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Abstract 

This project will outline the basic methodology to be followed at designing a car chassis for a three 

wheeled vehicle ( usually two wheels at the back and one wheels at the front making a tadpole ) along 

with its detailed discussion for the structure design, the chassis stability , the material used and weight 

analysis for its sections. It also covers the background knowledge and previous work-done in designing 

such modules for specific purpose and use. In addition, for better performance and enhancing the stability 

of the complete system aid has been taken with including relevant parts like suspensions, raw material 

used, the steering addition with the chassis model  is also taken as a part of the discussion and several 

iterations were followed in for examining its response. Furthermore, mathematical calculations and 

relevant measurements of its design parts are being developed and discussed. Designing has been 

completed in most commonly available software that is Autodesk Inventor and further simulations and 

finite element analysis for the structure have been developed in ANSYS for its detailed studying and 

evaluating. Onwards, calculations have been made and they were correlated with the available technology 

, discussions were being developed for the best match of our designed product with the relevant vehicle 

and are presented which further are being concluded and we selected to be the best design up to our 

knowledge and experimentation that we have developed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Introduction: 

A metallic load-bearing structured used in a vehicle on which engine, axle assemblies, suspension system, 

wheels, brakes and steering mechanism is mounted is known as chassis. The process of mounted the 

mechanical components on the chassis is referred as body-on-frame construction. The construction can be 

either a uni-body or separate structure. Before 20
th
 century, all the vehicles being manufactured had 

chassis separated from the vehicle’s body. This model is still available in heavy vehicles such as buses 

and trucks. The components are joined with the chassis frame either by bolts or by welling process. The 

advantage of using separate model is that it bears heavy loads and withstand dynamic and fatigue stresses. 

This combination is also useful in absorbing the movements and shocks of the engine and the axle.  

Nowadays, in commercial vehicles, the chassis frame and the vehicle body is manufactured as a single 

unit instead of separate design. This design is known as a unit-body or simply uni-body structure. This 

design consists of a frame made up of steel that is reinforced with braces around it which makes it strong 

enough to withstand dynamic and fatigue loadings. Some other materials such as light sheet metals and 

paper plastics are also being used today because of their light weight and high strengths. These materials 

have low specific gravity and thus not only provide high strength ratio but also modules to weight ratio. 

For this reasons, fiber composite is considered one of the best material as a substitute of metal to be used 

in light weight vehicles, such as aerospace and commercial automotive industry. Composite materials are 

also helpful in maintaining the comfort for the passenger by absorbing vibrations and noise. [2] 

 

Background: 

From the beginning, the human beings always try to make evolution and innovation in their life. They 

have done work so hard to make their life easier and easier. Still the greed of comfort is not fulfilling and 

human beings are working to achieve more and more knowledge and are trying to implement that in their 

life. In the race of evolution, one of the greatest achievements is the vehicle which makes the life easier 

and faster. A lot of research has been done to increase the efficiency, reliability, and cost of vehicles. But 

every day comes with a new challenge as the population of the world is increasing rapidly and also the 

environment is damaged by the fossil fuels. So, the requirement of the markets is increasing in size 

reduction and environment friendly vehicles. Along with that there is a need to high light the advanced 

issues in the automobile industries which will increase the interest of upcoming generation to work in this 

area. A lot of research has been done on small cars in and three-wheel vehicles because of their efficiency 



and optimize design. Also, the parking area is small for these cars. Three-wheel vehicle has a lot of 

advantage but there are many problems with three wheel vehicle. The major problem is the stability of 

vehicle as there are more chances of roll over in this case. Cambering and tilting systems are find to be 

useful for the stability. [3] 

One of the other important factors is the design of main frame or chassis. It is major component of vehicle 

as it provides a base for the other components. Also, the major weight of the vehicle is due to chassis. So, 

there is a lot of area in the structure modification of the chassis. The value of chassis is just like the 

Skelton of in human body. The engine, suspension system, braking system, wheels, seats and other 

components are mounted on it.  

 

The purpose of this report is to design the chassis of three-wheel electric vehicle and also a suitable 

suspension for the system. There are two systems one is tadpole and other is delta for the three-wheel 

electric vehicle. Tadpole design is being chosen due to its dynamic stability, cost, and simplicity in the 

design of braking system. In this system, two wheels are mounted on the front and on the rare side there is 

only one wheel. The rare wheel is used for the power wheel. The purpose is defined as following: A 

passenger vehicle which has to be carried one passenger along with its luggage. The 900Nm torque is 

assumed to require for the propulsion.  

The first step is to design the complete modal of suspension and chassis. But the aim is not limited to it, it 

will be tried to revolutionize the design of car. By the use of this design, a lot of complexity is removed 

and the design of suspension will become so simple. That will help to decrease the cost and increase the 

performance of the system. Different software’s are being used for the modeling proposes like Cattie, 

Solid edge, Solid works etc. Solid works is being used for the modeling of the system. There are some 

limitations of the design, it bases upon the analytical calculation. There should be more comprehensive 

study of CAE should be done. Also, bending and torsion tests should be done to get more results. 

Objectives 

For this project the main objective will be to design a rolling chassis for three a wheel vehicle. The 

vehicle is an electric vehicle with some specifications to obtain like the length and size of the whole 

chassis.  

● Design the best design of chassis for a three-wheel electric vehicle. 

● Design the best suitable suspension for a three-wheel electric vehicle.  

● Select the best material when designing the chassis.  

● Use solid works to design the chassis and suspension and also find out measurements. 

 

 

 



 

Problem definition  

A chassis with the tadpole design has to be model and also a suitable suspention system by using the 

Solidworks as a modeling tool. 

 

Methodology: 

Our aim of the research is to develop an efficient modal of three vehicle electric wheel chassis 

and the suspension system. The methodology of working is as follows that first we study the 

previous design of both systems that including their design benefits, drawbacks and the cost of 

manufacturing. The basic focus of the study will be on increasing the efficiency of model in cost 

effective way. Chassis is the basic framework of the vehicle and it bear all the load that are 

acting on the vehicle. It provides a basic support and also provides connection for the different 

components of vehicle. A suitable chess will be design by considering the parameters of wight, 

strength and on of the most important factor of rolling. After designing the chassis of the vehicle, 

the study of suitable materials for framework will be study and then best of the material will be 

chosen for design. After the designing of chassis, the front and rear suspension system will be 

design. In this part of project, first of all the different components of the system will be studied 

like the types of shark absorbers, the tire mounting, and connecting systems. [4] 

 



 

Figure 1: Methodology 

 

Literature Review 

The chassis frame has been being used since ancient times when the only mode of transportation is the 

animals. A wooden structure was attached to a horse or a bull which was used to carry stuff. Two wheels 

were attached to them which helps in reducing the force. After the introduction of engine based vehicle, 

Same design was introduced in automotive with some extras arrangements of suspension system, brakes, 

steering wheel etc. The first aluminum frame for automotive was introduced in 1900. This helped the 

designers to make new shaped frames with easier more liberty. In 1914, ―Dodge Brothers‖, a full steel car 

was manufactured. In 1922, an Italian company introduced ―Lancia Lambda‖ that was also a full steel car 

with more innovative design and better load bearing body. The mass production of monocoque body 

design was started in 1934 by Citroen Traction Avant. In 1948, Land Rover manufactured a vehicle with 

riveted body made up of aluminum. In 1953, Corvette introduced fiberglass body for sports cars. In 1959, 

Maserati Birdcage introduced a skeleton like tabular structure for the chassis frame. In 1962, Lotus Elan 

introduced a chassis frame for their vehicles which was similar to human’s backbone. In 1963, Fiberglas 

reinforced plastics were used as a material of chassis in Autobianchi Stellina. In 1981, Carbon Fiber 

Monocoque design was introduced in a racing car McLaren's MP4/1. Now, designers are trying to make 

chassis frame as light as possible without losing strength.   



There is no denying the importance of the Automotive industry in the world today. Every working person 

uses one of its products on a daily basis. It has become a necessity whose value is second to none. One of 

the reasons for its ever growing popularity is the never ending innovations. If a thing can be modified 

again and again then it will surely last in the long run. Each year, if we look at the statistics, we will see 

that there is an abundant increase in their population on roads. The roads are becoming crowded aand 

crowded which is indicating the importance and usage of industry. 

The Automotive Industry produces products on mass production basis. The quality of the vehicles has 

improved over the years. With the increase in the percentage of accidents on the roads, special attention is 

given to safety now. The designs have changed that have made the user feel safer as ever. Without no 

proper safety assurance, no vehicle is allowed to travel on the road. [5] 

In the beginning, the production of vehicles was very different than it is today. They were created through 

craftsmanship by hand. They were made like the horse carriages. They were of simple nature. As the 

number of components increased, the method of production changed too. Modifications were deemed 

inevitable for improvement in performance. At first, special tracks were considered as basis for the line 

production. So, overhead store components were used to transfer the chassis from one assembly point to 

another. Small scale workshops were responsible for making the automobiles by hand in the beginning. 

Later, this changed into large working corporations that started to produce them in large proportions. The 

construction had to be changed with the industrial revolutions in order to keep pace with the other 

industries.  The first chassis were made of wood. But now steel and fiber chassis are being produced and 

used. Steel is both of lightweight and medium quality according to need. The designer needs to give 

special consideration to the effects of the vehicle. Pollution is a serious issue. It is increasing on a daily 

basis. This is having harmful effect on the environment which is directly affecting the life on Earth. The 

emissions from the vehicles are adding to the ever growing pollution at an alarming rate. Changes are 

always considered and made in order to reduce the harmful emissions as much as possible. The recycling 

of these vehicles is important too. The more the components that can be recycled, the better it is. 

Recycling helps us to reduce the waste in the world. Moreover, it adds to the environmental safety and 

protection. The designers are always in search of materials that have better qualities and properties that 

make them favorable for use. These materials also help to add value to the construction.  

The first common commercially used automobiles were the loading trucks and buses. They were powered 

by steam. They were mostly used for construction work. The changes start to emerge slowly and by the 

First World War, the first commercial industry had been established. Today, for off-road applications, 

heavy duty vehicles are preferred. The environment and surface of ground makes them ideal for use. 

It is not easy to develop a vehicle. Various factors have to be considered. These include the effect of 

different vibrations, dynamics of vehicle and stability. While in motion, a vehicle encounters different 

vibrations. It must be able to absorb most of them for smooth working and performance. Similarly, the 

aerodynamics are of importance too. Stability is necessary for any product so that it can work for a long 

time. A vehicle should be stable in the terrain conditions in order to survive.  

A vehicle should be designed in such a way that it can withstand considerable amount of load. These 

loads can be of persons or of concrete etc. there are different types of vehicles according to their use so 

that we can have the best vehicle according to our requirement. 

In the beginning, the frame of vehicle was structural. It was not attached to the body of the vehicle. This 

changed as time moved on. Today, both are joined. They are termed as unibody. Now, the chassis are part 

of the main body of the vehicle.  

 



Designs Parameters: 

Center of mass: 

The center of mass is very important for the balance of the wheel. All the masses are considered together 

like the mass of man body, chassis mass, the mass of the rare wheel, the mass of suspension, motor, and 

batteries. The correlations are used to find out the final position of the rare/front wheel. The phenomena 

are discussed in the figure below. The center of mass of each component is shown and their respective 

distance from each other.  

Where, 

m = mass of component 

l = horizontal length  

h = height 

The total mass, length, and height is given by the following equations: 

One of the most important design factors is the rolling over which has to be prevented for the 

safe drive. In the below figure, the center of mass and the body symmetry is shown about right 

plane. The body should be symmetric in wight about the plane to prevent the rolling about the 

right plane. The center of mass is located a little bit to the front of the chassis to make it stable 

about the front plane. 

 

 

Figure 2: Mass stability check 

The details of the mass and inertia moment is given in the below: [7] 

 

Density = 0.10 pounds per cubic inch 

Mass = 37.52 pounds 

Volume = 384.67 cubic inches 

Surface area = 5438.52 square inches 



The other properties of mass are provided are  

 

Table 1: Mass properties 

Center of mass: (inches) 

X 0.00 

Y -12.80 

Z 1.76 

Principal axes of inertia and principal moments of inertia: (pounds * square inches ) 

Ix, Px ( 0.00, -0.19,  0.98), 5167.59 

Iy, Py ( 0.01, -0.98, -0.19), 21143.09 

Iz,Pz ( 1.00,  0.01,  0.00), 21729.41 

   

As seen in the above figure, the front section is narrowed to accommodate the wheels and to  

give room to the wheels to take a smooth turning curve. Certain details like rectangular and  

circular protrusion is provided for the free playing of the front and rear suspensions.  

Box section was chosen as the chassis frame. 

Design Considerations: 

Design considerations refer to some characteristics, which in-flounce the design of the element or, 

perhaps the entire system. The strength of each element, its dimension and geometry are important design 

consideration from the mechanical point of view. As a transport for the physically disabled people the 

overall safety, stability, reliability, control, comforts etc are a very much important and taken in to 

consideration while de-signing it. However, the general points of consideration during the designing of 

the three wheeler are: simplicity, strength, stability, safety, corrosion and wear, weight, size, flexibility, 

ease of control, and all terrain tires for all terrain traffic ability/mobility, increased suspensions, 

biomechanics and comforts and cost. 

Material used for chassis: 

An important type of automotive chassis, motorcycle chassis comprise of different auto parts and 

components like auto frame, wheels, two wheeler brakes and suspension. It’s basically the frame for 

motorbikes that holds these components together. A motorbike chassis can be manufactured from 

different materials. But the commonly used materials are steel, aluminum, or magnesium. We used mild 

steel as our reference material. 

  

Chassis Design: 

The chassis is defined as the mainframe of the vehicle which supports all the other components. A 

comprehensive design is very important including all the parameters. A faulty design of mainframe can 

cause serious failure during the operation which may cause serious injuries to passenger. The basic 

required parameters are: 

 Implementation of formulas and regulations carefully 

 Optimize location for the all components like engine, motor and suspension system. 



 Minimum stiffness that the chassis can bear the forces not only the mass but when car move, 

accelerate and de-accelerate. 

 The factor of safety 

 How much force is required for the collapsing in case of collision 

 The stiffness to support wings against aerodynamic forces 

The chassis is like the human Skelton. It has been five decades but only two designs are being used for 

the chassis on the basis of material. The space frame used tube and monologue used plates for the 

purpose. Chassis may also be classified as: [8] 

Ladder frame: This structure includes the use of bolts to join the main mechanical components with the 

body of the vehicle. This design makes use of beams that are of symmetrical nature. These beams are 

where the components are ultimately fixed with. It has 2-D structure. This design offers good beam 

resistance because of its continuous rails from front to rear, but poor resistance to torsion or warping if 

simple, perpendicular cross-members are used. 

Backbone chassis: Like its name, this type of chassis has a backbone like structure. This structure 

includes the connection between the rear and front of the suspension. The body is connected with the 

structure through bolts. These were used in the manufacturing of Tetra 11. This was done by Hans 

Lewinski. Later, these types of chassis were used for construction of trucks for example Tetra-26. 

A backbone chassis is a type of automobile construction chassis that is similar to the body-on-frame 

design. Instead of a two-dimensional ladder type structure, it consists of a strong tubular backbone 

(usually rectangular in cross section) that connects the front and rear suspension attachment areas. A body 

is then placed on this structure. 

Sports cars also make good use of these types of chassis. These have disadvantages too. There is no 

protection in case of side collisions. In order to reduce this, these chassis are attached to the main body of 

vehicle. 

Uni body chassis: This type is based on a single body design. The chassis are constructed on the 

body. There is no connecting of any sort and they behave as a strong single body. This helps to reduce 

components and is widely used these days. The weight of vehicle is also reduced in the process. Rigidity 

is improved and more stability is obtained. This is far better than an isolated design. 

A space frame design is chosen and the uni body idea is being used. The tublar structure is easy t0o 

construct and less welding is required as compare to the plate type. A uni body design provides more 

stiffness to the body. Integral frame and body construction requires more than simply welding an 

unstressed body to a conventional frame. In a fully integrated body structure, the entire car is a load-

carrying unit that handles all the loads experienced by the vehicle—forces from driving as well as cargo 

loads. Integral-type bodies for wheeled vehicles are typically manufactured by welding preformed metal 

panels and other components together, by forming or casting whole sections as one piece, or by a 

combination of these techniques. 

Torsional Stiffness: 

It is refer to twisting of the structure in the length of the car.  There are to mains causes, one is 

when the load is not same on the both wheels and one is during cornering. Why the tuitional 

stiffness is important? There are two reason, the first reason is balancing of the car. It should 

provides natural balancing and car should not have to over steering. One of the solution is to give 

less load on the front more on the rare wheel. It increase the ground grip of rare wheel which will 

eliminate the over steering. So, it can be said that the center of mass has to be shifted to the rare 



side of wheel. At least, the stiffness should be 80% effective for the balance of car. One of the 

other factor, the flexible chassis will store the strain energy which cause bending like a spring. 

There are many types of models which are being used for the chassis of vehicles. Each has its 

own advantages and disadvantages. For the current study, a tubular type chassis is being 

selected. It provides a cheap and strong base for the vehicle. The tubular roads are being used to 

manufacture it. These are very strong and cost effective for the use in small vehicles. In the 

following chart it can be seen that the circular cross section has high stiffness to mass ratio. [9] 

 

Figure 3: Stiffness to mass ratio 

The tube of 1in diameter are used of 6061 grade aluminum which is cost effective. Also, it 

provides a very good strength. The chassis design in a streamline manner and the design is based 

upon the design of formula one design. The seat for the driver will be in the center of chassis as 

there will be only one person sitting in it. 

 

Figure 4: Chassis deign 



Space Frame Structure: 

A space fame structure is build up from tubes. For the optimization of design, tubes are joined together at 

the nodal points to form tetrahedron. The central axis of each tube has to be passed through a single point. 

The benefit of this that the tubes are loaded in such a way that the pure tension or compression is done. 

So, in the ideal case there is no bending occur. The 2
nd

 rule is joints will be welded rather than combined 

by pins. It is desire of strong triangulated tetrahedrons but some time the ideal shape is not suitable to flat 

side. One of the other principle is to use prism shape and it can be seen in the figure below that the 

corners Start merging.  

 
Figure 5: Applied load 

The reason behind the removal of diagonal bracing are as follows: 

 Cockpit opening can’t be diagonally connected 

 The diagonals members are removed for the placement of legs of driver 

 One of the other member is removed for the dickey. 

Disadvantage of these steps is that it will reduce the stiffness of mainframe. A analysis can be shown that 

the cook 

   

 

 Suspension Design: 

It is obvious that the rolling of car on the road without a suspension system is just the destruction 

of the car frame. It leads to the discomfort of the nearside. As due to vibration the chassis will be 

braked so it is very important to introduce a suspension. So, it provides a shock absorption to 

framework along with it also maintain the stability of the vehicle against the rolling. But it is not 

all the stuff, suspension system also includes the tire, braking, wheel, and the steering system. 

The suspension system has to be design in such a way that it generates minimum voice and 

vibration. 

The mathematical model of the suspension system is shown in the figure below. In which the 

mass of upper body is shown by Wsp, which is being supported by the shock absorber. The Ks 



show the stiffness of spring. Then the mass of wheel is taken into account and at the last the tire 

also provides some stiffness. Also, a damper element will be present in shock absorber which is 

being mentioned by D. [10] 

 

 
Figure 6: Suspension modal 

 

 

 

The requirements for modern cars and heavy vehicles cause many tasks in vehicle design. Beside 

the fundamental tasks as proper identification of engine, transmission system, steering, 

suspension, brakes in terms of safety, utility and comfort the material properties and structure 

geometry become more and more important. Also, the noise, vibration and harshness become 

important requirements for the customer. It has to be emphasized the role of endurance and 

durability in design and manufacture of reliable vehicle. 

The requirements for utility vehicles have increased as well. The range and scope of potential use 

and application possibilities become very wide. Thus, these vehicles start to be considered for the 

customer not only in terms of utility but more often in terms of comfort and safety as it is in 

passenger cars. These are the reasons for innovation solutions in modern vehicle. One of those is 

intermediate frame. The requirements for the intermediate frame are focused on loads (goods) or 

vehicle use and stability of body (superstructure). As far as vehicle application or load 

requirements determine shape and volume of the construction, the stability will be realized as 

stiffness and spring/damping properties of the connections. Torsional stiff bodies may not affect 

the torsional flexibility of the chassis frame. They must be connected to the chassis so that they 

are torsion flexible in accordance with the specifications of the body/equipment mounting 

directives. Fixed bearings and pivot bearings are used for this purpose. Due to types of special 

bodies the mounting of implements and bodies become very important. One of the fundamental 

and most important stage during designing process is proper develop of chassis and frame of the 

vehicle, especially for special heavy vehicles. Design of the vehicle chassis has to be started 



from analysis of load cases. There are five basic load cases to consider, loading in vertical plane, 

the x-z plane due to the weight of components distributed along the vehicle frame which cause 

bending about the y-axis, torsion case vehicle body is subjected to a moment applied at the axle 

centerlines by applying upward and downward loads at each axle. These loads result in twisting 

action or torsion moment about the longitudinal x-axis, combined bending and torsion loads, 

lateral loading, generated at the tire to ground contact patch. These loads are balanced by 

centrifugal forces. [11] 

The process entails 

 Selecting appropriate vehicle level targets 

 Selecting a system architecture 

 Choosing the location of the 'hard points', or theoretical centers of each ball joint or bushing 

 Selecting the rates of the bushings 

 Analyzing the loads in the suspension 

 Designing the spring rates 

 Designing shock absorber characteristics 

 Designing the structure of each component so that it is strong, stiff, light, and cheap 

 Analyzing the vehicle dynamics of the resulting design 

 

Spring Damper: 

A shock absorber is a combination a stiffness element like spring and damper element which resist the 

motion. The spring provides stiffness against the vibration of road and damper which is most of the time 

is a lubricating substance cancels the vibration. The force which is applied by damper and spring is 

directly proportional to applied force with negative direction. In the damper oil is being 

pressurized by the piston and flow through narrow passages very slowly. This slow motion 

causes the dissipation of energy. For the goad holding capability between road and mass, if some 

want the frequency close or below the natural frequency then the higher damping is used. 

However, for the midrange frequency the preferable damping ratio should be small. In our 

design, we use the front wheel with low damping and rear wheel with high damping to maintain 

pitch. 

Two basic types of dampers are used one is compressing and other is rebounding. The 

compressing type is  used to avoid the detrack of tire. The length of the damper is given below in 

the figure. The total lengh is 290mm and free length of spring is 195mm. 

https://en.wikipedia.org/wiki/Ball_joint
https://en.wikipedia.org/wiki/Bushing_(isolator)
https://en.wikipedia.org/wiki/Spring_rate
https://en.wikipedia.org/wiki/Shock_absorber
https://en.wikipedia.org/wiki/Vehicle_dynamics


 

 

The springs are used for compactness which is being important in packaging and weight 

amenability but it can cause resonance.  

 

Where, 

D=  Spring dia 

d= road dia 

N= number of coils 

The above quation show that N is inversely proportional to stifness. So, in our design the stifness 

is not too large nor to small. The moderate stifness is being used that the vibrations can be bear 

by the spring and to prevent the multiple bouncing effect. A spring of 25N/mm has been found in 

the market. The avaialabe length is shown in the figure below: 

So, increasing the number of coils decreases the stiffness of the spring. The springs used in this  

project is so designed that they can withstand the vibrations created in the suspension and tuned  

in a way such that the springs are not too stiff to restrict vibration at the same it has been  

ensured that they are stiff enough to eliminate multiple bouncing once the bouncing starts.  

The front wheels use springs as shown in Figure 4.7 of stiffness 30N/mm has been found  

through  an  iteration  process  in  simulation  software  Simwise4D  to  maintain  the  minimum  

vibration possible. The available length is used to design a spring whose dimensions are listed  

in Table 4.1. The springs have grounded ends to have better seating on the strut faces. The  

mathematical modeling of the spring design has been given. The other paramters are shown in 

the table. [12] 

 



 

 

 

Parameter Value 

Spring Dia 70mm 

Coil dia  12mm 

Free length  150mm 

Total Coils 6 

Active coils  4 

 

STEERING SYSTEM: 

The steering system is a combination of all the links which are being used to turn the front wheel by 

rotating the steering. Different connections are worked together to turn the wheel in proper direction. 

Most of the cars with two front wheels use manual steering system. In the steering, the driver rotates the 

steering wheel in a proper way. The steering wheel is connected with rack pinion of any other rotating 

mechanism. Then the linkage system force down the tire to turn. Universal joint is used in the manual 

steering system. Many steering designs are available which purpose is to produce correct turn of wheel in 

respect to the steering angle. The manual turning is not too easy but it become possible due to the effect 

of rotation. As the wheels are rotating on the road so wheels are easily turn by taking advantage of their 

rotary motion. One important factor to be consider is to take right particular fixed rolling center when 

wheel is turned. It provides the dynamic stability and prevent from rolling over. 

The steering system of wheels and the philosophy behind it shown in the above figure in which different 

angles are being shown. 

 



The D and E arms are called track arms and these are fixed together that they can steer together to wheels. 

The angles between these and stub is very important in determination of steering angle. 

 

Chassis Analysis 
This report contains the Static Structural Analysis of the chassis done by using software ANSYS®. First 

off all a testing criteria is defined and then the input and output perimeters are determined. Different 

scenarios are decided for the testing and the test results are shown in the form of contours which are 

provided by the simulation software. At the end a summary of results along with their conclusion is 

provided with the discussion of the design flaws and possible improvements that can be made to further 

enhance the design which can serve as the basis for design optimization. 

Material Properties 

The material selected for the chassis is Aluminum 6061 which has the following material properties [1]; 

Density 2.7 g/cm
3 

Elastic Modulus 68.9 GPa (9990 ksi) 

Poisson’s Ratio 0.33 

Yield Strength 240 MPa (35000 psi) 

Ultimate Tensile Strength 290 MPa (42000 psi) 

 

The whole chassis consists of many different elements which are assumed to be welded together forming 

single body  

Scenarios 

For the testing of the car chassis 4 different scenarios are developed which are [2]; 

1. Standing upright with normal force. 

2. Standing upright with double force. 

3. Toppled over to left or right. 

4. Roller over.  

Since it is a vehicle these are the possible conditions it can be in and the frame should be strong enough 

so that it can take all that force and bend within the safe limit keeping the driver safe at any cost. The total 

load the frame will be holding will include the weight of all the driving components along with the driver. 

The scenarios are further explained in their respective sections. 

Input Parameters 

The input parameters are the [2] 

1. Fixed supports  

2. Applied force  

The applied force includes the added weight of chassis, engine, steering mechanisms, suspension system, 

tires and the driver. The total weight is estimated to be 500 lbs. A second case is studies where the weight 



is doubled for a factor of safety of 2. In other scenarios the position of the fixed support and applied force 

is changed. 

Output Parameters 

The output parameters are the ones that are typically used for any mechanical structure, which include 

[3]; 

1. Maximum deflection 

2. Equivalent Stress 

3. Equivalent Strain 

The study of the stresses and strains and comparing them with the Yield Strength and Ultimate Tensile 

Strength acts as a litmus test for the failure criteria. The deflection is recorded to ensure the material 

doesn’t undergo any deformation that may harm the driver or in any other way compromise the safety of 

both the diver and the vehicle. The maximum deflection should be within a few inches because the 

material allows for an elongation of 10% before its failure. 

  



Analysis Results 

The 3D model is first imported into the ANSYS® software. It is done by saving the .SLDPRT file in the 

suitable extension which the STEP recognized by ANSYS interface. Next the mesh is generated. 

 
Figure 7: Mesh Generation 

Since the geometry is quite complex the mesh type is selected to be isometric with the maximum length 

of 0.07in. Though isometric, a fine mesh will provide adequate results. The whole chassis is treated as a 

single member. This is because the whole all the chassis elements are welded together at ends forming a 

single part which undergoes various forces and loads under different scenarios. 

Next the 4 different projects are made and tested separately 

Case 1: Standing Upright 

In this case the fixed supports are provided on the points of connection of the suspension system. Only the 

chassis is selected for the analysis because the chances of failure are more there. The fixed support are 

indicated by the arrows in figure 2. It consists of all the points that bear the total load of the whole system. 



 
Figure 8: Fixed Supports and Applied Force 

The red arrows show the points that are fixed supports representing the points where the car chassis is 

fixed to the wheels. These are the points where the collective effect of the forces appear to converge [2]. 

Being connected to the tires which are on the ground. These points bear all the load and they must be 

analyzed carefully to determine the failure the criteria as the chances of failure are highest at these points. 

The blue arrow represents the applied force direction. The force is applied at the points where the car 

components are placed which include the following points 

 Driver seat. 

 Mount for driving mechanism. 

 Place of rear engine. 

These components apply force equivalent to their weight on the chassis. Now the chassis must be strong 

enough that it can bear these load with minimum deflection possible to prevent any failure. 

A collective force of 500 lbs. is applied on the top of the chassis body and the output perimeters are 

measure which are presented in the form of contours below 

Force Direction 



 
Figure 9: Deformation 

Next we have the stress and strain 

 
Figure 10: Equivalent Strain 



 
Figure 11: Equivalent Stress 

The maximum values which are obtained from the ANSYS analysis are as follow; 

Maximum Deflection 0.05 in 

Max Stress 13961 psi 

Max Strain 0.0049 in/in 

 

 From the figures it is clear that the maximum deformation exists at the middle of the frame which is quite 

in the middle of the two fixed supports. The maximum stress and strain exists near the fixed points where 

the tires and the suspension systems are attached. It is to be expected because it is already well explained 

that all the forces concentrate on the fixed supports and care must be dealt in designing these supports. 

Another way of reducing the load on the fixed support is to design the frame in such a way that it 

distributes the load over a large area which reduces the stress following the relation; 

      

Same force for higher area yields lower stress values, in this way the stress may be reduced. 

Case 2: Standing Upright with Double Weight 

In this case the points of application of fixed support and the forces is the same, the only difference is the 

magnitude which is double for this case i.e. 1000 lbs. This test is meant to check for the deflection in a 

completely hypothetical case where the applied forces are twice that of the calculated forces. This test 

double checks the safety of the design evaluating the frame strength at elevated load. 

The results are shown below 



 
Figure 12: Deflection 

The deflection result is the total deflection in x, y and z direction and by the looks of the contours the 

back is showing the highest value of deflection. This is because when force is applied on the center of the 

chassis the back end bends inwards and hence is deflected with the highest magnitude.  



 
Figure 13: Equivalent Strain 

 
Figure 14: Equivalent Stress 

The maximum values are as follow 



Maximum Deflection 0.11 in 

Max Stress 27922 psi 

Max Strain 0.0028 in/in 

 

The points where the maximum values appear are the same the only difference is that the results are 

magnified due to elevated forces. Again the deflection is still very little even less that of inch. This marks 

the frame to be save for this the standing upright scenario as the deflection and equivalent stress and strain 

values are within the safe limit even for increased forces. 

Case 3: Toppled Over  

This is the case where the car has crashed and is lying on its side. The car state can be estimated by the 

figure below; 

 
Figure 15: Toppled to one side [4] 

The car is lying to one side. The frame structure should be firm enough to bear the load in this scenario as 

well. In this case the points of fixed support and applied force are changed. In this case one side of the 

car, which is in contact with the ground is fixed and the force is again applied on top of the other side 

representing the load and weight of the components which the frame needs to hold. 



 
Figure 16: Fixed Support and Force 

This figure is better explained using the car in figure 9. 

 

 

 
Figure 17: Toppled to one side [4] 

 

In this way the deflection is in completely other direction and the stress and strains are different. 

Force Direction 

Fixed Support 

Force Direction 



 
Figure 18: Deflation Magnified 

This figure shows the magnified deflection which is magnified several times and the actual results are not 

as drastic as shown in the figure above. The actual deflection is shown in figure 11 

 
Figure 19: Deflection, Actual 



 
Figure 20: Equivalent Strain 

 
Figure 21: Equivalent Stress 

 

The maximum values are 



Maximum Deflection 0.02 in 

Max Stress 45943 psi 

Max Strain 0.0045 in/in 

 

The points of maximum values are indicated by red spots on the frame and the values for this result are 

quite high. This is because the frame element arrangement is different in this loading condition and hence 

it renders different results. 

Case 4: Rolled Over 

In this scenario the car is completely rolled over and is flat inverted. The points of fixed support and force 

are inverted. It is best explained using the flowing figure; 

 

 

 
Figure 22: Rolled Over [4] 

This is the most drastic condition where the car has completely flipped over rendering the car is the most 

difficult situation. Again, the frame should be strong enough to bear the complete load of the car 

components while keeping the driver safe.  

 The results are shown below; 

Force Direction 

Fixed Support 



 
Figure 23: Defection Magnified 

Again this deflection contour is several times magnified. If you see the column on the top left corner you 

can see that the maximum deflection is only 0.04 in. the actual deflection is shown below

 
Figure 24: Actual Deflation 



 
Figure 25: Equivalent Stress 

 

The maximum values are  

Maximum Deflection 0.0048 in 

Max Stress 17253 psi 

Max Strain 0.0014 in/in 

 

In this case the values are quite low. It is because there is very little room for any deformation to occur. 

The major load is that of the drive and the rear drive mechanism which falls on the back loop of the car 

which does deform some bit. The stresses are reduced due  to increase area of contact.  

  
Three types of tests are designed to check the integrity of the chassis because according to major research 

these are the possible scenarios in which the car may be [2]. Further tests include the shock tests which 

are not performed here because this test section includes only the static loading conditions and not the 

dynamics impulse loads which act momentarily during the accident shock. These types of test may 

require further refining of the design.    

The design though may look inadequate the results show that it can easily bear the applied forces and 

even twice of those. The maximum stress that appear is the toppled scenario where it reaches 45000 psi 

for some points but it is well within the safe limit because the force applied is largely magnified for safety 

reason. 

Overall the design qualified for the stress, strain and deflection test.  



Considering the rear wheel the stability might be a problem but the frame itself passes the stress test with 

quite good results. 

  



 

 

CHASSIS FRAME AND MATERIAL SELECTION: 

After  evaluating  pro-con  analysis  of  various  types  of  chassis  frame  available,  the  idea  of selecting 

the ladder type chassis frame was narrowed down. The advantages of the ladder type chassis frame were 

kept in mind and discussions will be done on those advantages to justify the selection.   

Since the  primary  aim  of  the  vehicle is  to  provide  a low-cost  production, ladder  frame  is  

simplest  and  cheapest  available  on  the  market  without  compromising  the  strength.  The torsional 

stiffness of the chassis frame is low which is desirable however torsional rigidity is lower making it 

difficult to deal with bumps but the main purpose of this vehicle is simple commuting, therefore certain 

compromises are considered.   

Next is the material selection, structural steel has been chosen as the material for now with the scope of 

testing with other materials. Steel was chosen for the primary test because it is stronger and stiffer which 

is required for the ladder type of chassis. It is also the least expensive material used in the manufacture of 

automobile chassis. [15] 

 

 

Discussion: 

The key element here is to understand the design basic in order to clear the design problem for 

that the pros and cons analysis is to be understood for the design project.  

On close examination for the design selection of the chassis frame out of the different available 

the ladder type chassis design was finally get selected. Bearing in mind of getting high load and 

stresses, also, it is understood since one of our main objective was also to minimize the cost of 

design the ladder type was found as less material however the torsional stability for such design 

is usually observed as low which is the main features we compromised during its designing. 

Moreover, the chassis is like human skeleton structure the commonly available material that we 

have selected to perform best of its efficiency is structural steel for its high stiffness and stronger.  

The structure design was calculated and the measurement were recorded for sketching its 3D 

model I used the CAD software which enables me to create different of its parts separately and 

modifications with time by time is completed for developing its structure: 

 To enable the model a aesthetic features the part at the front of chassis was discussed and 

modified to be narrowed.  



 To have a better response of the design with the suspension mechanism the trailing 

linkage is attached to the side on the frame.  

 The dampers and the shock absorbers were managed to arrange at angle attach to the 

design for increasing its stiffness.  

 The joints in the structure were revised from the bolted ones to the round ball type joints 

in order to give it slight flexibility so that it on certain point will not be able to act as a 

rigid body.  

Several test were further performed for the chassis structure in the ANSYS software and the 

results founds were recorded in the results section of the report where it can be seen that the 

maximum deformation occurring points are the mid of the design model and the maximum stress 

and strain concentrating points were found to be the rigid points in the design i-e the wheel 

attachments , shock absorber attachments, therefore these were considered as the key points in 

the upright condition testing. Several other twisting, bending, torsional test were performed, and 

studied with the results it is found that the structural steel is the best of all to be selected as a low 

cost and durable material in our chassis frame model, further,  during all these tests and from the 

result depicted above the main core area to be tackled for the car chassis was the frame which 

take the most deformation and stresses along with strains in the rigid points, for which four 

different cases were studied toppled over , rolled over , upright and upside down.  

 

Conclusions: 

Eventually, this report concluded that while designing the chassis for the three wheelers vehicles 

without the aid of the designing and simulation software’s it would become difficult to achieve. 

Moreover the core elements in the designs that are the shock absorbers are the key elements that 

are not to be ignored not only in terms of the key elements but also precise calculations and 

practical examination on simulation software’s for its behavior with our model is important. The 

following concluded points are highlighted below as; 

 The ladder type design for the chassis is seem to be the best selection in terms of cost 

reduction, better response, good performance in contrast to other available designs.  

 The structural steel was found to be more stronger and stiffer other than more lighted and 

cost reduction metals and alloys available i-e aluminum and titanium  



 The 3D model for the chassis was fully developed with the basic designing of the CAD ( 

autodesk inventor )  

 Modification in various parts for better governance of the design was completed twice 

and thrice in the model through the software’s.  

 Narrowed results were taken in consideration at the result section and the most 

prominent and important area that is chassis was the main focus found in designing.  

 The FEA analysis was also completed for the structure in the ANSYS for bending, 

torsional stresses which aids in the selection of materials for the concentrated and 

designed points.  
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