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ABSTRACT 

 

 

As we are heading towards the second decade of 20th century, chassis technology 

plays an important role in automotive engineering and education. When it comes 

to automobile, chassis is considered as the most important part. The chassis serves 

as frame work for supporting the body and different automobile parts. When it 

comes to strength of automobile, twisting moment, bending moment and various 

stresses are tested on the chassis so that it could be rigid enough to withstand 

various shocks, twist and vibration. Along with strength, an important 

consideration in the chassis design is to have adequate bending stresses in proper 

handling of chassis. A team of our college have participated in an Electric Solar 

Vehicle championship and successfully qualified for the manufacturing stage of the 

championship. We did complete analysis of our chassis on Ansys and design of 

chassis was done on Solid Works. A total vertical load of 2158.2 N has been 

applied on the chassis of our vehicle. Total of 5 analysis have been done which 

comprises of front impact analysis, side impact analysis, rear impact analysis, 

torsion analysis and bump test analysis on right wheel and left wheel. A maximum 

of 250Mpa stress has been applied on the left and right wheel of the vehicle. A 

maximum of factor of safety is 2.58 on side impact analysis. A complete analysis of 

our vehicle has been done in all respects and thus making it safe for the driver. 
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CHAPTER 1 

 

 

1.1 Introduction 

 
“Solar power is the last energy source that isn’t owned-nobody taxes the sun yet.” 

- Bonnie Rait 

  

“We are like tenant farmers chopping down the fence around our house for fuel when we should 

be using Nature’s inexhaustible sources of energy--sun, wind and tide.” 

-Thomas A. Edison 

 

 

A Preview on the Necessity of Solar Energy at Present Situation 

There must be some limits to the ability of the earth to sustain a growing population. Fortunately, 

population models suggest that the world's population will probably level out at about two to 

three times the present numbers over the next hundred years. The question is whether the earth's 

resources are sufficient to sustain that population at a high standard of living for all. In this the 

key issue is energy. Now-a-days, dealers of natural resources like fuel, coal etc. are facing a hard 

time to keep pace with the increasing demand. At one hand, there are more cars or motor 

vehicles are dominating the transport medium, on the other hand these cars are being dominated 

by the fuel. As a result, the limited resources are being quashed by the producers and dealers to 

satisfy this need which is leading us to an uncertain future with having the scarcity of fuel and 

minerals. So, it is clear that present trends in energy consumption, especially oil, cannot be 

sustained much longer. Again, in view of the possibility of global warming, these resources are 

playing a negative role. Therefore, under these circumstances, it is quite necessary to make a new 

exploration of natural resource of energy and power. But why exploration when the resource is in 

front of our bear eye. It is effective, less expensive and above all, it is an endless source of 

energy. With greatly improved energy efficiency, a transition to this energy based economy 

capable of sustaining the anticipated growth in the world economy is possible. This effective 

source is “Solar Energy”. 
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1.2 What is Solar Energy? 

Solar energy is radiant energy that is produced by sun. Every day the sun radiates, or sends out, 

an enormous amount of energy. The sun radiates more energy in one second than people have 

used since the beginning of time! Where does the energy come from that constantly is being 

radiated from the sun? It comes from within the sun itself. Like other stars, the sun is a big ball 

of gases- mostly hydrogen and helium atoms. The hydrogen atoms in the sun’s core combine to 

form helium and generate energy in a process called nuclear fusion. 10 During nuclear fusion, 

the sun’s extremely high pressure and temperature causes hydrogen atoms to come apart and 

their nuclei (the central cores of the atoms) to fuse to become one helium atom. But the helium 

atom contains less mass than the four hydrogen atoms that fused. Some matter is lost during 

nuclear fusion. The lost matter is emitted into space as radiant energy. 

 

Fig 1.1 Fusion process 

 It takes millions of years for the energy in the sun’s core to make its way to the solar surface, 

and then just a little over eight minutes to travel the 93 million miles to earth. The solar energy 

travels to the earth at a speed of 186,000 miles per second, the speed of light. Only a small 
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portion of the energy radiated by the sun into space strikes the earth, one part in two billion. Yet 

this amount of energy is enormous. For instance, everyday enough energy strikes the United 

States to supply the nation’s energy needs one and a half years! Where does all the energy go? 

About 15 per cent of the sun’s energy that hits the earth is reflected back into space. Another 30 

per cent is used to evaporate water, which lifted into the atmosphere, produces rainfall. Solar 

energy is also absorbed by plants, the land, and the oceans. The rest could be used to supply our 

energy needs. 

 

1.3 Distribution of Solar Energy 

The solar energy is distributed throughout the earth by following way. 

 

Fig 1.2: Distribution of solar energy 
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Fig 1.3: Graph of irradiance vs wavelength 

Graphical representation 

 

 

1.4 Recent Research on Utilization of Solar Energy  

Solar energy refers primarily to the use of solar radiation for practical ends. However, all 

renewable energies, other than geothermal and tidal, derive their energy from the sun.  

Solar technologies are broadly characterized as either passive or active depending on the way they 

capture, convert and distribute sunlight. Active solar techniques use photovoltaic panels, pumps, 

and fans to convert sunlight into useful outputs. Passive solar techniques include selecting 

materials with favourable thermal properties, designing spaces that naturally circulate air, and 

referencing the position of a building to the Sun. Active solar technologies increase the supply of 

energy and are considered supply side technologies, while passive solar technologies reduce the 

need for alternate resources and are generally considered demand side technologies.  

Now-a-days, solar technology is being used in so many aspects of our day to day lives such as-  

• Architecture and urban planning  

• Agriculture and horticulture  

• Solar lighting  
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• Solar thermal  

• Water treatment  

• Electrical generation  

• Solar vehicles etc.  

 

1.5 Research Objective  

Sunlight is now-a-days considered to be a source of energy which is implemented in various day 

to day applications. Solar energy is being used to produce electricity through sunlight. With the 

help of this technology we aim to make solar energy powered car. Preliminarily our objective 

would be to implement our idea on a remote control toy car and afterwards with help of this 

prototype we can extend our future work on building an actual car powered by the solar energy 

which is both cost effective and of course environment friendly. We also intend to solve the 

problem of voltage fluctuation due to the fact of cloud, earth movement, sun movement etc. 

 

 

 

 

1.6 INITIAL CONCEPT 

In our project we are attempting to build a solar car that converts the sunlight into electrical energy. 

The main component to build a solar car is the solar panel. The solar cells collect a portion of the 

sun’s energy so that power trackers can convert the energy collected from the solar array to the 

proper system voltage. After the energy is collected in the panel, it is available for use by the motor 

& motor controller (which was connected to the panel). After all these being proceeded, the motor 

controller adjusts the amount of energy that flows to the motor to correspond to the throttle. The 

motor uses that energy to drive the wheels.  

The demonstration of this initial plan was like this: 
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Fig 1.4: Initial concept of solar car 

 

 

 

 

1.7 Challenges 

 

 Track width: The smaller track of the vehicle (front or rear) must be no less than 50% 

of the larger track.  

 Tyres and wheels: using three wheels then there should be two wheels on the front.  

 Material: use only seamless pipe.  

 Ground Clearance: The ground clearance with the driver aboard must be minimum of 

76.2 mm (3  inch) of static ground clearance under the vehicle at all times of the 

competition.  

 Impact bumper: Should be an impact bumper on front and rear side of the vehicle.  

 Jack Points: must be two jack points on the vehicle  

 Ergonomics: Driver must be able to exit to the side of the vehicle in no more than 5 

seconds.  
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 Driver Visibility: must have a minimum field of vision of two hundred degrees (200°) 

(a minimum one hundred degrees (100°) to either side of the driver).   

 Push rod: Detachable push rod is mandatory for all the team. Push rod should have the 

capability push as well as pull the vehicle.  

 Steering system: The steering wheel must be mechanically connected to the wheels.  

 The break circuit: It must have hydraulic circuits such that in the case of a leak or 

failure at any point in the system.  

 Brake light: The vehicle must be equipped with a red brake light.  

 Motor: Teams have to use motor of power 2 kW maximum and operating voltage is 

restricted to maximum 48 Volts at any point of the circuit.  

 Batteries: Batteries should have maximum of 48v all the time of event.  

 

1.8 Mission 

 

 The main purpose of the project is to reduce the usage of renewable sources of energy like 

gasoline by shifting to the sustainable energy technologies like solar energy, wind energy etc. 

Our aim is to promote and celebrate the power of education in the field of energy resources and 

innovation with the help of engineering works such that it provides team spirits in competition 

like these. This helps to promote creative integration of technical and scientific expertise across a 

range of exciting disciplines to follow the rules and regulations as per rule book specifications. 

 

1.9 Team structure 

The entire team is subdivided into five groups as per sub system wise. They are given as:  

A) TUBULAR CHASSIS.  

B) ENGINE TRANSMISSION SYSTEM (POWER TRAIN) & ELECTRIC MOTOR.  

C) STEERING SYSTEM.  

D) BRAKING.  
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CHAPTER 2 

 

 

DESIGN OF CHASSIS 

2.1 Design, data and structure of the vehicle 

Tubular chassis 

A tubular is a specially engineered and constructed frame built in (or sometimes around, in 

which case it is known as an exo cage) the passenger compartment of a vehicle to protect its 

occupants from being injured in an accident, particularly in the event of a roll-over. 

 Ladder frame chassis 

 Roll cage chassis 

 Backbone chassis 

 Monocoque chassis 

 

 

2.2 Function of chassis 

1. To withstand the engine and transmission torque, accelerating and braking torque, and 

thrust stresses. 

2. To withstand the bending stresses and twisting due to the rise and fall of the front and 

rear axles 

3. To withstand centrifugal force while cornering. 

4. To provide safety to the driver. 

 

2.3 Loads acting on the chassis 

Following load acts on the chassis: 

1. Weight of the vehicle and the passengers, which results in vertical bending of the 

members. 

2. Loads due to camber, cornering force and side wind, which results in lateral bending of 

the side members. 

3. Engine torque and braking torque, which results in vertical bending of the side members. 
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4. Vertical loads when the vehicle comes across road bump, which results in longitudinal 

torsion. 

5. Sudden impact loads during collision, which result in general collapse of the vehicle 

6. Load due to impact of wheels with road obstacles which can distort the frame. 

 

2.4 MATERIAL USED FOR THE CHASSIS 

After analysing our chassis and finding out maximum induced stress in our chassis, we found AI 

6061 T6 to be perfect material for our chassis. 

Properties of Al 6061 T6 seamless pipes are:- 

Properties Metric 

Material Al 6061 T6 

Ultimate tensile strength 115Mpa at 25°C 

Yield strength 48Mpa at 25°C 

Modulus of elasticity 70-80GPa at 25°C 

Poisson’s ratio 0.33 

Outer diameter 1 inch 

Thickness 2mm 

Mass density 2700kg/m3  at 25°C 

Shear strength 83Mpa 

Fatigue strength 62MPa 

Table 2.1: properties of Al 6061 

2.5 DESIGN CONSIDERATIONS:  

1. Weight of the chassis should be as low as possible.  

2. The design should allow for a driver egress of 5 seconds.  

3. The driver should have a vision of 200 degrees with 100 degrees on either side.  

4. Driver comfort.  

 

The de sign of the chassis was modelled using SOLID WORKS and analysis was done on 

ANSYS. 
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2.6 VIEWS OF CHASSIS 

FRONT VIEW 

 

Fig 2.1: Front view of chassis 

 

TOP VIEW 

 

Fig 2.2 : top view of chassis 
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SIDE VIEW 

 

Fig 2.3:side view of chassis 

ISOMETRIC VIEW 

  

Fig 2.4: isometric view of chassis 
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Fig 2.5: complete view of car with body works 

 

 

 

Fig: 2.6: Image of Car 
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Fig 2.7: Side view of car with all links 

 

Fig 2.8: whole view of car 

CONSIDERATIONS METRIC 

LENGTH 2500mm 

WIDTH 1357mm 

HEIGHT 853mm 

WEIGHT OF CHASSIS 15kgs 
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HEIGHT OF C.G FROM BASE 

OF CHASSIS 

242.99mm 

Table 2.2: considerations of solar car 

2.7 Static loading 

It is the load acting on the chassis due to its own weight when the vehicle is in static condition.  

Mass of driver=70 kg  

Self-weight of the chassis= 15 kg  

Mass of batteries=30 kg  

Mass of solar panel and others =30 kg  

Now, Total mass = 220 kg  

Vertical force including gravity = 220x9.81=2158.2 N 

 

 

Front impact analysis 

 

Fig 2.9: front impact analysis 



21 | P a g e  
 

 

Fig 2.10:- zoom image of front impact 

 

Yield strength= 275MPa 

Mass of the vehicle=220kgs (including driver) 

For front impact, 

4G= 4 x 2200 = 8800N 

It is distributed on 2 nodes, 

Therefore, force on each node = 4400N 

 

Force applied Max. stress Displacement FOS 

4G 141.902MPa 4.588mm 1.93 

Table 2.3: front impact analysis 
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Rear impact analysis 

 

Fig 2.11: image of rear impact analysis 

 

Fig 2.12: zoomed image of rear impact analysis 

Force applied Max. stress Displacement FOS 

4G 138.208MPa 4.54mm 1.989 

Table 2.4: rear impact analysis 
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Side impact analysis 

 

Fig 2.13: side impact analysis 

 

 

Fig 2.14: zoomed image of side impact analysis 
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Force applied Max. stress Displacement FOS 

3G 106.49MPa 1.872mm 2.58 

Table 2.5: side impact analysis 
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Torsion analysis 

 

 

Fig 2.15: torsion analysis 
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Fig 2.16: zoomed image of torsion analysis 

 

Force applied Max. stress Displacement FOS 

1000N 146.604MPa 38.80mm 1.876 

Table 2.6: torsion analysis 

 

Bump test analysis 

Deceleration value for bump analysis is taken to be 2000N.  

Force applied on the frontal four suspension pick up point. The load applied is 500N each 

 

 

 

On left wheel 

 

Fig 2.17: bump analysis on left wheel 
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Force applied Max. stress Displacement FOS 

2000N 259.39MPa 50.03mm 1.0617 

Table 2.7: bump test on left wheel  

 

On right wheel 

 

Fig 2.18: bump test on right wheel analysis 

 

Force applied Max. stress Displacement FOS 

2000N 262.693MPa 52.2997mm 1.046 

Table 2.8: bump test on right wheel 

 

2.8 Calculation of Electric Vehicle Motor Specification  
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Now let us take following values for the solar vehicle:- 

Mass of the vehicle = 140kgs (excluding driver) 

Speed    = 40km/hr 

Slope %   = 0.12% 

Wheel diameter  =  0.46mts 

Battery weight  =  30kgs 

Average speed  = 30km/hr 

Range    = 55km 

 

Power of motor  = 600W 

Max RPM of motor = 3000rpm 

Using speed reduction gear, 

Gear ratio    = 1:7 

N1 (speed of driving gear) = 3000rpm 

T1       = 1 

T2    =  7 

Therefore, 

N1/N2   = T2/T1 

N2 = 430rpm 

Angular velocity = 2πN/60 

   =45.02 rad/sec 

 

Frequency = angular speed/ (2π)  RPM 

  = 429 rpm 

 RPM selected manually = 430 rpm 

RPM theoretically  =429rpm 

 

Calculation of peak torque required for moving the vehicle 

Peak torque= mass of the vehicle x acceleration x wheel radius x slope 

  = 140 x 9.8 x 0.23 x 0.1 

  =31.556 Nm 
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Power required = torque x angular velocity 

   = 31.556x 45.02 

   = 1420.65watts 

 

Air resistance 

Ra = 0.00005 x mass of the vehicle x average speed3 

    = 0.00005 x 140 x 303 

     = 189watts 

 

Rolling resistance 

Rr = 0.094 x mass x average speed 

    = 0.094 x 140 x 30 

    =394.8watts 

  

Continuous power 

Power= rolling resistance + air resistance 

 = (394.8 + 189) watts 

 = 583.8 watts 

 

 

Frictional resistance 

Frictional resistance= 132.5 + 50.5m 

     = 132.5 + 50.5(140) 

   = 7202.5N 

 

 Continuous speed 

Speed= (average speed x 60)/ (2π x radius of wheel) 

 = 345.98rpm 

 

Torque required = (power x 60) / (2π x RPM) 

         = (583.8 x 60)/ (2π x 346) 
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         = 16.11Nm 

 

 

 

 

 

 

CHAPTER 3 

 

STEERING SYSTEM 

3.1 Abstract 

When you’re designing steering kinematics, the goal is to orient the tire to the road in the optimal 

orientation. But, how do you know the optimal orientation? Tire data, of course! One of the basic 

decisions when designing a steering system is how much Ackermann you want. The answer to 

this is determined directly by the tire characteristics. The steering system allows driver to control 

the direction of the automobile by means of two major components:  the steering gears, which 

multiply the driver’s effort at the steering wheel and the steering linkage, which connects the 

gear box to front wheels. 

3.2 Functions of steering system 

1.  To convert the rotary motion of the steering wheel into angular motion of the front road 

wheels. 

2. To minimize wear of tyres. 

3. To multiply the effort of driver by leverage so that turning of wheels is easy. 

4. To facilitate straight ahead recovery after completing a turn. 

5. To turn vehicle at driver’s will. 
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3.3 Requirements of steering system 

The requirements of good steering system are:- 

1. The steering system should be accurate and easy to handle. 

2. The steering system should provide directional stability, i.e., when the driver’s releases 

the steering wheel after negotiation the turn, the wheel should try to achieve straight 

ahead position. 

3. To steer a vehicle the effort required should be minimum and must not be tiresome to 

driver. 

 

 

3.4 Design procedure 

We studied about different steering geometry system which possibly fits best for our vehicle and 

after completing our study, we have found out that simple mechanical linkage geometry system 

is best suited for our vehicle. 

To get maximum steering efficiency from our vehicle and to get best turning radius, two types of 

theories are used:- 

1. DAVIS STEERING GEOMETRY 

2. ACKERMANN STEERING GOEMETRY 

Out of which, we will use Ackermann geometry because of its simple mechanism. 

 

3.5 Mechanical linkage steering system 

1. It translates movement to the front wheels. 

2. Most modern cars have a full mechanical steering system but a recent innovation is the 

steer by wire system. 

3. Mechanical linkage system provides us with best gear ratio and best effective turning 

radius. 
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3.6 Advantages of Mechanical Linkage System over Rack And Pinion & 

Recirculating Steering System  

1. It has very few movable parts.  

2.  Weight of this mechanism is light as compared to rack and pinion as no rack and pinion 

method is employed.  

3. Its cost efficient.  

4.  Better steering ratio of 1:1, which is much more less than rack and pinion steering.  

5.  Very much simple in construction and can be easily modified at any time. 

6. This type of steering system requires less space as compared to other steering system 

 

 

Fig 3.1: design of steering system 

3.7 The Ackermann Steering Geometry 

Ackermann steering geometry was patented by Rudolph Ackermann in 1817. The wheels in this 

system pivot on a rotating member. The pivot point of the rotating member is attached to the end 

of the axle while the end of the arm is attached to a translating linkage directly, or through 

another linkage. When the vehicle is moving in a straight line, the attachment points of the 

rotating member to the other points is parallel to the direction of travel. As the translating 

member moves toward one side, the wheels each pivot about the axle point, causing the car to 
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turn. However the original geometry had failed to solve the problem that when turning the 

wheels turned at the same angle causing scrubbing of the wheels over the ground. In the 

modified Ackermann geometry, when the vehicle is moving in a straight line, the lines formed 

by the pivot points of the rotating member converge to a point at or between the front and rear 

axles. The result is that when turning, the wheel on the inside of the turn rotates at a greater angle 

than the outside wheel. In these systems the location of the translating member could be in front 

of or behind the front axle. The illustration below shows the improved Ackermann geometry 

with the convergent point at the rear axle and its translating member behind the axle. The 

steering geometry was analysed from the plan view. The rotating T, tie-rods and steering arms 

were assumed to be rigid, rotating bodies 

 

Fig 3.2: Ackermann geometry 
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Fig 3.3: Ackermann notations 
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Fig 3.5: center of rotation 

Diagram shown above, gives full information about Ackermann geometry, 

where following notations are used:- 

l= wheel base of the vehicle 

w= track width of the vehicle 

R=radius of turn from the CG point. 

a2= distance from CG point to rear axle 

α=outer wheel angle 

β=inner wheel angle 

 

Now values used for various symbols are:- 

l= 1150mm 

α= 24° 

β=35° 
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According to Ackermann formula 

 (1/tan α)- (1/tan β) = w/l 

 2.24-1.42= w/1150 

 w= 943mm 

 

Radius of turn for the vehicle:- 

R = (l/sin α) + (w-c)/2 

Where, c=distance between kingpin axes 

Therefore, 

 R= (1150/sin 24°) + ((943-800)/2) 

 R=2878.8mm 

 R =2.878mts 

 

Radius of turn = 2.878mts 
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CHAPTER 4 

 

 

BRAKE SYSTEM 

4.1 DISC BRAKE DESIGN -1 

4.1.1 Components of the Disc Brake Unit 

Motorcycle uses the hydraulically operated foot brakes on the rear wheel. A layout of the proposed 

braking system is shown in Figure 4.1. The components of the system are listed below: 

1. Brake lever or pedal. (pushes the master cylinder piston) 

2. Master cylinder. (produces pressure in the brake system) 

3. Hydraulic lines. (transfer hydraulic pressure from master 

4. cylinder to wheel cylinder) 

5. Disc or rotor. 

6. Caliper unit. 

7. Mechanical linkage. (to move the caliper unit in radial 

8. direction) 

 

4.1.2 Caliper Unit 

The disc brake unit here employs a single piston floating caliper type. The cylinder is formed as a 

mono block with the caliper. It has one movable piston, pad, and one stationary pad. 

 

Fig 4.1: components of brake system 
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When the brake is applied , fluid pressure developed in the cylinder causes the pad on the piston 

side to press against the disc. The floating caliper body is also moved to the right by the fluid 

pressure which pulls the pad against the disc and stops the rotation of the wheel . The clearance 

between the disc and the pads is maintained automatically by means of viton seal ring between 

the piston and the cylinder. 

 

4.1.3 Master Cylinder Unit 

The master cylinder is an important unit of the entire disc brake system. The typical master 

cylinder has two main chambers viz. fluid reservoir and pressure chamber. The fluid reservoir 

stores the brake fluid and compensates for any change in fluid volume in the pipe lines. A 

piston operates inside the pressure chamber. 

 

Fig 4.2: when brakes are not applied 

 

 

Fig 4.3: when brakes are applied 
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4.1.4 Disc Brake Pads 

The existing area of contact of the pad is increased for maintaining enough area of contact with 

the disc, when the caliper moves in the radial direction for loaded conditions . When the pillion 

load is increased, the caliper is moved outwards from the disc center with respect to pivot . In 

that position, brake pads do not have enough area to have contact with the disc since the disc size 

(outer diameter) is small when it is compared with the center of brake pad that is located more 

than disc size (diameter). The caliper piston center is more than the brake disc outer radius with 

respect to disc center. So the size of the brake pad is increased. 

 

The breaking system provides the means to stop or slow the vehicle. To control for the vehicle, we 

need to be able to start it moving, make it turn, accelerate and decelerate and of the major 

importance to stop it. A vehicle with a breaking system that is not working properly is a candidate 

for the wreaking yard and may be cause injury to the driver and passenger as well as to others. 

          
4.2 BRAKING REQUIREMENT 

  

                        The ideal breaking system is one of that will allow the driver to bring a vehicle to 

a stop in the shortest possible distance. To be able to do this, it should have an enough power to 

lock up and skid all tires while stopping on clean, dry pavement. Also, stopping should occur with 

a moderate amount of pedal pressure so that even weaker drivers can achieve tire lockup. 

 

4.3 Basic Brake System 

 

The parts are as follow:- 

 

 Brake Pedal - Operated by the driver. 

 Brake booster - Provides the brake easier to apply 

 Master cylinder – Provides hydraulic pressure 

 Calliper and Disc - Slow or stop the wheels when the brake callipers at the wheel. 

 Brake lines and Hoses - Connect the master cylinder to the calliper at the wheels 
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 Brake Fluid - Transmits force from the master cylinder to the callipers at the wheels. 

 Connector Rod - Connected from brake pedal until master cylinder to transmit the pressure 

when pedal is apply. 

 

4.4 MARKET SURVEY 

                   Discs, Callipers and Master Cylinders which were considered suitable for the vehicle 

after exhaustive market survey areas stated below:- 

ROTOR 

 

 The discs of brakes are made of pearlite grey cast iron. The material is economically good 

and has good anti-wear properties. Cast steel discs have also been employed in some cases, 

which wear still less and provide higher coefficient of friction; yet the big drawback in 

their case is the less uniform frictional behaviour. 

 

 Two types of discs have been employed in various makes of disc brakes, i.e. the solid or 

the ventilated type. 

 

 

S. 

No 

Disc Outer diameter 

(mm) 

Thickness 

(mm) 

1 Maruti 800 220 15 

2 Pulsar 220 230 8 

3 Apache RTR 180 270 10 

4 Pulsar 150 240 10 

Table 4.1: values of disc plate 

We selected Apache RTR 180 for the following reasons: 

 

 Thickness (10mm) of the disc is not too high. So disc can be turned safely. 
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 Outer diameter is 270mm which is in accordance with our required design. 

 The disc can be safely turned to 270mm which is as per our design. 

 

 

 

CALLIPER 

 We have used a fixed type calliper in our design. Fixed type calliper doesn't move but has 

piston(s) arranged on opposing sides of the rotor. 

 

 Fixed callipers are preferred for their performance, but are more expensive than floating 

one. 

S. 

No 

Calliper   

 

No. of 

Piston 

Arrangement of pistons Dia. of 

piston front 

 

1 Pulsar rear    
 

1 Single side  

 

40 

2 Maruti 800 1 Single Slide 60 

3 Pulsar front 2 Single Slide 21 

4 Apache RTR 180 2 Single Slide 29 

5 General Calliper 2 Single Slide 10 

Table 4.2: selection of caliper 

Reasons for finalizing Apache RTR 180calliper: 

 

 The calliper has maximum piston diameter (29mm). 

 It is small enough so properly fits in the wheel assembly. 

 In accordance with the rule it has bleeding valve on the top. 

 It is easy to mount on the customised knuckle. 
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4.5 Design constrains  

 

  Brake Disc Thickness [mm]: 10  

 Brake Disc Type: Full  

 Diameter: 270 mm  

 Height: 33 mm  

 Hub Bore Ø: 86 mm  

 Minimum Thickness: 8 mm  

 Number of Holes: 6 

 

 4.6 BRAKE CALCULATION 

Coefficient of friction between the brake pad and disc (µ)=0.4                                                        

Effective radius (re)                                                                    =0.135m 

External load (m)                                                                       =180kgf 

Speed of vehicle (v)                                                                   =11.11m/s 

Radius at which load acts(r)                                                     =0.290m 

Maximum disc speed (ωm)                                                       =380rpm 

Force applied by the driver on the paddle (Fapp)                      =40kgf 

Leverage                                                                                      =4 

Area of calliper (Acal)                                                                  =1.6×10-3m2 

Acceleration due to gravity (g)                                                =9.81m/s2 

Pres. generated in master cylinder                                         =490×104n/m2 
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Calculation for force transmitted to the piston of master cylinder (Ftrans)- 

 Force transmitted (Ftrans) = Fapp×g×leverage 

                                                         =40×9.81×4 

                                                         =1569.6n 

Calculation for force on calliper (Fcal)- 

 Force on calliper (Fcal) = P×Acal 

                                                   = 490×104×1.6×10-3 

                                                                               = 7840n 

 

Calculation for total clamping force generated by brake pad on disc (Fclam)- 

     Clamping force generated (Fclam) =Fcal×2 

                                                                    =7840×2 

                                                                    =15680n 

Calculation for braking force (Fb)- 

    Braking force (Fb) = µ× Fclam 

                                     =0.4×15680 

                                     =6272n 

Calculation for braking torque (Tb)- 

   Braking torque (Tb) = F×re 

                                            =6271×0.135 

                                            =846.72n 

Calculation for force on tire (Ftire)- 

      Force on tire (Ftire) =Tb/rolling radius 
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                                        =1693.44/0.29 

                                        =5839.44n 

        Total force (Ftotal) =4×5839.44 

                                        =23357.80n 

Calculation for deceleration (a)- 

         Deceleration (a) = Ftotal/m 

                                            =23357.80/180 

                                            =129.77m/s2 

Calculation for stopping distance(s)- 

     Stopping distance(s) =v2/2a 

                                            =402 /(2×129.77) 

                                            =6.16m 

Calculation for time to stop vehicle (t)- 

    Time to stop vehicle (t) = (v×m)/Ftotal 

                                                  = (40×180)/23357.798 

                                               = 3.1s 

Calculation of load torque (TL)- 

          Load torque (TL) =m×g×r 

                                        =18×9.81×0.29 

                                        =51.21nm 

Calculation for total inertia reffered to brake Shaft (J)- 

Moment of inertia of the system (J) =m×r2     

                                                                                                      =18×0.292 
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                                                                                                      =1.51kgm2 

Calculation for deceleration required (ω’)- 

     Deceleration required (ω’) = ω/Tb 

                                                                                   =380/4 

                                                        =95radian/s2 

 

 

Calculation for inertial torque (TJ) for dynamic braking only- 

              Inertial torque (TJ) =J× ω’ 

                                                =1.682×95 

                                                =159.79m/s                           

 

 

 

 

 

 

 

4.7 Design Failure Mode Effect and Analysis 
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4.3 DFMEA Chart 
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CHAPTER 5 

 

Project Execution 

 

Market Research 

 

 

Material Selection 

 

 

Designing 

 

 

Manufacturing of Prototype 

 

 

                                                 Welding 

 

 

                                                            Assembly 

 

 

                                                            Testing 
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5.1 MANUFACTURING PROCESS 

 

 

WELDING PROCESS (TIG WELDING) 

5.2 INTRODUCTION 

 GTAW (Gas Tungsten Arc Welding) 

GTAW also known as TIG welding (Tungsten Inert Gas).The filler metal is supplied from 

a filler wire and is similar to the metals to be welded. The tungsten electrode is not 

consumed in this operation and the shielding gas is usually argon or helium or a mixture 

of it. Welding with GTAW can also be done without filler metals, as in welding close−fit 

joints. GTAW is used for a wide variety of metals and applications, particular aluminum, 

copper, brass, magnesium, titanium and high alloy metals. It is especially suited for thin 

metals. In general AC power supply is preferred for aluminum and magnesium because 

the cleaning action of AC removes oxides and improves weld quality. DC power supply 

is also possible. The cost of the inert gas makes this process more expensive than 

SMAW, but it provides welds with very high quality and surface finish 

RAW MATERIALS
MACHINE TOOLS 

AND LABOURS
FINISHED 

PRODUCTS
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Fig 5.1: concept behind TIG welding 

 

 

Fig 5.2: basic equipment of TIG welding 

Energy source: AC/DC 

Welding positions: All 

Cost of equipment: Medium 

Advantages: Most metals weldable, high quality 



50 | P a g e  
 

Field of application: Vessel, tank or boiler fabrication; tool or die repair; aluminium casting; 

pressure valves or regulators; pipe fittings; bicycle frames; airplanes 

 

5.3. FUNDAMENTALS 

5.3.1 Origin of Gas Tungsten Arc Welding 

The Gas Tungsten Arc Welding (GTAW) process is sometimes referred to as TIG, or Heliarc. 

TIG is short for Tungsten Inert Gas Welding, and the term Heliarc was used because helium was 

the first gas used for the process. The aircraft industry developed the GTAW process for welding 

magnesium during the late 1930's and the early 1940's. During that time, helium was the primary 

shielding gas used, along with DCEP welding current. These caused many problems that limited 

application of GTAW welding process. But improve the process effectiveness and reduced its 

cost. Before the development of the GTAW process, welding aluminum and magnesium was 

difficult. The weld produced was porous and corrosion−prone. 

 

5.4 Advantages of TIG Welding 

The tungsten inert gas process can be used for welding aluminum, magnesium, stainless steel 

silicon bronze titanium, copper and copper alloy, and wide range of different metal thickness in 

mild steel. Top quality welds made in the above metal need little, if any, cleaning after welding 

period. TIG Welding is most often used for joining aluminum from 1/32 inch to 1/8 inch (0.79 to 

3.2 mm) thick. Although heavier sections can be joined by TIG welding, other processes are 

usually more economical. 

TIG welding is an easy method of joining metals that are considered hard−to−weld, and filler 

and base metals can be easily matched. With TIG welding, strip of scrap parent metal may be 

used for filler metal. Post−weld machining, grinding, or chipping can usually be eliminated due 

to the easily controlled weld reinforcement. The need for flux is eliminated, even on hard to weld 

metal such as aluminum. 
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Fig: 5.3 TIG Control 

 

 

5.5 Gas Tungsten Arc Welding Process 

In gas tungsten−arc welding (GTW), formerly known as TIG welding (for tungsten inert gas), 

the filler metal supplied from a filler wire (because the tungsten electrode is not consumed in 

this operation, a constant and stable arc gap is maintained at a constant current level. The metal 

is similar to the metals to be welded, and flux is not used. The shielding gas is usually Argon or 

Helium, or a mixture of the two. Welding with GTAW is done without filler metals, as in 

welding close−fits joints. The power supply is either DC at 200 amps. Or AC at 500 ampere. 

Depending on the metal to be welded. In general, AC is preferred for aluminum and magnesium 

because the cleaning action of AC removes and improves weld quality. 
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5.6 TESTING  

 

Testing is the process of evaluating a system or its component(s) with the intent to find whether 

it satisfies the specified requirements or not. Testing is executing a system in order to identify 

any gaps, errors, or missing requirements in contrary to the actual requirements. 

 

General Testing 

 Chassis monitoring 

 Road noise 

 Vehicle speed 

 Steering 

 

Brake Testing 

 Line pressure 

 Pedal pressure/travel 

 Line/pad temperature 
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CONCLUSION 

It was a wonderful learning experience during Design and Fabrication of Electric Solar Vehicle 

at our ABES Institute of Technology for Electric Solar Vehicle Championship’16 held at Bhopal. 

I gained a lot of insight regarding almost every aspect of manufacturing during seven months of 

hard work. I was given exposure in almost all the departments of manufacturing. The friendly 

welcome and behavioral attitude from our college management is appreciating. They also shared 

their experience and gave their best efforts of wisdom in completing our project. I hope this 

experience will surely help me in my future and also in shaping my career. 
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