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Abstract 

 

Brake system is one of the basic components of the safety systems in vehicle 

manufacturing. In addition, tires' design and quality are two basic factors that integrate 

with brake system to enhance safety guidelines of a vehicle. However, both have other 

strong utility for smoothness and control of motion of a vehicle especially if it was a 

solar powered car. In this project, it is important to show the coordination between 

brake systems and tires to create a safe and usable solar car. This will be through 

investigating the designs and structures of hydraulic brakes and rubber synthetic tires 

in particular. Through a number of engineering studies, it will be available to control 

all required data using patents, designs charts, academic studies, and algorithm 

researches. That's why this project creates a general picture of how to coordinate two 

creative designs of brakes and tires in a solar powered car. By the end of this project, it 

will be scientifically available to identify and select the best design, specifications for 

brake system and tires to be fitted in a revolutionary solar powered vehicle. 
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1. Chapter 1: Introduction 

1.1. Project Definition 

This project is concerned with the production of the brake system and tires to be used 

in the overall project of fabrication of PMU Solar Car. The brake system to use through 

the overall project is a normal hydraulic brake system with incompressible fluid 

properties. The braking system will consist of the normal components of brakes like 

discs, drums, and pads. It is also forceful enough to give the braking power that remove 

expected energy from the moving body of the car going relatively with the  weight of 

the car. The brakes to fabricate are a closed hydraulic system certain specifications of 

torque rating, power, sped, pressure and shaft configuration. On the other hand, the 

second part of the project is assigned to fabricate the tires of the PMU Solar Car. Tires 

suggested for the project are normal synthetic or natural rubber made with standard 

dimensions. The standard specifications of the tire will be tight for diameter and width, 

to go with Aspect ratio of the wheel considering the distance from the wheel-rim and 

the outside of tread. 

1.2. Project Objectives 

The main objectives of this stage of the overall project is to ensure overall safety and 

durability of the car by providing a coordinated design of brake systems and tires 

through an integrated motion system. Also, the project aims at producing a long life 

brake system and tires that go with the specifications of targeted car. However, there 

are other technical objectives that can be listed as follows: 

1. Absorb the kinetic energy of the vehicle hydraulically 

2. Dissipate and distribute heat thoroughly and evenly  

3. Allow the car to control and maintain speed easily and safely 

4. Provide a braking system that is easily accessible for repair purposes  

5. Ensure the smoothness of motion of the car  

6. Increase stability of the car and preventing skidding on the road  
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1.3. Project Specifications 

This project aims at producing and testing a full closed hydraulic system to be installed 

in the PMU Solar Car. In addition, it aims at selecting, installing, and testing the right 

and most suitable tires to ensure the factors of functionality, safety, and smoothness. 

For the first brake system operation, the project will depend on the standard 

specifications of a normal hydraulic brake system that go according to the following 

table [1].    

Part  Specifications  

Torque Rating 694.054 N-m 

Brake Power 6940.548 N 

Speed of vehicle  105kmph = 29.1666/sec 

Weight of the car including driver  450 Kg 

Maximum Pressure 9001,000 psi 

Brake pedal Load  2000N  

Pedal Travel  153.24mm 

Pedal  ratio   6:1 

Rotating disc diameter  200mm 

Stopping distance 72.26 m 

Table 1Normal Brake System 

As for the tires, the main objective is to select a type of tire that goes according to the 

following specifications:   

Part  Specifications  

Tread Synthetic or Natural Rubber 

Bead Reinforcement.  Aramid 

Sidewall Natural Rubber 

Cord  Steel  

Table 2 Tire Specifications 1 

Part  Dimensions   

width  225 mm 

Sidewall Height to Width   45% 

Rim Diameter  15 inch 
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Rim Width  6 inch  

Load Index  560 kg 

Maximum Speed 210 kph 

Tire Pressure  2.2. bars 

Table 3Tire Specifications 2 

1.4. Applications 

Success with the project will help provide a big push to the manufacture of small cars 

electric or solar powered. In addition, it will help produce a cheap, usable car with full 

specifications and high safety guidelines. Meanwhile, the coordination between the 

type of brakes and tires will enhance productions of other types of vehicles, like small 

trucks, vans, motorbikes, tricycles, racing cars, and golf cars.   

 

Figure 1 Brak System 

 

Figure 2 Tire Specifications 
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2. Chapter 2: Literature Review 

2.1. Project background 

Brakes and tires are two indispensable component of the automation system in a car. 

Meanwhile, a large portion of safety factors are focused on the selection of the most 

efficient brake system along with the most durable and fit tires. That's why form and 

functionality of both brake systems and tires were in continual development since the 

early times of car manufacturing history. For brake systems, mechanical drum brake 

was the earliest brake form that was invented in 1902 by Louis Renault, the French car 

manufacturer [2].  

Meanwhile, the concept of brake system was initiated by Gottlieb Daimler who devised 

a drum with an anchoring cable to the vehicle's body is useful for stopping the car [2]. 

Then, the internal shoe brake was invented and used widely then it was discarded by 

the invention of hydraulic brakes in 1920s to avoid the problem of shoe brake that was 

vulnerable to many factors like temperature.  

In the middle of the 20th century, the Disc brakes were invented to go with the new 

types of vehicles that were faster ad heavier in weight as well. Hydraulic brakes were 

not efficient to deal with high speeds and heavy weights. However, some companies 

like Chrysler Imperial decided to make a mix between the two systems to get the 

benefits of both, so the world could have the new hydraulic disc brake system [2]. 

Recently the world has the new anti-lock brake system, or (ABS) that avoided the lock 

of brakes during driving.  

On the other hand, the development of tires was another story. Wheels were the most 

important invention in the life of humans as it enabled them to move their objects and 

to move on carts from place to another. However, the first car in history was moved on 

metal tires. Then metal tires were covered by rubber filled by air. It was the first 

pneumatic tire with a tread in 1905 [3]. In 1931 DuPont Company introduced the 

synthetic rubber and tire production increased. Tires developed in 1947 when tubeless 

tire was introduced to reduce costs. It helped reduce weight and make saving of fuel. In 

1950s, radial tires were invented with cords and carcass plies. Then in 1979, the world 

had the run-flat tire that enabled tires to run with puncture. Now tires are greater in size 

than 16 inches with enhancements for brakes and car drivability.  
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2.2. Previous Work 

Many previous works and engineering studies focused the manufacture of breaking 

systems and tires. Starting with braking system, a study conducted in 1992 explained 

the perquisites of brakes actuation circuit design. In this study, the author gave three 

types of brake circuit designs. Also, this study explained the problems that must be 

avoided in design of circuit of hydraulic brake system [5].  The first is the stooping 

parameters that were highlighted in the form of vehicle speed, stooping distance, and 

deceleration rate. The study finds that these parameters are strong basics for 

determination of break torque. On the other hand, torque at certain brake line pressure 

turns as a linear function with certain brake line pressure. Designers need to calculate 

torque at under-braking and over-braking to avoid braking problems.  

 Another study conducted in 2008 highlighted the hydraulic brake components with up-

to-date vehicles and its effect on the reliability and safety on the road. The study focused 

on the main brake system components including the anti-slip control system, antilock 

braking systems (ABS) and the electronic stability system. The study found that the 

main components of the brake system are responsible for the hysteresis losses. Parts 

like brake gear, master cylinder, and booster are the main factors of weak points in 

hydraulic system. The study recommended that development of such a system is linked 

to finding hysteresis-generating elements that may be replaced by similar mechatronic 

parts [4]. 

 

Figure 3 Mechatronic Parts 

In 2018, another study highlighted the design of the hydraulic brakes. It traced brake 

systems in formula motorsport cars. The study affirmed the fact that brake design is 

responsible for the performance and control of speed. For this reason, the study gave 
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calculations of a new design of hydraulic brake system that is fit for high performance 

of sports car. For example, it gave the design of the assembly of Brake pedal and master 

cylinder to give a maximum force of 2000N. Also, it gave assembly of a new tested 

design of disc, calipers, and knuckle [1].  

 

Figure 4 Calipers and Knuckle 

For tires designs, two important studies were investigated. The first focused the 

manufacturing and design of pneumatic tires for rolling conditions. In fact, that study 

was anew US patent that was granted in 2000 under U.S. Patent serial No. 6,083,268. 

Washington, DC: U.S. the patent focused on the tire/road contact area. In this design, 

inventor let footprint contact nodes of the tire travel in straight trajectories which leads 

to trailing of the tire's footprint edges. In this design also, the inventor afforded a 

required adjustment to the tire's vertical position, vertical force, uniform fore/aft 

position, slip angle, and rolling radius in order to maintain the car's driving or braking 

force [6].  

 

Figure 5 Tire's Vertical Force 
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 On the scale of tires designs, it is supposed that 3D software will be used to insert the 

specifications of required tires design. In this concern computer plays the most effective 

role with designs. That was the main topic of a study conducted early in 2006 to affirm 

the role of computer-aided software in tires designs. First, this study emphasized that 

designing Tire groove rely on the modeling of the tire. In this case, the design 

parameters are different. 3D parameters of construction of groove surfaces are effective 

as they reduce the many modeling operations. Also, using simple design tables and 

geometric algorithms can be used to discard unwanted grooves [7].  

 

Figure 6computer-aided software in tires designs             Figure 7 computer-aided software in tires designs 

2.3. Comparative Study 

It is important for this project to know about the previous attempts through graduation 

engineering projects in PMU. Such results can spot light the way of our project, give 

references of work and highlight of challenges. However, unfortunately, in this field, I 

can only be guided through three mechanical engineering projects implemented through 

the last three years.  

The first was implemented in April 2019 by a team from electrical engineering 

department. It focused on the manufacturing of Smart Electrical Car. Te team consisted 

of fie members and it was supervised by Dr. Chedly B. Yahya. Te team wanted to 

design and execute a prototype of a smart electric car that is able to takes right 

dissections, detect obstacles, and interacts with traffic lights. They were guided by the 

design of the Google self-driving car (Waymo). The team was able to define the 

constraints they have of manufacture focusing all in the factors of High Cost, Safety, 

and Environment. They successfully gave the project architecture, design of the 7.4 

Volt motor, transmitter, receiver, batteries, Electronic Speed Controller (ESC), and Pi 

Camera. Finally, they gave a prototype of the car with successful test.   



12 

 

The second project is for Fully Electric Car with Solar Cells as a Secondary Source of 

Power. It was a five member team from the mechanical engineering college. The team 

was supervised by Dr. Nader Sawalhi. It aimed at producing a cheap & cleaner a car to 

overcome the problems of fossil fuels. The design of the car depended on a modification 

of an ICE vehicle to a fully electric vehicle using a back brushless DC motor connected 

to the driveshaft, chain, and sprocket system. 

The third and last study was for the Fabrication of a cone clutch to measure the output 

torque at different engagement angles and improved efficiency. The team consisted of 

4 mechanical engineering department members and it was supervised by Dr. 

Muhammad Asad. This project focused on the manufacture of clutches as an important 

component of power transmission system. The main objective of the project was to 

improve the cone clutch mechanism. They explained the main sustainability and 

geometrical constraints of the project. They explained the important calculation 

schematics to manufacture cone clutch. The team was able to implement the designs of 

important components of clutch like machined male and female cones, springs, and 

spline shaft.  
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3. Chapter 3: System Design  

3.1. Design constraints  

For the PMU Solar Car, it is important that both brake system along with tire system 

are both integrated and appropriate to the specifications of the car.  

 For the brake system, it is important that brake controller is able to implement the 

antilock braking system (ABS) with a zero steady state error. This will help the 

achievement of an optimal wheel slip ratio turning the slip ratio of tires into more 

flexible on all runways and even in case of transitions over different runways. Here, it 

is important to hold to the results of some experiments that showed the importance of 

control system to grant the PMU car no violation concerning the slip ratio constraints 

and help the car avoid any possible self-locking [8].   

 

Figure 8 ABS Anti-lock Brake System 

Since the speed of the car will not exceed 105kmph (29.1666/sec), the brake pads must 

consider certain constraints. Basically, pads must be sensitive for friction. They 

represent the main parts of safety in a braking system. The quality and innovation of 

brakes must be ratified before the implementation of the braking system. Pads must be 

100% bedded to limit the fading effect of the brakes and to ensure the ability to stop 

the car at the first braking.  

On the other hand, the braking pad used must be qualified to bear the pressure that 

braking causes on the back surface of the friction lining. Thus the pad back plate must 

be of a rigid body and must go with the same shape of the brake lining. In addition, 

pads must be bonded firmly with brake lining [9].    
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Figure 9 Brake Pads 

For the tires, design constraints include the following limitations. Based on the weight 

of the car, tires must meet with four basic constraints of construction, specification, 

characteristics, and modeling.  

Tires construction is limited to the physical inner liner, the tread layer, and the factors 

of safety ply. In addition, it is a strict constraint to consider the vertical load which is 

shared by the wheel, maximum torque, speed, and tread design. This is important for 

the wheel to be able to move in all driving conditions  

 

Figure 10 Tire Design 

For specifications, it is a strict constraint that the width of a tire is no more than 225 m 

while the sidewall is only 45% of the total width. The diameter it be maximum of 1 

inch, the rim width is maximum of 6 inch as well. Finally, the tire pressure is almost 

2.2 bars. This enables a tire to be qualified for a maximum speed of 200k/h. As for the 

tire characteristics, it is important that it is a Low rolling resistance tires [10]. This helps 

car to reduce loss of energy by a percentage of 5 to15%. Meanwhile, for Tire Modeling, 

it is preferable that the tire is Pure Side Slip. 
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3.2. Engineering Design standards (Design Methodology) 

As for the brake system, the selected brake system has basic 12 components. The first 

set of components is that which include the metal parts of the brake system. This part 

consists of six main parts. The first is the brake pad for friction purposes. The second 

is the brake shoes for the slowdown purposes. The third is the brake rotor (Disc) that 

causes car to stop. The fourth is the brake drum that supports rotor and shoes for friction 

purposes. The fifth is brake caliper that contains the piston of oil. The sixth is the brake 

booster. It increases the pressure and improves power of stopping.  

Meanwhile, the brake system design is based on the distribution of fluid that causes 

pistons of brakes to work. The seventh is the brake master cylinder that distributes the 

fluid to slave cylinders in the brake system. The eights part is the brake pedal that causes 

pressure of braking oil. The ninth component is the wheel cylinders that are responsible 

for the transition of pressure from the pedal to the pipes, pads, and shoes across the 

fluid hose which is the tenth part. The eleventh part is the Brake fluid container that 

includes the flues of pressure. Finally, the last component is the ABS system that 

prevents wheels from locking [11]. On the other hand, the brake system integrates with 

the four tires to construct a full motion system through the following engineering 

design.  

 

Figure 11 Brakes and Tire System 

3.3. Theory and Theoretical Calculations 

The theory that controls the functions of the braking system is the most important. In 

this concern, there are two theoretical methods to test the performance of the ABS the 

first is the tester while the second is the road testing which is basically important to find 

the brake distance. In the testing of the brake system, the reaction of time t0 relies on 

the responsiveness of the driver, and the position of the accelerator, and brake pedal. 
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However, braking process usually takes 0.3~1.0 seconds from pressing the brake pedal. 

Here, the distance that the vehicle moves after pressing the pedal is measured at t0 at 

through the speed of v0. Thus, the measurement of the brake performance can be 

through the equation. 

S0 = V0. T0 

The second step is the measurement of the braking force T1-. This force increases with 

the time of the pressing of the braking pedal. Pressing increases force until it reaches 

the maximum power. The force is measured through the time gap between pressing and 

the startup of functions of braking drum and shoe. The brake reaction time is measured 

as T1. This measurement is essential for the ABS working. Supposing that the maximum 

braking force complies with maximum ground brake system, the force analysis of the 

wheels with the deceleration factor F0. Thus, the deceleration follows the equation  

F0 = φ p. g. M  

As φp is the maximum adhesion coefficient, g is the acceleration of gravity that is 

always 9.8m/s2 [12]. 

As a result, it was important that we looked at the theoretical calculations of both brake 

and tire system, for the brake system, the Torque Rating ws selected to be at the level 

of 694.054 N-m. For the brake power it was selected to be at the level of 6940.548 N. 

this will help the car to move at a maximum speed of 105 kmph or 29.1666/sec. this 

brake system also is suitable for a car with a weight of 450 Kg. on the other hand, the 

Maximum Pressure was adjusted at the level of 9001,000 psi while the brake pedal 

bears a maximum load of 2000 N with maximum travel of 153.24mm. Also the Rotating 

disc diameter was selected to be at 200 mm to give the care more smoothness at U-turns 

and swerves.  

For the theoretical calculations of the tire system, the tread of the tires was selected 

either synthetic or natural, with aramid bead reinforcement. However, the sidewalls of 

the tire must be of natural rubber, and the tire cords must be made of steel to ensure 

durability and safety of the car at swerves. As for the dimensions, the tire must be at a 

width of 225 mm with 45% of sidewall height to width. In addition, the Rim 

Diameter must be at 6 inch. These dimensions go with the car with a weight of 560 kg 

and it supports a far maximum speed of 210 kph 
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3.4. Product Subsystem & Components 

For brake system, the best selected product for the PMU Solar Car is the power stop 

K828 Front and Rear Brake Kite. It is provided with pads of ceramic carbon fiber 

construction. They are with dust free construction with high ability to prevent noise. It 

comes in a complete brake kit. Besides, this model is remarkable with low weight as it 

only weighs 74.8 Ibs. It is drilled with slots to enable gassing and discharging of the 

extra temperature. This is a good cooling system indeed. The rotor of this model is 

made of silver zinc that prevents corrosion and rust. That gives the brake a good 

looking, and keeps the functionality of brakes for a very long time.  

 

Figure 12 Power stop K828 

 

 

 

On the other hand, the product selected for the tires is Michelin Pilot Sport A/S 3. This 

model is designed to work on all roads and under all conditions. It is provided with the 

most UTOC rates that enable the car to have the best performance on concrete and 

asphalt roads. They are designed for the sedan and sports car to bear high speeds. This 

model is also remarkable with the light weight as attire is 29I Ibs. It is also remarkable 

with high density and durable steel belts. It is protected against tread wear as well.   

 

Figure 13 Michelin Pilot Sport A/S 3 



18 

 

3.5. Manufacturing and assembly (Implementation)  

All assembly work of the brake system and the tires will be conducted in the PMU 

workshop, mechanical engineering department. Assembly will be conducted by the 

PMU Solar Car team. Integration of the two systems will follow the portfolio of the 

brake system and the tires together.  

3.6. Study Results (Thermal stress on break disk) 

 

Name Type Min Max 

Stress1 VON: von Mises 

Stress 

1.834e+04 N/m^2 

Node: 15713 

1.014e+07 N/m^2 

Node: 12135 

 
Disc brake rotor-Thermal stress-Stress-Stress1 

 

Name Type Min Max 

Displacement1 URES:   Resultant 

Displacement 

0.000e+00 mm 

Node: 465 

5.313e-03 mm 

Node: 11034 
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Name Type Min Max 

 
Disc brake rotor-Thermal stress-Displacement-Displacement1 

 

Name Type Min Max 

Strain1 ESTRN: Equivalent 

Strain 

2.109e-07  

Element: 35900 

1.030e-04  

Element: 1965 

 
Disc brake rotor-Thermal stress-Strain-Strain1 
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Image-1 

 

 

4. Chapter 4: Conclusions and Future 

Recommendations 

 

Brake and tire system are two integrated subsystems of the vehicles’ structure. 

However, they have to work both in coordination to give the car the acquired 

smoothness on the road and to increase the level of safety and security. That’s why 

automotive manufacturers have to care about the section of the best brake system along 

with the best types, size, and make of tires to guarantee overall security on highways.  

Basically, that was the mission of the PMU Solar Car team. It was necessary to select 

certain type of brake and tire that go with the targeted size, speed, and power of the 

PMU solar car. However, the most important point with the tire and brake system in 

this project was the design of both systems. It was important to consider that team is 

designed an electric or solar powered car which has to move according to certain engine 
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powers. In addition, the small size of the care imposed certain dimension to help the 

car move smoothly o bumpy land, at swerves and U-turns.  

As a result, in this project, two important systems were discussed. The first is a normal 

hydraulic brake system. It is provided with incompressible fluid properties. In addition, 

the mechanical components of the brake system consist of normal parts of discs, drums, 

and pads. This design was precisely selected to help the solar powered car to reduce the 

consumption of energy and also to reduce the fraction between the car and the ground. 

This will automatically lead to the reduction of heat discharges under the car as well.  

meanwhile, some changes must be applied to this brake system to adjust the torque 

rating, power, sped, pressure and shaft configuration to go with the dimensions of the 

car.    

The tire system on the other hand was at the same importance in both design and 

dimensions. The manufacturing team suggested using of a normal synthetic or a natural 

tire system with standard dimensions. Meanwhile, concerning the size, the 

manufacturing team was keen on selecting the type of tire with certain Aspect Ratio of 

the wheel. It was important for the team to work on controlling the distance from the 

wheel-rim and the outside of tread. 

5. Chapter 5: Future Recommendations 

Meanwhile, as for of future recommendation, manufacturing of integrated 

specifications of both tire and brake system for a solar car must be conducted by the 

companies that work on both systems. There must be a kind of cooperation between 

two types of manufacturers to produce either brake or tire systems that go only for the 

sola car systems. A random selecting a hybrid system of bot may have some problems 

that affect the speed and weight of the car on highway. However, creating coordinated 

systems will cover this problem and will help small manufacturers like PMU Solar Car 

Team to be more efficient when selecting the right systems.  
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Links to Previous Studies 

1- Smart Electric Car 

https://www.autoevolution.com/news/braking-systems-history-6933.html
https://burtbrothers.com/blog/history-of-tires/
https://www.sciencedirect.com/science/article/pii/B9780080970165000036
https://www.sciencedirect.com/science/article/pii/B9780080970165000036
https://www.sciencedirect.com/book/9780080970165
https://rxmechanic.com/brake-system-components/
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https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/ee/senior%20desig

n%20projects/smart_autonomous_car_presentation.pdf 

2- Fully Electric Car with Solar Cells as a Secondary Source of Power 

https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/me/electric-car-

solar-cells.pdf 

3- Electrical Vehicle 

 

 

 

https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/ee/senior%20design%20projects/smart_autonomous_car_presentation.pdf
https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/ee/senior%20design%20projects/smart_autonomous_car_presentation.pdf
https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/me/electric-car-solar-cells.pdf
https://www.pmu.edu.sa/attachments/academics/pdf/udp/coe/dept/me/electric-car-solar-cells.pdf

