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DISCLAIMER
This report was prepared by students as part of a university course requirement.  While considerable effort has been put into the project, it is not the work of licensed engineers and has not undergone the extensive verification that is common in the profession.  The information, data, conclusions, and content of this report should not be relied on or utilized without thorough, independent testing and verification.  University faculty members may have been associated with this project as advisors, sponsors, or course instructors, but as such they are not responsible for the accuracy of results or conclusions.
[bookmark: _Toc472068875][bookmark: _Toc484366957][bookmark: _Toc19096637][bookmark: _Toc54770049][bookmark: _Toc89520299]EXECUTIVE SUMMARY
[bookmark: _Toc472068877][bookmark: _Toc484366959][bookmark: _Toc19096638]
The brake of SAE Baja vehicle is to find out the heat generated and dissipated on the disc brake of the wheel which equals to almost 85.15 °C as the maximum temperature in Celsius, the time needed to stop the vehicle was found by using of calculation, and completion of the brake system will be explained in detail in the rest pages. No less important, the team used Solid works to discover the heat that comes from the friction force between the pads and the rotor, time needed to stop the vehicle by using Newton’s laws, and updated caliper design of the brake.

For the dashboard, the team designed a system based on the Arduino board, which uses the IR sensor to detect the speed of the vehicle. The purpose of the design is to have a clear and brief outlook and it has accuracy speed display and short display delay on the LCD. Moreover, a stepper motor is added into the system to analog the speed table, which can make it more convenient for the driver to see the speed of the vehicle and make the appearance of the dashboard more concise and briefer. In general, the design of the dashboard meets the requirements of a concise appearance, displaying vehicle speed data, accurate readings, and low display delay.

For the suspension and steering, the team designed a durable and reliable systems that can endurance the weight of vehicle and the driver weight as well. The team select the doble wishbone A arm for the front suspension with mounting the shock absorber on the upper arm and selecting the Monotube shock absorber. Moreover, the team select the rack and pinion design through the concept generation of both systems. The suspension system and steering system can successful during the competition based on the output and the result that team get from the Finite Element Analysis (FEA), and Motion analysis. These two simulations can test the system if it will work and successful. Therefore, the team used them to prove the engineering requirement and to meet the customer requirement. The result of FOS from the FEA were greater than 1 which means the systems are work and not failed. Finally, team were able to prove most of the engineering requirement and customer requirements. 
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[bookmark: _Toc54770052][bookmark: _Toc89520302]BACKGROUND
[bookmark: _Toc472068879][bookmark: _Toc484366961][bookmark: _Toc54770053][bookmark: _Toc89520303]Introduction
The rationale of this design is to assess the design of a small off-road car capable of treading complex terrains comparatively. In order to effectively design and create a prototype, the three vital subsystems must be properly evaluated, namely the brake, front suspension, steering, and dashboard systems. The main goal of the design is for the prototype to have a shorter stopping time and distance relative to the commercially known SAE 2021 vehicle designs. The rules state that the braking mechanism must be capable of simultaneously locking all four wheels [1]. The main takeaway of this endeavor is for the stakeholders to believe that such a design is safer and sturdier. This can only be attained if the braking mechanism is able to do the locking process in a simultaneous manner for the four wheels available.
[bookmark: _Toc472068880][bookmark: _Toc484366962][bookmark: _Toc54770054][bookmark: _Toc89520304]Project Description
There are four main points for improving and designing new systems in this design: brake, steering, front suspension, and dashboard systems. The SAE-BAJA off-roading vehicle designs and regulations will be incorporated for possible market benchmark propulsion and commercialization in this design. The tests involved acceleration tests, hill climbing, and endurance tests. The achievement of these targets necessitates the accurate design of the vehicle's suspension and braking system to be comparable to the commercially existing ones. For this project, the design is generated from the SAE Baja and the customer requirements in the competition rules to compete. The design should overcome all difficult and complex conditions such as acceleration tests, braking tests, hill climbing, and endurance. To succeed and realize the design's target, it should be an accurate front suspension and braking system in the perfect, accurate manner of design. Finally, the implementation of this design will be analyzed, and the testing will follow by meeting all the client's requirements.  

[bookmark: _Toc472068886][bookmark: _Toc484366968][bookmark: _Toc54770055][bookmark: _Toc89520305]REQUIREMENTS
For any design project, requirements are the main focus, and on the premise of given requirements, the project designs. There are different requirements, and one is customer requirements which obtain from the project description, engineering requirements obtains from the customer requirements. This chapter introduces the customer requirements, engineering requirements, and HOQ of our project. The client gave us the direction and standards of project design. When comparing different designs, these requirements can help us choose the finest design plan.

[bookmark: _Toc472068887][bookmark: _Toc484366969][bookmark: _Toc54770056][bookmark: _Toc89520306]Customer Requirements (CRs)
The project aims to style and build a reliable single-seat sporting vehicle that's suitable for all-terrain. The project is split into three subsystems: front suspension, brakes, steering, and dashboard. These subsystems were assigned to the members of the team. Following are the requirements that were pulled out from the SAE Baja Project instructions.

Table 1: Customer Requirement 
	[bookmark: _Toc472068888][bookmark: _Toc484366970]Customer Requirements
	Details

	Short stopping distance
	The system needs to efficiently stop the vehicle in short duration of time

	Comfortable for the driver
	The suspension needs to work smoothly and efficiently to provide complete comfort of the driver

	Sleek dashboard
	Display the dashboard with all the data in simplified manner

	Accurate dashboard degree
	The difference between the measured speed value and the actual value should be small.

	Safety
	The systems should be safe to use

	Durable and reliable
	Suspension and brake should work for long duration and Systems should be reliable and must not fail during the operation.

	Dimensional stability
	The vehicle should be stable to maintain the wheel

	Track width
	The distance between the front wheels to make the stability of the car

	Ease to maintain
	The vehicle maintenance should be simple and easy to fix

	Heat 
	The friction of the peds and rotor should be safe

	Light weight
	Suspension, brakes, and dashboard everything should be light weight



[bookmark: _Toc54770057][bookmark: _Toc89520307]Engineering Requirements (ERs)
Depending on the customer requirements (CR), the engineering requirement is generated by the CR. the most ideas here within the ERs that specialize in the sturdiness and stability of the car, and absolutely weight. Supported Baja competition rules, the measurement of weight should be less than 225 Ib and the target is to be 130 Ib, and therefore the track width of the vehicle should be less than 64 In. The weight of vehicle should not limit 375 Ib with the tolerance. Also, the steering effort will not excused the 8 Ib , and the steering should rotate within 30 degree. The brakes must follow the competition rules for SAE Baja that states to lock all four wheels at the same time. The warmth that's released from the rotors in Baja vehicles is approximated in an exceedingly range that's not above 500 K, that the best brakes are that the disk because it's the power to soak up the warmth better than other brake systems

	Table 2: Engineering requirements
	Sr.
	Engineering requirements
	Unit
	Target value
	Tolerance

	1
	Track Width
	inch
	62
	+2

	2
	Able to carry driver weight
	lb
	< 130
	+5

	3
	Weight of vehicle
	lb
	370
	+5

	4
	Spring Compression
	in
	4.5
	+0.5

	5
	Steering Degree
	-
	30
	+5

	6
	Steering Effort 
	Ib
	8 
	+ 0.5

	7
	Braking Distance 
	Meters 
	7
	+ 0.5

	8
	Braking Time 
	Sec
	<5
	-

	9
	Braking Temperature 
	°C
	< 100 
	-

	10
	scope of speed detection
	Km/h
	80
	+5

	11
	Speed accuracy 
	Km/h
	<5
	+ 5%

	12
	Display delay 
	s
	<1
	+ 0.5


[bookmark: _Toc472068889][bookmark: _Toc484366971]

[bookmark: _Toc54770058][bookmark: _Toc472068898][bookmark: _Toc484366980][bookmark: _Toc89520308]Functional Decomposition
Functional decomposition is the division of particular projects into subsystems. Thus, the functional decomposition defines how the system works from the start till the tip and what steps will perform within the system to require the input to the output. The hierarchical task analysis or functional model defines the system with its subsystems while the recorder model defines the inputs and outputs of the system, and it doesn't define what's happening inside the system, whereas the functional model defines the entire internal working of the system. In this section, the black-box model and functional model will be introduced.


[bookmark: _Toc54770059][bookmark: _Toc89520309]Black Box Model
The Black Box model tells the inputs and outputs of the system, and these inputs and outputs consist of a mass, energy, and signal. The project contains three aspects, front suspension, brake system, and dashboard system, so the black-box model of each subsystem is shown below.
 [image: Graphical user interface, application

Description automatically generated]
Figure 1: Black Box Model for Front End Suspension
[image: ]
Figure 2: Black Box Model for Brake System
[image: ]
Figure 3: Black Box Model for Dashboard

[bookmark: _Toc54770060][bookmark: _Toc89520310]Functional Model/Work-Process Diagram/Hierarchical Task Analysis
 Functional model describes the inputs, outputs and the complete process to reach the input to the output through different steps that perform within the system defined in the functional model.

1.1.1.1  [bookmark: _heading=h.1ksv4uv][bookmark: _Toc89520311]Front End Suspension
The suspension system consists of three sub-functions. In the first sub-function, potential energy generated in the form of jerks is transferred to the coil. The weight of the driver and the vehicle is the main reason behind the production of potential energy. In the second sub-function, the potential energy exerted on the spring through compression is converted to periodic motion as the spring reacts to the force applied to it. In the last sub-function, the spring, which is the shock absorber, takes up the kinetic energy, paving the way for the system to regain its original state. Consequently, the vehicle becomes comfortable and safe to drive once the kinetic energy is absorbed. The steering system also comprises four sub-functions. Firstly, the driver applies force on the steering wheel, producing torque. Secondly, the steering column facilitates the movement of the generated torque to the gear assembly, which operates through a rotational motion. The rack and pinion arrangement enables the transfer of the rotational motion to the rack, stimulating the rack gear to initiate a horizontal motion. 
[image: Diagram

Description automatically generated]

Figure 4: Functional Decomposition of Front End 
1.1.1.2  [bookmark: _heading=h.44sinio][bookmark: _Toc89520312]Brake System 
There are three inputs that are converted by energy into a series of processes that lead the vehicle to stop as the friction force.
[image: ]
Figure 5: Functional Decomposition of Brake System
1.1.1.3  [bookmark: _heading=h.2jxsxqh][bookmark: _Toc89520313]Dashboard System
The figure is indicating the whole instrument panel system. The main cycle is to convert the transmission of the analog signal system of the vehicle into a digital signal through sensors and circuits, and display it on the screen as a light signal.

[image: ]
[bookmark: _Toc472068891][bookmark: _Toc484366973]Figure 6:  Functional Decomposition of Dashboard

[bookmark: _Toc54770061][bookmark: _Toc89520314]House of Quality (HoQ)
House of Quality provides the link between the customer requirements and engineering requirements. As engineering requirements have devised from customer requirements, so it is important to define the relationship with the customer requirements and through this relationship determine the priority list of engineering requirements as which engineering requirement is most important and which engineering requirement is least important. It will benefit in finalizing the product and in testing phases where engineering requirements are measured through different tests, as the engineering requirement fulfilled by the design is fine or needs an improvement or the deficiency of that engineering requirement is fine for the project. The HoQ will be provided and shown in the Appendix A. 

[bookmark: _Toc89520315]Standards, Codes, and Regulations

Table 3: Standards of Practice as Applied to this Project
	Standard Number or Code
	Title of Standard
	How it applies to Project

	ASTM
	American Society of Testing and Materials
	Apply this code for testing the materials and verifying the material is up to the ASTM standards. 

	IEEE
	Institute of Electrical and Electronics Engineers
	Research done for the design project must follow the IEEE standards and all the citations must be done according to the IEEE standards. 

	ASME
	American Society of Mechanical Engineers 
	This code applies for mechanical designing of the project and it helps in standardizing the design material. 

	AGMA
	American Gear Manufacturing Associations
	This code applies for the manufacturing of the product in case the project will manufacture 





[bookmark: _Toc54770063][bookmark: _Toc89520316]DESIGN SPACE RESEARCH
This section focuses on the researches to learn more about the SAE Baja vehicles rules and basic functional of the Baja vehicles. Also, through these searches been done to look widely in the literature review to feed our knowledges about the subsystems that we are responsible for. This chapter will discuss about the literature review and benchmarking.
[bookmark: _Toc54770064][bookmark: _Toc89520317]Literature Review
[bookmark: _Toc89520318]Disc vs. Drum Brakes: Pros and Cons [2]
This resource explains the difference between two types of the disc brakes and the drum brakes differences, all the features of both brakes, the team preferred the disc brakes because it has more efficiency, and it can be maintained. Also, the disc brake gets less heat comparing to the drum. 


[bookmark: _Toc89520319]Dashboard and Wireless Transfer Module [40]
This purpose of this resource is to design a device that has the ability to display, monitor and record the cars velocity. The highlight of their design is the wireless system, which can transmit vehicle data remotely. They believe that real-time speed is not so important for racers, the important thing is to detect and record racing data The Dashboard and Wireless Transfer Module was thoroughly tested and examined in order to provide the simplest, reliable, accurate, and most compact method for operation.
[bookmark: _Toc89520320]Baja SAE in 2015, Colorado, boulder [14]
The main purpose of this reference is to focus on the factor of safety (FOS), the durability, and durability of the car. No less important, this reference explains about the highly endurance of the weight of the car and the driver as well. Since the competition required to have endurance, stability, and durability to prevent the failures.

[bookmark: _Toc89520321]Society of Automotive Engineers [12]
The resource discusses about the differences between suspension that can be utilized for the Baja vehicles and it gives the team inspiration of how to improve the suspension system. Also, this source talks about types of shock absorber oil reserve and coil over shock. Multilink suspension was explained in detail in this article.
[bookmark: _Toc89520322]Powder River Racing SAE Baja Front Suspension Team at the University of Wyoming [13]
This is power point resource that are having an explanation about the differences between the thoughts of sizes of Baja vehicle. Moreover, the PowerPoint illustrate the design of A arms in the vehicle and the type of front suspensions and steering were as well presented the clear ideas of them.

[bookmark: _Toc89520323] MacPherson Strut vs Double Wishbone Suspension [15]
This reference mainly concentrates the two types of the front suspensions that used widely in the vehicles. Also, it compares MacPherson strut and double wishbone suspension such as: the light weight, easily assemble, the stability of the balance wheel, and the cost.





[bookmark: _Toc54770065][bookmark: _Toc89520324]Benchmarking
For Baja SAE engineering, several competitions have been held. The group has gone over the most recent successful designs. Through the analysis of previous work, a conclusion is reached. To survey the required areas, the team takes on various perspectives. The published design reports, group dissuasion, and interviewing interested parties are all examples of this. The team has concentrated on the component design that reflects more defensible results based on the user's needs. The decision was made in the end to select the most critical components. We'll go over the most recent Baja SAE designs in the following sections.
0. [bookmark: _Toc541936][bookmark: _Toc54770070][bookmark: _Toc89520325]Subsystem Level Benchmarking
Following three sections present the relevant subsystem to the design components selected in this project
0. [bookmark: _Toc541937][bookmark: _Toc54770071][bookmark: _Toc89520326]Subsystem #1: Shock absorbed  
The shock absorber is an essential component of the front-end suspension system. In this subsystem, three shock absorbers are given and detailed. Including, the mono-tube shock absorber, and the twin tube shock absorber design.
0. [bookmark: _Toc541938][bookmark: _Toc484366982][bookmark: _Toc472068900][bookmark: _Toc89520327]Existing Design #1: Monotube shock absorber
[bookmark: _Hlk89418336]This shock involves a floating piston within a cylindrical piston. The piston and the oil seal break the cylinders into two areas. The usual damping agent, which is usually oil, is present in the lower half of the cylinder. This area is the usual operational journey for damping the piston. Use high-duck gas to fill the upper half of the cylinder. The typical form of gas used is nitrogen. This mechanism offers an additional damping feature. When the piston begins to shift as a result of stock, the fluid and the compressed gas can act on each other to withstand the shock, so that the stock force on the other side can be minimized. The mono-tube shocks shown in figure 7 are generally preferred rather than the twin pipes. Since mono-tubes can split gas from fluid without mixing. Meanwhile, both working fluids mix twin tubes (hydraulic oil and pressurized gas). The flat pistons and the oil density are very fine and precise components however, monotones are expensive. This makes maintenance sensitive and not easy [27].   
[image: ]
Figure 7:  Mono-Tube Shock [28]

0. [bookmark: _Toc541939][bookmark: _Toc484366983][bookmark: _Toc472068901][bookmark: _Toc89520328]Existing Design #2: Twin Tube shock absorber 
Unlike a mono-tube shock that has one cylinder, the twin-tube shock has two cylinders; the inner and outer that are modified to maximize efficiency in absorbing shocks when the vehicle is moving. The outer cylinder holds the hydraulic fluid and acts as a reservoir while the inner cylinder provides the surface where the piston and shaft move to dissipate the energy due to impact. The piston valves control most of the damping since this is the section with the active component. In some designs, low pressure nitrogen gas is added to the shock absorber to replace oxygen, which reduces aeration and reduced performance, [29]. 
[image: ]
Figure 8: Twin-Tube Shock [30]

0. [bookmark: _Toc541941][bookmark: _Toc484366985][bookmark: _Toc472068903][bookmark: _Toc89520329]Subsystem #2: Geometry
The geometry systems are the connected wheelbase to the mainframe of the vehicle. This system induces all connections used to connect the corporal frame to the wheelbase that contains the front (or back) axles.
1. [bookmark: _Toc541942][bookmark: _Toc484366986][bookmark: _Toc472068904][bookmark: _Toc89520330]Existing Design #1: Double wishbone
Double wishbone suspension systems improve driving comfort regardless of the bumpiness of the road. It is considered an independent suspension system where each wheel is separated from the system. It has the advantage of improving comfort because the bumps on the road affect the contacted wheel, which prevents the transfer of loads to the frame of the car and other tires [31]. The suspension works by allowing each wheel to react to bumps independently from the others. This ability is achieved by the two control arms wishbone-shaped arms located between the chassis and the knuckle located on the wheel. 
1. [bookmark: _Toc541943][bookmark: _Toc484366987][bookmark: _Toc472068905][bookmark: _Toc89520331]Existing Design #2: MachPherspn
For independent suspension, this is a popular choice. It works by combining the shock absorber and coil spring into a single unit. The upper control arm and the wishbone system's shock absorber can be replaced with this configuration. MacPherson struts are typically assembled almost vertically, or in a near-vertical position, as shown in Figure 9. Because the suspension system is influenced by the force on the vertical axes, this type of mounting would aid the suspension system in absorbing as much of the impact as possible. As a result, the vehicle is very useful in a rough driving environment. The low initial cost of the MacPherson strut suspension system is another benefit. Aside from the fact that it's simple to keep up with, [32].   

[image: ] 
Figure 9: MacPherson strut system [33]

1. [bookmark: _Toc541944][bookmark: _Toc484366988][bookmark: _Toc472068906][bookmark: _Toc89520332]Existing Design #3: Unequal Length Double A-arms
Unequal length A-arm suspension comprises an upper A-arm that is shorter than the lower link. The lower link can be an A-arm or L-arm depending on the applications. During operation, the camber of the vehicle changes as it rolls due to the four-bar linkage mechanism of the unequal arm length. The roll ensures that the contact patch remains square or perpendicular to the ground, thus increasing the stability of the vehicle when the driver is engaging tight corners [34]. Most importantly, the roll caused by the unequal length of the arms reduces the wear of the outer edge of the tire, thus reducing maintenance costs. 

[image: Diagram UEL1. Unequal length wishbone independent front suspension showing the steering link (blue)]
Figure 10: Unequal Length A-arm Suspension [34]

0. [bookmark: _Toc541945][bookmark: _Toc484366989][bookmark: _Toc472068907][bookmark: _Toc89520333]Subsystem #3: Steering System 
The benchmarking for the steering mechanism in this section explaining the considerations and the physics of it. The operating principals of similar products was assessed during the research, which informed the types included in the report. Some of the designs of the steering mechanisms that the team found are shown and explained in Figures 7 – 9. 

2. [bookmark: _Toc541946][bookmark: _Toc484366990][bookmark: _Toc472068908][bookmark: _Toc89520334]Existing Design #1: Rack and Pinion Steering System 
Rack and Pinion steering mechanisms are used in most vehicles due to their simplicity in design and inexpensive manufacturing. The schematic shown in Figure  12 represents a typical rack and pinion steering mechanism. 
[image: Graphical user interface, text, application

Description automatically generated]
Figure 11: Schematic Diagram of the Rack and Pinion Steering Mechanism [35]
The system comprises the steering wheel, column, rack and pinion gear assembly, and the tie rods [35]. Due to the nature of the steering wheel, the input forces are circular, but the relative movements of the wheels should be linear. Therefore, the rack and pinion gear system convert the rotational motion of the steering into linear motion in the direction of the driver. The rotation causes the rack to move to the left so that the wheel inclines in towards the right and the vehicle turns in the same direction [36]. These systems are easy to fabricate due to the simple design, which implies that it can be used to develop the SAE Baja Vehicle. It also fits in the financial plan because its cost is less than the customer’s requirement.

2. [bookmark: _Toc541947][bookmark: _Toc484366991][bookmark: _Toc472068909][bookmark: _Toc89520335]Existing Design #2: Recirculating Ball Screw steering mechanism
[bookmark: _Toc541948][bookmark: _Toc484366992][bookmark: _Toc472068910]A recirculating ball screw steering mechanism transfers forces using a system of mechanical components from the steering to the wheels. Figure 8 shows the recirculating ball steering mechanism, which consists of a worm gear, ball nut, sector gear, and the pit arm. The mechanisms work in that when the driver rotates the steering wheel, the forces rotate the worm gear, which then transfers the rotational motion into the linear motion of the ball nut. The output motion is then transferred to the sector gear that forces the pitman arm to move, which is connected to the tires and the vehicle then turns [37].

[image: C:\Users\JITENDRA\Desktop\MATLAB ASS\Screenshot_2021-09-23-02-17-31-89.jpg]
Figure 12: Schematic diagram of the Recirculating [38]  
These systems require more turning force compared to the rack and pinion configuration due to the number of parts involved. The friction between the numerous parts reduces the force that is transferred to the succeeding components, hence high and faster wear and tear. Moreover, this configuration needs a higher turning radius for effective performance due to the presence of the sector gear. It also has more weight than the former due to the number of parts [39].



[bookmark: _Toc89520336]Subsystem 4: Dashboard
Dashboard is the component that displays the data of the vehicle, including speed, fuel level and rpm. During the driving, the driver needs to not only observe the surrounding environment but also concerned about the state of the vehicle. The data is from the sensors placed in specific locations. Through some circuits and wires, the data of the vehicle will be shown on the dashboard screen. References for the number of items provided, the number of items provided by the vehicle, and the number of items provided.
[bookmark: _Toc17363960][bookmark: _Toc89520337]Existing Design #1: Infrared speed sensor
Coming to the sensor, the Infrared LED and the NPN Photo Transistor are placed directly facing each other. When there is no object in the slot, the light from the Infrared LED always falls on the Photo Transistor. The wheel has 20 holes in it, so whenever the wheel makes one rotation, the infrared light from the IR LED is obstructed for 20 times from falling on the photo transistor.[21] This is a method of detecting RPM, the speed of the vehicle can be calculated by detecting RPM.

[image: ]
Figure13: LM393 Speed Sensor Module [21]

[bookmark: _Toc17363961][bookmark: _Toc89520338]Existing Design #2: Capacitive Liquid Sensor
A capacitive liquid sponsor relies on the fact the capacitance or charge between 2 metal plates will change (in this case increase) depending on what material is between them. This allows us to create a level sensor that is safe for use with any liquid.[22] This type of solution sensor can be used for fuel level detection in our project. But the shortcomings of this design are obvious. The metal casing of the fuel tank has a significant effect on his measurement. The exposed wires are also susceptible to environmental influences.

[image: ]
Figure14: LM393 Speed Sensor Module [22]
[bookmark: _Toc17363962][bookmark: _Toc89520339]Existing Design #3: Hall Sensors for Fuel Level Sensing
A fuel level sensor (FLS) is used in all automobiles to indicate fuel level. Various methods are used to measure fuel level such as resistive film, discrete resistors, capacitive, and ultrasonic. Resistive-based sensors are most commonly used for this application. These sensors are mechanically connected to a float which moves up or down depending on the fuel level. [23] As the float moves, the resistance of the sensor changes. The sensor is part of the current balance circuit of the fuel gauge display circuit, which is usually composed of a coil used to drive the display needle. As the resistance of the fuel sensor changes, the position of the needle changes proportionally to the current flowing in the coil.
[image: ]
Figure 15: Hall Sensors for Fuel Level Sensing [23]





[bookmark: _Toc89520340]Subsystem 5: Brake System

The brake system is responsible to slowdown the vehicle and it should be designed in an excellence to prevent disasters that will affect the driver life. Also, there are existing critical parts for the brake, and they will be explained below,
[bookmark: _Toc89520341]Existing Design #1: Complete System

The brake system contains five basic components: Pedal, master cylinders, calipers, rotors, and bias bar. Starting with the pedal is the first step of slowing down the SAE Baja vehicle, and it depends on the force that comes from the driver's foot. Also, the pedal should be strong enough to withstand the forces on it. Secondly, the bias bar is responsible for compressing the fluid to decrease the cylinder bore. Thirdly calipers, in each wheel, there is a caliper that is conducted with two pads, and the main function of it is to pressure into the clamping force, and there are two types of calipers which are: floating calipers and fixed calipers, each of them has their own features. After that, rotors are usually made by cast iron in SAE Baja vehicles. It has two energies: the kinetic energy provided by the caliper and the heat energy provided by the friction force. Finally, a bias bar is used to connect the brake pedal to the master cylinder. [24]

[image: ]
Figure 16: Brake System [25]
[bookmark: _Toc89520342]Existing System: Brake Pads
In each wheel there two brake pads, the brake pads are attached to the brake caliper to provide the friction force required to stop the vehicle, the brake pads should be in a good metal to withstand the friction to prevent the worst-case scenario that will affect a disaster during the competition.

[image: ]
Figure 17: Brake pads [26]

[bookmark: _Toc89520343]CONCEPT GENERATION
The front-end suspension, the braking systems, and dashboard have been designed and validated on the Baja vehicle performance. The team has reviewed the exciting design of the above-mentioned systems and focused on the advantages/disadvantages of each system. The team has developed different concepts. This section presents the subsystem design.
[bookmark: _Toc17363971][bookmark: _Toc89520344]Subsystem Concepts

[bookmark: _Toc17363972][bookmark: _Toc89520345]Subsystem #1: Geometry
[bookmark: _Toc17363973][bookmark: _Toc89520346]Design #1: Double wishbone
The suitability of suspension systems is determined by evaluating options and comparing their cost and benefit. In the case of a double wishbone suspension, the environment that the vehicle operates is the primary determinant Following are the porns and cros:
The advantages:
· Offers smooth off-road experience
· highly optimizable for different applications.
· Minimal vibrations during operations.
The disadvantages:
· expensive 
· Difficult to design and manufacture 
· complex manufacturing and measurements. 

[bookmark: _Toc17363974][bookmark: _Toc89520347]Design #2: MacPherson Strut
 MacPherson strut suspensions are mostly found near the front end of the vehicle. The position and functionality determine its uses. An engineer can make these decisions after considering the pros and cons 
The advantages:
· Highly compact
· Takes less space
· lighter weight due to reduced unsprang weight 
· Essay to assemble and maintenance 
The disadvantages:
· Less durable 
· Difficult to replace 
· Uncomfortable rides.
[bookmark: _Toc17363975][bookmark: _Toc89520348]Design #3: Unequal A-arm Double Wishbone
Applications that require high wheel contact need suspension such as the unequal A-arm double wishbone system. While this system gives increased tire contact, they are complex to manufacture, which makes them expensive. A comparison of the pros and cons following here:

The advantage: 
· Better camber control.
· Reliable for off-road conditions.
· Better vehicle handling.
The disadvantage:
· Costly to manufacture.
· It has many components.
· Difficult and expensive to repair and maintain.

[bookmark: _Toc17363976][bookmark: _Toc89520349]Subsystem #2: Shock absorber
[bookmark: _Toc17363977][bookmark: _Toc89520350]Design #1: Mono-tube shock
This design is popular for the Baja system. This demonstrates the reliability of this system for off-road riding. A maximum possible vertical mounting angle of this design may as well offer a more effective damping performance.
The advantage: 
· Very durable.
· Zero restrictions on installations.
· Difficult for fluid to penetrate the fluid.
The disadvantage: 
· Rigid
· Difficult to achieve sufficient stroke.
[bookmark: _Toc17363978][bookmark: _Toc89520351]Design #2: Twin- Tube Shock
Twin- Tube is widely used for the shock absorber and there are many vehicle of Baja prefer to used this kind and the Pros and Cons are provided here. 
The advantage: 
· Maintains gas pressure for longer.
· Has superior manufacturing methods.
· Requires less effort to operate.
The disadvantages:
· Cannot be installed at an angle.
· Costly maintenance
· Low damping efficiency.

[bookmark: _Toc89520352]Subsystem 3: Steering System
[bookmark: _Toc89520353] Design #1: Worm Gear Steering Mechanism
The worm gear steering mechanism shown in Figure 8 has the worm gear is attached at end of the shaft of the steering column. When the driver rotates the steering wheel, the worm gear rotates, and its motion is converted to linear motion to turn the wheel in the direction that the driver intends.
The advantage: 
· Compact 
· High load capacity.
· Durable 
· Precise linear motion.
The disadvantages:
· Low performance.
· High frictional losses.
· 
[bookmark: _Toc89520354]Design #2: Rack and Pinion Steering Mechanism
This steering system includes the rack and pinion assembly that are directly connected. Due to the direct coupling of these components, motion is transferred to the pinion gear through the shaft and steering column causing the pinion to rotate. The rotational motion is then translated into linear motion on the rack, which causes the vehicle to turn with the help of the tie rods

The advantage: 
· Simple in construction
· Economical 
· Easy manufacturing
The disadvantages:

· Tiresome to use.
· Inefficient.



[bookmark: _Toc89520355]Subsystem 3: Brake System:

Which is the component that receives the heat energy because of the friction force, and it is a common brake in SAE Baja vehicles because of its advantages. Also, its material is cast iron, and the team decided to choose the disk brake once we compare the types of brakes. 

Advantages of the brake disk: 

· Brake disk uses less effort to stop the SAE Baja vehicle.
· Safer than other brakes.
· It has two brake pads.
· Produce less heat.
· Easy to fix.

Disadvantages of the brake disk:

· More expensive than other brakes.
· It is hard to operate the brake disk.
· It has many parts to be connected.


[bookmark: _Toc89520356]Subsystem 3: Dashboard System:
[bookmark: _Toc89520357]Design #1: LM393 speed sensor
LM393 speed sensor can be divided into two parts: the sensor part and the control part. The sensor part of LM393 speed sensor module includes infrared LED and NPN phototransistor. The signal from the phototransistor is provided to the LM393 and depending on whether there is an object between the infrared LED and the phototransistor, the output of the LM393 IC will be high or low. The module can be used in association with a microcontroller for motor speed detection, pulse count, position limit, etc. [41]
The advantage: 
· Easy to measure the speed of small motors
· Economical 
· Easy manufacturing
The disadvantages:
· Not conducive to practical application
· Large measurement error
· 
[bookmark: _Toc89520358]Design #2: IR sensor
The infrared sensor includes an infrared LED and an infrared photodiode. Together they are called optocouplers. The infrared sensor has a built-in infrared transmitter and infrared receiver. An infrared transmitter is a light emitting diode (LED) that emits infrared radiation. When the infrared transmitter emits radiation, it will reach the object, and some of the radiation will be reflected back to the infrared receiver. According to the receiving intensity of the infrared receiver, the output of the sensor is defined. [42] It can calculate the pulse frequency or the speed data of the vehicle
The advantage: 
· Suitable for practical applications 
· Cheap
The disadvantages:
· Susceptible to environmental influences
· Limited by measuring distance
[bookmark: _Toc472068915][bookmark: _Toc484366997][bookmark: _Toc89520359]DESIGN SELECTED – First Semester
In this section, the selected design will be introduced, and all the details about that design will be provided in the following sections. In addition, the next part will introduce the design layout in the form of a CAD model. A detailed design description is provided, and an implementation plan is also proposed. In the implementation plan, the plan will describe the resources that will be used to implement the project, including a complete bill of materials. The implementation will be implemented in the next semester, so the implementation plan will be used in the next semester. 

[bookmark: _Toc89520360]Design Description
[bookmark: _Hlk89423454]There are four separate components to design in this project: the steering system, the front suspension system, the dashboard system, and the brake system. The chosen design includes a wishbone-based suspension and a disc brake system with caliper and disc, as well as an Adriano-based dashboard design. The design chosen in the preliminary report is the same as the design chosen at the time of choice. There were two choices for braking systems: drum brake and disc brake. The disc brake system was chosen because drum brakes are intended for heavy cars, while disc brakes are designed for normal vehicles. Disk brakes often generate less heat than drum brakes, and because of their low-temperature sensitivity, they can run with reduced fade at high temperatures. Not only that, but the disc is simpler to patch than the drum, making it ideal for the SAE Baja competition. Similarly, the suspension system, a double-wishbone suspension system that involves upper and lower arms, damper, and spring, has remained the same and will remain the same in the coming semester.

[bookmark: _Toc89520361]Brake System

This system has different components which includes
· Caliper 
· Spindle
· Rotor
· Hinges
· Leather Pads









Caliper:
The caliper in this configuration is a holder to hold leather pads and it is fixed over the rotor, the caliper can press to tighten from inside and can loosen to release the rotor. Basic purpose of the caliper is to hold the disc and provide friction against the rotor to stop it. The design of the caliper is in figure 7.

[image: ]
Figure 18: Caliper 



The caliper design is clear in the above figure as it looks like a clip and the working caliper is just like a clip which can open its mouth or can close its mouth. Inside the mouth of the brake caliper, a leather pad will be installed to provide the required friction to stop the vehicle. When the brake pedal is pressed by the driver, the pedal will pass the force to the caliper and that force will compress the caliper and tighten its mouth and it will stop the vehicle. This is one of the most important parts in the braking system and without the desire working of the caliper, the brake system will not be able to perform effectively. Now coming to the next part in the brake system that is the spindle.

Spindle:
Spindle is a joint holder that is present after the disc, and it holds the disc and it holds the wheels as well. The design of the spindle has shown below in figure 8.
[image: ]
Figure 19: Spindle


This spindle will put on the same rod, on which the disc will put, and the wheel as well will put over the same excel rod, and this spindle will keep the wheels tight, there are four bolts coming out from the spindle and the wheels will put over these bolts and then nuts will use to tight the wheels. This is also important for the brake system as it holds the wheel and if it doesn’t install, the wheels are not possible to install over the excel with the brake system. 

Rotor:
Rotor is a disc that rotates with the wheels, this rotor connects to the wheels through the same axle on which the wheels have installed and as the wheels move, the disc rotates as well. The disc has shown below 
[image: ]
Figure 20: Disc or Rotor

The disc above contains the open spaces like a leaf, and these open spaces have been created in the disc to pass on the air in order to avoid any air pressure disturbance that will cause any fatal accident. This disc fits over the rod, and the wheels connect through the nuts as four nuts’ places are showing on the disc and the caliper will fit over this disc and when the caliper will press through the leather pads, this disc will face a lot of friction and that friction will cause the disc to stop from rotating and in the same time wheel also get a stop from moving and hence the brake applies. The disc is one most important part of the brake system, and without the disc, the brake system cannot develop and use.

 


[bookmark: _Toc89520362]Front Suspension

Following are the parts of front suspension: 
· Bottom Wishbone
· Top Wishbone
· Shock absorber and Spring

Bottom Wishbone:
This is a part of double-wishbone geometry, and it is a lower part with two legs, and both are interconnected from one end and the other end is open. The bottom wishbone has shown below in figure 10.
[image: A close-up of a tripod
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Figure 21: lower Wishbone
This bottom wishbone will provide the support for suspension from the downside of the suspension, and it will install with the top wishbone. A middle rod is present on it, which is used for the spring purpose to adjust the compression and expansion of the wishbone. This wishbone is playing a major role in the design, and it is not possible to build the suspension system without this wishbone.










Top Wishbone:
Top wishbone has a design similar to the bottom wishbone, with the difference that there is no middle rod present for the spring in the top wishbone, and the working operation of the top wishbone is the same as the bottom wishbone. Both of them collectively move in the upward and downward direction to give the bumpy effect of inhaling in their movement, the top wishbone as shown below in figure 11.




[image: ]
Figure 22: upper Wishbone
This wishbone will move up and down from the top-notch where both ends are joining together while the other end is open face. Wishbone is an important part of the suspension, and without the wishbone, it is not possible to make the suspension system as for this project design.










[bookmark: _Toc89520363]Dashboard System:

This system has different components which includes
· AT89C51 microcomputer
· LCD
· Motor
· Circuit element: capacitor, resistor 
The dashboard is a device used to display the condition of the vehicle. In this project, the instrument panel includes detection of vehicle speed, rotation speed and liquid level.
Schematic:
The schematic circuit diagram shows how the single-chip microcomputer and each component are connected. The most important components in the figure are the LCD, the motor and the switch that controls the oil level. The interface information of the MCU comes from the AT89C51 datasheet. The AT89C51 is an age old 8-bit microcontroller from the Atmel family. It works with the popular 8051 architecture and hence is used by most beginners till date. It is a 40 pin IC package with 4Kb flash memory. It has four ports and all together provide 32 Programmable GPIO pins. The LCD screen displays the speed and rotation speed of the motor. The speed is calculated from the rotational speed. The speed of the motor can be changed by changing the frequency of the pulse. It also displays the level of liquid level according to the status of the switch 
[image: ]
Figure 23: Schematic of dashboard circuit design
Simulation:
This picture is the result of the simulation. Through observation, it can be found that the rotation speed of the motor and the calculated vehicle speed are displayed on the LCD. And shows the liquid level condition. By changing the motor speed, the pulse frequency changes, and the speed and rotation speed change accordingly. In practice, the pulse frequency can be changed by the analog signal received by the sensor. By changing the switch that controls the liquid level, the level of the liquid level can be displayed. In actual situations, the liquid level can be detected, and the LCD prompts that the liquid level is low when it is below a certain level. The interface part includes the power supply of the single chip microcomputer, the conversion of analog signals to visual signals on the LCD, the reception, reading, writing and enable of the analog signals of the motor and the liquid level control switch. 
[image: ]
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Figure 24: Simulation of the dashboard


[bookmark: _Toc89520364]IMPLEMENTATION – Second Semester
[bookmark: _Toc472068926][bookmark: _Toc484367008]Our project has been assigned to be an analytical project. The Baja SAE vehicle is designed to withstand the harshest elements of rough terrain. There are many systems in this car that work simultaneously to make it possible for the car to run perfectly. The systems assigned to our team are the steering, brake, front suspension, and dashboard. This is done by designing the systems in SolidWorks, and then the design is evaluated using the calculations and FEA. The dashboard design is based on the Arduino board. The design is evaluated based on engineering requirements and modified accordingly to meet all of them.
In this section, this project assigned last Spring to be an analytical, and the team will explain in detail what we have done in last several weeks this semester and including calculations and FEA to mention the success of the project and the changes will be found in Appendix B

[bookmark: _Toc89520365]Design Changes in Second Semester
The vehicle design has remained mostly unchanged since SAE Baja vehicles were created. With a few minor modifications, maintenance has been simplified. After completing the final design, the team met to evaluate the benefits and compared them with the last ideas by using the decision matrix and having that discussed with the team, they reached the best solution. As a result of a few modifications to the suspension and brake were performed, as described below.
[bookmark: _Toc89520366]Design Iteration 1: Change in Brake Disk discussion
The original brake disk had a thickness of 0.1 inches. The disks of that minimum thickness could not meet the engineering requirements. Therefore, the thickness is increased to 0.2 inches, and FEA analysis is performed by the team. The accepted factor of safety is achieved, and hence the minimum thickness is finalized.
[bookmark: _Toc89520367]Design Iteration 2: Change in Front suspension 
The original concept generation of the front suspension was the shock absorber connected and mounted to the lower arm throughout the linkage. However, to improve the ease of maintenance of the front suspension, the team made a decision to mount and attach the shock absorber to the upper arm. Therefore, the benefit of that is easy maintenance that can increase the performance of a car without affecting it.
[bookmark: _Toc89520368]Design Iteration 3: Change in dashboard
In the first semester of dashboard design, it focused on motor control, because the programmable motor has its own Hall sensor, which is very convenient for motor speed measurement. But this is not in line with the purpose of dashboard design. Therefore, in the second semester, the team chose to abandon the programmable motor and its attached Hall sensor and choose an independent sensor to measure the motor. This design not only displays the speed of the measurement target on the LCD, but also uses the pointer of the analog speedometer to point to the position and angle corresponding to the measured speed. This design can be applied to any vehicle, it needs to have a concise appearance, clear and accurate display.

[bookmark: _Toc89520369]RISK ANALYSIS AND MITIGATION
Potential failures have many different kinds of failures for any design while it works and operates, and engineers have to expect those failures and expect the risk in the design. This portion includes many different potential failures discussed and calculated in the failure mode and effect analysis (FMEA) and describe each subsystem. while will discuss the top 10 of the potential failures in this portion with its analysis from the table.  For instance, this portion will talk about how the failures happen and the mitigation strategies to avoid any failures in the subsystems. To summarize this, this part will discuss any failures in the subsystems and what the risk is possible, and how to change the risk or failures to become better in the design. 

[bookmark: _Toc89520370]Potential Failures Identified First Semester
[bookmark: _Toc89520371]Potential Critical Failure 1: Leather Pads
This failure may be a result of substandard material usage, sharp edges contacting, and most probable unnoticed manufacturing defects from its conception. Such failure will cause the depressurization of the braking system, thereby causing intense deceleration of the SAE Baja model, thereby losing its thorough effectiveness. In the competition, the success of the goal to directly stop the vehicle within the allowable prescribed time is readily dependent also on the pressure input of the driver on the brake pedals.
0.0.1  [bookmark: _Toc89520372]Potential Critical Failure 3: Wishbone
The wishbone is used in the fronts suspension, and this kind of suspension can be broken, which is called the potential failure. This failure can happen and be caused by accident during the competition caused by death. This failure can occur when the pressure keeps increasing and applying to the wishbone, which causes off-roading and high speeding, and the vehicle makes a high effort on the suspension. Because of that, the suspension can cause failure and can be broken. To treat this issue and avoid this failure , it is so important to use materials for the wishbone that have a high quality of standard, and the materials have to tolerate the high level of pressure with considering the thickness of the wishbone to prevent the failure. The mitigation of the wishbone is to keep tracking the maintenance of the standard basis to prevent any failure.
0.0.2  [bookmark: _Toc89520373]Potential Critical Failure 4: Rotor 
The rotor allows the machine to drive the power from the differentials going to the wheels for movement. This continuous connection and functioning is necessary for the continuous and efficient movement of the vehicle. A terrible effect could happen when the spline connection fails at the sight of rotor breakdown. The splines fasten the axle to the wheels so that a proper torque distribution can be observed. Such failure will cause the waggling of the vehicle caused by torque disruption, and motion is horribly impeded. The splines being critical to such function should have higher than average Young’s modulus to resist abrupt changes in the pressure interruption of the moving vehicle. As such, the primary preventive maintenance step is to ensure that the torsion experienced by the rotor is well within the limits of the CV axle attached to it.
0.0.3  [bookmark: _Toc89520374]Potential Critical Failure 5: Connections
Several connections exist in the vehicle design of BAJA SAE 2021, and its functions are dependent on the effectiveness of each connector to transmit details of movement and command. The steering wheel is an important part to transmit the physical input of the driver in the movement. The improper installation and connection of the wheel into the column when not checked could be fatal. The connection for this assembly, including the connection of the gears within the system, must be calibrated with the prescribed speed expected by the driver during the operation. This can be carried out by using effectively fitted when connections and stronger material for connection sealing. Welded portions, as well as weak points of the connection system, must be regularly assessed to prevent failure.

0.0.4  [bookmark: _Toc89520375]Potential Critical Failure 5: Spring
coil spring is compressed and elongated when the vehicle moves on off-road terrain. As the car moves, it increases the chances of coil spring failure because the vehicle’s jerk may be transferred to the driver if the coil spring cannot absorb it. Therefore, during the vehicle design process, the project team should select the coil spring with a high spring constant to minimize the chances of its failure when the vehicle moves on off-road terrain. 

0.0.5  [bookmark: _Toc89520376]Potential Critical Failure 5: Spring
The human energy applied on the steering wheel and interference emanating from mechanical problems may cause gears to limit the driver’s ability to steer the vehicle. The steering interference might happen due to a slight variation in the mating gear module. Because of the mating gear module malfunction, the gear tooth might break due to the driver’s sudden engagement and disengagement of the vehicle. Therefore, the project team can minimize or eliminate these possible failures by choosing and verifying the rack and pinion assembly mating gear module.

[bookmark: _Toc89520377]Potential Failures Identified This Semester
[bookmark: _Toc89520378]Potential Critical Failure 1: Disc Brake 
The potential failure identified in this semester is the brake disk. This is the critical part for the braking system. Whenever the brakes are applied, whether in emergency or just to adjust the speed of the car, reliable brakes are always worth it. The brake disk failure can happen when the brake pads rub against the disk to use the friction to stop the car. The clamping force varies depending on the design. The value of this force should be kept such that the car could be stopped at the designed speed and under the required time. If the clamping force which in turns convert into braking force is too large to stop the vehicle, it would cause the disk material to yield. Therefore, this failure is to be considered in the design. Another important design decision is material for the disk. If the material wears down due to friction by pads, the brakes will fail after a several stops. Also, the thermal properties of the material should be defined such that the dusk temperature never gets too hot for the brake fluid to evaporate, causing the failure of brakes. All of these failures for the brake disk are to be considered important while designing the system.

0.0.6  [bookmark: _Toc89520379]Potential Critical Failure 5: Tie Rod 
Vehicles use the tie rods to transfer the kinetic energy of the rack gear to the steering wheel to enable turning. The yielding may happen inadequate usage of quality of the material. The project team should understand they could remove any yielding change by choosing suitable materials. Notably, the selected materials for the tie rods should be impurity-free and homogeneous. 


0.0.7  [bookmark: _Toc89520380]Potential Critical Failure 6: The RPM measurement
The IR sensor generates pulses by measuring the obstructions in front, and the speed of the vehicle can be obtained by calculating the frequency of the pulses. When the vehicle speed is too fast, due to hardware constraints, it may not be able to detect the change of the front obstruction. In this situation, the data may be lost. The IR sensor is also easily affected by environmental factors, such as dust, rain and sunlight. 

[bookmark: _Toc89520381]Risk Mitigation
[bookmark: _Toc89520382]Suspension System 
The risk of the new potential failure is mitigated by using the right diameter and thickness of the disk. The thickness and diameter is selected such that when FEA is performed to determine the factor of safety. It came out to be 7. Therefore the brakes are somehow a little over designed in a sense of risk mitigation. For the thermal failure of brake disk, the material selected is Cast Iron. FEA is again deployed to find the maximum temperature while braking and they were way below the boiling point of brake fluid. Also the Cast Iron has good wear properties and provides long life against the rubber pads.
[bookmark: _Toc89520383]Suspension System 
The suspension system contains critical parts, such as the upper control arms, which are subjected to bending forces because of the compression on the spring when the vehicle passes a bump. The upper control arm is crucial for safety. Its rating should reach 3.64. Therefore, the project team needs to change the tube thickness to increase the FOS. However, the team has not increased the arms thickness in the suspension system because it will also increase the systems’ weight. Besides, the project team also has limitations on the car’s weight at 375 lb. Therefore, given all these factors, the project team increased the arm’s strength by choosing high-grade steel that cannot bend easily. Given the safety aspect, the suspension system will be reliable and durable, thus increasing its safety. 
[bookmark: _Toc89520384]Steering System
Based on FMEA analysis, the project team concluded that the gear assembly is a critical component of the steering design. Therefore, when designing and developing the gear assembly, the project team was attentive to eliminating fault. Additionally, the project team understands that the potential failure mode for the steering mechanism arises from the locking of gears and digging of tooth profiles. These failures happen due to the difference in the module of both the gear and the wrong selection of the gear 

[bookmark: _Toc89520385]Dashboard 
The measurement range can be increased by reducing the number of gaps in the middle of the wheel, because this can prevent the sensor from detecting changes in front obstacles. It can also reduce the measurement distance of the sensor and increase the measurement intensity. Environmental factors can be solved with a protective cover. After the circuit design is determined, the circuit board packaging can also be used to solve environmental impacts such as jitter

[bookmark: _Toc89520386]ER Proofs
It is critical to ensure that all the Engineering Requirements (ERs) are met. The team should use and improve the methodology of testing to proven demonstrate that all the engineering requirements were met in the vehicle's designed subsystems. However, because the project focused on designing solutions rather than fabricating and manufacturing, few of the customer requirement could not be evaluated. The team emphasized the procedure for all of these engineering requirements. In the following subsections, the testing technique for each ER will be illustrated and proved
[bookmark: _Toc89520387]ER Proof #1 – [Track Width 62 inc] - Tolerance [ +2]
The track width refers to the distance between both front wheels. By using the SolidWork, team can make and prove the measuring the distance between the front wheels easy. The team has determined that the track width criteria have been met if the distance is within the permissible track width. 

[bookmark: _Toc89520388]ER Proof #1 – [Able to carry driver weight 130 lb] – Tolerance [ +5]
The team used the design Solid Work, to undertake a finite element technique analysis to prove this requirement. The static analysis of the vehicle is carried out for the FEM analysis to determine the forces on each part of the front suspension and steering gear. For the static analysis of the suspension system, the following equations were employed:

                              (1) 

	                            (2)      
                                                                    
                          (3) 
Where, F represents the force, M represents the moment, μ represents the coefficient of friction and N represents the normal reaction from the ground.
By sub into the equation (1) can find the force that impact on the upper arm


The impact forces exerted by the suspension system can be calculated by following the equations for the moment at the pin in the chaises point. 

90.34 * a= 
Impact Force= 90.34*17= 
= 120.2 Ib
For the Friction Force depicted in equation (3), the following formula can be used:
F =0.5*90.5 = 45.25 Ib.
Farm = F/2 = 22.625 Ib.
During the FEM analysis of the various pieces, these forces were applied. The part will not fail if the factor of safety for each part is greater than one. As a result, the team can state that the vehicle is capable of carrying the driver's weight. If each individual's factor of safety is less than one, the part will almost certainly fail, and the inspection will be a failure.
For the subsystems, the minimum factor of safety (FOS) served as the overall factor of safety. During the investigation, the team revealed that the FOS for the suspension system; upper arm and lower arm were 3.64, 4.87 respectively while the FOS for the steering system was 2.99. The system of Baja ATV has a very low chance of failure because the minimum factor of safety is 2.99, which is also larger than 1. The analysis shows that the vehicle could carry the driver's weight. Therefore, this equipment is met and proven. 

[bookmark: _Toc89520389]ER Proof #1 – [Weight of vehicle 375 lb] – Tolerance [ +5]
The customer's primary criteria are weight restrictions. The team's goal in this course was to design the vehicle's subsystems, not the entire whole. As a result, the team will be unable to meet this semester's engineering requirement. It can, however, be proved and confirmed after the production and assembly of the vehicle. Following the manufacture of the vehicle, the weight of the entire vehicle will be recorded. 

[bookmark: _Toc89520390]ER Proof #1 – [[Spring Compression 4.5 in] – Tolerance [ + 0.5]
The need for spring compression can be demonstrated analytically. The team should perform a motion analysis to examine the compression between 4 and 5 inches to prove the compression of the spring analytically. As a result, utilizing a motion analysis and a 120.2-Ib impact force, they were able to prove compression at 4.5. The compression was also determined using the linear displacement from the motion analysis, as indicated in the figure1. 
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Figure 25: Liner Displacement of spring compression 

[bookmark: _Toc89520391] ER Proof #1 – [Steering Degree 30 degree] – Tolerance [ +5]
Motion analysis is another technique to demonstrate this the engineering requirement for a 30-degree rotation. Teams can turn the wheel at 30 degrees with this software. As demonstrated in the angular displacement diagram, angular displacement may display and measure the angular distance of the wheel based on the motion analysis. Therefore, the team can say that they have met the Engineering requirement for the steering degree.
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Figure 26: Angular Displacement of wheel degree 

[bookmark: _Toc89520392]ER Proof #1 – [Steering effort 8 lb] – Tolerance [ +0.5]
Essentially, the engineering required for steering is examined to determine statically 

The frictional force on one side of the front wheel is denoted by F. The rack's force pushes the two tires to rotate, thereby doubling the frictional force of one tire. 

As a tangential force with regard to the diameter of the pinion's pitch circle, this force is applied to the teeth of the rack and turned into the teeth of the pinion.
 = 113.125 Lbs.in
With the help of the driver, the torque is adjusted by rotating the steering wheel. The force required to turn the wheel is calculated by dividing the torque by the radius of the steering wheel.
= 15 lb
To calculate the exact amount of steering effort, both hands must be used to spin the steering wheel. In essence, the driver turns the wheel with both hands, splitting his power and providing enough power for each hand on the drive. With one hand, the steering force is 7.55 pounds. Furthermore, each hand's force is within the technical criteria of 8 pounds, indicating that the steering force requirements are met.

[bookmark: _Toc89520393]ER Proof #1 – [Braking Distance 7 Meter] – Tolerance [ + 0.5]
Due to the project's situation, which was assigned to be analytical, the SAE Baja team discussed the braking distance with the client, and we agreed to search in many reports, so we approximated to be less than 7 meters. This value is used as input in the calculations, and therefore the exact value is met in the design.




[bookmark: _Toc89520394]ER Proof #1 – [ Braking Time <5 sec] – Tolerance [0]
Braking time is calculated in the calculations for the brake system. The calculated breaking time is 1.15 seconds. In testing, the braking time is calculated using the motion analysis in SolidWorks. The brake disk is rotated at the maximum rpm allowed by Baja SAE rules, i.e., 3800 rpm. Then the brakes are applied to stop the disk. The graph between the angular speed and time is shown in the figure below.
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Figure 27: Motion Analysis of Braking Time  

The brakes are applied at the time of 4 seconds. We can see that the disk eventually stops at a time of 4.95 seconds. The small variations in speed after that are due to computational errors. Therefore, the time to stop the disk is 0.95 seconds. We can see that the braking time in testing is less than the calculated one and our engineering requirement. Therefore, the test is passed for the braking time.













[bookmark: _Toc89520395]ER Proof #1 – [Braking Temperature <100 ] – Tolerance [ 0]
Brake temperature is evaluated using the FEA by performing a transient thermal analysis for the total braking time of 1.15 seconds. The maximum power generated at the result of braking is used as the load for this analysis. The temperature plot over the disk at the final time step at time 1.15 seconds is generated during braking.
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Figure 28: Braking Temperature
We can see that the maximum temperature at the end of braking is estimated to be 358.3 K which is 85.15°C. The engineering requirement is less than 100°C which is met in this result.


[bookmark: _Toc89520396]ER Proof #1 – [scope of speed detection] – Tolerance [+ 5]
The speed detection range of the dashboard is set from 0 to 80Km/h. The frequency of infrared reception is generally 38KHz. However, limited by the performance of the sensor itself, the detection error is relatively large when the speed reaches 80 Km/h. When the speed is fast, the change of the detection object is not obvious, which makes it difficult for the sensor to detect the change of the obstacle in front of the rotation, resulting in data loss. Therefore, it is more appropriate to set the maximum detection speed to 80 Km/h.

[bookmark: _Hlk89430320][bookmark: _Toc89520397]ER Proof #1 – [Speed detection accuracy] – Tolerance [ 5%]                    
                                          (4)                                                         
                                    (5)                                                     
For the Velocity calculation in equation (7), the velocity could be calculated from rpm. Here is how the dashboard detects the rpm of the vehicle. 
[image: ]
Figure 29: RPMCount function in Arduino

Whenever there is an obstruction in front of the infrared sensor, RPMCount function will run once, and REV will increase by one. The obstructions on the wheels represent the part between the wheel gaps. How many obstructions there are, how many REVs will be generated when the wheel rotates once. Divide REV by the number of the wheel gaps to get the actual number of revolutions. The calculated error comes from the accuracy of the sensor detecting rpm. Existing speed is too fast, or environmental factors cause RPMcount function to run abnormally. Assume that the rpm of a vehicle is 1500 r/m. The radius of the wheel is 5 inches, which is 0.127 meters. According to equation (8), V_display is 71.7 Km/h. When the Tolerance of rpm is 5%, the speed is 71.7+3.6 Km/h, meeting the requirements of the speed range.







[bookmark: _Toc89520398]ER Proof #1 – [Display delay < 1s] – Tolerance [+ 0.5s]
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Figure 30: readRPM function in Arduino


This function is set to run when the RPMcount runs every 10 times or every second. Therefore, the display delay will be about 1s at low speed, and the display delay will be about 0.5s at high speed due to the 500ms delay setting. The delay of LCD is about 25ms, which is almost negligible in this situation.


[bookmark: _Toc89520399]LOOKING FORWARD
This portion is talking about how the team can improve their project in the future and how the other students can develop the project as analytically. Following are the observation/recommendations to improve/finish the project. Seemly, this project id analyzed all the subsystems deeply that the team has assigned by using the FEA and all the parts are successfully and using the motion analysis for testing the engineering requirement. 

[bookmark: _Toc89520400]Future Work
The project is completed at testing phase where the product is tested using the motion analysis. Starting with the first step of the product design which is calculations performed for each system under static loading. The calculations performed under dynamic conditions would definitely improve the design. The FEA is performed based on these calculations using static structural analysis except for the thermal analysis which is transient in nature. In future work, the transient FEA could be performed to determine the stresses against the dynamic loading conditions. At the end, the motion analysis performed for testing can be performed for the complete system simultaneously using the actual motion of the complete car.
For the dashboard, the design could be built with Arduino board, LCD, IR sensor, stepper motor and motor driver. Basic electrical components are also needed, such as wires and resistors. Connected the components according to the schematic and runs the code in the Arduino, the whole design could operate. The next step is to find the test target, such as a fan, a bicycle or a Baja and apply the dashboard system on it. I believe it would take within 5 hours to take the test. There are some variables in Arduino code needed to be changes according to the test target, such as the radius of the wheel and the number of blades of the fan. The result of the test should be that the LCD will display the speed of the test target, and the analog speedometer will turn to display the position corresponding to the speed.




[bookmark: _Toc89520401]CONCLUSIONS
After two semesters of hard work, our team finally has the final design. This is not only a personal effort, but also requires teamwork. As an analytical subject, our team members are located in different countries in the world, with different time differences and different languages. During the year, we have overcome many technical problems, and even the problems of remote cooperation.
Through our display and analysis, it is shown that the design of our team basically meets CR and ER. The testing documentation demonstrated the performance of brake system, the front suspension, steering system, and the dashboard on a theoretical and practical level. We use analytical tools and methods such as Finite Element Analysis (FEA), Motion Analysis by SolidWorks, analytical analysis, and Arduino. It turns out that our design meets the design requirements. 
[bookmark: _Toc89520402]Reflection
For a vehicle design, the most important concern is economic issues. Our team includes brake system, the front suspension, steering system, and the dashboard. The team mentioned the goal of reducing vehicle weight in CR, which can reduce vehicle emissions to a certain extent and also reduce material costs. When designing the frame, it not only considered the stability of the frame, but also considered the cost and environmental factors from the material direction. When designing the dashboard, Consider the design in terms of power and cost. In the case of completing the basic functions, reducing the cost can reduce the production cost, which has a certain economic effect. Although our subject is an analytical subject, we are always planning to manufacture them as physical products and apply them in reality.
The project of SAE Baja is helpful to the community because it makes the future engineers to understand each system specifically and that will lead them to focus on subsystems that are assigned for during the competition and the searches the team have done, such as Arduino board,  SloidWorks design, teaches us the critical parts of each system, which means the members have an excellent feedback about the working of four systems. Therefore, the project is helpful to the community to have durable and reliable in normal vehicles due to the learning of this project. No less important, in middle east countries, people like to make adventure in deserts by driving these types of SAE Baja vehicles and it will be great idea if they think about using the small off road cars instead of using huge vehicles because it will cost less than the huge vehicle in maintenance or gas. On the other hand, the CO1 that emit from the exhaust will be less than by using SAE Baja vehicles because of the difference of engine sizes.



[bookmark: _Toc89520403]Postmortem Analysis of Capstone

In this section, the postmortem will answer the seven fundamental questions of the postmortem and we will appear the positive and negative parts of the project in the two sections are below.
[bookmark: _Toc541965][bookmark: _Toc484367006][bookmark: _Toc472068924][bookmark: _Toc89520404]Contributors to Project Success
The SAE Baja team was able to achieve the goals and prevent failures because of the help from the client, which means we were directed in a good manner. And we aimed the needed parts in the team charter in the last semester, and they have been achieved by the team. 

The team was assigned to have an analytical project that led us to not manufacture the systems that the team assigned for, but it was a great opportunity to make sure about all the systems by using FEA, motion analysis and calculations for mechanical systems while the electrical system was achieved by the using of Arduino board.

The aspect performance of this project has improved the time management because we live in three different zone. Since the project was unable to be manufactured that led us to not have to have a cost and we focus on making each system works in excellent condition.

The team at the beginning of last spring preferred to manufacture since we will be engineers at the end of this semester, but the situation of the project prevent us and the COVID 19 as well. Also, the meetings weren't easy to make because everyone lives in different country.

We faced issues to use SolidWorks since the application needs an excellent processor while every one of the team doesn't have an excellent PC or laptop that can work smoothly and that led us to take a long time to handle the parts.

There are many lessons that the team learned this semester especially because we used many equations that are related to dynamic course for the mechanical students and we also used equations are related to electrical engineering.

The use of motion analysis and FEA have directed the team to make sure the project will be improved its performance, also the team has explained that well during the presentations and hardware reviews.


[bookmark: _Toc541966][bookmark: _Toc484367007][bookmark: _Toc472068925][bookmark: _Toc89520405]Opportunities/areas for improvement

The negativities of this project the team unable to test the project physically in the field and work on it as a team while and every one of SAE Baja team was looking for that in last spring. Also, the operating environment is dynamic and characterized by numerous challenges that undermine the attainment of stated aims. In capstone project one, potential barriers were registered that demanded creativity to address. Perhaps, one of the limiting issues in the program was time zone differences since team members are dispersed. Faced with such a limitation, innovative approaches must be developed, including digital communication solutions. As an illustration, a chat group was established that allowed stakeholders to contribute based on their availability. The approach was practical since all ground rules were observed, and the set goals were attained as planned. Interested parties must participate in developing a solution to an issue likely to impede the attainment of mutually shared aims.
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[image: ]



[bookmark: _Toc484367011][bookmark: _Toc89520409]Appendix B: Failure Modeling FMEA 
[bookmark: _Toc89520410]potential Critical Failure 6: Controller Board
The main controlling section of the SAE Baja 2021 design is in the controller board, where tiny microelectronic chips are placed for multifunctional circuit systems. This is the most sensitive part of the assembly, and as such, proper use of current and voltage flow must be ensured to avoid power tripping and bogging down of the circuitry that commands the entire vehicle movement processing. This can be done by ensuring installations of the electrical attachments such as light bulbs, sirens, warning devices to be of recommended specifications such as wattage and power requirement and is well within the capacity of the board to supply.
[bookmark: _Toc89520411]Potential Critical Failure 7: Wishbone Central Rod
The road's function is to support the vehicle, and its location is located between the wishbone for the softness benefits and the vehicle. The consequence of this rod, in case it is failure that means the suspension will stop working then it leads to vehicle bumps and no more supporting for the vehicle. So, the effect of failure is incredible and will prevent the vehicle from moving on. Another reason for this failure is the road will be broken due to the overweight. To avoid this, it should utilize the high quality materials while keeping track of the regular maintenance. This can be done by ensuring installations of the electrical attachments such as light bulbs, sirens, warning devices to be of recommended specifications such as wattage and power requirement and is well within the capacity of the board to supply.
[bookmark: _Toc89520412]Potential Critical Failure 8: Caliper
Prominent caliper problems in the vehicular assembly are the caliper mounting bracket. The primary reason for such failure is due to high impact and, more so, is the relatively substandard material type choices for the support. The failure of the caliper bracket will cause its misalignment and detachment from the intended mounting point of the braking system. This weakens, therefore, the braking capability of the vehicle due to its inability to produce a clamping force into the brake rotor.
[bookmark: _Toc89520413]Potential Critical Failure 9: Spindle
The function of the spindle is to work with caliper and leather pads that are connected to the wheel, and it happens and acts in the brakes, and the functionality is that if the spindle does not work, then the wheels will stop working what is caused the vehicle will stop entirely and make an accident. However, the spindle can be no longer for use, or it can break, and for preventing this failure is to buy or replace it with a new one, and thus the mitigation is. That will provide safety for the critical operator in this design.
[bookmark: _Toc89520414]Potential Critical Failure 10: Brake Rod
The brake rod consists of attaching the brake with the suspension and the vehicle. The functionality of this road is when the vehicle gets the order to stop from the brake system, and this brake road causes the vehicle to stop. Therefore, if this brake's brake is broken, then the brake will not happen and work this will cause the accident, so this is the failure and the risk of the brake rod by designed more pressure over it. To avoid this failure, it can utilize the solid materials and keep track of their maintenance.   





[bookmark: _Toc89520415]Appendix C: FEA Testing and Final Product 

12.3.1 Brake system  
[image: Icon

Description automatically generated with low confidence]
Temperature
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. The Von Misses stress 
[image: A picture containing text, wheel, vector graphics

Description automatically generated]
The Factor of safety plot is plotted 
The Following are the results for Brake Disk Based on Motion Analysis. 

	[image: A picture containing logo
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The above figure is the Von-Mises based on the motion analysis of the brake disk 
[image: Shape, icon

Description automatically generated with medium confidence]
The above figure is the Factor of Safety based on the motion analysis and the minimum FOS is 5.5.



12.3.2 Front Suspension 
The upper arm and the lower arm suspension analyzed by using the FEA to perform the analyzing of the load and the results are deconstrued below.  
[image: A picture containing shape

Description automatically generated]
Von Misses for upper arm
[image: Shape, arrow
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The Factor of Safety
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Von Misses of lower arm
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FOS of lower arm 





12.3.3 Steering System 
[image: A picture containing device

Description automatically generated]
The Von Misses stress of steering
[image: A picture containing shape
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The Factor of Safety of steering
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	CAD Final Product 




12.3.4 Dashboard 
[image: 一張含有 文字, 裝置, 量表 的圖片

自動產生的描述]
According to the testing result, the detected RPM is 1595 and displayed speed is 72 Km/h. The radius is set to 5 inches. The displayed result is in line with expectations. According to the analog dashboard printed in the Figure 6, the pointer meets the expected position. Overall, the dashboard basically conforms to CR, such as simple appearance and accurate readings. It also conforms to ER, such as measuring range and measuring accuracy. 
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