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ABSTRACT

This project mainly dealt with modeling of the frame less chassis and the analysis over that. The modeling of the component was

done by using the advanced modeling software CATIA V5. The analysis was done by using one of the most important numerical

methods is FEA and the software used is ANSYS 14.0. By using the features of this CATIA V5 software CHASSIS was modeled. The

modeling of the individual parts will be done in the part module and the assembly of the individual parts was done in the assembly

module by using bottom up method. In the analysis, the behavior of the chassis will be shown in 6 mode shapes by using modal

analysis. The static structural analysis was done at different load conditions and results will be tabulated and graphs were plot.

1. INTRODUCTION TO CHASSIS

The automotive chassis is tasked with holding all the components together while driving,and transfering vertical and lateral

loads, caused by accelerations, on the chassis through the suspension and two the wheels.Most engineering students will have an

understanding of forces and torques long before they read this. It is suggested that the reader has a good understanding of the concepts

of axial forces, shear forces, bending, torsion, angular and normal deflections, and finally mass moment of inertia.The key to good

chassis design is that the further mass is away from the neutral axis the more ridgid it will be. This one sentence is the basis of

automotive chassis design. Some people stress full triangulation and material choice but once you are into these specifics some critical

understanding is missed. People familar with space frames may be thinking that full triangulation is the key to a good space frame.

While this will make the design better it can still benefit from this more general design principles. The design section of the book will

talk more about these items in relation to the types of chassis but the first part is the theory. Bus manufacture historically developed as

chassis and body and Analysis on a frameless chassis construction of bus Often, mini bus authorities would maintain separate stocks

of bus bodies, and would routinely refurbish buses in a central works, and refurbished chassis might receive a different body.

To rigidly fix the suspension components together when moving The first item is an easy design solution and is also the basis of

the original chassis designs that were taken from horse drawn carriages. One of the most effective shapes for supporting point loads

fixed at two ends is an I-Beam, a box tube, or a C-Beam. One beam on either side so that a floor could be

 Chassis Brackets

 Chassis Cross memb

http://www.automotive-online.com/chassis-frame/chassis-brackets.html
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Fig: 1 Chassis Construction

2. LITERATURE REVIEW

Design and analysis of vehicle chassis frame : Tulasiram

Nasikai, T.N Charyulu.

This paper study about the design and analysis of

heavy vehicle chassis frame. Traditionally, the most common

material for manufacturing vehicle chassis has been steel, in

various forms. Over time, other materials have come into use,

the majority of which have been is Steel & Aluminium. In this

paper traditional materials are replaced with composite

materials [Carbon Epoxy and E- glass epoxy]. For validation the

design is done by applying the vertical loads acting on the

horizontal C- Chanel Static. Structural and Modal Analysis is

conducted by varying the layers and also by changing the

reinforcementangles in the layers.

Keywords: Chassis frame; Carbon Epoxy; E-Glass Epoxy;

Structural and Modal Analysis.

Static structural analysis of monocoque chassis:

Shreepathi.K, Guruprasad Dr. Maruthi.

Automobile chassis is a skeletal frame and usually

refers to the lower body of the vehicle. The chassis frame is

an important part in race car and provides necessary support to

various mechanical parts like engine, tires, axle assemblies,

brake, steering etc which are placed on it. The frame should be

strong and stiff to stand against vibrations, shocks, twist, and

other stresses. Traditionally, the most common materials for

manufacturing vehicle have been steel and aluminium. In the

present work for reduction weight traditional materials are

replaced with composite materials (E-glass/Epoxy). The work

is focused on the static structural analysis of race car

monocoque chassis made of composite material (E-

glass/epoxy).The model for chassis developed using CATIA

V5 R20. Preprocessing has done with Hypermesh software,

non- linear analysis performed using ANSYS Prep7 solver and

post processed using ANSYS Post26.

Keywords: Monocoque chassis, E-glass/epoxy, Static

structural analysis, Maximum Displacement, Maximum Von-

mises Stresses.

3. INTRODUCTION TO CATIA

CATIA V5 is the leading solution for product

success. It addresses all manufacturing organizations. CATIA

can be applied to a wide variety of industries, from aerospace,

automotive, and industrial machinery, to electronics,

shipbuilding, plant design, and consumer goods. Today,

CATIA is used to design anything from an airplane to jewelry

and clothing. With the power and functional range to address

the complete product development process, CATIA supports

product engineering, from initial specification to product-in-

service, in a fully-integrated manner.

CatiaV5 R16 is an interactive Computer- Aided

Design and Computer Aided Manufacturing system. The CAD

functions automate the normal engineering, design and

drafting capabilities found in today’s manufacturing

companies. The CAM functions provide NC programming for

modern machine tools using the CatiaV5 R16 design model to

describe the finished part. CatiaV5 R16 functions are divided

into “applications” of common capabilities. These applications

are supported by a prerequisite application called “CatiaV5

R16 Gateway”.

CatiaV5R16 is fully three dimensional, double

precision system that allows to accurately describing almost
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any geometric shape. By combining these shapes, one can

design, analyze, and create drawings of products.

3.1. CHASSIS MODELING

This chassis is done mainly by using the following features.

1) Pad 2) Mirror 3) Rectangular pattern 4) Multi section solid

5) Shaft and 6) Rib

Pad: Pad is used to add material normal to a cross section or

along a reference line.

Mirror: It is used to create a body in opposite location

through a reference plane.Rectangular pattern: It is used to

create duplicate objects in a rectangular way with required

measurements in a linear direction.

Multi section solid: It is used to add material among multiple

cross sections with equal ratio or unequal ratio.

Shaft: It is used to create a circular or cylindrical shape

objects with required cross section through an axis line with

required angle.

Rib: It adds material by sweeping a profile along a center

curve.

The sketch is created on the right plane and exit work

bench then used pad tool to add the material as shown below

with required length. In this line feature is used to draw the

sketch. And for the bending portion at the edges corner tool is

used After completion of the sketch selected the exit work

bench to enter into the part for adding of material. Then select

pad feature tool and select the sketch and give the required

length for extrusion. Then select ok.

Fig: 2 Final Chassis

3.2. STEPS

 Define an isometric view to begin constructing the chassis

model.

 Begin by constructing the right face using a line

command.

 Project that face a distance of 25.4mm in the direction

shown above x axis.

 Construct the top part of the front of the model.

 Trimming offsetting, circles, and arc commands are

useful .cylindrical input is needed to create the line at 45

degree.

 Project the entities labelled by digitizes d1 to d2 a

distance of 0.25 inch in direction z axis.

 Create the slot in the top face using a line command with

the point sequence.

 Construct the top face of the right flange of the bracket.

 Construct the two circles and then two tangents, trim oter

circles to finish the construction.

 Construct the front face of the support frame obtained a

plot of model to save it.

 Create the chassis data as utilizing a ansys.

 Obtained the isometric view of the model.

 Obtained the final model of the object.
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4. ANSYS

The ANSYS Workbench platform is the framework upon

which the industry’s broadest and deepest suite of advanced

engineering simulation technology is built. An innovative

project schematic view ties together the entire simulation

process, guiding the user through even complex multi physics

analyses with drag-and-drop simplicity. With bi-directional

CAD connectivity, powerful highly-automated meshing, a

project-level update mechanism, pervasive parameter

management and integrated optimization tools, the ANSYS

Workbench platform delivers unprecedented productivity,

enabling Simulation Driven Product Development.

ANSYS works on three principles; those are Penalty

method, Lagrange method and augmented Lagrange method.

These principles used in the process of contact analysis and

non – linear analysis.

In this project ANSYS 13.0 played a major role, all the

analysis was done with the implementation of ansys. Mainly

Modal ANSYS and Static Structural ANALYSIS were done

in this Project. Modal and Stress Analysis was done on

master rod and thermal analysis was done on piston.

4.1. Modal Ansys

In this Modal ANSYS, only the deformation of the

component was calculated with applying forces and boundary

conditions. The deformation will be calculated at different

natural frequencies and it was mentioned as different modes.

Applying of the boundary conditions will give you the

specified directional deformation along with the total

deformation.

4.2 Static Analysis

After the preprocessing, the solution has to be done.

From solution phase, choose the new analysis as static. Then

solve the current load step option. The solution will be done,

the following table given the Von – Mises stress at various

loads.

Fig: 3Main Window of Ansys Workbench 14.0

Importing of the chassis will be done after opening of

the workbench. For the supporting purpose of the geometry,

the file format of cat part will be changed into IGES format.

This is to match up the graphical properties of the CATIA V5

to ANSYS WORKBENCH 14.0.

The full form of the IGES is Initial Graphics Exchange

Specification which itself states that will exchange the

graphical properties.

The material properties are the important factor

which will be considered as the second preference after

importing or creating the geometry. The procedure of material

application, double click on the engineering data which will

appear on the top of the analysis system. The analysis system

which we are using in this project is static structural analysis.

Fig: 4 Imported Geometry

4.3. XYZ ANALYSIS

1. Domain Extents:

X-coordinate: min (m) = -2.032000e-01,
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max (m) = 2.032000e-01

Y-coordinate: min (m) = -2.286000e-01,

max (m) = 2.032000e-01

Z-coordinate: min (m) = -2.332952e-18,

max (m) = 5.080000e-02

2. Volume statistics:

Minimum volume (m3): 1.236631e-10

Maximum volume (m3): 5.543948e-08

Total volume (m3): 2.633948e-03

3. Face area statistics:

Minimum face area (m2): 2.155477e-07

Maximum face area (m2): 3.423963e-05

4. Checking mesh. Done.

Fig: 5 Contact Regions

 Project that face a distance of 25.4mm in the direction

shown above x axis.

 Construct the top part of the front of the model .

 Trimming offsetting, circles,and arc commands are

useful .cylindrical input is needed to create the line at 45

degree.

 Project the entities labelled by digitizes d2 to d1 a

distance of 0.35 inch in direction z axis.

 Create y the slot in the top face using a line command

with the point sequence.

 Construct the top face of the right flange of the bracket.

 Construct the two rectangles and then two tangents, trim

oter circles to finish the construction.

 Construct the front face of the support frame obtaine a

plot of model to save it.

 Create the chassis model data as utilizing a ansys system.

 Obtained the isometric view of the chassis model.

 Obtained the final model of the object.

Fig: 6 Residuals for The Converged Solution

There are three steps that convergence has been reached:

 The residuals have decreased to a sufficient degree.The

solution has converged when the Convergence Criterion

for each variable has been reached. The default criterion

is that each residual will be reduced to a value of less than

except the energy residual, for which the default criterion

 The solution no longer changes with more iteration.

4.5. MESH

This is the operation where the normal geometry will be

converted into Finite Element Model. Finite element model

involves in the division of the geometry in to no. of elements

which represents the FEA principle.

Fig: 7 Meshing After Body Sizing

4.6. BOUNDARY CONDITION:

The boundary conditions are used to eliminate the

unknowns in the system. A set of equation that is meaningless
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without the input. In the previous example, the boundary

condition X=0, and the input forces are F1 and F2 in either

ways. The displacements could have been specified in place of

forces as boundary conditions and the mathematical model

could have been solved for the forces. In other words, the

boundary conditions help you reduce or eliminate the

unknowns in the system.

Fig: 8 Fixed Supports

4.7. LOAD APPLICATION

According to the problem statement we are doing the

impact analysis on the frame less heavy vehicle chassis. To do

the analysis the force application on the chassis top will be

required. Because it is the impact analysis we will consider

higher loads 5000, 6000 and 7000 as shown in the figure

below.

Fig: 9 Load Applications

4.8. EQUIVALENT STRESSES AND CHASSIS

VARIOUS DEFORMATIONS

The “equivalent” stress output from LUSAS and

MYSTRO (also known as “effective” or “generalised” stress)

represents an envelope of the direct and shear stress

components and is based upon classical failure criteria

theorems. There are a number of these theorems, each of

which caters for the varying failure characteristics of different

materials. In this note, the von Mises failure criterion is in

focus, but the general points made apply equally to other yield

functions such as Tresca, Mohr-Coulomb and the like.

When using the von Mises material models in

LUSAS, the equivalent stress is computed from equations

based upon the distortion-energy theorem (also known as the

shear-energy or von Mises-Hencky theory). This yield

criterion has been shown to be particularly effective in the

prediction of failure for ductile materials such as metals.

Fig: 10 1stMode Of Deformation
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Fig: 11 2ndMode Of Deformation

 Project the entities labeled by dizitizes d2 to d1 a

distance of 0.35 inch in direction z axis.

 Create ythe slot in the top face using a line

command with the point sequence.

 Construct the top face of the right flange of the

bracket.

 construct the two rectangles and then two

tangents ,trim oter circles to finish the construction.

 construct the front face of the support frame obtaine a

plot of model to same it.

 Create the chassis model data ase utilizing a ansys

system.

 obtaine the isometric view of the chassis model.

 Obtaine the final model of the object.

Fig: 12 3rdMode Of Deformation

Fig: 13 4thMode Of Deformation
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Fig : 14 5thMode Of Deformation

Fig : 15 6thMode Of Deformation

5. Structural And Modal Analysis Of Frameless Chassis

5.1STEEL.

Element Type: Solid 20 node 95 Material Properties:

Youngs Modulus (EX): 205000N/mm2

Poissons Ratio (PRXY): 0.29

Density : 0.000007850 kg/mm3

Pressure :0.06N/mm

5.2 E - GLASS EPOXY

Element Type: solid 20 nodes 95 Material Properties:

Young’s Modulus (EX) : 50000N/mm2

Poissons Ratio (PRXY): 0.3

Density : 0.000002 kg/mm3

5.3 S2 - GLASS EPOXY

Element Type: Solid 20 node 95 Material Properties:

Youngs Modulus (EX) : 86900N/mm2

Poissons Ratio (PRXY) : 0.23

Density : 0.00000246 kg/mm3

5.4 TABLES AND GRAPHS

Table: 1Modal Analysis

S.NO MODES FREQUENCY DEFORMATION

1 1st 0 4.3131

2 2nd 0 4.5902

3 3rd 0 4.759

4 4th 0.0001755 5.4198

5 5th 0.00054234 5.4165

6 6th 0.00061313 4.9544

Table: 2 Structural Analysis

MATERIAL: STRUCTURAL STEEL

S.NO LOAD EQUIVALENT STRESS

1 5000 0.6971 M Pa

2 6000 2.3082 M Pa

3 7000 4.6517 M Pa
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