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Project Executive Summary
The Shell Eco-marathon is a long standing competition, in which Shell challenges students and enthusiasts from around the world to push the envelope for energy efficient vehicle designs. The competition gives teams the opportunity to design, build, and test their vehicles in a competitive winner-take-all environment. There are several different categories to compete in depending on the source of power of the vehicle. The current FAMU-FSU College of Engineering 2014 Solar Car team will participate in the solar car division. 
The competition has two classes (each with their own rules and regulations) in which teams can compete: Urban Concept and Prototype. The Urban Concept class promotes building a practical vehicle that can operate under normal road driving conditions. Alternatively, the Prototype class encourages participants to stretch the boundaries of efficiency by making ergonomic trade-offs. For both vehicle classes, competitors will use as many attempts as possible in order to see how far the vehicle can run on the equivalent of one liter of fuel. The competition requires that all vehicles have a fixed speed and number of laps. A winner will be named for each class and fuel type, with additional prizes going to teams with a strong consideration for safety, teamwork, design, and technical innovation. The FAMU-FSU 2014 Solar Car team will participate in the prototype class, with a solar-based fuel source. 
Over a period of several days, teams will be given several attempts in order to test the vehicles using a pre-determined asphalt track in Houston, Texas. The competition organizers will measure the efficiency of each run, and will then use the best run among the set in order to determine the winners for each class and energy source.

The FAMU-FSU 2014 Solar Car team plans to build a Prototype-class vehicle with a sleek profile, which minimizes nose area in order to minimize the drag on the car. The chassis will consist of carbon fiber due to its low weight and high strength. Additionally, we hope to use lightweight metals (such as aluminum) to build the seat, support structures, and mechanical parts. Based on the rules and regulations of the competition, the team will have several fireproof compartments (separated by bulkheads) in order to protect the driver. A strong consideration is given to safety, including features such as a 5-point safety harness, a roll bar, and an emergency shutdown button. 
The team’s primary goal is to place in the top 3 for its class and energy source division. Additionally, the team intends on being strong competitors for the safety, teamwork, and design prizes. Winning teams are awarded a prize of $5000, which could be used by future FAMU-FSU Shell Eco-Challenge teams to improve upon future designs, and purchase high quality components. Furthermore, a prize-winning placement would establish FAMU-FSU as a serious competitor in the American division, and recognize the college and advisors who have invested time and money into the project. 
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1   Introduction
1.1 Acknowledgements
The FAMU-FSU 2014 Solar Car team would like to thank the High Performance Materials Institute (HPMI) at Florida State University (FSU) for their generous donation of the materials necessary to build the vehicle. Additionally, we would also like to thank Dr. Edrington, Dr. Frank, and Dr. Amin for their technical support and guidance throughout the process. Their contributions have been invaluable allowing the team to make the necessary decisions which have carried the project forward. Additionally we would like to thank Dr. Liang, Dr. Okoli, Mr. Allen, and Mr. Horne for their role in the donation of materials and technical assistance in building the carbon fiber chassis.
1.2   Problem Statement
1.2.1   General Problem Statement
	The team is required to build a solar-powered electrical vehicle which conforms to the rules and regulations of the Shell 2014 Eco-Challenge competition. The car is required to have several features which will ensure the safety of the driver and reduce the risk of mechanical or electrical failure. There are several dimension limitations including the height, width, ratio of height to track width, wheelbase, total length, and vehicle weight. Additionally, there are minimum standards established for the turning radius, and braking requirements. The primary concern for ranking in the competition is the efficiency of the vehicle, which will be determined by the organizer’s evaluation. The largest problem that has to be solved is striking a balance between the necessary trade-offs for the weight, the cost, and the safety of vehicle.

1.2.2   General Solution Approach
	This project is a large and complex undertaking. In in order to determine where and how to begin, the team performed a house of quality analysis with the input of all 3 engineering disciplines. Using the competition rules and regulations as customer requirements and tentative components as quality characteristics used to fulfill those customer requirements; we were able to get a better understanding of how to prioritize objectives. Based on the results, we determined that the cost, weight, and safety of the vehicle were going to be the areas of concern. Ergonomic considerations also ranked high, but due to the nature of the prototype division, there is room for slack in this area.
	Cost was kept as a primary concern to ensure that we stayed on (or below) budget. With this in mind we set out to minimize the weight of the overall design. The largest contributor to the weight was the chassis due to its relatively large size. In order to minimize weight it was decided that a low weight yet high strength material was necessary. After consulting with faculty, the 2013 team decided to build the chassis using carbon fiber donated by the High Performance Materials Institute. This decision was made after alternatives were eliminated due to cost or technical difficulty. 
	Additionally, the team has decided to use aluminum for additional mechanical parts, as well as stationary parts, such as the seat and roll bar. All design specifications fell within the ranges necessary for participation in the competition. The mechanical engineers were able to design a steering mechanism which would allow for separation of the driver from the mechanical and electrical components, and yield the minimum turning radius. For braking, the team decided to implement a regenerative braking system and a dual front/back braking system. 

1.3   Operating Environment
The vehicle will operate on an asphalt track which has been set aside for use for the Shell 2014 Eco-Challenge marathon. The race will take place during the summer months in Houston, Texas. Based on our research, we have determined that dusty conditions and heat could be a concern. Additionally, due to the competition being held during the summer months, there exists a possibility of rainfall. The team has planned for the worst by including a comprehensive terrain and weather test in order to ensure that the vehicle is able to operate in adverse conditions. 
1.4   Intended Use(s) and Intended User(s)
1.4.1   Intended User(s)
Due to the nature of the competition (race) ergonomic design considerations will be made for two drivers. The team has nominated Julia Clarke as the driver for the competition. In the event of an emergency, they have nominated Jose Cardenal as the backup driver. Using anthropometric data for individuals fitting their description, we will design the internal compartments to maximize their safety, accessibility, and field of vision. By performing an analysis of the user’s anthropometry, posture, and repetitive motion, the team will be able to build a vehicle with tailor-fit ergonomic design.  The goal is ensure a good fit for both drivers, which will lead to decreased fatigue and discomfort when operating the vehicle.
1.4.2   Intended Use(s)
The vehicle will be used to compete in the 2014 Shell Eco-Challenge marathon. It will be raced on an asphalt track with the equivalent of 1 liter of fuel in order to determine the efficiency. Based on the regulations of the competition, the team does not intend for the car to exceed a speed of 15 mph. The turning radius will not be smaller than 8 meters at any given time. It is possible that the vehicle could be operated in a high heat or rainy environment. 
1.5   Assumptions and Limitations
1.5.1   Assumptions
Various assumptions will be made in order to design and construct the vehicle. Each major component of the vehicle has been broken down into three parts. The first part of each component is the “design and analysis” phase. The team will design and analyze each major component within 9 days of the designated starting point. The second part of each component is the manufacturing of major parts. The team will manufacture in-house parts within 21 days of the designated starting point. The team will manufacture parts which require ordered materials, or components within 30 days of the designated starting point in order to provide a 9 day ordering/shipping period for each part. The third part of each major component is the installation. The team will install each major component of the vehicle within two days of the designated start date.  
The team will build the following parts in house: front wheel mount, steering wheel, seat, seat mount rail, front bulkhead, and rear bulkhead. These parts will be built in house in order to minimize the cost of the vehicle while building parts that conform to the competitions rules and requirements. The front wheel, rear view mirrors, steering column, braking system, wiring necessities and, board and accessory battery will be purchased. These parts will be purchased in order to assure quality and reliability.
The team shall not exceed an overall cost of $6,000 in the design and manufacturing phase of the vehicle. Once the design and manufacturing phase is completed the car will be up to date with all competition rules and requirements. Furthermore, costs such as competition transportation will come from department funding. 


1.5.2   Limitations
Due to the rules and regulations of the competition the vehicle will have various limitations. Based on the competitions safety regulations the car will have a roll bar which rises a minimum of 5cm over the driver’s head, an escape plan exceeding no more than 10 seconds, fire redundant compartments which separate the driver from all electrical components and from the driving transmission, a 180 degree field of vision, and an emergency shutdown button which turns off all electrical components. Furthermore, based on the dimension and weight limitations placed by the competition the car will have a maximum height less than 100 cm, a minimum vehicle width of 50 cm and a maximum width of 130 cm from the point where the outermost tires touch the ground, a ratio of height divided by track width less than 1.25, a maximum length of 350cm, and a weight less than 140kg. Based on cost limitations, the team shall not exceed $6,000. This limitation is set by the amount of money provided through the project funding. 
1.6   Expected End Product and Other Deliverables
The expected end product is a completed and functioning solar-electric powered vehicle which adheres to the rules and regulations of the Shell Eco-Challenge. Additionally the team will produce a technical manual containing the specifications and safety features of the car for Phase II registration by the December deadline. This manual is a check on the team to ensure that they are in compliance with the rules and regulations of the competition.
2   Concept Generation and Selection
2.1   Concept Selection Criteria:
In order to develop the overall concept design for the vehicle, the team employed a fishbone analysis and a house of quality assessment. The fishbone diagram allows for an iterative approach to determining the causes of a series of defined effects. In the case of the solar vehicle, it allowed the team to split the customer requirements into 5 different categories: design limitations, efficiency, operator comfort, safety requirements, and steering & handling. 
Using these 5 categories to further clarify the voice of the customer, the team was able to brainstorm ideas on how to approach the design of the vehicle. This process was completed by all of the engineers working on the project in order to promote a concurrent engineering design philosophy. By using a concurrent engineering approach the team will reduce the risk of having a failure or defect in the vehicle once the design phase of the project is completed. Eliminating these errors will reduce the overall cost in the long run.
The fishbone analysis can be found in Appendix 10.1 Fish bone Analysis.
2.2   Concept Selection Criteria Prioritization:
Using the fishbone analysis, the group determined the significant factors in the design the vehicle. More importantly, the group determined how the customer requirements and design factors would interact with each other, by establishing whether relationships existed between them. Each of these relationships was ranked as being a weak, medium, or strong relationship; scores of 1, 3, and 9 were assigned respectively. 
After establishing the existence and strength of the relationships between the customer requirements and the design factors (quality characteristics on HOQ), the team ranked the importance of each customer requirement. Each customer requirement was ranked equally (max score) because the competition requires teams to satisfy all rules and regulations in order to participate; based on this it was determined that no preference should be given to one variable over another.
The team then ranked each of the design factors as needing to be maximized, minimized, or being on target. Based on this optimization ranking, the team then determined the level and direction of correlation between each design factor. Each pair was given a rating of being either a positive or negative correlation, with a strength of either weak or strong. By determining the correlation between each design factor, the team was then able to prioritize design factors for the optimization process.
The group then assigned a target value for each of the design factors based on the voice of the customer (Shell rules and regulations), and a difficulty score based on the cost and time necessary to implement each design factor. This allowed us to determine how to optimize the vehicle by prioritizing design factors. The team will optimize the vehicle by making trade-offs in order to enhance a desired component/quality of a system or process. Using these factors, the team decided that the cost, weight, safety, ergonomic design, and regenerative braking were the most important design factors. 
Finally, a competitor analysis was performed using the FAMU-FSU 2011 Solar Car as competitor. Ideally the team would have liked to rank the design against other universities, but due to the competitive nature of the project this was not possible. The proposed design ranked as a 5 for each of the Demanded Quality variables, because we have to satisfy each of these requirements in order to compete in the 2014 Shell Eco-Challenge. The former FAMU-FSU car scored low in several categories because their design team was not as multi-disciplinary as the 2014 team, and the competition regulations have become stricter since their entry.
2.3   Component Alternatives and Generation:
2.3.1   Seat:
Comfort, safety, and convenience are all important factors in the ergonomic functionality of the car seat design. The seat must be designed so that the driver’s head will remain at least 5 centimeters below the top of the roll bar. The seat must be positioned so that it will allow the driver to see clearly over the steering wheel as well as reach the accelerator and brake pedals. In addition, the driver's seat must be equipped with an effective safety harness having at least five mounting points to keep the driver in the seat. The 5-point harness must be firmly attached to the vehicle's chassis and fitted into a single buckle. The design of the seat will be optimized so that individuals ranging from 4 ½ feet to 6 feet will be able to drive the vehicle. 
There are three key aspects that are necessary for setting the correct seating position shown in Figure 1. The left drawing in Figure 1 shows where the back of the driver should be flush against the seat and the buttocks should be evenly tucked into the corner created at the intersection between the seat bottom and back. The underside of the legs should be in contact with the surface of the seat. The middle drawing in Figure 1 shows the position of the arms. When the driver is fully secured in the seat, and their arms are fully extended the drivers wrists should rest at the top of the steering wheel. This allows the arms to be slightly bent at the elbow when turning. This is important in order to prevent the arms from being overextended during turns. The third and final aspect shown in the right drawing of Figure 1 is the position of the legs. To prevent overextension, the legs should be bent at the knee when any the pedals are fully depressed. There is the possibility that some balanced compromises of these three factors will be needed since the fixed position of the pedals and steering wheel may not be perfectly matched to the driver’s arm and leg lengths or the car needs to meet the physical limitations (max overall height < 100cm) set by the shell-Eco Challenge.
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Figure 1 Seat Design
2.3.1.1 Seat Design 1
The initial design for this solar car incorporates a customized race car seat where the back of the seat will sit approximately 25-30 degrees from the horizontal. The driver will essentially be at a lay down position similar to the seat seen in Figure 2.
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Figure 2 Seat Design




2.3.1.1.1 Specifications
· MIG welded 0.125”thick
· Seat Bottom is contoured to support lower back and hips.
· Between 14.5”- 17.5” ”(standard race car seat sizes)  in width
· Between 28”- 36”(standard race car seat sizes) in depth
· Between 20”- 24”( standard race car seat sizes) in height
2.3.1.1.2 Advantages
This design will eliminate the need to cut the roof of the chassis where the photovoltaic solar panels would lay according to last year’s team design shown in Figure 3. In order to maximize the power output from the solar panels, they should lay as perpendicular to the sun’s rays as possible which would be best achieved on the roof of the car as seen in the design below. Also with Design 1, remaining under 100 centimeters for the overall height will be easily achieved since the roll bar would not have to be redesigned.
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Figure 3 Last year design

2.3.1.1.3 Disadvantages
This lay down car seat design is inconvenient for the driver to get in and out of the vehicle with ease. In addition, at this position, the driver’s feet will be too close to the front of the vehicle near the wheels. Extreme design adjustments would need to be made for the steering and braking systems to accommodate for the drivers legs while maintaining all the Shell-Eco Challenge safety requirements. Installing the 5 point harness around this seat will be more complex.
2.3.1.2   Seat Design 2
2.3.1.2.1 Specification
· Seat side lowers for the lap belts.
· Designed for low horse power cars on small tracks.
· MIG welded 0.125”thick(standard seat thickness)
· Seat Bottom is contoured to support lower back and hips
· Between 14.5”- 17.5”(Kirkey standard race car seat sizes) in width
· Between 22.5”- 25.75”(Kirkey standard race car seat sizes) in depth
· Between 28.5”- 35”(Kirkey standard race car seat sizes) in height
2.3.1.2.2 Advantages
This design for the seat will be mounted on rails that will allow the seat to slide forward and backward from its centered position. The advantage of this is that it will increase the convenience factor in allowing each unique driver to enter and exit the vehicle with less resistance. Ideally, drivers of various heights should be able to operate the vehicle. Considering that all standard cars are driven in this vertical seat position, it will be more comfortable for the average driver. This design also gives more leeway to the design of the steering and braking systems.
2.3.1.2.3 Disadvantages 
With this design, cutting the roof of the chassis is unavoidable as seen in Figure 4. The current drag coefficient, Cd = 0.155, was determined by the previous design team for an uncut chassis. This value will increase once the top has been cut, thus negatively affecting the aerodynamics of the vehicle. The current roll bar will need to be redesigned to meet the Shell-Eco Challenge specifications.
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Figure 4 Last year Design 
2.3.2   Roll Bar and Motor Mount
The three designs for the roll bar and motor mount must compile with the basic requirements issued by the Shell Eco-Challenge Marathon Competition. The roll bar must be capable of withstanding a static load of 700 N in any direction without deforming. The dimensions of the roll bar will be 5 cm above the drivers head when fully seated, and approximately 2 cm from the shoulders on each side. The intension of this year’s design team is to choose the lightest and strongest material that will provide the safety to the driver during the competition.


2.3.2.1 Roll Bar and Motor Mount Design 1
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Figure 5 Roll Bar and Motor Mount Design 1
2.3.2.1.1 Specifications
This is a roll bar that is connected to the main chassis with two outer bars that stretch to rear of the vehicle. The strength of the roll bar will be determined once the component material has been selected. The structural integrity of the roll bar will be assisted by cross section that will account for roll over’s and the rigidity of the rear wheel with the motor mount. A similar design to the front suspension of a bike will be used on our rear wheel mount, except no dampers or springs will be used. This section will be connected to the vertical bar that is connected that is perpendicular to the horizontal cross section.

2.3.2.1.2 Advantages
The benefits of this design will mainly account for roll over’s. The entire load will be directed to a point on the bar that is directly above the driver, the vertical bar will withstand the full impact and retain the structure of the roll bar. The other benefit is the bike braking system on the rear wheel can be easily mounted.
2.3.2.1.3 Disadvantages 
The key drawbacks of this design are that the rear wheel mount will require more rigidity. In this case more materials are required which will increase the total weight of the car.
2.3.2.2 Roll Bar and Motor Mount Design 2
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Figure 6 Roll Bar and Motor Mount Design 2


2.3.2.2.1 Specification
The only difference in this design compared to the previous is that the motor and wheel mount will be completely independent of the roll bar. The same structure of the roll bar will be maintained, instead the wheel mounts are mounted directly to the chaise in a horizontal manner.
2.3.2.2.2 Advantages
Less material will be required to construct this design, which means less weight. The load of the motor on the roll bar will be removed giving it a stiffer structure.
2.3.2.2.3 Disadvantages 
Implementing a brake system will be more difficult. Supporting the full load on only two horizontal cross bars that are connected to the chassis may fail under larger loads.
2.3.2.3 Roll Bar and Motor Mount Design 3
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Figure 7 Roll Bar and Motor Mount Design 3


2.3.2.3.1 Specifications
This design is very similar to design one. The only differences is instead of only having two supports mounted to the rear of the chassis, two more supports will be mounted to the front along the shoulders of the driver. The wheel and motor mount are directly supported off the roll bar. There must be extra support in the opposite direction to support the full load that is pushing from the wheel mount.
2.3.2.3.2 Advantages
The benefits of this design are the stability and rigidity of the roll bar. The extra support makes this design the safest and is capable of supporting heavier loads if necessary.
2.3.2.3.3 Disadvantages 
            The only drawback is the two extra supporters will add more weight, and may cost more money to order and weld onto the roll bar.
2.3.3   Front Wheel Mount and Steering Assembly
The team has considered using aluminum for the construction of the Front Wheel Mount and Steering Assembly. A metal will be required because welding and fastening with the use of bolts will be necessary. Aluminum is a strong enough material to withstand the forces expected to be placed on the car’s axle but also easy to machine and relatively cheap.






2.3.3.1 Front Wheel Mount and Steering Assembly Design 1 
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Figure 8 Front Wheel Mount and Steering Assembly Design 1
2.3.3.1.1 Specifications
            The simplest design incorporates the front wheel hub with the steering by using it as a casing for the front wheel mount. The wheel mount will be connected to the front wheel hub by a single shaft which will be threaded on the bottom to secure it in the housing. The wheel mount will contain two bearings at the top and bottom. The casing will allow the wheel mount to rotate in the x-axis while restricting its movement in the y and z axis.
2.3.3.1.2 Advantages
            Do to the simplicity of the components, the Front wheel hub and wheel mount will be able to be machined in house which will reduce the cost for the component. Using only two bearing in the mechanical system will also reduce the final price. Depending on the forces the sizes of the components can be adjusted to minimize weight and amount of required material.

2.3.3.1.3 Disadvantages
            The wheel mount in this design does not rotate therefore a wheel with an in-hub bearing will be required. 
2.3.3.2 Front Wheel Mount and Steering Assembly Design 2
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Figure 9: Front Wheel Mount and Steering Assembly Design 2
2.3.3.2.1 Specifications
In this design the front wheel mount will fit over the front wheel hub similar to a sleeve. This piece will then be fastened to the hub. The steering mechanism of this design is contained entirely within the wheel mount. Our wheel mount rod and tie rod attachment point will be connected to a metal shaft. This shaft will be set into two bearing which will allow the rod to rotate in the x axis. This is similar to a door hinge.
2.3.3.2.2 Advantages
	With this design the Front Wheel Mount fits over the Front Wheel Hub similar to a sleeve. It can be secured onto the Hub with the use of a nut and bolt or could be welded into place. 


2.3.3.2.3 Disadvantages
	The forces experienced at the wheel are going to be larger in this design because the overall length is longer than the previous design. The design is more complex and may be out of the scope of our in house machinist which may require it to be ordered which would affect our budget.
2.3.3.3 Front Wheel Mount and Steering Assembly Design 3
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Figure 10: Front Wheel Mount and Steering Assembly Design 3
2.3.3.3.1 Specifications
	The most complex of the three designs, it incorporates six bearings. In this design the Wheel Mount is contained within the Wheel Hub. The Wheel mount is capable of rotating in the x-axis and also contains a wheel mount rod which will also be capable of rotating. 
2.3.3.3.2 Advantages
	With the use of multiple bearings this design should take the least amount of force to turn the wheels. A rotating wheel mount rod would eliminate the need for a wheel with an in-hub bearing. This would be built in shop. 

2.3.3.3.3 Disadvantages
The use of six bearing will greatly increase the amount of the budget required to build the Front Wheel Mount and Steering Assembly. All of the bearing would have to be ordered and if any problems would arise the manufacturing time could increase.
2.3.4   Front Brakes 
The front brakes are required to be capable of holding our vehicle in place when engaged on a 20 degree incline. Our two brake designs incorporate a hydraulically engaged caliper/shoe combo and a simple bicycle style braking system. For both designs we have included a rotor that will be designed and implemented if our purchased wheels do not already have them installed. The mounts on which our braking systems are contained can be interchangeable from one design to the other. The proposed designs show two different braking systems and two different braking system mounts.
2.3.4.1 Front Brakes Design 1[image: ]
Figure 11: Front Brakes Design 1
2.3.4.1.1 Specifications
A hydraulic braking system is depicted in this design. When the brake pedal is engaged the hydraulic fluid will engage the pistons in the braking system which will cause the braking shoes attached to the calipers to press down onto the rotor slowing and eventually stopping the vehicle. The housing used to support the braking system is a sleeve that goes over the Wheel Mount and can be welded or bolted in place. 
2.3.4.1.2 Advantages
	Different sizes of shoes and calipers can be chosen for our vehicle depending on our required braking force.    
2.3.4.1.3 Disadvantages
	Uses hydraulic lines which would need to be properly balanced to ensure they operate correctly.
2.3.4.2 Front Brakes Design 2
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Figure 12: Front Brakes Design 2
2.3.4.2.1 Specifications
	A Bicycle Braking system is used in this design. When the brake pedal is compresses the cable goes into tension and pulls the braking pads into the rotor stopping the vehicle. A different style of braking system mount is depicted in this design. 
2.3.4.2.2 Advantages
	Relatively simple to manufacture and install. Parts can be machined and constructed in house and will not require any parts to be ordered. 
2.3.4.2.3 Disadvantages
The braking force will be less than that generated using calipers and hydraulic braking. The braking shoes are smaller than those used in caliper style brakes.  
2.3.5   Steering System
It is required by the Shell Eco-Challenge Marathon that our vehicle have a turning radius of 8 meters. 
2.3.5.1 Steering System Design 1
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Figure 13: Steering System Design 1
2.3.5.1.1 Specifications
	In this design a rack and pinion is used to control the steering of the vehicle. The steering wheel is attached to the steering column which is connects to the rack and pinion. Tie rods connect the rack and pinion to front wheel steering assemblies. 
2.3.5.1.2 Advantages
The turning radius of the vehicle can be adjusted by using different types of rack and pinions. The action of steering the vehicle will be a lot smoother with the use of a rack and pinion. 


2.3.5.1.3 Disadvantages
	The rack and pinion will have to be ordered. This will require the proper steps to be taken to ensure that what is ordered can in fact be implemented in the final design.

2.3.5.2 Steering System Design 2
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Figure 14: Steering System Design 2
2.3.5.2.1 Specifications
	For this design the steering will be controlled entirely by the steering column. The steering column will be attached to a joint which will allow the column to rotate freely. This joint will be attached to the floor of the chassis. Farther down the steering column from the chassis attachment point a plate is connected to the steering column. This plate will allow the vehicle to turn. With the tie rods attached to the plate, when the driver turns the steering wheel they will be turning the plate which will pull/push on the tie rods and turn the vehicle.
2.3.5.2.2 Advantages
	Very simple design often used in go-carts. Can be manufactured in house and relatively simple to implement.
2.3.5.2.3 Disadvantages
The amount of force required to turn the car will be more than if a rack and pinion were used. The amount of stress put onto the steering column will increase which may require a thicker material to be utilized for its construction.  
2.3.6   Rear Brakes 
The rear brakes must be completely independent of the font brakes controlled by a second pedal. They will be directly mounted on the wheel mount assembly. Bike brakes are the choice that will be chosen for the rear brakes. The required stopping force will be supplied by using slightly larger brake shoes. Larger area also means less pressure is required when activating the brake pedal. Some complications that will be encountered in the installation process is the tilting of the brake shoe to the same angle as the wheel mount.  This can be done by adding extra links or spacers to accomplish the most effective stopping mechanism on a tilted wheel mount.






2.3.6.1 Rear Brakes Design 1
[image: ]
Figure 15: Rear Brakes Design 1
2.3.6.1.1 Specifications
	This design uses a newer bike brake system which is bolted directly over the tire. Only one bolt is required which will mount directly on the wheel mount. Once the brake is pressed the brake line is in tension and the levers on the brake shoe are pulled together causing them to press down on the rear wheel and apply the stopping force.
2.3.6.1.2 Advantages
	The benefits of this design are its light weight, cheaper than hydraulic brakes and a lot easier to install and adjust.
2.3.6.1.3 Disadvantages
	The brake lines could snap if cheap wiring is used, and the braking force may not be enough to support the full weight of the car on 20 degree incline.

2.3.6.2 Rear Brakes Design 2
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Figure 16: Rear Brakes Design 1
2.3.6.2.1 Specifications
The second design that will be considered is similar to the first one expect it is bolted by two bolts along the wheel mount.  The functionality of this design is no different than design one except when the pedal is pressed the two levers are pulled outward while applying force on the wheel rim.
2.3.6.2.2 Advantages
Design 2 can be mounted in multiple locations due to its two bolt system. The brake system is also cheaper than design 1.
2.3.6.2.3 Disadvantages
Brake system might not fit properly or be more complicated to install due to bolting two bolts instead of just one directly above the wheel.

2.3.7   Component Placement
The wiring harness and the placement of each electric component are essential for maintaining safety and a uniform weight distribution. The two designs shown in the figures below are ideas that were concluded after reviewing last year’s design and the new design from this year.  The specifications of this year’s design is to organize all the electronics in a fashion that will minimize wire resistance. Restricting current to follow in a loop manner, input current is along the left edges of the car and output current is along the right side. The second specification is placing the battery pack in the front of the car as well as the battery management pack and the transformer. This will minimize the amount of energy required from the motor to mobilize the rear wheel.
2.3.7.1 Component Placement Design 1
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Figure 17: Component Placement Design 1

2.3.7.1.1 Specifications
Design 1 is the design from last year, the battery back, battery management pack system, and transformer are in the front. The solar panel is directly on top of the drivers head. All the wires will be well insulated to prevent voltage build up. The motor controller will be placed in the back of the solar car due to its light weight, and the motor is mounted in the back to the wheel.
2.3.7.1.2 Advantages
The benefit of this design is that the solar panels are flat with respect to the horizon, and are directly perpendicular to the sun light. Sun light absorption is maximized when the solar cells are directly perpendicular to the sun. This means that the energy conversion process will be more efficient.
2.3.7.1.3 Disadvantages
	The only drawback with this design is that the driver could not enter and exit the car properly. The solar panels will not allow proper visibility and the drivers head will always be sitting on the roof of the car.








2.3.7.2 Component Placement Design 2
[image: ]
Figure 18: Component Placement Design 2
2.3.7.2.1 Specifications
The only difference in this design is the solar panels will be mounted in a sloped manner on the front of the solar car. The wires will also be well insulated to resist large voltage drops that may lead to excessive heat buildup.
2.3.7.2.2 Advantages
Driver visibility will be maximized to 180 degrees, this is due to constructing a dome directly over the drivers head. The solar panels will be closer to the battery pack and the transformer which will decrease the amount of resistance in the wires.
2.3.7.2.3 Disadvantages
Solar panels efficiency will decrease because they are not directly perpendicular to the sun, and the coefficient of drag may increase slightly due to the solar panels structure and roughness.
2.3.8   Motor Controller: Single Board Controller
After developing an understanding for the control requirements of the motor being used (Golden Motor Magic Pie), a single board controller will be decided upon in order to develop the interface between the driven/power stage of the motor controller and the motor. The preferred features include: Min 24V, USB interface to computer, support 3 phase brushless motors and cost efficient.
2.3.8.1 Single Board Controller Design 1
The RDK-BLDC is one of the closest alternatives to the board controller that accompanied the Golden Motor, the BAC-281. With Screw terminals for power wiring and on board circuit breakers, it would be close to using the BAC-281. Nonetheless, it is not as cost efficient as desired. 
2.3.8.1.1 Specifications
· Texas Instruments RDK-BLDC
· Cost: $219
· Advanced motor control for three-phase brushless DC  motors up to 36 V, 500 W
· Uses a Stellaris® LM3S8971 microcontroller
· 10/100 Ethernet and CAN interfaces
· Hall effect, quadrature and sensor less operation modes
· JTAG/SWD port for software debugging
· Screw terminals for all power and signal wiring
2.3.8.1.2 Advantages
· Supports and includes a three phase brushless motor 
· On board breaking circuit for protection against unsafe current levels
· Screw Terminals would allow for a direct input source for the propulsion battery
2.3.8.1.3 Disadvantages
· At $219 the RDK_BLDC is much more expensive than some of the alternatives.
2.3.8.2 Single Board Controller Design 2
	The TI Launchpad is being considered primarily because it is free of cost. Although the group already have one in its possession, the Launchpad is very inconvenient being that it is USB powered and lacks the power to drive the motor.  
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Figure 19: TI MSP430
2.3.8.2.1 Specifications
· Texas Instruments MSP430 LAUNCHPAD
· Cost: $0
· 14/20 pin DIP socket
· Built in flash emulation for debugging and programming
· 1 programmable button
· 1 reset button
2.3.8.2.2 Advantages
· No cost since product is already in groups possession
2.3.8.2.3 Disadvantages
· USB powered: The Launchpad cannot be directly connected to the propulsion battery.
· Does not have the power to drive the motor.
2.3.8.3 Single Board Controller Design 3
            TI TMS320F28’s lower-power mode feature can be very helpful to the overall success of the project, especially during the competition. Although this board has a very high cost, the possibility of being able to borrow it from a professor makes it an option.
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Figure 20: TI TMS320F28
2.3.8.3.1 Specifications
· Texas Instruments TMS320F28
· Cost: $345.31
· 56 General Purpose I/O pins
· Motor Control Peripherals including two event managers
· Idle, standby and Halt modes
· Advance emulation features
· Operate at temperatures ranging from - 40C(-40F) to + 125C(257F)
2.3.8.3.2 Advantages
· Low-Power Modes and Power Savings for less power consumption from propulsion battery.
· Being familiar with the development tools included(C/C++) can make programming less time consuming.
· There is a fair possibility that the TI TMS320F28 could be borrowed from a professor at the University, helping to keep costs low.
2.3.8.3.3 Disadvantages
· At $345, the cost is considerably high.

2.3.8.4 Single Board Controller Design 4
The ATAVRMC100 is being considered for a similar reason that the RDK-BLDC is being considered. It is a very close alternative to the board controller that accompanied the Golden Motor, the BAC-281.
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Figure 21: ATAVRMC100
2.3.8.4.1 Specifications
· Power Bridge for BLDC motors
· Zero crossing voltage detection
· Hardware overcurrent detection
· Motor supply voltage measurement
· Operate at temperatures ranging from 0C(32F) to 70C(158F)
2.3.8.4.2 Advantages
· Three phase terminals would allow for a direct connection to the motors phases
· Wiring setup similar to that of the BAC-281, making it much simpler to connect the horn and additional accessories
2.3.8.4.3 Disadvantages
· It is recommended that the board is operated at 16V which is much lower than the 24V propulsion battery
· No protection against inverting power supply polarity

2.3.9   Motor Controller: Gate Driver
In order to generate the necessary voltage and current required to accurately and efficiently drive the IGBT, a Gate Driver will be used. It is preferred that the gate driver is three phase along with an input range within 24V to enable operation from the 24V propulsion battery. 
2.3.9.1 Gate Driver Design 1
	The IR3230SPBF would be convenient when implementing some of the requirements for the vehicle based on the competition Rules. The shutdown system is one of those requirements.
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Figure 22: IR3230SPBF
2.3.9.1.1 Specifications
· International Rectifier IR3230SPF
· Cost: $4.10
· 6-60V Operating Supply Voltage		
· 1 mA Supply Current
· Operate at temperatures ranging from - 40C(-40F) to + 150C(302F) 		
· 3 Outputs
· 1.7 mA Output Current 		
· 5 V Output Voltage 		
· 1.5 W Power Dissipation 
· 80 mV Shutdown Threshold	
2.3.9.1.2 Advantages
· Shutdown/Reset capability which may come in handy when implementing the system shutdown button
· Over current protection
· Generally purposed for an e-bike which is convenient since the motor being used was obtained from the golden motor e bike.
2.3.9.1.3 Disadvantages
· At 1.7mA output current, multiple IR3230SPBFs will be required to drive the IGBT driving the 30A motor.
2.3.9.2 Gate Driver Design 2
The DRV8301DCA is well within the voltage range to enable operation from the 24V battery. 

[image: ]
Figure 23: DRV8301DCA

2.3.9.2.1 Specifications
· Texas Instruments DV8301DCA
· Cost: $6.75
· 8-60V Operating Supply Voltage		
· 15 mA Supply Current
· Operate at temperatures ranging from - 40C(-40F) to + 125C(257F) 		
· 3 or 6 PMW Inputs
· 1.7A source gate drive current capability 		
· Overcurrent protection of external mosfets.	
2.3.9.2.2 Advantages
· Current Shunt amplifiers that support bi-directional current sensing
· Over current protection
· Specifically for three phase motor drive applications
· Three half-bridge drivers capable of driving 2 N-type MOSFETs for high and low side
2.3.9.2.3 Disadvantages
· The DRV8301DCA is widely used with MOSFETs instead of IGBTs. IGBTs are being considered more than MOSFETs in this situation since they can operate at higher temperatures.
2.3.10 Accessory Battery
	The team considered the necessity of an accessory battery.  According to the competition rules and regulations an accessory battery is not required but may be used. According to the rules and regulations if an accessory battery is used it must power the horn and driver ventilation system, however it may not power compressors, blowers, motors, engine cooling systems, or battery management systems.  
	If an accessory battery is used, it must be short circuit protected. In order to ensure that it is short circuit protected a fuse must be added. The accessory battery must also maintain a negative ground at all times. If an accessory battery is used, it would power the required horn and the desired ventilation system to cool the driver. The maximum nominal voltage of the vehicle cannot exceed 48 volts therefor the electrical engineers have considered the possibility of using a 12V accessory battery.
	The team has considered a variety of batteries which can be used as accessory batteries.  After consulting with Dr. Weatherspoon it was determined that if an accessory battery is used the amp-hour of the accessory battery must be the same as that of the main battery.  After looking up batteries on Digi-Key a 12V lead acid rechargeable battery with a capacity of 20Ah B.B. Battery Co. was determined to be the best fit for the car which can be seen in Figure 2-1. Similar applications for this battery such as powering golf-carts, lawn mowers, and electrical scooters also suggest that this battery will be an appropriate fit for the vehicle. The battery will cost the team $62.06, moreover a separate charger will need to be purchased.
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Figure 24: Lead Acid Accessory Battery

		The option to forgo an accessory battery has also been considered. By forgoing the accessory battery the horn and ventilation system will have to be hooked up to the primary battery. Hooking additional components such as the horn and ventilation system to the primary battery will essentially draw power from the primary battery causing the car to be less efficient.  A competition requirement states “The organizers reserve the right to request that teams install one joule meter in order to measure the amount of energy provided by the accessory battery”.  If the amount of energy provided by the accessory battery exceeds the power typically required to operate the starter motor, horn and safety devices the competitor will be disqualified.”  In order to avoid being disqualified the due to this stipulation the team has considered forgoing the option of an accessory battery. 



2.3.11 DC to DC Boost Converter
2.3.11.1 DC to DC Boost Converter Design 1
A DC-DC converter is a device used to convert Direct Current to Direct Current (DC-DC) in either a higher or lower voltage. This is primarily used in power electronics applications. The STEVAL-ISV005V2 is a Pulse Width Modulation (PWM) mode DC-DC Converter designed to maximize power generated by a photovoltaic energy system. This is accomplished using different transistors and inductors programmed with a Maximum Power Point Tracking (MPPT) Algorithm programmed into the SPV1020 device. The ISV005V2 is shown in Figure 25
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Figure 25: ISV005V2
2.3.11.1.1 Specification
In addition to being specifically designed for Photovoltaic energy conversion, the ISV005V2 also offers the following features:
· ISV005V2 DC-DC Converter
· Cost: $0 (Provided by school)
· Voltage operation 0-40V
· 98% efficient
· Overvoltage, overcurrent, and over temperature protection
2.3.11.1.2 Advantages
The ISV005V2 was purchased by last year’s design team and as a result is not included in this year's budget. In addition, being specifically designed for PV energy conversion, installation time can be almost completely ignored. The efficiency of the ISV005V2 is also extremely high which is incredibly important for the main project objective. 
2.3.11.1.3 Disadvantages
Unfortunately, the ISV005V2 output voltage is set to be dependent on the input voltage and maxes out at 28.8V. Greater variability in this regard would be highly desired. 
2.3.11.2 DC to DC Boost Converter Design 2
The Tamura TCDC7001 is DC-DC converter manufactured by Tamura specified for use in photovoltaic applications. This DC-DC converter features a wide input voltage and can generate output voltages up to 24V (+/- 5%).
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Figure 26: TCDC-7001

2.3.11.2.2 Specification
    The Tamura TCDC7001 is specifically designed to boost input voltages from a photovoltaic source such that the may be utilized in other applications. The Tamura TCDC7001 offers the following features:
· Fault protection from overload, short circuit recovery, over voltage and over-temperature
· Wide DC input range
· 80% typical efficiency
· Cost: $90.00
· Height: 2.36in
· Width:3.52in
· Length: 4.13in
2.3.11.2.2 Advantages
The Tamura TCDC7001 is encapsulated in plastic casing, which is beneficial considering that all electrical components need to be protected by a fireproof bulkhead. In addition, the size of the component is very manageable given the small size of the overall car design.
2.3.11.2.3 Disadvantages
Unfortunately, the output voltage from the Tamura TCDC7001is still rated at 24V, which is still lower than what last year’s testing plan hypothesized is required for proper charging of the battery. Also, compared to the ISV005v2, the efficiency is not quite ideal.
2.3.12 Bulkhead Design
For the Shell Eco-Marathon Challenge the vehicle is required to have a permanent bulkhead which completely separates the driver compartment from the energy and propulsion systems. At this point in the design process the final bulkhead design cannot be determined because the placements of the different parts (Motor Controller, DC Booster, Battery, etc.) are not finalized. Once the sitting position of our driver is also determined, and the petals have been considered, the bulkhead can be designed.
2.3.13 Solar Panel Placement
2.3.13.1 Solar Panel Placement Design 1
	The initial placement that was considered for the panels was to have them installed on the roof of the chassis. Since the top of the car is made entirely out of carbon fiber, the solar panels would be installed using a solid plate which is shelled out with square compartments for the solar junction boxes that are attached to the panels.
[image: ]
Figure 27: Solar Panel Placement Design
2.3.13.1.1 Specifications
· Surface area of Solar Panels is 0.17 m2 
· Mono-crystalline Solar cells
· 0.3 m x 0.7 m shelled plate (approximation)
· To be placed on the hood of the car.


2.3.13.1.2 Advantages
	As discussed earlier in the report, the solar panels will be able to produce more voltage when the rays of the sun are as perpendicular to the panels as possible. The average solar energy that is incident to earth’s atmosphere is approximately 1000 W/m2. So the maximum power that can ever be produced by the solar cells with an area of 0.17 m2 is 170 watts, where that output would only occur on a bright and sunny day with no clouds.
2.3.13.1.3 Disadvantages
	The position the driver will have to sit to implement this design would be extremely inconvenient as discussed previously in section 2.3.2.1.3 of this report.
2.3.13.2 Solar Panel Placement Design 2
	Another consideration for the placement of the solar panels is to have the panels lay on the hood of the car using a different shelled plate.
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Figure 28: Solar Panel Placement Design 2
2.3.13.2.1 Specification
· Surface area of Solar Panels is 0.17 m2 
· Mono-crystalline Solar cells
· 0.3 m x 0.7 m shelled plate (approximation)
· To be placed on the hood of the car.
2.3.13.2.2 Advantages
The benefits for this implementation of the solar panels will be same as those described in Section 2.3.2.2 in which the seat position is directly correlated with the solar cells placement.
2.3.13.2.3 Disadvantages
	The main disadvantage is that the panels will lay at an angle down from the sun.  So if the sun at noon is facing east, facing west when going around a circular track would slightly diminish the power output.
2.3.13.3 Solar Panel Placement Design 3	
The last implementation the team is considering is to design a custom spoiler (racecar wing) at the “trunk” of the car that would hold the solar panels.
2.3.13.3.1 Specification
· Surface area of Solar Panels is 0.17 m2 
· Mono-crystalline Solar cells
2.3.13.3.2 Advantages
	The benefits for this implementation is that it would allow the panels to sit perpendicular and give the designer for the seat and steering systems more options to choose from.


2.3.13.3.3 Disadvantages
	The main disadvantage is that adding a spoiler would add extra weight and increase the drag resistance on the car.
3   Proposed Design
3.1   Overview:
	The proposed design selected by the team will maximize the safety and efficiency of the vehicle while minimizing cost. Two top level block diagrams are provided below to show the inner workings and connections of various mechanical components. During the selection process many of the components were selected using a comparison matrix which related our key design features against each proposed component design. In each of the comparison matrices, a higher value corresponds to a more optimal choice.
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Figure 29: Mechanical block diagram
3.1.1   Seat
The design and implementation of the seat is an essential part of this solar car. This is because all of the key components of the solar car such as the steering column, brake system, roll bar, rear bulk head, and position of the solar cells need to be designed and referenced around the seat. This is one of the primary parts that needs to be manufactured as soon as possible.  Based on the comparison matrix, seat design 2 with the standard 20o layback position is the optimum choice; despite the fact that the roof of the car will need to be cut, thus increasing drag. The implementation for this design 2 is simpler than the other because the rails at the bottom of the seat can be mounted directly to the balsa wood on the groundwork of the car. It is also a much safer design that would allow more maneuverability. When strapped down in a laydown position as in seat design 1, exiting the car quickly in case of an emergency, especially if the car were to roll over, would be more difficult. Also, the seat for design 1 would not be able to slide front and back like that in design 2.
3.1.2 Comparison Matrix:
	Design Options
	Cost
	Weight
	Safety
	Implementation
	Total

	Seat Design 1
	1
	2
	1
	1
	5

	Seat Design 2
	2
	1
	2
	2
	7


Table 1: Seat Design comparison matrix
3.2   Roll Bar and Motor Mount 
Design 3 was chosen because the total benefits outweighed the other two designs.  The safety is the most important criteria to impose on the roll bar. The table for the roll bar design shows that the safety of design 3 is the highest out of the other two designs. The benefits can be found in section 2.3.8.3.
3.2.1 Comparison Matrix:
	Design Options
	Cost
	Weight
	Implementation
	Safety
	Total

	Design 1
	1
	2
	2
	2
	7

	Design 2
	3
	3
	1
	1
	6

	Design 3
	2
	1
	3
	3
	9


Table 2: Roll Barr comparison matrix
3.3   Front Wheel Mount and Steering Assembly 
The proposed design chosen for the car’s front wheel mount and steering assembly is Design 1. Design 1 was the simplest of the three designs and could be constructed in the Engineering School’s machine shop. Since there are less moving parts and the forces at the point where the wheel connects to the assembly is at a minimum, it ranked the highest of the three designs.
3.3.1 Comparison Matrix:
	Design Options
	Cost 
	Weight
	Safety
	Implementation
	Total

	Design 1
	3
	3
	3
	3
	12

	Design 2
	2
	1
	1
	1
	5

	Design 3
	1
	2
	2
	2
	7


Table 3: Front Wheel Mount and Steering Assembly comparison matrix
3.4   Front Wheel Brakes
For the front braking system the team has decided to go with the caliper style braking system with the L- Bracket design. Our comparison matrix showed that both design were equally acceptable for our design. The caliper braking system is capable of producing larger stopping forces than traditional bicycle brakes and therefore was chosen by the group as the proposed design for the vehicle. 
3.4.1 Comparison Matrix:
	Design Options
	Cost
	Weight
	Safety 
	Implementation
	Total

	Design 1
	1
	1
	2
	2
	6

	Design 2
	2
	2
	1
	1
	6


Table 4: Front Wheel Brakes comparison matrix
3.5   Steering System 
The proposed design for the steering system is the rack and pinion which was design 1. Although the rack and pinion design will need to be ordered and will in turn cost more than design 2. It makes up for this with its ease of implementation and its increased safety factor. Using a rack and pinion will decrease the amount of force required to steer the car. This increases the vehicle’s maneuverability and thus the safety of our design. Implementing the rack and pinion into the design will only require the team to bolt the steering assembly onto the chassis.
3.5.1 Comparison Matrix:
	Design Options
	Cost
	Weight
	Safety
	Implementation
	Total

	Design 1
	1
	2
	2
	2
	7

	Design 2
	2
	1
	1
	1
	5


Table 5: Steering Design comparison matrix




3.6   Rear Wheel Brakes
 The braking system must be capable of supporting the full weight of the vehicle on a 20 degree incline. Design 1 shows a higher safety and implementation characters, which means design 1 is a better choice for the rear brake system. More details about the benefits can be found in section 2.3.9.
3.6.1 Comparison Matrix:
	Design Options
	Cost
	Weight
	Implementation
	Safety
	Total

	Design 1
	2
	2
	2
	2
	8

	Design 2
	1
	1
	1
	1
	4


Table 6: Rear Wheel comparison matrix
3.7   Component Placement
The parts placement selection was for maintaining safety and a uniform weight distribution in the chassis. Design 2 gives a more uniform weight distribution and decreases the amount of torque required for the motor to mobilize the car.
3.7.1 Comparison Matrix:
	Design Options
	Cost
	Weight
	Safety
	Total

	Design 1
	1
	2
	1
	4

	Design 2
	2
	1
	2
	5


Table 7: Component Placement comparison matrix





3.8   Overall Electrical Components 
The overall electrical design will be designed as illustrated above in the Block Diagram. The solar panels will be connected to the DC-DC converter. The DC-DC converter will increase the solar panel voltage from 12V to 26V in order to power the 24V propulsion battery. The DC-DC converter is connected to the propulsion battery source. [image: ]
Figure 30: Electrical top-level diagram
3.8.1 Motor Controller
For competition purposes, the three main blocks of the motor controller’s top level block diagram are the single board controller, driver stage and power stage. The user interface communicates over a standard or proprietary field bus that Generates the proper switching patterns to control the motor’s motion based on feedback from the host. The gate drivers generate the necessary voltage and current required to accurately and efficiently drive the MOSFETS or IGBTs in the power stage.
3.8.2: Motor Controller: Single Board Controller
           The team is searching for a single board controller that is low in price, yet, efficient. It is especially imperative that the board is capable of implementing the specifications for the overall controller. Nonetheless, the TI RDK-BLDC is the board chosen. It is the second most cost efficient board. With over current protection and direct three phase connections for the motor, the TI RDK-BLDC is the safest and most efficient board.
3.8.2.1 Comparison Matrix  
	Design Options
	Cost
	Implementation
	Safety
	Efficiency
	Total

	TI RDK-BLDC
	3
	3
	4
	4
	14

	TI Launchpad
	4
	1
	1
	1
	7

	TI TMS320F28
	1
	2
	2
	2
	7

	ATMEL ATAVRMC100
	2
	4
	3
	3
	12


Table 8: Single Board Controller comparison matrix
3.8.3: Motor Controller: Gate Driver
When choosing a gate driver, the same qualities that were considered for the single board controller were also considered for the gate driver. Although the TIDRV8301DCA was more expensive, it was also safer and more efficient.





3.8.3.1 Comparison Matrix  
	Design Options
	cost
	implementation
	safety
	efficiency
	total

	IR 3230SPBF
	2
	1
	1
	1
	5

	TI DRV8301DCA
	1
	2
	2
	2
	7


Table 9: Gate Driver comparison matrix
3.8.4 DC to DC Boost Converter
The DC-DC converter is an essential part in the energy conversion system. The main objective of which is to transform the solar energy generated into the appropriate voltage to charge the Li-ion battery. Several DC boosting systems were considered last year in order to make sure that the appropriate system was implemented. However the ISV005V2 was chosen due to its’ built-in MPPT algorithm, safety features, and it’s compatibility with solar systems. 
	Unfortunately, the ISV005V2 was not successful in charging the battery last year. This was attributed to the converted voltage being too low when connected to the Turnigy watt meter or the internal resistance of the battery. As a result, the proposed solution for this year is to change the output voltage of the converter through either a part replacement or modification of the existing DC-DC converter.
3.8.4.1 Comparison Matrix  
	Design Options
	Cost
	Implementation
	Safety
	Efficiency
	total

	ISV005V2
	2
	2
	1
	2
	7

	TCDC-7001
	1
	1
	2
	1
	5


Table 10: DC-DC Converter comparison matrix


3.8.5 Solar Panel Placement
As stated in section 2.3.6, optimizing the solar cells voltage output is essential. This is because the voltage output is directly correlated to the amount of sunlight hitting the photovoltaic cells that is converted into electricity to charge the battery. This solar car competition is heavily based on the efficiency of the system as a whole. The fuel economy is defined as the distance traveled over the net propulsion energy (km/KWh). The net propulsion energy is calculated by the motor propulsion energy minus 20% of the solar energy used during the run. This is why it is necessary to have the sun hitting the cells at a prime position at all times. The comparison matrix revealed that placing the solar panel on the hood of the car is the best choice. This is because of the convenience this position allows for other components of the solar car to be implemented. Also the less wiring that can be done from the solar panel to the battery, the better, therefore the battery will be positioned in the front of the car.
4   Statement of Work (SOW)
4.1   Task 1: Project Management
Project Leader - Fritz Jeanty manages the team as whole, develops a plan and timeline for the project, and delegates tasks among group members according to their skills.  He finalizes all documents and provides input on other positions when needed. He organizes and plans all meeting and keeps a record of the correspondence of the team.  He is responsible for the overall plans and progress of the project.
	Lead Mechanical Engineer - James Croasmun leads all mechanical engineering design aspects of the project.  He is responsible for keeping a line of communication with the lead ECE, IE, and project leader and relaying all pertinent information to the mechanical engineers.  Moreover James is responsible for knowing all design details and presenting each option to the team.  He keeps a record of all design documentation and is responsible for the gathering of design documentation for all reports.
	Lead Electrical Engineer - Zachary Barr is responsible for all ECE design for the project.  He maintains a line of communication with the lead ME, IE, and the project leader.  He keeps record of all ECE design documentation for the project.
	Financial Advisors - Jose Cardenal and Francois Wolmarans together manage the budget and maintain a record of all transactions made for the project.  They will present any product or expenditure requests to the advisor who is then responsible for reviewing the analysis of equivalent/alternative solutions.  They relay information to the team and if the request is granted they order it.  They will keep a record of the analysis and budget adjustments.
	Secretary- Julia Clarke is responsible for recording all meeting minutes.  She manages the posting of materials and documents to the website.
	Rules Requirements Advisor/PRO-E Manger - David Jolicoeur is responsible for making sure the project is in compliance of the rules for the Shell-Eco Marathon competition.  He will inform the team if we do not meet the requirements for the competition.  He is also responsible for all designs that will be drawn using Creo Parametric 2.0 and will then present the designs to the team.
	Installations Manager - Wael Nabulsi is responsible for the component installation process for the car.  He will inform the team when a component needs to be installed, and with the team’s approval will install the component.  He is also responsible for making sure the chassis is not affected by the installation of different components.


4.2   Task 2 Mechanical Component Design:
4.2.1 Objective	
The goal for the mechanical engineers on this design project is to produce a safe, properly operating vehicle that adheres to all of the qualifications set forth by the Shell Eco-Challenge Marathon Competition. The main objective of this design team is to have a prototype ready and able to compete this summer in the competition. In order to do this the design team will have to be successful in implementing the steering system, braking systems, solar panels, and the bulkhead.
4.2.2 Approach
When designing the individual components of the solar car the team will conform all our designs to fit in with the components created by last year’s design team. The design team will construct the final components of the solar car while maintaining a light weight aerodynamic design. Research will be done with the focus on ensuring that a highly efficient design is maintained. Each component will be built and assembled in Creo Parametric 2.0 to ensure an optimal design for each product. Within this program, the team will be able to test the structural integrity of each part that is to be manufactured. Once tested digitally the final confirmations will come from our mechanical mentor Dr. Hollis and the head machinist.
4.2.3 Sub-Tasks
4.2.3.1   Seat
4.2.3.1.1 Objective
	To allow the driver to ride comfortably in the vehicle while maintaining a full range of visibility, the seat will have a 5-point racing harness which will conform to the requirements set by the Shell Eco Challenge Marathon. 
4.2.3.1.2 Approach	
Research was done on standard racing car seats. The key factors governing seat design are arm position, leg position, and comfort. The ergonomic functionality will be taken into consideration when deciding on the final design.  
4.2.3.1.3 Test/Verification Plan
	Upon completion of the design a structural analysis will be done on Creo Parametric 2.0 using different materials. A comparison matrix will be completed to decide which material is ideal for this vehicle. The required 5-point harness stress test will be completed once the seat has been constructed and installed using a motor lift located at the College of Engineering
4.2.3.1.4 Expected Outcome
	The seat will be capable of handling the 5-point harness stress test and will not deform after long periods of use. It will be able to allow drivers of multiple heights to operate the vehicle. If the seat were to fail a new design would have to be reconstructed, or a new material chosen for the existing design.
4.2.3.2 Roll Bar and Motor Mount
4.2.3.2.1 Objective
	The main objective of the roll bar is to keep the driver safe in case of a roll over or a crash, and to support the full weight of the car. If the car was to roll over the roll bar will behave as a damper and absorb the full impact, keeping the drives head protected. The dimensions must be 5 cm above the drivers head, and approximately 2 cm along the shoulders. The structural strength of the roll bar will be tested by applying a static load of 700 N.
4.2.3.2.2 Approach
	The first step in the design process is to assemble pro engineering drawings with proper dimensions according to the driver. The dimensions will be recorded with the driver fully seated and fasten with the helmet on. After the proper dimensions are recorded and implemented into the pro engineering drawings they will be verified by the machine shop instructor for production.
4.2.3.2.3 Test/Verification Plan
	To test the rigidity and structural strength of the roll bar a computer stimulation program will be used. By inputting the type of material used with all the required dimensions, testing can be done by changing the static loads. After testing on the Adams software, the drawings will be taken to the machine shop instructor to verify the accuracy of the design. 
4.2.3.2.4 Expected Outcome
	After production is completed the roll bar will be bolted to the chassis and the tallest team member will be used to verify the 5cm clearance gap between the helmet and the roll bar. If the roll bar fails to meet the requirements a new design will be constructed immediately. If the height of the roll bar is two short the arced section will be cut off and replaced by extended bar. If the strength test fails a different material will be selected and implemented into the existing design.
4.2.3.3   Front Wheel mounts and Steering Assemblies
4.2.3.3.1 Objective
	To allow the vehicle to meet the requirement of having a maximum turning radius of 8 meters, the front wheel mounts and steering assemblies will be able to withstand all the forces placed on the wheels during operation. The car will be able to properly turn left and right, as well as safely navigate the race track.
4.2.3.3.2 Approach	
	Research was done on different types of mounting bars and positions for standard vehicles, race cars, and go carts. A simple design which would meet the team’s requirements was chosen. The component will be built in Creo Parametric 2.0 to test the rigidity of the mounts and steering assemblies. Once it has been tested digitally the design will be approved by the team’s mechanical advisor. A comparison matrix will be completed to determine the type of material that should be used to construct the component. 
4.2.3.3.3 Test/Verification Plan
	Once the front wheel mount and steering assemblies have been constructed they will be installed onto the chassis. Weights will be placed in the hull of the chassis till the car is at its maximum weight and the mounts and assemblies will be checked for any deformation. Once the rigidity of the mounts is proven the turning radius will be checked by pushing the car in a circle first to the left and then to the right. This will ensure that our steering is the same one direction as it is in the other.
4.2.3.3.4 Expected Outcome
	The front wheel mounts are expected to successfully support all loads applied to each tire and mount. They will allow the car to have a turning radius of a maximum of 8 meters in both directions. The steering assemblies will work smoothly and efficiently. 
4.2.3.4   Front Wheel Brakes
4.2.3.4.1 Objective
	To operate independently and correctly from the other mechanical and electrical systems. They will allow the car to navigate the race track safely. The stopping force must be efficient enough to hold the car steady with the driver in the cockpit on a 20 degree incline. 
4.2.3.4.2 Approach	
	Research will be done to verify that the proper caliper and shoe size is obtained so that the required force to hold the car steady on the 20 degree incline test is reached. Once the required forces are known and the size of materials are determined they will be built digitally using Creo Parametric 2.0 to ensure they will fit into our design. The final design will be brought before our mechanical administrator to ensure correctness before an order is placed for the parts 
4.2.3.4.3 Test/Verification Plan	
	Once the parts have been installed onto the chassis, the vehicle will be transported to FAMU campus where the hills will be used to ensure the brakes are capable of holding the vehicle steady on the minimum incline of 20 degrees.
4.2.3.4.4 Expected Outcome
	It is expected that the brakes will have no issue holding the car steady at a 20 degree angle. If they do happen to fail the test the shoes and calipers will be returned and a larger set will be ordered. 
4.2.3.5   Steering System
4.2.3.5.1 Objective
	To allow the driver to maneuver the vehicle safely throughout the course, the rack and pinion steering system will require less force to turn the wheel and will apply a smoother steering action to the design. When connected with the front wheel mounts and steering assemblies, the rack and pinion will allow the car to have a maximum turning radius of 8 meters.
4.2.3.5.2 Approach
	Research was done on different types of rack and pinions and their various applications. Once a specific model is identified as a good match for the design in CAD file, it will be added to our Creo Parametric 2.0 digital design if available. If there is not an available CAD file there will be one constructed from the specifications provided by the manufacturer.
4.2.3.5.3 Test/Verification Plan
Once the part has been built digitally it will be included into the assembly on Creo Parametric 2.0. This will ensure that the design will fit into the chassis.  Once ordered, the part will be installed into the chassis and hooked to the Front steering assemblies. The turning angles can then be identified and verified to ensure the proper angles is met to ensure a turning radius of 8 meters can be obtained.
[bookmark: _GoBack]4.2.3.5.4 Expected Outcome
The rack and pinion steering system will allow our design to meet the requirement of having a maximum turning radius of 8 meters in both directions. It will also decrease the amount of force required to turn the steering wheel. If the rack and pinion were to fail another module would have to be ordered from the manufacturer which would increase the manufacturing time and cost. 
4.2.3.6 Rear Wheel Brake
4.2.3.6.1 Objective
	The objective of the rear brakes is to operate fully independently from the front hydraulic brakes. The braking force must be capable of supporting the full weight of the car on a 20 degree incline. The design that was chosen is a bike braking mechanism bolted directly on the wheel mounts, this design was chosen do to its light weight and strength.
4.2.3.6.2 Approach	
	Bike brakes will be bolted down at an angle due to the wheel mount placement on the roll bar. The first step is to calculate the angle of the incline and to take precise measurements of the gap between the tire and the wheel mount.  To account for the spacing extra links or spacers will be added to accomplish the most effective stopping mechanism on the tilted wheel mount.
4.2.3.6.3 Test/Verification Plan
	To test the rear braking mechanism the car will be placed on a 20 degree incline with the driver and the rear brakes will be activated. A force analysis calculation will be accomplished to identify the amount of force applied on the rear wheel. The second test will be to calculate the distance and time it takes for the car to fully become immobilized when the brakes are applied. Proper adjustments will be made according to their results if needed.
4.2.3.6.4 Expected Outcome
	The brakes must be fully capable of supporting the full weight of the car on a 20 degree incline with any movement. If this test fails new brake design will be required and bigger brake shoes will be used to acquire the proper stopping force.
4.2.3.7   Component Placement
4.2.3.7.1 Objective
	Designing and placing each electric component in the proper location is important in maintaining safety. The first idea that comes to mind is how weight distribution can be most uniform, and how can the amount of resistances in the wires be minimized. All the electric components must be well insulated and away from the driver at all times. The electronics must also be covered with a fire retardant material to avoid any flames.
4.2.3.7.2 Approach
After identifying all the requirements a schematic diagram will be constructed to identify the most accurate way to install and avoid any accidents or voltage build up.
4.2.3.7.3 Test/Verification Plan
	The car weight will be measured on an engine hoist mechanism to allow the team to verify the accuracy of the weight distribution about the center of gravity. The second test will be to run the car on a sunny day and take measurements of voltage and temperature drops after about two hours of operation.
4.2.3.7.4 Expected Outcome
	After installing all the components the temperature in the wires must maintain a constant temperature, and the weight distribution should only be slightly more at the rear of the vehicle. If the temperature rise is significant more insulation will be used to accommodate for excess resistance. Parts will be moved around accordingly if the weight of the rear exceeds the front by a large percent.
4.2.3.8   Solar Panel Implementation
4.2.3.8.1 Objective
	The main purpose of the solar panel placement is to find a position that will maximize the efficiency of the photovoltaic solar cells in converting solar energy into electricity. The solar panel must be flush on the surface of the chassis. It must be able to produce 12 volts of electricity consistently in order to maintain full charge of the Lithium-Ion battery.   
4.2.3.8.2 Approach
	The best approach was to find the simplest and most convenient position on the vehicle chassis that would not significantly decrease the voltage output. Calculations were taken to determine the theoretical voltage output of the solar panels at various angles. 
4.2.3.8.3 Test/Verification Plan
	Through the use of a comparison matrix, it was determined that placing the panels on the hood of the car would be the suitable design. It will allow the team to place the panels so that the angle between the solar panels and the horizontal is minimized. To test that the panels are capable of charging the battery, the solar panel module will be placed in the sun at the same angle the hood of the car sits from the horizontal, at which point the voltage will be measured using a voltmeter.  
4.2.3.8.4 Expected Outcome
	The solar panels will not only charge the propulsion battery, they will also maintain its charge so that the vehicle can run as long as there is enough sunlight hitting the panels. If the panels are unable to charge the battery, a new DC to DC boost converter will be purchased or redesigned. 
4.3   Task 3: Electrical Component Design:
Jeanty is responsible for all phases of the motor controller and Barr is the head electrical engineer. As a result, Jeanty and Barr are responsible for the selection of electrical components.
4.3.1 Objective
The purpose of the motor controller and every electrical component is to safely drive the motor and ensure the proper operation of the horn and additional accessories in regards to the Shell Eco Marathon Competition. It is imperative to choose the correct components with appropriate electrical specifications while maintaining the integrity of the overall electrical and mechanical design. Failing to choose the correct components can lead to implementation difficulties, destruction of purchased components, increased total cost due to the possible necessity for additional components or incompletion of the project. Each component selection will be approved by a second engineer of the team and discussed with the main advisor to minimize the possibility of improper component selection.
4.3.2 Approach
Cost and efficiency will be the main approach when selecting the electrical component. The electrical components can get expensive, especially when dealing with higher currents. As a result, if a component is already in the possession of the team or can be accessed through the University, those components will be considered in the selection process.





4.3.3 Sub-Tasks
4.3.3.1   Motor Controller: Board Controller
4.3.3.1.1 Objective
The Single Board Controller will be the integrating tool between the selected components for the entire motor controller. The proper selection of the single board controller will dictate the overall progress of the microcontroller.
4.3.3.1.2 Approach
The main approach when considering the board controller will be the board’s compatibility with a 3 phase BLDC motor. Additionally, it must be able to operate at a minimum 24V. The team plans on using the TI Launch Pad and an alternate BLDC motor as trials before operating on the initial motor. This can prevent significant mistakes and damage to the initial motor and motor controller.
4.3.3.1.3 Test/Verification Plan
There will be a thorough check for compatibility between the board controller and the selected gate driver and most importantly, the motor, before purchase. The board must be able to operate at a minimum 24V and three phase.
4.3.3.1.4 Expected Outcome
Purchasing a board controller that is compatible with all other components of the controller in the initial stage will allow additional time for more difficult tasks, such as programming the controller if previous programs cannot be used. If the board is not compatible, a new board must be researched before moving on to any programming or testing.



4.3.3.2 Motor Controller: Gate Driver
4.3.3.2.1 Objective
The gate driver must be able to generate the necessary voltage and current required to accurately and efficiently drive the IGBT. Otherwise, the Pulse width modulation controller will not be able to provide the required output current. As a result, the motor will not operate.
4.3.3.2.2 Approach
It is imperative that the gate driver is able to generate the necessary current to drive the IGBT. The Gate Driver will be selected based on the specifications of the IGBT used.
4.3.3.2.3 Test/Verification Plan
The testing plan for the gate driver is similar to that of the board controller. To avoid unnecessary costs, the specifications will be researched prior to purchasing to ensure compatibility with all other motor controller components.
4.3.3.2.4 Expected Outcome
	It is expected that a gate driver compatible with all other components of the controller will be purchased initial. Hence, the proper current will be passed to operate the motor without any difficulties. 
4.3.3.3   Accessory Battery
4.3.3.3.1 Objective
	The accessory battery is to power all electrical systems and ventilation for the driver so it would not have to be connected to the primary battery.  Acquiring an accessory battery will make the car more efficient because it would not draw as much power from the main battery by having certain components hooked up to an accessory battery.


4.3.3.3.2 Approach	
	The accessory battery would be purchased from a company whose battery meets the needs of the team.  The accessory battery would be a 12V lead acid rechargeable battery with a 20Ah capacity.
4.3.3.3.3 Test/Verification Plan
	When the selected battery arrives it will be tested to make sure it meets the specifications that were listed on the date sheet.  In addition we will simulate a test so that the accessory battery is not in violation of the stipulation listed above that could cause the car to get disqualified.
4.3.3.3.4 Expected Outcome
	If the battery acquired does not meet the specifications listed on the data sheet it will be sent back.  The team will acquire an accessory battery that is in compliance with all rules that will not get the car disqualified and powers required horn and the ventilation system of the car.
4.3.3.4   DC to DC Boost Converter
4.3.3.4.1 Objective
	Last year’s team has chosen to implement a ISV005v2 DC-DC converter. However in the testing phase, they determined that the converter was able to reach only 24 volts (V) or less when connected to the Turnigy watt meter or battery and thus not capable of charging the battery. It was estimated that a voltage of 26 V was necessary in order to achieve a proper battery charge. Thus, the objective of this task is to obtain the desired 26 V from the Solar panels.
4.3.3.4.2 Approach
	In order to make sure that the most cost effective decision was made in the energy conversion system, consideration into creating a custom built DC-DC converter through a 3rd party or finding a ready-made converter that satisfied the necessary output voltage. The second option is to adjust the output voltage by rearranging or replacing the voltages affecting the output voltage. 
4.3.3.4.3 Test/Verification Plan
	Research into both possible courses of action took place along with referencing the test and verification reports detailed in the final report of last year’s senior design. It was determined that the main problem with the existing DC-DC Converter was that when connected in series with  the Turnigy meter or batter, the voltage output from the DC-DC converter dropped. 
4.3.3.4.4 Expected Outcome
	It was determined that the second option of replacing the resistors on the ISV005V2 board was the most beneficial and practical. This was determined by several factors. First, the scarcity of DC-DC converters already designed to boost 12 V to 26V. Secondly, a large amount of time and money would be necessary in order to custom build a DC-DC converter given the specifications.
	The existing board is also a very good option due to its’ built in Maximum Power Point Tracking (MPPT) algorithm, and efficiency rating comparable to the ISV005V2.It is advertised that the ISV005V2 operates at an efficiency of 98%. The option of having a custom built DC-DC converter would not guarantee that high level of efficiency or implementations of the MPPT algorithm.
4.3.3.5   Output Voltage Correction
4.3.3.5.1 Objective
	In order to sufficiently charge the battery in all situations, the output voltage must be able to reach 26V or higher. A secondary objective is to maintain an efficiency comparable to the original 98%. The integrity of the board protection from current or voltage overload is also paramount to the driver safety.
4.3.3.5.2 Approach
The output voltage of the ISV005V2 is capable of reaching up to 28.8V without damage to the board. In order to change the output voltage, the resistor arrangement on the ISV005V2 must be changed. This can be accomplished with micro soldering. The values of the existing resistors can be found through the schematics provided through the Steval website and are shown in Figure 31. Then the correct values can be calculated, purchased and installed.
[image: https://lh3.googleusercontent.com/xQhkvfdH8-RTfgYALLIUhlEsgw-FCoRwzcs5Qyv0KN4MiLbDnzWtk_ThrY3OyA9WC1UavejYjm-Ed_2mJhfBEsQaRXPpKWnTDn5urT_9hKRaVrxQ23Li5tPKFA]
Figure 31: ISV005V2 Circuit Schematic
4.3.3.5.3 Test/Verification Plan
		In order to be absolutely sure that the calculations are correct, simulations will be constructed using the MultiSim circuit design program. After a sufficient amount of testing with different combinations of resistor values are conducted, the solution that will require the leas amount of alteration to the board will be chosen as the correct course of action.
4.3.3.5.4 Expected Outcome
	The new resistor(s) values will be purchased through a third party such that they are able to fit into the board and are rated to the same current and voltage standards as well as tolerance. This task should take less than a week to accomplish accounting for shipping time. 
4.3.3.6   Resistor Correction
4.3.3.6.1 Objective
	The main objective is to achieve an output voltage of at least 26V such that the battery is able to be charged. Another objective is to avoid damage to the board’s other components in order to maintain the ISV005V2’s functionality.
4.3.3.6.2 Approach
	Micro soldering will be the technique used to replace the resistor(s) so that the correct output voltage can be achieved. Safety precautions for the ISV005V2 board will be the utilizations of a heat sink as well as Helping Hands. 
4.3.3.6.3 Test/Verification Plan
	First, the heat sink will be used so that the insulation of the board does not melt while changing the resistors. This will be paramount to maintaining functionality after the resistor change. Secondly, Helping Hands are a device that hold the object in place while soldering to avoid error caused by shaky hands or slipping. The Helping Hands will most likely be provided via senior design lab, College of Engineering or privately funded by a group member.

4.3.3.6.4 Expected Outcome
	The ideal outcome of this task is for the functionality of the ISV005V2 board to be maintained as well as the output voltage to be increased to the required voltage. The newly soldered DC-DC converter will then be tested to see whether or not the correction was a success.
4.4   Safety Testing Plan:
The team has completed a preliminary safety testing plan. As the project progresses and design decisions have been analyzed and finalized, the group intends to add to the safety testing plan. Below are the safety testing plans as outlined in the Needs and Requirements Analysis:
SR-2.001: A permanent ﬁre retardant Bulkhead must completely separate and effectively seal the vehicle’s propulsion and energy storage systems from the driver’s compartment.
	Location: COE parking lot
	Tester: All team members
	Steps: 
1) Use pre-certified fire-proof materials to seal the compartments.
2) Use a compressed air or liquid test to ensure that compartments are fully sealed.
SR-2.002: Fully harnessed drivers must be able to vacate their vehicle at any time without assistance in less than 10 seconds.
	Location: COE parking lot
	Tester: All team members
	Steps: 
1) Test the nominated driver with a stop watch to ensure that they are able to exit the vehicle within 10 seconds with the current design.
SR-2.003: The safety harness for the driver must be propriety, i.e. speciﬁcally manufactured for motorsport use, and withstand a force of at least 1.5 times the driver’s weight.
	Location: COE parking lot
	Tester: All team members
	Steps: 
1) Add additional material to driver while in harness to test whether it can withstand 150% of driver weight.
SR-2.004: Vehicle must be ﬁtted with a ﬁre extinguisher (ABS or BC type) with minimum extinguishing capacity of 2lb.
	Location: COE parking lot
	Tester: All team members
Steps: 	
1) Ensure that fire extinguisher has an extinguishing capacity of at least 2 lb.
2) Make sure that the extinguisher is included in the chassis while maximizing ergonomics.
5   Risk Assessment
5.1   Competition Requirements:
	In order to compete in the Shell Eco Challenge Marathon a technical write up for the vehicle is required. The technical write up must include a detailed description of the motor, motor controller, and all electrical and mechanical systems. Most of these components and systems are going to be built by the senior design team but the motor was left to them by last year’s team. The motor that was purchased last year did not come with a technical description nor is one readily available online. The team member assigned to completing the technical write up will need to get in contact with the manufacture to obtain the details required for this competition.
5.2   Chassis Failure:
	The chassis to be used by this year’s team was design and manufactured by the previous year’s senior design team. It is a monocoque structure and does not contain any internal frame work. The vehicle’s shell must be able to support the full structural load of all the necessary components without any deformation occurring. If the chassis is not able to support the full load of the necessary components and the driver it will have to be redesigned and remanufactured. This could lead to a total project failure and the design team will not be able to compete in the competition. In order to not jeopardize the structural integrity of the vehicle any drilling into the chassis must be kept to a minimum. 
5.3   Bulkhead Design and Installation:
	For the Shell Eco Challenge Marathon it requires that a permanent bulkhead be installed that separates the driver from all electrical and propulsion system components. The final layout of the electrical and mechanical systems has not been finalized and is likely to change during the design process which leads the design of the bulkhead to be put off till later in the design process. Leaving a major component that is required to compete till later in the process is risky but by using materials available in the Engineering School machine shop and simple designs the engineering team hopes to minimize this risk. If the design team is not able to complete the bulkhead they will not be permitted to compete in the competition.
5.4   Motor Controller Failure:
New for this year, the competition requires that each team construct their own motor controller. Building and programing a motor controller for a DC Brushless 3 phase motor is new to the design team. If they fail to properly construct the motor controller it could lead to a catastrophic design failure. The vehicle would likely not operate properly and could cause the motor to burn out or even overload the wires and circuits.  By starting this process early in the design phase and using a mock motor during the testing phase the team hopes to minimize this risk.
5.5   DC to DC Boost Converter Failure:
	The DC- Booster is what will allow the team to charge the propulsion battery from the solar panels. Last year’s design team was not able to charge the battery due to improperly placed resistors on the DC-Booster’s circuit board. If the design team is unable to reorder these resistors properly the panels will not be able to charge the battery during operation which was a key aspect in the design. To ensure this aspect of the design is operating properly it is one of the first tasks scheduled by the team in the design process. Once completed it will be tested to ensure it is operating properly before being installed into the chassis.  
5.6   Steering Failure:
	The competition requires the design team’s vehicle to have an 8 meter turning radius. By designing the wheel mount and steering assemblies to be capable of a nearly 360 degree rotation the design team will use the steering component, either rack and pinion or plate steering, to limit the turning radius to the required 8 meters. The team will also test the vehicles turning radius prior to competition to ensure it is operating properly. This is a key requirement to compete in the competition and if the design team does not meet the requirement they will not be permitted to compete in the competition.


5.7   Braking Failure:
	The competition requires the vehicle to have two operating braking systems, one that acts of the front wheels and one that acts on the back wheels. The systems must be able to be engaged without having to remove a hand from the steering wheel. Each braking system must be capable of holding the vehicle in place on a 20 degree incline which will be tested at the competition. This will be a first time experience for the group members to design and install a fully functioning braking system. With the help of Dr. Hollis, and the knowledge of the required braking force needed to hold the car in place on the incline, the design team is confident they will be able to design and implement an efficient braking design. 
5.8   Solar Panel Installation Failure:
	Shell Eco Challenge Marathon requires that the solar cells be installed and seated flush with the surface of the car. This is one area of the design process that the team has not yet addressed. The team will need to come up with a plan to meet this requirement. With the help of Dr. Hollis and the staff over at HPMI the team will be able come up with a process to properly seat and anchor our solar panels.  
6   Qualifications and Responsibilities of Project Team
6.1   Team Qualification
	The current FAMU-FSU College of Engineering 2014 Solar Car team consists of industrial, mechanical, and electrical engineers. Each member of the team possesses specific qualities, skills and abilities which qualify them to work on this project. Industrial engineers will use their cost analysis, ergonomics, manufacturing, quality, and safety skills in order to assure that the vehicle is well built and reliable. Mechanical engineers will use their design knowledge and capabilities in order to create virtual representations of each component of the vehicle. Using these virtual representations testing and analysis will be performed to ensure that every component meets the requirements and fits together properly. Electrical engineers will use their knowledge of electrical components, programing, and wiring in order to build and wire the vehicles electrical components. Using a combination of these skills and abilities the team will design, build, and test a competition ready solar car for the 2014 Shell Eco-marathon. 
6.2   Individual Tasks
	Task #
	Task Name
	Assignment

	3
	Seat design and analysis
	David Jolicoeur &
Francois Wolmarans

	4
	Seat manufacture
	All industrial and mechanical engineers

	5
	Seat installation
	All industrial and mechanical engineers

	6
	Roll bar design and analysis
	Wael Nabulsi &
Jose Cardenal

	7
	Roll bar manufacture
	All industrial and mechanical engineers

	8
	Roll bar installation
	All industrial and mechanical engineers

	9
	Front wheel mount design and analysis
	James Croasmun &
Jose Cardenal

	10
	Front wheel mount manufacture
	All industrial and mechanical engineers

	11
	Front wheel mount installation
	All industrial and mechanical engineers

	12
	Front wheel steering design and analysis
	James Croasmun &
Francois Wolmarans

	13
	Front wheel steering manufacture
	All industrial and mechanical engineers

	14
	Front wheel steering installation
	All industrial and mechanical engineers

	15
	Front wheel brake design and analysis
	David Jolicoeur &
Francois Wolmarans

	16
	Front wheel brake manufacturing
	All industrial and mechanical engineers

	17
	Front wheel brake installation
	All industrial and mechanical engineers

	18
	Rear wheel mount design and analysis
	Wael Nabulsi & Jose Cardenal

	19
	Rear wheel mount manufacture
	All industrial and mechanical engineers

	20
	Rear wheel mount installation
	All industrial and mechanical engineers

	21
	Rear wheel brake design and analysis
	David Jolicoeur & Francois Wolmarans

	22
	Rear wheel brake manufacture
	All industrial and mechanical engineers

	23
	Rear wheel brake installation
	All industrial and mechanical engineers

	24
	Motor controller design and analysis
	Fritz Jeanty

	25
	Motor controller manufacture
	All electrical engineers

	26
	Motor controller installation
	All electrical engineers

	27
	Solar panel installation
	Wael Nabulsi

	28
	Tire/wheel design and analysis
	Wael Nabulsi & Jose Cardenal

	19
	Tire/wheel manufacture
	All industrial and mechanical engineers

	30
	Tire/wheel installation
	All industrial and mechanical engineers

	31
	Battery compartment design and analysis
	Wael Nabulsi & Jose Cardenal

	32
	Battery compartment manufacture
	All industrial and mechanical engineers

	33
	Battery compartment installation
	All industrial and mechanical engineers

	34
	Bulk head design and analysis
	James Croasmun & Francois Wolmarans

	35
	Bulk head manufacture
	All industrial and mechanical engineers

	36
	Bulk head installation
	All industrial and mechanical engineers

	37
	Rear mirror design and analysis
	James Croasmun & Jose Cardenal

	38
	Rear mirror manufacture
	All industrial and mechanical engineers

	39
	Rear mirror installation
	All industrial and mechanical engineers

	40
	Testing and tuning
	Entire team

	41
	Pedal and sensory component installation
	All industrial and mechanical engineers

	42
	Resistor replacement and mathematics test
	Zachary Barr

	43
	Installation of new resistors
	Zachary Barr

	44
	Accessory battery installation
	Julia Clarke

	45
	DC-DC converter test
	Zachary Barr

	46
	DC-DC converter installation
	Zachary Barr

	47
	Propulsion system wiring
	Fritz Jeanty

	48
	Accessory battery wiring
	Julia Clarke

	49
	Wiring system isolation
	All electrical engineers

	50
	System shutdown switch tests
	All electrical engineers

	51
	System shutdown switch installation
	All electrical engineers


Table 11: Individual Tasks
6.3   Individual Qualifications
	Tasks were assigned to each team member based on their individual skills and abilities. Each team member’s individual skills, knowledge, and qualifications are listed in Appendix 3 Resumes. Tasks assigned to all engineers within a specific discipline must have at least fifty percent of the engineers from discipline present in order to proceed.
6.3.1   Fritz Jeanty
Fritz Jeanty is studying electrical engineering at The FSU/FAMU College of Engineering. Jeanty is the engineer responsible for the motor controller in this project. Jeanty has taken relevant courses at the FSU/FAMU College of Engineering that qualifies 	him to work on the motor controller. These courses include: C++ programming, Electronics, Electronics Lab, Digital Logic, Digital Logic Lab, Microprocessor Based System Design and Microprocessor Based System Design Lab.
6.3.2   Francois Wolmarans
Francois Wolmarans is a senior double majoring in Industrial & Manufacturing engineering and Chinese Language & Culture. He is employed by the High Performance Materials Institute as a research assistant for carbon nanotube and grapheme related research projects. His experience in education and research has given him the skill set necessary to participate in a large and complex senior design project. Additionally, he has founded 3 startups of which 2 have been profitable. His experience in starting companies has given him the time management, communication skills, and financial expertise necessary for his role as financial advisor and treasurer for the Solar Car project. 
6.3.3   Jose Cardenal
Jose Cardenal is a senior a majoring in Industrial and Manufacturing engineering with minors in math, physics, and business. As a senior industrial engineer with all core courses completed Jose is qualified to supervise and implement ergonomic considerations, planning, scheduling, and cost analysis. He has previously worked as a Process improvement and Analysis engineer at VISA, a Research Assistant at the High Performance Research and Materials Institute, and a Mechanical Engineer at square one armoring services. His previous experience as a process improvement and analysis engineer give him the expertise necessary to assure that the vehicle will reach its optimal capabilities. Furthermore, his work in materials research and manufacturing qualify him to be the lead IE within the team.


6.3.4   Julia Clarke
Julia Clarke attends Florida A&M University and is studying electrical engineering.  Julia is responsible for the accessory battery and the emergency shutdown for the project.  Julia Clarke is currently enrolled in energy storage and learning about different types of batteries and their pros and cons.  Julia has a great interest in batteries that qualifies her to work on this part of the project.
6.3.5   Zachary Barr
Zachary Barr is currently a senior at the FSU/FAMU College of engineering and will be receiving a bachelor’s of science in electrical engineering December 2014. His experience with soldering electronics and Multisim a circuit design program qualify him to be the Lead electrical engineer for the project. As the lead electrical engineer he will be responsible for the DC-DC converter correction, and supervising all electrical aspects of the vehicle.
6.3.6   Wael Nabulsi
Wael Nabulsi is a senior mechanical engineer at the Florida State University. He is the installation manager for all the mechanical components in the car including rear brakes, front brakes, steering, and roll bar. The previous classes and experience acquired through his career will be improvised on this year’s design. All the hands on designs and machining will be completed at the Applied Super Conductivity center where he is currently employed. Wael Has had two semester of hands on machining skills at the ASC, and those skills will be applied to weld, produce, and build any component required to qualify for the solar car completion. Previous courses like intro to mechanical engineering, mechanical engineering tools, and vehicle design have outstandingly prepared him to improve, test, stimulate and develop the wining solar car for the year 2014.

6.3.7   David Jolicoeur
David Jolicoeur is responsible for all the major mechanical designs that need to be tested, approved, and manufactured for the completion of the solar car. This includes the design of the seat, new roll bar, steering systems, bulk heads, and solar panel installation. The various courses that he has passed, including mechanical engineering tools, mechanical systems, dynamic systems, and mechatronics have uniquely prepared him to be an essential part of the American Solar Car Challenge design team. In addition he is currently enrolled in Energy Conversions for Sustainability and Vehicle Design which exclusively complements this Senior Design Project to build a vehicle from a sustainable resource, solar energy.
6.3.8   James Croasmun
James Croasmun is a senior studying mechanical engineering at Famu/Fsu College of Engineering. He is the lead Mechanical Engineer on the Shell Eco-Challenge Marathon Solar Car. He will be graduating spring 2014 with a Bachelors of Science in Mechanical Engineering with a specialization in thermal dynamics. He will also be receiving minors in physics and mathematics. He is responsible for the car’s front wheel mount system and steering assemblies. He will oversee all the projects that are to be completed by the mechanical engineers and will relay information to the project leader Fritz Jeanty. He has passed various courses that have trained him to analyze, design, and construct different types of dynamic systems.  



7   Schedule
	The team has created a Gant chart to indicate the task by task scheduling from the project start to the project completion. The schedule has been broken down into four main sections: design, manufacturing, installation, and testing. All design aspects must be completed prior to the start of manufacturing in order to adhere to a concurrent engineering design philosophy. According to the Gant Chart schedule the design portion of the project will take place between October 14, 2013, and November 16, 2013. Once all design aspects have been completed the team will begin manufacturing each component of the vehicle According to the Gant chart schedule the manufacturing phase of the project will take place between December 16, 2013 and February 12, 2014.  Once the manufacturing has been completed the team will begin the component installation which will last approximately 30 days. Once all components have been installed and the vehicle is fully functioning a 15 day testing period will take place. Based on the Gant Chart results the following steps will be considered the critical path: front wheel mount design and analysis, front wheel steering design and analysis, front wheel brake design and analysis, tire manufacture, component installation, and testing.
		The team’s competed Gant chart can be found in Appendix 4 Gant Chart. The teams completed network diagram can be found in Appendix 5 Network Diagram. 





8   Budget Estimate
	Part #
	Part Name 
	Number of Parts
	Estimated Part Cost 
	Total Cost
	

	1
	Chassis
	1
	Provided
	$0.00
	

	2
	Front Wheel Mount 
	2
	TBD
	$0.00
	

	3
	Front Wheel 
	2
	$30.00
	$60.00
	

	4
	Tie Rod
	2
	$30.00
	$60.00
	

	5
	Front Wheel Brake System 
	2
	$100.00
	$200.00
	

	6
	Steering Column  
	1
	$60.00
	$60.00
	

	7
	Steering Wheel 
	1
	TBD
	$0.00
	

	8
	Roll Bar/Rear Motor Mount
	1
	$500.00
	$500.00
	

	9
	Rear Wheel Brake 
	1
	$30.00
	$30.00
	

	10
	Rear Wheel Tire 
	1
	$12.00
	$12.00
	

	11
	Seat 
	1
	TBD
	$0.00
	

	12
	Seat Mount Rail
	2
	TBD
	$0.00
	

	13
	Pedal 
	3
	TBD
	$0.00
	

	14
	Front Bulk Head
	1
	TBD
	$0.00
	

	15
	Rear Bulk Head
	1
	TBD
	$0.00
	

	16
	Motor Controller 
	1
	$200.00
	$200.00
	

	17
	Wiring (Set)
	1
	$50.00
	$50.00
	

	18
	Bolts (Set)
	1
	$50.00
	$50.00
	

	19
	Clamps (Set)
	1
	$20.00
	$20.00
	

	20
	Horn 
	1
	$10.00
	$10.00
	

	21
	Accessory Battery
	1
	$160.00
	$160.00
	

	22
	Rear View Mirror Right 
	1
	$15.00
	$15.00
	

	23
	Rear View Mirror Left
	1
	$15.00
	$15.00
	

	24
	Flame Retardant Suit 
	1
	$100.00
	$100.00
	

	25
	5 Point Harness (Seat Belt)
	1
	$80.00
	$80.00
	

	26
	Helmet 
	1
	$30.00
	$30.00
	

	27
	Paint 
	1
	$120.00
	$120.00
	

	28
	Super Capacitor (Set)
	1
	$50.00
	$50.00
	

	29
	Diode (Set)
	1
	$10.00
	$10.00
	

	30
	Odometer (Set)
	1
	$25.00
	$25.00
	

	31
	Resistor (Set)
	1
	$10.00
	$10.00
	

	
	
	35
	$1,707.00
	$1,867.00
	 

	
	 
	 
	
	
	

	
	Starting Budget:
	$6,000.00
	
	
	

	
	Expenditures:
	$1,867.00
	
	
	

	
	 
	 
	 
	
	

	
	Remaining Budget:
	$4,133.00
	
	
	



Table 12: A budget estimate of personnel expenditures

	Name
	Hours
	Hourly Pay
	Weekly Pay
	Semesterly Pay1
	Yearly Pay2
	Fringe Benefits3

	Jose Cardenal
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	Francois Wolmarans
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	Zachary Barr
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	Fritz Jeanty
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	Julia Clarke
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	Wael Nabulsi
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	James Croasmun
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	David Jolicouer
	12
	$30.00
	$360.00
	$5,760.00
	$11,520.00
	$3,340.80

	
	 
	$240.00
	$2,880.00
	$46,080.00
	$92,160.00
	$26,726.40

	1 Based on 16 week semester
	
	
	
	
	

	2 Based on 32 week year
	
	
	
	
	

	3 Calculated as 29% of yearly pay
	
	
	
	



Table 13: A summary of all costs and total estimated project cost

	Expenditure
	Cost

	Personnel
	$92,160.00

	Fringe Benefits
	$26,726.40

	Expenses
	$1,867.00

	Equipment1
	$0.00

	Sub-Total
	$120,753.40

	
	

	Overhead Costs2
	$54,339.03

	 
	 

	Total Estimated Project Cost
	$175,092.43

	
	

	1 Costs exceeding $1000
	

	2 Calculated as 45% of direct costs




9   Deliverables
	Throughout the course of the project the team will be responsible for submitting a series of deliverables including reports, presentations, and a finalized product. The project will contain three major deliverables or milestones throughout the fall semester.  Each milestone will be divided into two parts. Part one will consist of a detailed report, and part two will be a follow-up presentation for the respective report. Furthermore, the team will be responsible for creating and maintaining a team website which displays all current progress, reports, and relevant team information. 
	Competition deliverables also include a series of registrations. “Phase 1 Registration” includes a statement of motivation, preliminary car model, team name, car name, contact information, vehicle classifications, and a link to documentation and social media website. “Phase 2 Manual Registration” includes a completed vehicle manual with design specifications and drawings. 











	Deliverable
	Due Date

	Project Start 
	09/09

	Milestone 1: Needs Analysis and Required Specifications Report
	09/19

	Milestone 1: Needs Analysis and Required Specifications Presentation
	09/23-09/27

	Milestone 2: Project Proposal Report
	10/17

	Milestone 2: Project Proposal Presentation
	10/21-10/25

	Phase 1 Registration 
	10/25

	Milestone 3: Conceptual/System Level Design Review Report 
	11/14

	Milestone 3: Conceptual/System Level Design Review Presentation 
	11/18-11/22

	Peer Evaluation 
	12/06

	Phase 2 Manual Registration
	12/20

	Completed Product 
	05/2014


Table 14: Deliverables
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11   Appendix
11.1   A1: Fish Bone Analysis
[image: \\codex2\wolmafr\My Documents\Desktop\Senior Design\Completed Fishbone Diagram.jpg]



11.2   A2: House of Quality
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11.3   A3: Resumes[image: ]
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11.4   A4: Gant Chart
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development environment, on board debugging tools, a USB interface to the computer, as well as
being relatively low cost.

2.2.1 Texas Instruments LaunchPad

Although the Texas Instruments LaunchPad is extremely low priced, the microcontrollers that
can be used with this prototyping board are insufficient for the task at hand. They are two slow,
have little on board memory, as well as only having a maximum of 2 UART communication
connections.

2.2.1.1 Specifications
= Extremely Low Cost
= Texas Instruments MSP430G2553 Microcontroller
= 14-/20-pin DIP (N) socket
= Built-in flash emulation for debugging and programming
= 2 programmable LEDs
= | LED/Programmable Button, Reset Button
= Code Composer Studio Version 5 IDE
= Click Here To Visit Webpage

2.2.1.2 Benefits

= Cost: At less than $5 this is the cheapest prototyping board on the market.

= Microcontroller Packaging: The prototyping board can support both 14 and 20 pin
through pin microcontrollers which would allow the user to have more control of the
system.

= IDE: The IDE for the LaunchPad is Code Composer Studio Version 5, which has a user
friendly interface

= Interfaces: Has a USB connection to program/debug the board, as well as several
input/output connections to allow the user to develop a system on the board.
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said David Jacquinod, Product Marketing Manager, IR's Automotive Products Business Unit.

‘The IR3230SPF is available in an SOIC28 package featuring an environmentally friendly, lead-free
and RoHS compliant bill of materials.

Specifications

[E535508 | Three-phase Driver | soiczs | 6-60v | +/- 350mA

A datasheet, qualification standards, Spice Model and design tool are available via the part number
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Jose Cardenal
Fict9@my fu.edu

- Engincering GPA-389. FSUGPA'352

EXPERIENCE:
VISALAC, Miami Florida
‘Process Inprovement and Analysis Summer e 2013 0613.0813,
Crested over 70 process maps nd SOP'sfor VISA’s Global Call Ceter:
Performed prliminary re-engineering for VISA’s “Lost o Solan” cad proces.
Presented . Biness Leaders with weekly updates, icluding 3 “Final Reslt Proentstion”.
Fanilianized myself with core busine: proceses, and contol unctions within various departments.
‘Hich Performance Materials Research Insitute, Talahazzes Florida
Receareh teisant o813
‘Designed snd perforned resesich expermentsfo bio-sezsor projects.
Pesformad hizh peformancs materal: chaactenzstion s soslys (mechasicathea).
Creted casbon nanotube/Nao-Sber (ke paper) sanpls used fo esting and analy=i pposes.
Wiote snd implemented thestandard operatig proceduue for sensive reseanch squpment.
‘Responsible for updaing HPMI'schemica iventory sofware and datibase.
‘Square One Armoring Services, Miami Florida
Mechanica Engncer (Sammer Iiermchip) osnL0811
- Designed teted, 2nd oxdared over $5,000 dllarsin rmored vehicle parts.
« Crested dtsled esemblie 35d drvwings of sutomobil patswing Slidwork:
* Famnilsnized myself with the company s mamfacturing, deign, and sles rocess.
‘Lamaco Enterprise: Tnc, Miam Florda
tzictont Bookbeeper 08,08.0809
" Compiled snd reconciled company sccomts.
- Colleced employee receipts; organized sud fled expenditues by accoust.
Square One Armoring Services, Miami Florida
Secretary for the Salec and Disobuson Deparoment (Summer Tership) 06103.0808
 Clasified and orgamized sales department documents and atended depariment meeting:.

TECHNICALINON TECHNICAL SKILLS
= Six Sigma Green Belt Crtified(two cerficatons Manafcturing Based and Tramsactonsl based)

- Fluentin Spanich
* Proficientin MS VISIO, Solidworks, AutoCad, Matlb, Arena G-+, Malsism, and Microsof Office Programs
LEADERSHIP
‘America Developing Smile: (ADS)
Chairperson/ Liaisonfor imior Host Commitee 20052008

" cresoad ffle sles by aver 300%, and iced over $10.000 ox ADS iy sl yes.
« Recnuited over 20 voluntees yealy while developing ADS-Scboal elations.
* Coondinated ransportation,taining. permits nd other logistics 3 necesary.

ACTIVITIES AWARDS
- Tostitute of Indusial Enginser, Society of Manmfacturing Engineers Recruioment Chair 2012 Prezt
« Alpka Pi Mu (Eagincerng Honor Society) Trezswer e —"
« Society of Hipanic Engineers Member 2010 - Prevnt
« Prendents Lt Recipiont Fall 012, Spring 2012 & 2013
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TocalAddress: Permanent Address
724 West Carolna St e B 1011 NE 141" sreet
Talahasses, FL. 2304 M, FL 33161
Mobil: (305) 3974945 Mobil: (305) 3974945

OBJECTIVE:  Captivating Eleckical Enginser major secking 2 ner position whare [ may acquire 2 positive ok xperiencs, while
Sontrting o he company’s powth.

EDUCATION: Florida State Universiy, Tallassee, FL
Bachelorof Science in Fiecrical Enginesring
Expected graduation date: May 2004

'RELEVANT COURSES:

« Conputer Programming (C)  + Fundamental of Power Analysis  + Electronics
+Fisld Programuable Logie Device  + Elctromagnstic Fields 1 « Digal Logic

WORK EXPERIENCE:

‘The Soutiwestern Company — Nashville, N Student Manager May 2012 - Auguse 2013

+ First Vear ndspendent contractor in diretsles of adcstionl product - 1Ly - August 2012)
‘> Relocatad to Cambri County, Penniylvania
5 Prospectd and approached over 3354 famlies from various sociosconomic backgrounds
> Excutd ll ordeing, investry, sales, acousting, presestation 3 dalvery of roducts
o Personal Ratal sl of $17,525 in usmmer sellng piod
+ Promotad o Seudentanager e vt svmmner dus to lssdership qualitiesexemplified - (st 2012)
“Attnded over 200 hours of sdvasced sals s mansgement rining
Perscually rcruted, trained managed and motvated ous salesperson fx diret sals
Assited in plamming and conducting weskly ainngs of sales force n the feld(Misisipp) for 27 rockies

5 Analyzad sales stattics nd developed individual ainng to fstr rookie improvement

Florida State Entreprencur Office Web Manager Septemher 2012 - May 2013
VOLUNTEER WORK:
‘Washington D.C. Service Trip Traslator Janary 2010

+ Packed clothes nd foo for earthquak victms in Fiat

+ Bropared and servad food 0 200 bomsless individuals.

New OrleansKatrina Victs Service Trip Facitator Jamuary 2009
+ Cleared dabri of s and roads or individuals eved by the stat of Lowsian due tothe aRenmath of Farioane Katrina
*+ i i the construction ad netork set-up ofa compiter b for Katrina vietis living inthe Nith Ward

AWARDS:
+ Gold Seal Gold Award (vrking 80+ hous pr ek all summer)
+ T lanma Wan” Award (Fiish stong with onaof st 0 ek of th scmmr being the best selling veek)

LEADERSHIP:
‘Senior Design Project Project Manager. August 2003 present
SwILLs:

+ Visua Stdion C#+ . * Bl

+ FPLD progranning. « NIultsim « NIELVIS

+ Bilingual - Fluant in English and Creol withablity to read,wite, and ranslte
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[Zachary William Barr
415 Sant Fraes St gt 134
Talases FL 301
a6 303781

ZackaryWBam@gmail com
Objective
Aiming to acquire experience in the field of electrical engineering via an
internship for the summer of 2014.
Education
Florida State University, Tallahassee, FL December 2014

Bachelor of Science in Electrical Engincering

Relevant Coursework.

Completed:
+Two semesters of circuit analysis 428 credit hours of Mathematics
“Digital Communications “Electronics
“Digital Logic Design. «Statistical Topics in Electrical Engineering
Enolled:
“Wiseless Communications “Microprocessor Based System Desig
+Fundamentals of Porwer

Project Experience
‘Senior Desig Project, Florida State University, Tallshassee, FL  August 2013 - Present
EE Team Leader

o Constructing a sofar car to be entered in the Shell Eco-marathon 2014,
o Designing system for energy transfer from solar panels to Battery

Computer Languages
e <
« Assembly “VHDL
Software
+AutoCAD Aschitecture
MATLAB
+CodeWarrior “Microsoft Office

fultsim Circuit Design

5 and Honors

Sigma Pi Fraternity 20102012

Secretary

o Organized events, kept recards, took charge of meetings, and used Microsoft
Excel for Sigma Pi faternity

Future Builders of America 20092010
President

o Planned meetings, events, and conventions.

o Lead FBA to be a successful and educational organization.

IEEE 2012-Preseat
Student member
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David Jolicoeur
621 Hampton Ave
Tallahassee, FL, 32310
(954)-854-5291
U.S. Citizen

EDUCATION:

Florida Agricultural and Mechanical University, Tallahassee, FL
Bachelor of Science in Mechanical Engineering May 2014
Cumulative GPA: 3.07

¢ Relevant Courses:

> Dynamics Systems I/11 > Thermal Fluids I/11

> Mechanical Systems I/I1 > Mechanical Engineering Tools

> Mechanics of Materials I/11 > Mechatronics
EXPERIENCE:

Boeing Space Coast Operations, Merritt Island, FL
Intern, Mission Management and Operations Fluids Group, Summer 2012

e Modeled the Radiation Belt Storm Probes (RBSP) fuel loading configuration into Microsoft Visio
and applied over 200 macros that correspond to each step of the fuel loading procedure.

e Inputted over a 100 Problem Reports (PR’s) into Boeing’s Nonconformance System (BNS).

o Wrote numerous Electronic Cleaning/ Decontamination Reports (ECDR’s) for the fueling Ground
System Equipment (GSE) such as valves, filters, flex hoses, and regulators.

Boeing Contractors for NASA, Tallahassee, FL
Virtual Intern, Mission Management and Operations Fluids Group, Summer 2011

e Conducted research on the Composite Overwrap Pressure Vessel (COPV) to discover an efficient
method of pressure-reducing 7000psig of pure oxygen to 6000psig into the COPV.

o Researched different filters, specifically hydrophilic, to see which one is capable of providing high
efficiency separation and filtration through a high powered vacuum pump line that will drain water
from a spacecraft tank.

e Wrote procedures on the breakdown of parts.

El Lyon Refrigeration, Miami, FL
General Laborer, Summer 2005-2009

Wired 240 volts of power to the condensing unit and air handler.

Welded three-quarter copper pipes together for the refrigerant line.

Installed the heater into the air handler.

Measured and cut two by four wood blocks with an electric saw to build air handler stand.
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‘Wael Nabulsi
1705 St. Damian Rd.
Tallahassee, FL 32304
(850) 550-8384
wnll@my fsu.edn

Career Objective:
‘A full time position in mechanical engineering that provides a challenging and rewarding
‘experience in a growth oriented organization that offers diverse job responsibilities.

‘Education:
Florida State University Tallahassee, FL Graduating in Spring 2014
Bachelors of Science in Mechanical Engineering

Tallahassee Community College Tallahassee, FL August 2011
Associate of Arts Degree

Projects:
Eco Shell Solar Car (Senior Design)
Portable Cooler (Thermal Fluids)
Kiddie Ride (Mechanical System)

Experience:
National High Magnetic Lab Tallahassee, FL Prosont
o Lab assistant in the Applied Superconductivity Ceater (ASC)
« Develops and proves shop/machining skills and electrical measurement skills
« Makes cryogen transfers and maintains records of transfers
« Construct furnace laboratory rooms for scientist fo cary out heat treatments

Seaside Food Mart Tallahassee, FL June 2010- Present
«  Hiring and Training manger. Work 40 to 50 hours/week
« Manage sales, inventory, and calculate profit margins leading to $8.000 cut down debt in

two month.
« Relay product knowledge to customers and assist with shopping
Tri-Eagle ATM, Inc Tallahassee, FL May 2011 - Present

o Install ATM machines at different locations, and repair various malfunctions.

« Budget balancing. handled large amounts of money.

o Effectively communicate to business owners the potential increase of sales as a result of
installing ATM

Hollister Tallahassee, FL Sept 2010~ Mar 2011
« Customer service representative
o Partner up with colleagues to organize and restock each show room
«  Setup promotional displays to maximize company’s profit

Skills/Qualifications:
> Mathcad, Pro-Engineering and MATLAB and Microsoft Office, Excel and PowerPoint
> Fluent in English and Arabic
> Society of Automotive Engineering (SAE)
> US. Citizen
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JULIA CLARKE

ACADEMIC
COURSEWORK

Circuits I and II, Digital Logic Design, Electronics, Signal and Linear
Systems Analysis, Microprocessor-Based System Design, Statistical Topics
in Electrical Engineering, Electromagnetic Fields , Digital Communications
System, Introduction to Neural Networks

EDUCATION

FLORIDA AM UNIVERSITY-TALLAHASSEE, FL- AUGUST 2010-PRESENT
Major-Electrical Engineering- 2.8 GPA

LAKE MARY HIGH SCHOOL- LAKE MARY, FL- AUGUT 2006-JUNE 2010
High School Diploma- 3.7 GPA

EXPERIENCE

FLORIDA STATE UNIVERSITY HIGH PERFORMANCE MATERIALS INSTITUTE- TALLAHASSEE, FL

July 2013-August 2013
Research As

it
« Assisted graduate students on Bucky paper characterization

+ Performed experiments using the thermal gravimetric analysis (TGA) machine
« Created graphs based offthe experimental data

FLORIDA STATE UNIVERSITY HIGH PERFORMANCE MATERIALS INSTITUTE- TALLAHASSEE, FL
May 2012-August 2012

Student Intern

Conducted research and wrote a journal paper on thermal management of
‘composite electronic enclosure for the Air Force Munitions Directorate (AFRL-RW)
+ Created a composite electronic enclosure by printing a conductive nefwork onto

COMMUNITY
SERVICE

+ Feeding the Homeless Tallahassee, FL- May 2013

« Science Night at Nims Middle School-Tallahassee, FL- April 2013

« Science Nightat Gilchrist Elementary- Tallahassee, FL- January.
2013

© AWalkfor Education- Tallahassee, FL- March 2012

« Faith Assembly of God Music Ministry- Orlando, FL- May 2011

« National Society of Black Engineers
o Member from 2010-Present
o Parliamentarian 20122013
o Chaplain 2013-2014
« Science, Technology, Engineering Mathematics Learning
Community (STEMLC) 2010-2011
« Alpha Kappa Alpha Sorority, Inc.

ACHIEVEMENTS.

Honor Roll Fall 2010, Fall 2011

Dear's List Spring 2011

FAMU Presidential Scholarship

FAMU Seminole County Alumni Association Scholarship Recipient

'« Basic Microsoft Office, Quartus, Multisim, Code Warrior
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Francois Wolmarans
400 Sweerwater Club Blvd, Longwood, FL, 32770

(407)-927-6056

Gitizenship: South Africa and Germany (US Permanent Resident Staus)
‘Wolmarans francois@gmail.com

Education

B.A Degree in Industial & Manufacruring Engineering 2014
Engineering GPA: 3.4

B.A. Degree in Mandarin Chinese 2014
Chinese GPA: 4.0

Minors: Mathematics, Physics, and French
‘Florida State University, Tallshassee, FL

‘French Language Immersion Progtam 2005, 2006
- Ecole des Roches, Vemenl-suc-Avre, France

Chinese Language Immersion Program 2012
- CSA, Bejing, China

Career History & Accomplishments

Physics Tutor, Sef-emploged 2009
- Saw oppostuity to pucsue any passion i teaching and decided to offes toring services for
physics.
- Tnitially creaed online ttorials, exphising problems in an e2s to follow step-by-step
manse, which grev to personal and gronp session when demand was sealized.
Glider/Pather, Self-emploged 2000-2010
- Collsborated with online comamsities to create sntomation scripts for a poprls online game.
- Used iniil profits to bnild machines capable of maning 6 antomated bots at one time in
ordet to increase profit sat.
Engineers Without Borders, FAMU/FSU Chapter 210
- Responsible for plansing and implementing non-profit projects n developiag conatries.

- Partof team that bronght n over §25,000 of sporsorship from corpote pactnees.

‘Undergraduate Teaching Assistant, Florida State Usivessity 2011
- Wosked uader Professor Ronald Cutwight, Engineering Economics instrctor for
the Industrial & Mafactucing Engineering depactment.

- Responsible for siding struggling students and problem creation for quizzes.
Research Assistant, High Pecformance Matecials Institute 20122014

- Collsborated with a mlt-disciplinasy nanotech sesearch team working on NSF funded
projects

- Responsibiliies incinded esperiment design and setp, data measnement and processing, and
presenting reseasch sesnits at confecences.
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Memberships & Affiliations.
+ FSU/FAMU Tusttote of Indstial Engineess and Society of Maumfactncing Engineecs
+ FSU Chinese Lungnige and Crltnce Association
+ FSU/FAMU Engineers Withont Bosders
- Kapps Sigma Plede Clas Esecrive Committee
- Kappa Sigana Plede Class Socal Chaic
- Kappa Sigama Assistant Homecoming Chaic
* Kappa Sigma Socal Chaic
- Kapps Sigma Rick Management Chaic
- Engiueess Withont Bosders Corporate Oneach

- Languages: Afelzans (flnent), English (finent), French (conversational)

‘Mandasin Chinese (conversationl)

- Working knowledge of Mictosoft Office, AutoCAD, MatLab, Minitab, TeX Word Processing
‘Labview, MritiSim, C++, and Adobe Stite.

Other Achievements

* Tavited to pasticipate in the LeadAmecica progzam in Washington DC.

* Dean's st awad for 3,50+ semester GPA: awarded thsee fimes

- Achieved a secord tamont of 43 stdents for Physics ftoring class

- Successfully snmanited M. Kiimasiaco (highest monatain in Afrca) with my famly

+ Successfilly snunmited the 2 of China’s 5 holy monatains, Tai Shan and Hua Shan, with my
bsiness partner

+ Served on fratemity’s nndesgradnate hovsing committee in chasge of finding 2 new development
site and managing the desiga of new honse

* Semi-finalist for FSU's technology-osiented InNOLEration business competition.

« Started 3 stactup ventses of which 2 wece profitzble

« Tavited to present reseacch in an oral presentation on the “Resistive- Elastic Electrical Behavior of
Catbon Nanotibe-Graphens Hybrid Foam” at the anal NanoFlorda confecence.
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James Croasmun
4878 Old Bainbridge Road
Tallahassee, FL 32303
Cell: 352-339-1246

Email: JGC10c@my.fsu.edu

OBJECTIVE
To find a challenging position at 2 company that utilizes my education and past experience to
Surther my career.
EDUCATION
Florida State University Tallshassee, FL August 2010-Present
Senior pursuing a Bachelor of Science in Mechanical Engineering.
Specializing in Thermodynamics
Santa Fe College Gainesville FL August 2007-Jume 2010
‘Associate of Ats
Cumulative GPA: 264
EXPERIENCE
Senior Design Project, Tallahassee, FL August 2013 - Present

Mechanical Engineering Team Leader
« Responsible for designing and instaling braking and steering systems
« Relays information fom team leader to other Mechanical Engineers

Department of Forestry, Pike and San Isabel National Forests, CO  July 2013
Summer Intern
« Inspected Mining Sites
« Reviewed Project Locations
« Assisted with ongoing Projects

Bentos Café, Gainesville, FL ‘September 2008- July 2010
Grill and Fryer Cook
« Prepared food and made roughly 200 meals a shift.
« Collaborated with § members of the kitchen team to produce 350 entrees per shift.
« Leamed how to work effectively in a fat paced environment.

Jimmy Johns, Gainesville, FL May 2007- June 2008
Meat Slicer and Member of Sandwich Assembly Line
« Sliced and restocked coolers with meats, cheeses, and vegetables as needed.
* Worked as a team member with 3 other employees to prepare, produce, and package
sandwiches.
« Managed the cash registr to place customer orders and collect finds
«  Assisted manager and oftn inifiated my service unscheduled.

Ace Cartridge Exchange, Gainesville, FL April 2005 October 2006
Assembly Line Worker
* Tested various models of laser priner cartridges
« Assembled various models of laser printer cartridges
« Packaged and shipped various models for mail and delivery

SKILLS
* Very proficient with hands on projects.
« Matlab Esperience

REFERENCES Available on request




image42.png
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‘September 2013 | October 2013

[ November 2013 [ December 2013 | January 2014

[February 2014 [ March 2014

[Apri 2014

‘Seat design and analysis

Rol bar design and analysis

Front wheel mount design and aniysis
Front wheel steering design and analysis
Front wheel brake design and analysis
Tielvuheel design and analysis

Rear wheel brake design and analysis
Buk head design and analysis

Battery compariment design and analysis
Rear miror design and analysis

'DC-DC Converter Analysis
Hotor controler design and analysis
PedalDesign and Analysis
Accessory battery analysis

‘Seat manufacture

Rollbar manufacture

Front wheel mount manufacure
Front wheel steering manufacture
Front wheel brake manufacturing
Rear wheel brake manufacture
Motor controler manufacture.
Trelwheel manufacture

Battery compariment manufacture
Buk head manufacture.

'DC-DC Converter Hanufacture
Rear mirror manufacture

Testing
Miestone 1: Needs and Analysis Report

ilestone 1: Needs and Analysis Presentation
ilstone 2: Poject Proposal Report

Miestone 2: Poject Proposal Presentation
ilstone 3: ConceptualSystem Level Design Review
Miestone 3: ConceptualSystem Level Design Review
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