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Abstract— The purpose of this project is to investigate ways 

of simplifying chassis calculations, models currently being 

used for verification into something that can be used 

iteratively during design. The goal of this project is to present 

a recommendation on how to approach using finite element 

analysis when designing chassis frames. The main purpose of 

any research is to find the flaws of previous process and 

create something new which is more developed to a high 

degree of complexity and highly advanced. There can be 

other methodologies to design, but there is always a need of 

improvement. Numbers of new materials are introduced. 

There are many materials which can replace conventional 

materials and can be more beneficial. So there is need to test 

and verify more beneficial processes. This paper contains the 

work done by the other researchers and our own simulation 

work.  

Keywords: Two Wheeler Chassis, CAD Models 

I. INTRODUCTION 

Chassis is a collective term for all the parts of a vehicle except 

the body work. Every major part of a vehicle is collectively 

called chassis, the under-part of a motor vehicle on which the 

body is mounted. A chassis is a supporting frame of a vehicle, 

giving its strength and rigidity and help to increase the 

vehicle’s crash resistance. The functions of a motorcycle 

frame are of two basic types: static and dynamic. In the static 

sense the frame has to support the weight of the rider or riders, 

the engine and transmission, and the necessary accessories 

such as fuel and oil tanks. Although less obvious, the frame’s 

dynamic function is critically important. In conjunction with 

the rest of the rolling chassis (i.e. suspension and wheels) it 

must provide precise steering, good road holding, handling 

and comfort. 

A. Problem Statement: 

The purpose of this project is to investigate ways of 

simplifying chassis calculations, models currently being used 

for verification into something that can be used iteratively 

during design. The goal of this project is to present a 

recommendation on how to approach using finite element 

analysis when designing chassis frames. 

the aim of this project is to ensure that the strength of dynamic 

structure of the motorcycles chassis by making the frame 

lighter (changing material, modifying the shape of chassis 

from tubular to perimeter), less costly, advantages of using 

perimeter frame such as less welding, less time for 

manufacturing, low drag coefficient for aerodynamics, use of 

simpler shapes and structures and also keeping the factor of 

safety high. 

B. Objectives: 

The objectives of the thesis are as follows: 

1) To create a methodology of designing a two wheeler 

automotive chassis. 

2) To iterate the process until satisfying results are obtained. 

3) To synthesize and analyze various parameters. 

4) Optimization. 

C. Methodology: 

This study has been dealt with two parts. First part of this 

study involves calculating geometrical specifications and 

modelling of chassis frame. CAD models of chassis frame 

were developed in 3D modelling software, such as Catia V5. 

While the second part consists of analysis of stresses and 

displacement under actual load conditions and shape 

optimization as weight or mass reduction purpose utilizing 

solid. The stress analysis and stiffness of the models are then 

obtained in ANSYS WORKBENCH 15.0. Weight of the 

proposed design of chassis frame is then being compared to 

the current components that have been used for the previous 

existing chassis model. 

 
Fig. 1: Flow Chart 

II. LITERATURE REVIEW 

The process of design is not sequential but rather one of 

multiple stages of revision and refinement. There are many 

compromises in the overall design of a two wheeler chassis. 
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As it is practically impossible to design something this 

complicated in a continuous sequential fashion, the design is 

continually reviewed and refined in a series of stages. A 

balanced approach starts with the overall concept, proceeds 

to preliminary design followed by stages of refinements and 

finally detailing to the required level. Parallel design concepts 

(different solutions to the same problem) and iterations 

(repeated modifications of a design until satisfactory) occur 

at each stage. Design includes consideration of the fabrication 

techniques and design of required manufacturing tooling. 

This simultaneous engineering can save time and money. The 

design process is helped by brainstorming-discussion with 

other people involved in building. This helps ensure that 

nothing is overlooked and often results in useful 

improvements. 

Now considering the factors for designing a particular 

chassis: 

1) Types: Firstly we need to decide which type of chassis is 

to be considered either Monocoque, Tubular space-frame 

chassis etc on the basis of machinabilty, skilled labour, 

cost etc. Then we need to decide whether it is a low speed 

or a high speed vehicle because in case of high speed 

vehicle the FOS should be pretty much high than the low 

speed vehicle. 

2) Components: We need to decide the number of 

components which are to be accommodated in the 

chassis and their positions such as pick up points for 

suspensions, Engine etc. 

3) Wheelbase: According to the guidelines specified as 

given criteria the wheelbase should be decided 

determining the location of the wheels and the length of 

the total vehicle. 

4) Material and cross section: This is basically the part 

which is most important in the designing of a chassis as 

this determines the strength and the load bearing capacity 

of your vehicle so, different types of material can be 

considered such as AISI 1020, 1018, 4130 etc according 

to the type of vehicle, cost and availability. 

5) Weight distribution: This factor should also be 

considered because it improves the performance and 

handling of the vehicle and the CG factor is kept low to 

prevent toppling of the vehicle. 

6) Structural analysis: Any design is validated by good 

satisfactory result obtained from its analysis so, a 

thorough analysis is necessarily analyzed in Ansys or any 

preferred softwares. 

A. Geometric Considerations: 

Typical features of single-track vehicles have always been a 

good controllability, little road resistance and an easy 

handling. The above mentioned controllability and stability 

in a straight-ahead driving or pitch is determined especially 

by ratio of chassis dimensions, construction and an overall 

steering geometry. Geometry means it should contain all the 

angle of bike and it supports the whole body perfectly. Every 

angle and tube length is a part of a bike’s overall geometry. 

Geometry plays most vital role in any bike design. The 

geometry defines the bike style and its capacity. 

 
Fig. 2: Basic Motorcycle Geometry 

1) Trail: 

The primary function of trail is to build in a certain amount 

of steering stability, and it also is of great importance to the 

lean-in phase when cornering. 

2) Rake Angle: 

Rake angle of the front fork indicates the angle between the 

steering axis and the ground plane. The rake angle (angle of 

steering axis) lies within about 24° to 30° to the ground. 

3) Wheel Base:  

Wheelbase is the distance between the axes of rotation of the 

wheels in a straight-line drive. It is the distance between the 

contact points of the tires on the road. The value of the 

wheelbase depends entirely on the type of motorbike. 

4) Centre of Gravity:  

The centre of gravity is a point in a body or system around 

where it’s mass or weight is evenly distributed or balanced 

and through which the force of gravity acts. The centre of 

gravity of a body is the point where the mass is equal 

throughout the entire body. 

III. DESIGN OF MOTORCYCLE CHASSIS 

Motorcycle Chassis is designed in CATIA V5. Below is the 

figure which indicates dimensions of the geometric 

considerations. Also there are few sketches of proposed 

chassis designs. These sketches are preliminary designs of the 

chassis which is again designed in the CAD software. 

Front Wheel Diameter: 700 mm  

Rear Wheel Diameter: 900 mm 

Rake Angle: 20o  

Wheelbase: 1330 mm  

Trail: 127.39 mm 

Above values are generally Standard for a 150 cc motorcycle. 
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Fig. 3: Chassis Sketch 

 
Fig. 4: Chassis CAD Model 

This design and its structural and modal analysis are 

compared with the chassis of Bajaj Pulsar 150. The CAD 

model of Bajaj Pulsar is drawn in CATIA V5 by measuring 

its dimensions. 

A. Static Structural Analysis: 

Structural Analysis is most common application of the Finite 

Element Analysis. A static analysis calculates the effects of 

steady loading conditions on a structure. A static analysis can 

include steady inertia loads and time-varying loads that can 

be approximated as static equivalent loads. Static analysis 

determines the displacements, stresses, strains, and forces in 

structures or components caused by loads.  

The types of loading that can be applied in a static analysis 

include: 

 Externally applied forces and pressures 

 Steady-state inertial forces (such as gravity or rotational 

velocity) 

 Imposed (nonzero) displacements 

 Temperatures (for thermal strain) 

 Fluences (for nuclear swelling) 

 

 

 
Fig. 5: Forces applied on chassis 

 
Fig. 6: Total Deformation 

 
Fig. 7: Equivalent (Von-Mises) Stress 
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Fig. 8: Safety Factor 

 
Fig. 9: Fatigue Life 

IV. RESULT  

From the structural analysis, there are three set of results that 

can be get, which are the deformation and stresses, safety 

factor and the fatigue life of the motorcycles chassis structure. 

The results of static structural analysis of chassis are as 

follows: 

Parameter Pulsar 150 Chassis 

Deformation 

Min: 0 mm 

Max: 4.0377 

mm 

Min: 0 mm 

Max: 6.7719 mm 

Equivalent 

Stress 

Min: 8.66e-008 

MPa 

Max: 154.85 

MPa 

Min: 1.4206e-009 

MPa 

Max:219.32 MPa 

Safety Factor 1.6145 1.1399 

Fatigue Life 
Min: 2991.8 

cycles 
Min: 1135.2 cycles 

Table 1: Structural Analysis Results of chassis 

As seen in above table the static structural analysis 

of chassis are satisfactory. 

REFERENCES 

[1] Tony Foale, Motorcycle Handling and Chassis Design: 

The Art and Science, 2nd Edition, Tony Foale, 2002, pp, 

3-1 

[2] Anurag, Amrendra Kumar Singh, Akash Tripathi, Aditya 

Pratap Tiwari, Nitish upadhyay, Design And Analysis Of 

Chassis Frame, IJRE | Vol. 03 No. 04 | April 2016 

[3] Chandan S. N., Sandeep G. M. and Vinayaka N., Design, 

Analysis and Optimization of Race Car Chassis for its 

Structural Performance, International Journal of 

Engineering Research & Technology (IJERT), Vol. 5 

Issue 07, July-2016 

[4] Manmohan Singh Thakur, Dr. Suman Sharma, 

Investigation of design parameter of two wheeler frame 

through comparative analysis, International Journal of 

Engineering Trends and Technology (IJETT) – Volume 

46 Number 4 April 2017 

[5] Santosh Hiremath , Naresh Kumar, Nagareddy.G and 

Lakhan Rathod, Modal Analysis Of Two Wheeler 

Chassis, International Journal Of Engineering Sciences 

& Research Technology 

[6] Saurabh Rege, Chirag Khatri, Mrudul Nandedkar, 

Noopur Wagh, Design and Analysis of Frame for 

Electric Motorcycle, International Journal of Innovative 

Research in Science, Engineering and Technology, Vol. 

6, Issue 10, October 2017 

[7] T. Kondaiah, D.Pavan Kumar, Shape And Material 

Optimization Of A Two Wheeler Front Suspension 

Frame For Pipe Type And Rectangular Cross Sections, 

International Journal of Emerging Trends in Engineering 

Research, Volume 4, No.6 June 2016 

[8] Hadi Slaiman, Strength and Stiffness Analysis of 

Motorcycle Frame, Kaunas University of Technology, 

2018 


