistic in that the assumptions necessary to obtain a closed form analytical solution make the mathematical model depart from a practical application problem.
 
           Examples of these assumptions are : step force changes ,step temperature changes ,perfectly plastic impacts ,infinitely rigid supports, etc .imposing these conditions in a finite element analysis often requires more effort to duplicate the theoretical result than would be required to solve the” Real world “ problem .

This software has three modules namely: 
· Pre processor 
· Solution Module 
· Post processor 
The Pre-processor is used for building the Fe model, which includes creation of areas, meshing, selection of material properties, selection of element type and size. 
 The model so prepared is then submitted to the  solution module , where appropriate forces and displacement boundary conditions are applied .this solution module has the solver ,which solves the finite element problem .once the solution has converged (a number of iterations may be required ) the results can be seen in the post processor .
All real physical structures ,when subject to loads or displacements behave dynamically .the additional inertia forces according  to Newton’s second law , are equal to the mass times acceleration .if the loads or displacements are applied very slowly .then the inertia forces can be neglected and a static analysis can be justified .but in reality the loads are dynamic in nature.
7.1 Steps involved in ANSYS
· Preferences
· Preprocessor
· Solution
· General post processor

7.1.a Preferences
In this preferences we have to set the options as shown in the below figure since here we are doing structural analysis and solving this model in ANSYS.

7.1.b Preprocessor
· Element type
· Real constants
· Material properties
· Modeling
· Meshing

7.1.b.1 Element type
In this element type we have to define or edit the elements in ANSYS in this ANSYS nearly 40 types of elements are there here we have chosen shell163 element. 
[image: ]
	   		Fig. 7.1 Element type


7.1.b.2 Material properties
       In these material properties we will specify young’s modulus and poison’s ratio and density to a material which we have defined
[image: ]
			Fig 7.2 Material properties
Specify loads
	Here we have to specify the loads on where the stresses are going to get so here we doesn’t specify the point loads because it is a dynamic analysis we will specify acceleration as a load in dynamic analysis. This is specified as shown below

[image: ]

   		Fig 7.3 specification of loads in ANSYS




	[image: ]
	
       Fig 7.4 Conversion of speed into loads

7.1.c Solution 
	Here we will specify the time controls means with respect to   how much time the results has to be displayed and here we will specify output controls means in how many steps the results must be divided after giving all these then click on solve command to solve the problem. 







8. RESULTS FOR STATIC ANALYSIS OF A CAR BUMPER
8.1Carbon fiber:
Static Analysis of car body made up with carbon fiber is performed. Displacements in X, Y and Z directions are shown in Figures respectively. Shows stress in X direction. Stress in Y direction shows stress in Z-Direction. The VONMISSES stress of the car body shown in figure
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                                    RESULT 1
                     Displacement along x-direction
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                                RESULT 2
                Displacement along y-direction
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                               RESULT 3
               Displacement along z-direction
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                               RESULT 4 		
                     Stresses in x-direction
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                                RESULT 5
                        Stresses in y-direction
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                                     RESULT 6
	     Stresses in z-direction
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RESULT 7
	VONMISSES STRESSES


8.2 ABS plastic:
Static Analysis of car body made up with ABS plastic is performed. Displacements in X, Y and Z directions are shown in Figures respectively. Figure shows stress in X direction. Stress in Y direction shows stress in Z-Direction. The Von misses stress of the car body shown in figure
[image: ]
RESULT 8
		Displacement along x-direction
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                                            RESULT 9
                           Displacement along y-direction
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                                          RESULT 10
                             Displacement along z- direction
                          
                 [image: ]
                                 RESULT 11:Stresses in x-direction
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                                RESULT 12
                    Stresses in y- direction
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                              RESULT 13
                     Stresses in  z- direction
[image: ]                                                 
                       RESULT 14
             VONMISSES STRESSES

	
8.3 S2 glass epoxy: 
         Static Analysis of car body made up with ABS plastic is performed. Displacements in X, Y and Z directions are shown in Figures respectively. Figure shows stress in X direction. Stress in Y direction shows stress in Z-Direction. The Von misses stress of the car body shown in figure.
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                                  RESULT 15
                  Displacement along x-direction



[image: ]                   
                                RESULT16
                Displacement along y-direction
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RESULT 17
displacement along z- direction
                       [image: ] 
                                  RESULT 18
                        Stresses in x- direction
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RESULT 19
Stresses in y-direction
                           [image: ]
                                                                RESULT 20
                               Stresses in z-direction
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                                           RESULT 21
VON MISSES STRESSES 

	
  ANALYSIS

	ABS
PLASTC
	CARBON FIBER
	S2 GLASS EPOXY


	
Displacement in x-direction (mm)

	
2.9

	
0.041

	0.08

	
Displacement in y-direction(mm)

	0.18
	0.024

	0.052

	
Displacement in z-direction (mm)

	0.77

	0.093

	0.054

	
Stresses in x-direction
( Mpa)

	266

	87

	86

	
Stresses in y-direction
( Mpa)

	150

	143

	134

	
Stresses in z-direction
( Mpa)

	145

	148

	171

	
Von misses stresses( Mpa)

	
314
	
156
	149



Table 1: comparison of different materials at 120 kmph



     			9. GRAPHS


                                      Displacement_graph



                                          Stress_Graph

                      
                10.CONCLUSION

1.  The von misses stress induced in case of S2 glass epoxy (156 Mpa), which is c lower than the stresses induced in the other two materials.

2. The principal stresses induced in the S2 glass epoxy are lower than the principal stresses in ABS plastic and carbon fiber.

  3. Carbon fiber has low strength to weight ratio when compared to other materials.   
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The first bumper appeared on 


a vehicle in 1897, and it was installed by Nesselsdorfer Wagenbau


-


Fabriksgesellschaft, a Czech carmaker. The construction of these bumpers was 


not reliable as they featured only a cosmetic function. Early c


ar owners had the 


front spring hanger bolt replaced with ones long enough to be able to attach a 


metal bar.


 


G.D. Fisher patented a bumper bracket to simplify the attachment of 


the accessory.


 


The first bumper designed to absorb impacts appeared in 1901. It 


was made of rubber and Frederick Simms gained patent for this invention in 
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A bumper that protects vehicle components from damage 


at 5 miles per hour 


must be four times stronger than a bumper that protects at 2.5 miles per hour, 


with the collision energy dissipation concentrated at the extreme front and rear of 


the vehicle. Small increases in bumper protection can lead to weight gain


 


and 
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1.INTRODUCTION 

         Bumpers were at first just rigid metal bars. The first bumper appeared on 

a vehicle in 1897, and it was installed by Nesselsdorfer Wagenbau-

Fabriksgesellschaft, a Czech carmaker. The construction of these bumpers was 

not reliable as they featured only a cosmetic function. Early car owners had the 

front spring hanger bolt replaced with ones long enough to be able to attach a 

metal bar. G.D. Fisher patented a bumper bracket to simplify the attachment of 

the accessory. The first bumper designed to absorb impacts appeared in 1901. It 

was made of rubber and Frederick Simms gained patent for this invention in 

1905.

 

        Bumpers offer protection to other vehicle components 

by dissipating  the  kinetic energy  generated by an impact. This energy is a 

function of vehicle mass and velocity squared. The kinetic energy is equal to 1/2 

the product of the mass and the square of the speed. 

  

        A bumper that protects vehicle components from damage at 5 miles per hour 

must be four times stronger than a bumper that protects at 2.5 miles per hour, 

with the collision energy dissipation concentrated at the extreme front and rear of 

the vehicle. Small increases in bumper protection can lead to weight gain and 

loss of fuel efficiency. 

 

      Bumper is increasingly being designed to mitigate injury to pedestrians struck 

by cars, such as through the use of bumper covers made of flexible materials. 

Front bumpers, especially, have been lowered and made of softer materials, such 

as foams and crushable plastics, to reduce the severity of impact on legs. 

      Bumper protects the hood, trunk, grill, fuel tank, exhaust and cooling system 

as well as safety related equipment’s such as parking lights, head lamps and tail 

lights. Automobile bumpers have been implemented for two reasons – to allow 

the car to sustain a low-speed impact without damage to the vehicle’s safety 

systems and to protect the passengers in the vehicle from the injury. The safety 

of the passengers during vehicle crashes can be ensured to a certain limit by 

using good bumpers.  

            

 

