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Abstract— The chassis frame forms the backbone of a 

vehicle. Automotive chassis is the main carriage system of a 

vehicle. The two-wheeler chassis consists of a frame, 

suspension, wheels and brakes. Commonly used material for 

two-wheeler chassis is steel. Steel material makes the chassis 

frame heavy and thereby increasing overall weight of vehicle. 

Weight reduction is the crucial issue in today’s automotive 

industries since it greatly affects the fuel efficiency of 

vehicle. Composite materials providing outstanding solution 

to this problem. The present work here attempts to 

incorporate the change in material of chassis of two wheeler 

vehicle which could provide higher strength to chassis and 

have lesser weight of the chassis rendering it a higher life of 

operation. The new proposed material are  E- Glass, S- Glass 

and Carbon Epoxy whose material properties are compared 

with conventional material of chassis used that is steel. The 

chassis of two wheeler is geometrically modeled in CAD 

software which is CATIA V5 and analysis done on ANSYS 

workbench. 
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I. INTRODUCTION 

Automotive chassis is a French word that was initially used 

to represent the basic structure. It is a skeletal frame on which 

various mechanical parts like engine, tires, axle assemblies, 

brakes, steering etc. are bolted. It gives strength and stability 

to the vehicle under different conditions. At the time of 

manufacturing, the body of a vehicle is flexibly molded 

according to the structure of chassis. Automobile chassis is 

usually made of light sheet metal or composite plastics. It 

provides strength needed for supporting vehicular 

components and payload placed upon it. Automotive chassis 

or automobile chassis helps keep an automobile rigid, stiff 

and unbending. It ensures low levels of noise, vibrations and 

harshness throughout the automobile. Automobile chassis 

without the wheels and other engine parts is called frame. 

Automobile frames provide strength and flexibility to the 

automobile. The backbone of any automobile, it is the 

supporting frame to which the body of an engine, axle 

assemblies are affixed. Tie bars that are essential parts of 

automotive frames are fasteners that bind different auto parts 

together. Automotive frames are basically manufactured 

from steel. Aluminum is another raw material that has 

increasingly become popular for manufacturing these auto 

frames. In an automobile, front frame is a set of metal parts 

that forms the framework which also supports the front 

wheels. 

In 19th century material research was at its peak and 

covered almost all area of application with one intention of 

defining new materials which define new technologies. 

Earlier methods were of manually drafting the geometries and 

manufacturing the chasiss in synchronous order to produce 

the result which were subjected to rejection due to 

inefficiency to meet the standards. The validation of design 

and manufacturing process was dependent on the statistical 

analysis of failure data which engulfed large amount of 

observation and corresponding time. But with advent of 

microelectronics and mainly due to uprising of computer 

numeric control in 1952 this techniques of tool development 

are study of history. The present day witnesses the drafting of 

chassis along with its complex geometry in software which 

runs on the subroutines and algorithms known by the name of 

computer programs for manipulation, creation and 

representation of geometric models. The statistical data of 

failure of tool can be analysed with greater convenience with 

software’s algorithms mainly intended to do so. Thus the 

work of drafting new geometries and defining new materials 

to the same and analysing the relevant parameters which 

would define the best material to be employed can be 

achieved with lesser amount of time and monetary 

expenditure which was employed earlier. This helps to decide 

different materials for different applications of automobile 

chassis and can be efficiently employed while designing an 

automobile. 

A. Objectives of Study 

The various objectives under study can be numerated as 

follows: 

 To geometrically model the chassis of two wheeler of 

Hero Passion. 

 To determine the variants of material over the 

conventional steel material that is currently being used 

for manufacturing of chassis and there corresponding 

mass to affect the fuel efficiency. 

 To analyze the von mises stresses using ANSYS 

Workbench 14.5 acting on the various materials used for 

study which are steel, E- Glass , S- Glass and carbon 

epoxy. 

 To analyze the chassis for different materials under study 

in context of natural frequencies of the same so as to 

evaluate the resonating limit of each material. 

 To compare the results obtained for various materials in 

context of Von Mises stresses acting on chassis and 

natural frequency of vibration of the same. 

 To ascertain the best material to be selected for chassis 

providing higher strength and higher limit of natural 

frequency over the conventional steel material to be used 

B. Problem Statement 

The present work provides an insight of the effect of material 

variation on bending stresses acting on the chassis and the 

natural frequency of chassis of conventional material. This 

values are compared with new proposed material which are 

E- Glass, S- Glass and carbon epoxy of which best material 
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which would show lesser stress and higher resonating 

frequency is termed as best for chassis construction. 

II. LITERATURE REVIEW 

Manoj Jaya PrakashSwain Prof. Amit Kumar[2]explored 

chassis frame with compositematerial to attain socio-

economic benefits. In this paperAuthor highlighted that the 

composite materials are proving themselves as promising 

material in replacing automotive components for better 

mechanical properties. In this it is emphasized that the 

Chassis frame is base for all automotive components and 

absorb all running forces and impact forces thus needs to be 

strong enough. 

K. Venkatarao and J. Chandra Sekhar [3] have 

designed and analyzed the TATA 1109 EX2 vehicle chassis 

frame.In this paper the analysis is done with two different 

composite materials namely E-glass/Epoxy and S-glass/ 

Epoxy subjected to the same pressure as that of a steel frame. 

M. Ravi Chandra, S. Sreenivasulu, Syed 

AltafHussain[4] have also designed and analyzed the vehicle 

chassis of a TATA 2515EX vehicle. In this work three 

different composite heavy vehicle chassis have been modeled 

by considering three different cross-sections namely C, I and 

Box type cross sections. 

V. VamsiKrishnamRaju, B. Durga Prasad, M. 

Balaramakrishna, Y. Srinivas[5] in his Modeling and 

Structural Analysis of Ladder Type Heavy VehicleFrame 

have done analysis on heavy vehicle frame of a TATA 1109 

EX2 vehicle. 

ArchitTomar&Dheer Singh [6]in his work ofstatic 

analysis, modal analysis and design modification in chassis 

frame have tried to optimize weight of frameby using 

composite material. Author designed the EICHER 11.10 

chassis frame in CATIA V5R19 and structural analysis is 

done in ANSYS. 

M.Venkatesanand D.HelmenDevaraj[7] worked on 

the project which describes design and experimental analysis 

of composite leaf spring made of glass fiber reinforced 

polymer. 

GulurSiddaramanna Shiva Shankar and  Sambagam 

Vijayarangan[8] designed and analyzed the composite leaf 

spring. In this work, analysis carried out for composite leaf 

spring with bonded end joints for Glass/Epoxy, 

Graphite/Epoxy and Carbon/Epoxy composite materials and 

the results were compared with steel leaf spring with eye end. 

III. MATERIAL & METHODOLOGY 

The purpose of this proposed work is to geometrically model 

the chassis of Hero Honda Passion two wheeler vehicle. This 

is to be followed by subjecting the modelled chasis to static 

structural analysis and evaluation of natural frequency of the 

chassis for four different materials. 

Computer-aided drafting (CAD) is the use of 

computer systems to aid in the creation, modification, 

analysis, or optimization of a design CAD software is used to 

increase the productivity of the designer, improve the quality 

of design, improve communications through documentation, 

and to create a database for manufacturing. CAD output is 

often in the form of electronic files for print, machining, or 

other manufacturing operations. 

The present work of designing of chassis frame is 

done with the help of CATIA V5 R19 software. CATIA is an 

acronym of computer aided three-dimensional interactive 

application It is written in the C++ programming language. 

CATIA (Computer Aided Three-Dimensional Interactive 

Application) started as an in-house development in 1977 by 

French aircraft manufacturer Avions Marcel Dassault. A brief 

description of commands used in CATIA can prove to be 

useful to understand the actual geometric modeling of the 

system. 

 
Fig. 1: Completed chassis model 

IV. PERFORMANCE AND DESIGN ANALYSIS 

Analysis and simulation software is an indispensable tool in 

the development of large-scale machinery. These tools allow 

the developer to evaluate designs early in the design cycle, 

determine causes of premature failures in the field, quickly 

explore design changes aimed at reducing cost and weight, 

and determine the product’s factor of safety. Use of analysis 

tools is of particular value to machine designers due to the 

size and complexity of the systems they are developing. 

Analysis tools can identify design issues that may elude a 

designer’s review simply because of the dynamic nature of 

machinery’s many moving parts. 

Analysis software enables engineers to simulate 

design performance and identify and address potential design 

problems before prototyping and production. Regardless of 

the specific application, machine designers are under pressure 

from their customers: increase reliability and longevity; be 

quicker to market with new, improved products; reduce 

product weight and cost; and increase productivity. Working 

in this type of environment, engineers have little time to 

produce multiple prototypes and use trial and error to gain a 

better understanding of the physical behavior of their design 

ANSYS WORKBENCH is used to analyse the 

system of tapping tool with diametrical flexibility. The torque 

acting of solid tap is the input value as the machine on which 

system is installed is same for both the taps. The workbench 

provides with different forms of analysis such as static, 

thermal and fluid but the relevant in this system ids the static 

structure analysis which would render the effect of torque 

acting on the collapsible tap as safe or unsafe by comparing 

the value with standard value of stress calculated for solid 

taps initially. The results of workbench are produced by 

applying the moment input on the assembly which can e 

imported on the screen of workbench. The results plotted in 

terms of nodal solution form the base of evaluation of 

performance of system with diametrical flexibility. 

Material 

Density 

In 

Kg/m3 

Youngs 

Modulus 

in Gpa 

Poisson’s 

Ratio 

Steel 7850 210 0.30 

E- Glass 2580 72.5 0.28 

S- Glass 2490 85 0.22 
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Carbon 

Epoxy 
1600 388 0.358 

Table 1: Material properties of different Chassis Materials 

The procedure for analysis of the proposed system 

ANSYS workbench is followed by importing geometries to 

the workbench and applying the loading conditions after 

meshing the model. The procedure applied for all chassis is 

same with different material properties. 

As the material properties are varied so the 

equivalent or Von mises stress is also varied to get the 

different values of stress acting on different materials. The 

values of analysis are calculated as follows: 

 
Fig. 2: Von Mises Stresses acting on steel Chassis 

 
Fig. 3: Von Mises stress on E- Glass chassis 

 
Fig. 4: Von Mises stress on S- Glass chassis 

 
Fig. 5: Von Mises stress on Carbon Epoxy chassis 

In structural engineering, modal analysis uses the 

overall mass and stiffness of a structure to find the various 

periods at which it will naturally resonate. As the material 

properties are varied so the equivalent or Von mises stress is 

also varied to get the different values of stress acting on 

different materials. The values of analysis are calculated as 

follows: 

 
Fig. 6: Mode Shape results for steel chassis 

 
Fig. 7: Mode Shape results for E- Glass chassis 

 
Fig. 8: Mode Shape results for S- Glass chassis 

 
Fig. 9: Mode Shape results for Carbon Epoxy chassis 

V. RESULTS AND DISCUSSION 

The process of designing and analyzing the chassis of two 

wheeler with relevant parameters of study is followed by 

inferences generated by evaluation process of the data 

obtained during the process of analysis. 

The two wheeler chassis of conventional material 

that is structural steel is first analysed using analytical as well 

as FEA approach and consequently compared with the new 

proposed materials that can be considered as choice for 

chassis. The context of study for various material is bending 

stress acting due to weight of passengers and this forms an 

evaluative platform for various materials to be considered. 

This followed by analyzing the chassis of two wheeler for 

natural frequency of the same for different materials that can 

be used for chassis.  The various input values which are same 

for all material condition are presented and the variation in 

the effect due to material variation in the chassis can be 

presented as follows. 

Property Von Mises Stress Acting on Chassis 

https://en.wikipedia.org/wiki/Structural_engineering
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Material of 

Chassis 
Steel E- Glass S- Glass 

Carbon 

Epoxy 

Density in 

kg/m3 7850 2580 2490 1600 

Boundary 

condition 

Fixed 

support 

on 

Fixed 

support 

on top 

Fixed 

support 

on top 

Fixe 

support 

on top 

Young’s 

Modulus 
210GPa 72.5GPa 85GPa 388GPa 

Force on 

Chassis 
2943N 2943N 2943N 2943N 

Von Mises 

stress 

acting on 

Chassis in 

N/𝑚2 

 

3.6116 

x107 

 

3.0616 x 

107 

 

3.00383 

x 107 

 

3.0125 

x 107 

Table 2: Property Von Mises Stress Acting on Chassis 

Property Natural Frequency of Chassis 

Material of 

Chassis 
Steel E- Glass 

S- 

Glass 

Carbon 

Epoxy 

Density in 

kg/m3 7850 2580 2490 1600 

Boundary 

condition 

Fixed 

support 

on 

Fixed 

support 

on top 

Fixed 

support 

on top 

Fixed 

support 

on top 

Young’s 

Modulus 
210GPa 72.5GPa 85GPa 388GPa 

Natural 

Frequency 

of Chassis 

in Hz 

143.83 150.52 165.79 443.99Hz 

Table 3: Property Natural Frequency of Chassis 

 

 

 
Fig. 10: Results and analysis 

Thus from the above calculated value of Von mises 

stresses generated on the body of chassis it can be inferred 

that the convention material of steel is subjected to more 

stress than the proposed material. Amongst the proposed 

material the value of von mises stresses of S- glass epoxy is 

found to be lowest and hence can be choosen if design 

criterion is of bending stress acting on chassis.  

The further process of analyzing chassis deals with 

the evaluation of natural frequency of chassis and natural 

frequency is termed as the frequency at which the material 

will fail if excited by external force due to resonance. Thus 

the higher value of carbon epoxy suggests that the natural 

frequency of carbon epoxy chassis is more or in other word it 

would fail at higher frequency of external vibration rather 

than other materials. Thus owing to the vibrations occurring 

in chassis while its operation carbon epoxy forms a best 

choice for chassis. The value of bending stress acting on 

carbon epoxy is closest to S- Glass and thus a dual target of 

higher limit of stress with higher limit of vibration resistance 

can be achieved by employing carbon epoxy chassis. The 

mass of chassis for various material under consideration 

shows that steel chassis has higher mass and carbon epoxy 

chassis has lowest mass which is accompanied by reduction 

in von misses stresses and higher vibrational resistant making 

Carbon epoxy as better option over conventional material. 

VI. CONCLUSIONS 

The results of von mises stresses and natural frequency of 

chassis form the evaluating platform for the two wheeler 

chassis with different material. The results are interpreted to 

draw the following conclusions from it 

 The Chassis of two wheeler is geometrically modeled to 

subject it to variation of material using CAD tool named 

as CATIA V5. 

 The modeled chassis is analysed analytically and using 

FEA tool which is ANSYS Workbench 14.5 to calculate 

the Von Mises stress and modal frequency of chassis for 

three different material and consequently compared with 

the conventional material used that is steel. 

 The mass of proposed material are found to be lesser than 

the conventional steel and thus renders the chassis with 

new material as fuel efficient. 

 The lowest value of von mises stress is found for S- Glass 

material amongst the material under study and hence to 

attain less distortation of chassis at same load S- Glass 

material can be employed. 

 The natural frequency revealed by modal analysis for 

carbon epoxy is found to be higher which shows that 

carbon epoxy chassis would resonate at higher frequency 

and is more stable in context of vibration occurring in 

chassis which would provide stable drive to vehicle. 

 The results for von mises stresses of S- Glass and Carbon 

epoxy are found to be approximately same which reveals 

that carbon epoxy can be used for chassis to provide 

lesser disortation  of chassis with higher limit for 

resonating frequency. 
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