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[bookmark: _Toc379477174]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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[bookmark: _Toc379477180]1.2 Problem Statement
[bookmark: _Toc379477181]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.
[bookmark: _Toc379477182]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. 
[bookmark: _Toc379477183]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. 
[bookmark: _Toc379477184]1.4 Intended Use(s) and 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.
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. 
[bookmark: _Toc379477185]1.5 Assumptions and Limitations
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. 
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. 
[bookmark: _Toc379477186]1.6 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.
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[bookmark: _Toc379477188]2.1 Mechanical Overview of the System 
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[bookmark: _Toc379472206][bookmark: _Toc379477130]Figure 1 Block diagram 1 of the mechanical system
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[bookmark: _Toc379472207][bookmark: _Toc379477131]Figure 2 block diagram 2 of the Mechanical system
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[bookmark: _Toc379472208][bookmark: _Toc379477132]Figure 3 Block diagram 3 of the Mechanical System

[bookmark: _Toc379477189]2.2 Major Components and Requirements of the Mechanical Systems
[bookmark: _Toc379477190]Chassis
 	The rules mandated by Shell Eco-Marathon require that the chassis support the full load of the driver and structural components without deformation.  The vehicle’s body must retain its shape during gusts of rain, winds, and any environmental effects that can occur.  The vehicle’s body must also be designed with a drag coefficient less than or equal to 0.15.  A reduction in the coefficient of drag will increase the overall efficiency and performance.


[bookmark: _Toc379477191]Roll Bar and Rear Wheel Mount 
The roll bar and rear motor mount must be in compliance with the requirements issued by the Shell Eco-Marathon competition.  The requirements state that the roll bar must be 5 cm above the drivers head when fully seated, and approximately 2cm from the shoulders on each side.  The roll bar must also be capable of withstanding a static load of 700N in any direction without deformation.
[bookmark: _Toc379477193]Steering System 
The Shell Eco-Marathon Competition requires the vehicle to have an 8 meter turning radius which must be properly installed and implemented in order to ensure safety when maneuvering along the track. The steering system includes the front wheel steering assemblies, rack and pinion, steering column, and steering wheel.
[bookmark: _Toc379477194]Braking System 
The Shell Eco-Marathon Competition has various braking requirements which must be met in order for team to compete. The vehicle must have two independent braking systems, one for the front wheels, and the other for the back wheel.  Each braking system must be capable of holding the vehicle in place when engaged on a 20 degree incline. The front braking system will use a disc and caliper system and the rear braking system will use a bicycle braking system. Each braking system will be engaged by individual foot pedals. 
[bookmark: _Toc379477195]Seat 
Comfort, safety, and convenience are important factors in the ergonomic functionality of the car seat design.  The Shell Eco-Marathon Competition requires that 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 the driver can 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. Furthermore, the 5 point harness must be able to hold 1.5 times the drivers weight 
[bookmark: _Toc379477196]Wheel Systems 
All types of wheels and tires are permitted however wheels located in the vehicle body must be isolated from the driver by fire-retardant bulkheads.  The three wheels must support the full load of the car and driver; furthermore, they must remain in contact with the ground at all times.  Based on input from various advisors the teams current proposed design is to use bicycle or wheelchair hubs and rims. These types of wheels will have low weights and small surface contact areas which will lead to smaller values for the static and kinetic frictions. The main difference between the two is that the support rod which runs through the hub is generally larger for wheelchairs than for bicycles. 
[bookmark: _Toc379477197]Bulk Head 
The bulkhead must be made from fire retardant material. It will separate the driver from all moving parts, wires, and electrical components. It is required by the Shell Eco-Marathon Competition to have one installed in the chassis in order to pass the safety regulations.  

[bookmark: _Toc379477198]2.3 Electrical Overview of the System
[image: ]
[bookmark: _Ref372105009][bookmark: _Ref372104988][bookmark: _Toc379472209][bookmark: _Toc379477133]Figure 4 Top Level Design of Electrical System [1]
[bookmark: _Toc379477199]The electrical system will consist of monocrystalline solar array, a DC to DC boost converter, a 24 volt Lithium Ion Phosphate battery, a motor controller, a 0-5V foot throttle, a 24 volt in-hub motor from Golden Motors, four single pole 25A circuit breaker, a solid state 30A relay, two emergency stop buttons, and a 12V horn. 
The solar array has dimensions 20.55 inches by 10.75 inches by 1.125 inches and is encapsulated in Ethylene Vinyl Acetate (EVA). The solar array will be connected to the ISV005V2 DC-DC boost converter. The boost converter will be used to boost the array voltage from 21V to about 30V in order to charge the 24V Lithium Ion battery. 
A single pole 25A circuit breaker will be placed immediately after the battery to provide over current protection from the battery. Additional circuit breakers will be placed between each phase of the motor for over current protection as well. A solid state relay will be placed between the circuit breaker and the motor controller. Along with two emergency stop buttons, the relay will serve as the internal and external emergency shutdown system. The battery will also power a 12V horn.  
The motor controller will receive input from a 0-3.3V foot throttle. Connected to the motor controller will be a 24V hub BLDC motor. Through the motor driver, the motor controller will provide the necessary current to the motor to speed up to 15mph.
2.4 Major Components and Requirements of the Electrical Systems
[bookmark: _Toc379477200][bookmark: _Toc379477201]Solar Panel System 
The Shell Eco – Marathon Competition states the allowable amount of solar energy is 20% of the total propulsion energy consumed; and the total combined surface area of solar cells will be less than 0.17m^2.  The solar arrays must not protrude from the vehicle. 125x125mm Mono-crystalline solar cells will be used to provide a high electrical efficiency. 
The solar cell array that is used in this car are purchased instead of manufactured. This was because while the array was in the process of being constructed it was found that the typical output power from the array was less than 10W at a maximum while the manufactured option has a 20W output. 
	The 10W performance from the original solar cells can be attributed to the performance tests performed by the 2012 team. More specifically, the stress tests upon the array likely damaged the crystal structure of the array, thus greatly reducing the efficiency. These stress tests included running over the array with a vehicle, dropping form a 2 story building, and repeated hitting with a hammer. 
The new array was chosen because of its dimension, efficiency, and output. The RAMSOND 20W array had a dimension of 20.55”, 10.75”, and 1 1/8” Length width and thickness respectively. This fits the shell eco marathon requirements as well as the area requirements of the chassis. As well as the area, the array has an efficiency of 20%, greater than the previous array. This efficiency allowed the array to output 20W, more than double what the previous array was able to achieve.
 Battery System 
Shell Eco-Marathon competition states that the vehicle must have one lithium ion battery with a battery management system (BMS).  The battery must be in a separated from other compartments by a flame retardant bulk head.  A 24V, 20Ah battery pack LiFePO4 battery from electric rider is being used to power the car.  The battery pack purchased from Electric Rider contains a BMS that will meet the requirements of the competition and will protect and monitor the entire battery pack as well as individual cells.
Motor Controller 

The Shell Eco-Marathon Competition Rules states that “the motor controller must be purpose built” for the competition. To get a clear understanding of the control requirements for the hub motor being used, a block diagram was constructed. It included the board controller, with an integrated user interface and micro controller, and the driver/power stage. Figure 5 illustrates the top level block diagram for the motor controller. 
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 Integrated Gate Bipolar Transistors in the power stage.
[image: ]
[bookmark: _Ref372105342][bookmark: _Toc379472210][bookmark: _Toc379477134][bookmark: _Toc379477204]Figure 5 Top level design of motor controller
Motor

The 2012-2013 FAMU/FSU Solar Car team purchased a 24V in-wheel hub motor from Golden Motors. The Shell Eco-Marathon competition has no rule restrictions on electric motors used for the competition. Hence, the motor that was provided by the 2012-2013 team is acceptable for the competition.  
Emergency Shutdown System 

The Shell Eco-Marathon Competition rules require each team to have an emergency shutdown system to disable the propulsion system of the vehicle by physically isolating the propulsion battery from the vehicle’s electrical system. There will be a both an internal and external emergency shutdown system, where the internal shutdown system is for driver operation. The external emergency shutdown mechanism will be at the rear of the vehicle and permanently installed on a non-detachable part of the vehicle’s body. A 10cm x 3cm red arrow will be positioned on the vehicle body to clearly indicate the exterior position of the emergency shutdown actuator.  
The electrical component chosen for this purpose is the Crouzet 84124870. This component is a solid state relay rated at a maximum 30A and operates between 3 and 32V DC. It is rated high enough break the maximum 20A that can be provided to the motor, while taking voltage and current spikes into consideration.

[bookmark: _Toc379477205]DC-DC Boost Converter 

The requirement for the DC-DC conversion system as a whole is the transfer of DC power generated at the solar panels and conversion of this DC power in to a suitable voltage level capable of charging the battery while the car is in use. This was not accomplished last year because the highest voltage level achieved for the DC-DC converter was approximately 24V in the most favorable of conditions. 
  The ISV005V2 board is currently being used however it is not successful in charging the battery.  A part replacement or addition is required to get the ISV005V2 to charge the battery.  Initially, a proposed solution was to replace several of the resistors to get the ISV005V2 to charge the battery. However, a new solar array was purchased in order to achieve a greater output. This increase in output was significant more than doubling the output power from 9W to 20W.  The ISV005V2 does not have a linear relationship between input and output voltages therefore an increase of just half a volt could help bower the battery. 
Thus, the requirements this year is to further boost this voltage to a level of approximately 26V and sufficiently charge the battery while the car is in use. This was be achieved through a solar array and the ISV005V2 DC-DC boost converter. These stages are able to properly boost the DC power created by the solar panels and sufficiently charge the battery. 
Requirements specifications: Subsystem: ISV005V2
Thus, the ISV005V2 will be the DC-DC conversion stage after the solar panels. This is in order to take full advantage of the MPPT algorithm inside of the ISV005V2 board. The requirements of this stage are to boost the voltage to a respectable level of at least 26V. This value is based off of a test that was conducted last year in order to charge the battery.
[bookmark: _Toc379477206]2.5 Performance Assessment and Measurements
[bookmark: _Toc379477207]Center of Gravity (COG) Calculations 
In order to determine the weight ratios for the chassis and normal maximum static loads for each wheel the theoretical center of gravity was calculated. The process was started by first measuring the distance distances from the roll bar/motor mount to each components center of gravity is shown in Table 1. The parts and components which have been considered in the measurements are the larger heavier parts which cause large moments on the chassis. 
	Part:
	Distance taken from roll bar (in)

	Battery
	85

	Front Mounts
	69.5

	Rack and Pinion
	61

	Petals
	56

	Driver
	21

	Roll bar/ Rear Motor Mount
	0


[bookmark: _Ref372121960][bookmark: _Toc379472194]Table 1 Distance From the Part to the Roll Bar/Motor Mount
The next step in the calculation required the weight of each component. Although the majority of these values were known, some values were estimated due to the uncertainty of the materials used for those components. The weight of each component considered in the calculation can be seen in Table 2 Component Weights.
	Part:
	Weight (lbs)

	Battery
	20

	Front Mounts
	20

	Rack and Pinion
	2.6

	Petals
	1.51

	Driver
	170

	Roll bar/ Rear Motor Mount
	20


[bookmark: _Ref372122136][bookmark: _Toc379472195]Table 2 Component Weights

The moment for each part was then calculated from the roll bar using the Equation 1. The results for these calculations can be seen in Table 3.
[bookmark: _Ref372122247] Equation 1
 




	Part:
	Moment (lbs.*in):

	Battery
	1700

	Front Mounts
	1390

	Rack and Pinion
	158.6

	Petals
	84.56

	Driver
	3570

	Roll bar/ Rear Motor Mount
	0


[bookmark: _Ref372122983][bookmark: _Toc379472196]Table 3 Moment Calculation Results
The distance to the car’s center of gravity from the roll bar was calculated using Equation 2 and the values for its distance from the roll bar and the front of the chassis are displayed in Table 4.
[bookmark: _Ref372123128]Equation 2 

	Location:
	Distance taken from roll bar (in):
	Distance from the front  x(0) (in):

	Car's COG
	14.237
	82.762


[bookmark: _Ref372123595][bookmark: _Ref372123589][bookmark: _Toc379472197]Table 4 Distance Front the Cars Center of Gravity to the Front of the Vehicle And to the Roll Bar


[bookmark: _Toc379477208]Weight Ratios Calculations 
Once the center of gravity was determined, the team used those values in order to calculate the weight ratios. The weight were determined using the cars center of gravity from the motor mount and the measured wheel base as shown in Equation 3 and in Equation 4.
[bookmark: _Ref372123711]Equation 3 

[bookmark: _Ref372123718]Equation 4 

The distance used in Equation 3 is not equal to the distance from the car’s COG to the roll bar/motor mounts COG because the rear wheel is located further back in the chassis than its center of gravity. The calculated weight ratios can be seen in Table 5.

	Weight Ratios

	Front:
	.354

	Rear
	0.646


[bookmark: _Ref372123898][bookmark: _Toc379472198]Table 5 Weight Ratios

[bookmark: _Toc379477209]Static Vertical Wheel Load Calculations 
The static vertical wheel loads were calculated using Equation 5 and Equation 6 . The results can be seen in Table 6.
[bookmark: _Ref372124037]Equation 5 


[bookmark: _Ref372124171][bookmark: _Ref372124039]Equation 6 


	Static Vertical Wheel Loads (lbs.)

	Front:
	166.232

	Rear
	303.782


[bookmark: _Ref372124193][bookmark: _Ref372124187][bookmark: _Toc379472199]Table 6 Static Vertical Wheel Loads
These static vertical wheel loads are the maximum loads that will be imposed on the chassis at any given time. The maximum load used in the equation above was the maximum weight of the car allowed by the competition plus the weight of the driver assuming the driver weighs 160 lbs. Although the full magnitude of these forces most likely never be reached the team used the maximum forces that could exist on the system in order to assure quality, safety, and reliability. 
[bookmark: _Toc379477210]Turning Radius and Tie Rod Calculations 
According to the competition rules and regulation the vehicle must have at least an 8m turning radius. [4] Figure 11 illustrates how the turning radius of the vehicle was calculated.
[image: ][image: ]

[bookmark: _Ref372125199][bookmark: _Toc379472211][bookmark: _Toc379477135][4] Figure 6 Turning Radius Diagram

The known variables in the above diagrams are M and WB. WB is our measured wheel base for our chassis which is approximately 85.5 in (2.17 m). M is the distance from the center neutral axis of the chassis to the kingpin which the steering assemblies rotate around. These distances for various rim sizes are shown in Table 7.




	Wheel Width (in):
	M Distance (in):
	M (meters)

	12
	16
	0.406

	14
	16.708
	0.424

	16
	17.416
	0.442

	18
	18.125
	0.4603

	20
	18.833
	0.478

	22
	19.542
	0.496


[bookmark: _Ref372125885][bookmark: _Toc379472200]Table 7 Turning Radius Dimensions

The values shown in Table 7 were used along with Equation 7, Equation 8, and Equation 9 to determine the turning radius for a desired maximum turning angle αη and βη. These turning angles in our calculations αη and βη are both equal to 35°.
[bookmark: _Ref372126705][bookmark: _Ref372126695]Equation 7 

[bookmark: _Ref372126706][bookmark: _Ref372126697]Equation 8  

[bookmark: _Ref372126708]Equation 9 
The team calculated the turning radiuses for various rim sizes with wheel widths ranging from 12-22 inches in order to assure that the best possible turning radius was achieved. The results for these calculations can be seen in Table 8.

	Wheel Width (in):
	Turning Radius (meters):

	12
	4.676

	14
	4.902

	16
	5.161

	18
	5.463

	20
	5.816

	22
	6.235


[bookmark: _Ref372126967][bookmark: _Toc379472201]Table 8 Turning Radiuses for various Wheel Widths

From the results illustrated in Table 8, it is clear that the turning radius is increasing with rim size. The turning radius increases with rim size because the value of M must increase as the rim increases in order to prevent the wheels from rubbing on the chassis. With the desired maximum turning angle known the tie rod travel distance could be calculated using Equation 10. 
[bookmark: _Ref372127137]Equation 10 

L in Equation 10 is the length from the kingpin to the tie rod connection point on the front wheel arm. Previous equations show that αη is equal to βη; therefore, the tie rod travel distance was calculated to be 2.44 in which corresponds to a total rack travel distance of 4.87in.
Force and Factor of Safety Calculations for Front Mount and Wheel Hub Rod:
The team began to calculate the load per front wheel using Equation 11. Once the load per wheel was calculated the moment was then calculated for the wheel hub and front mount using Equation 11.  The length for the front mount in Equation 12 corresponds to the length from the chassis to the kingpin. The length for the bicycle hub bolt in Equation 12 corresponds to the distance from the chassis to the point on the front wheel arm where the wheel hub rod attaches. 
[bookmark: _Ref372210719]Equation 11 
[bookmark: _Ref372217582]Equation 12 
The team then calculated the area for square tubing in order to find the direct shear force on the front wheel mount as shown in Equation 13. The area for the circle was then calculated in order to find the direct shear force for the wheel hub bolt as shown in Equation 14. Next the moment of inertia for square tubing was calculated to find the bending stress on the front wheel mount as shown in Equation 15. The moment of inertia for the circle was then calculated in order to find the bending stress for the front wheel hub bolt as shown in Equation 16. 
[bookmark: _Ref372211291][bookmark: _Ref372211427]Equation 13 
[bookmark: _Ref372218250]Equation 14 
[bookmark: _Ref372211331]Equation 15 
[bookmark: _Ref372211431]Equation 16 
[bookmark: _Ref372212003]Once the moments and the moment of inertia were calculated the team found the bending moments using Equation 17, where y is the distance from the neutral axis to the surface. 
[bookmark: _Ref372212362]Equation 17 
The direct shear force for each part was then calculated using Equation 18. 
[bookmark: _Ref372212261]Equation 18 
Once the direct shear force was calculated as shown in Equation 18 and normal force was calculated as shown in Equation 17 the principle stresses were calculated using Equation 19. Next the maximum shear force in the plane was calculated as shown in Equation 20. In Equation 17, Equation 19, and Equation 20   is equal to zero because the force acting on each part is acting in the normal axis. Once the car is in motion there will be a    however it will be relatively small in comparison to .
[bookmark: _Ref372212445]Equation 19 
[bookmark: _Ref372212446]Equation 20 
[bookmark: _Ref372212448]Equation 21 
Once the maximum shear force in the plane was calculated the factor of safety per material was determined by using Equation 22. The shear yield strength per material was determined from material strength tables in “Mechanics of Materials” text book.  Shear yield strength which were not found in the tables were approximated using Equation 24.
[bookmark: _Ref372212665]Equation 22 
Equation 23 
Solar Array
	The new solar array from RAMSOND was tested on 3/20/2014 during daylight hours. The output was tested and determined to be accurate with the rated values. These values were 20.1V (open Circuit) and short circuit current of 1.27A. 
After the installation of the solar cells into the hood of the chassis, the values were measured again to ensure that the array was not harmed in the process. The values did not change, so it is determined that no harm was done in the installation process. 
DC-DC Boost Converter
	The ISV005V2 DC-DC boost converter was tested both with the solar cell array and in the lab setting. The boost converter was tested with the solar cells and achieved an output voltage of 35V. When in the laboratory setting, a stiff voltage source was applied to the boost converter and it was found that the maximum output voltage, without a load, from the converter was 35V. 
	Input (V):
	Output voltage (V):

	7.002
	12.29

	8.002
	25.16

	9.002
	27.27

	10.001
	30.28

	11.001
	34.84

	12.001
	35.081




All calculation results and constants can be seen in the tables located in appendix A27.
[bookmark: _Toc379477211]2.6 Design Process 
[bookmark: _Toc379477212]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 A1 Fish bone Analysis.
[bookmark: _Toc379477213]Concept Selection Criteria Prioritization
Using the house of quality, 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 or not 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 customer requirement 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 team 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 the team 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. The competed house of quality and reasoning can be found in Appendix A2.
[bookmark: _Toc379477214]Design Selection
Once the HOQ was completed the team created a comparison matrix template using the most significant factors, in order to rank components against their alternatives in the design selection phase. The comparison matrix was created by assigning normalized percentage weight values, which were derived from our HOQ analysis, to each ranking criteria. Next an optimization legend was created, in order to determine which design was the most optimal for the vehicle. Each component was assigned a ranking relative to its alternatives. A higher score indicates a more optimal solution, while a score of 1 indicates the least optimal solution. The weights were then applied to the relative rankings, which gave us insight into which components best fit the customer’s requirements. The alternative designs were generated based on input received from various advisors and professionals in the respective fields. 


[bookmark: _Toc379477215]3 Design of Major Component Subsystems 
[bookmark: _Toc379477216][image: ][image: ]3.1 Chassis 
[bookmark: _Ref372117162][bookmark: _Toc379472212][bookmark: _Toc379477136]
Figure 7 Chassis

The chassis is a carbon fiber molded structure that is responsible for supporting the full load of the car, which can be seen in Figure 12. This includes the driver, seat assembly, roll bar, wheel mount, solar panels, batteries, and all the electrical components. PVC semi circles were  added along the bottom and sides of the chassis in order to give the chassis a more rigid form. Furthermore, balsa wood was added to both the bottom and side of the car in order to allow major components to be mounted to the vehicle. The top cover is also part of the chassis, however, the only weight it will support is the solar panel encapsulation box, and the rear view mirrors. The team added thin carbon fiber strips to the bottom if the structure in order to help it maintain its form throughout competition. The top and bottom parts of the chassis were designed to be separated so that the car could easily be worked on, and the electrical components could be seen during competition. The two parts come together and are connected through a series 6 quarter turn fasteners such as those used in NASCAR. The chassis as a whole was aerodynamically designed by last year’s senior design team to minimize coefficient of drag. 
[bookmark: _Toc379477217]3.2 Roll Bar & Rear Motor Mount
[bookmark: _Toc379477219][image: \\codex2\jolicda\My Documents\Desktop\2013_Senior Design\Pictures\rollbar1.PNG]                           [image: \\codex2\jolicda\My Documents\Desktop\2013_Senior Design\Pictures\rollcage.PNG]
[bookmark: _Ref385863535]             Figure 8 Initial Roll Bar Design    			           Figure 9 Final Roll bar Design

The Shell-Eco Marathon requires that the roll bar must withstand 700N of force in all directions and must sit at least 5cm above the driver’s helmet. Although the roll bar that was left by the previous Solar Car team met the requirements for the 700N of force, it did not meet the height requirements. It also failed to incorporate the rear wheel mount needed for the brushless DC in-hub motor. Figure 8 is the initial design which the team adopted for this car but after completing a stress analysis on the wheel mount, it was quickly determined that sufficient supports were needed to prevent displacement and plastic deformation. Since the solar car has a three wheel trike design, the forces acting on the rear wheel can cause it the wheel to misalign and twist out of plane. After a series of designs for the roll bar and motor mount (seen in Appendix X) were tested and compared, the final roll bar design with two triple-truss beams and dropouts for the wheel mount was developed as seen in Figure 9. This design met all the requirements set by Shell and maximized the strength to weight ratio by using 1inch OD chromoly steel pipe (4130 alloy steel) with a thickness of .065 inches. The final installed roll bar and motor mount can be seen in Figure 10.
[image: G:\Senior Design\Inspo\Images\Mid_PreTopWrap\CAM00218.jpg]
[bookmark: _Ref385863793]Figure 10 Final Roll Bar Design Installed
Dropouts 
[image: ]                 [image: ]
[bookmark: _Ref385864195]                               Figure 11 Initial Dropout                 			      Figure 12 Final Dropout


The initial dropout design can be seen in Figure 11. The slits were removed and put into the actual roll bar to the dropout as seen in Figure12 in order to allow get the maximum strength from the dropouts. The installed dropouts can be seen in Figure 13.
[image: G:\Senior Design\Inspo\Images\Mid_PreTopWrap\CAM00214.jpg]
[bookmark: _Ref385864251]Figure 13 Installed Dropouts


3.4 Steering System 
[bookmark: _Toc379477238][image: \\codex2\cardejo\My Documents\Desktop\picsd\CAM00239.jpg]
[bookmark: _Ref385862358][bookmark: _Toc379472215][bookmark: _Toc379477140]Figure 14 Steering System
The steering system for the vehicle will allow the design to meet the Shell Eco-Challenge Marathon requirement of a maximum turning radius of 8 meters. It contains eight subcomponents (Front wheel mounts, Spindles, Tie Rods, Rack and Pinion, Steering Column, Steering Wheel, Front wheels) and is connected to the front wheel mount by a single bolt. The system incorporates a rack and pinion steering system, which decreases the amount of force required to turn the wheel, and thus the force required to steer the car. The full steering system can be seen in Figure 10. Using this steering system the team was able to meet the Shell Eco Marathon requirement achieving a 3.66m turning radius. 

[bookmark: _Toc379477220]Front Wheel Mount
[bookmark: _Toc379477221][image: ]   		[image: ]

[bookmark: _Ref385860667][bookmark: _Ref385860662][bookmark: _Ref385860824]         Figure 16 Initial Front Wheel Mount Design                              Figure 17 Final Wheel Mount Design

The original design for the wheel mount, shown in Figure 12 , was made of solid aluminum. It was capable of withstanding the forces not only associated with the full weight of the chassis and driver but also the forces experienced during braking and cornering. Due to the size of the part and the amount of material required to manufacture it, several design variations were explored until the final wheel mount design, shown in Figure 13, was chosen. The volume of the final design was  compared to the original design . With almost half the volume of the initial design, the final product is both light weight and fully capable of supporting the entire load the chassis. The final design installed on the chassis is shown in Figure 14. 
[image: ]
[bookmark: _Ref385860941]Figure 18 Mounted Front Wheel Mount

Spindles
[image: ]                                  [image: ]
[bookmark: _Ref385861299]                 Figure 19 Spindle

The initial spindle design was made with aluminum in an attempt to reduce the weight of the part. Unknown to the team at the time, the aluminum spindle would require an axel to be press fitted into the part. This requirement forced the team consider other designs and materials. The final spindle design, shown in Figure 15, is made of steel with an aluminum spacers. The kingpin is inserted with a washer above and below the bearings to hold the unit in place; the washers allow it to rotate with very little resistance. By using steel the team has greatly increased the ease of installing the brake mounts and wheel axels, which are also steel in order to allow them to be welded together. The final assembly can be seen in Figure 16.
[image: F:\Senior Design\Inspo\Images\Mid_PreTopWrap\photo 4(2).JPG]
[bookmark: _Ref385861560]                    Figure 20 Installed Spindle
Spindle Arms
The spindle arms are the points where the tire rods connect to the spindles on both sides of the car. Since the spindles were made of steel, the spindle arms were also made of steel in order for them to be welded together. Fortunately the small amount of force experienced by the spindle arms during use allowed the spindles to maintain a slim design and keeping the weight of the component down. 

[image: G:\Senior Design\Inspo\Images\Mid_PreTopWrap\photo 1(2).JPG]
[bookmark: _Toc379472219][bookmark: _Toc379477144]Figure 21 Spindle Arms






[bookmark: _Toc379477223]Tie Rods
[image: ]
[bookmark: _Toc379472220][bookmark: _Toc379477145]Figure 22 Tie Rod

The tie rods connect the spindle arms to the rack and pinion. When the driver turns the steering wheel it causes the rack and pinion to pull the first tie rod and push the second which steers the car. The team selected an adjustable tie rod which was cut to the desired length 14 inches and can be adjusted 1 inch in either direction once it has been installed. This design allows the team to easily adjust the angle of the tires in order to assure that the car is properly oriented and the tires are aligned.
[bookmark: _Toc379477224]Rack and Pinion
[image: \\codex2\cardejo\My Documents\Desktop\picsd\CAM00244.jpg]
[bookmark: _Toc379472221][bookmark: _Toc379477146]Figure 23 Rack and Pinion

The rack and pinion takes the input from the driver turning the steering wheels, and either pushes or pulls the corresponding tie rod. The use of a rack and pinion makes steering smoother and requires less input force from the driver on the steering wheel in order to maneuver the vehicle. Furthermore, the maximum travel distance on the tie rod limits movement of the wheels preventing them from colliding with the chassis.  Based on the turning radius calculations the team selected a rack and pinion with a travel distance of 4.25 inches and attached it to the center of the truss. This rack and pinion allows the team to have a 3.66m turning radius while preventing the wheels from colliding with the chassis. It is attached to the steering column through a u-joint which allows the steering wheel to be angled towards the driver. 
[bookmark: _Toc379477226]Steering Column
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[bookmark: _Ref385863086][bookmark: _Toc379472223][bookmark: _Toc379477148]Figure 25 Steering Column
The team had originally purchased a steering column with a pre-welded steering wheel mount. The downside of the purchased column was that it was made from stainless steel and was much heavier than anticipated. The team was able to use material, provided by Jeremy Philips in the machine shop, to construct a steering column and steering wheel mount. The water jet located in the machine shop was used to cut out the steering wheel mount which was then welded by onto the steering column as seen in Figure 21. 
[bookmark: _Toc379477227]Steering Wheel
[image: \\codex2\croasja\My Documents\Desktop\Images\CAM00258.jpg]
[bookmark: _Toc379472224][bookmark: _Toc379477149]Figure 26 Steering Wheel
The team purchases a standard go-kart steering wheel from summit racing. The steering wheel takes the input from the driver and transfers it to the steering column. The steering wheel sits within comfortable reach of the driver and can be turned fully from lock to lock, with the driver fully strapped into the seat. 
Wheel System
   [image: ]
[bookmark: _Toc379472232][bookmark: _Toc379477157]	Figure 32 Front Wheel	
The team has decided on using trike rims and hubs for this application. These types of wheel hubs come equipped with bearings, and require minimum amounts of force to spin. This will require less power from the motor to move the vehicle. Trike hubs are better equipped for this application because they are designed to withstand a force on only one side of the wheel, whereas with bicycle wheels the force is split on either side of the wheel. The wheel axels are connected to our system by screwing into the front wheel arm of the steering assembly. 
Each front wheel must be capable of withstanding 81.3 lbs. which is common for trike wheels. If a failure were to occur between the wheel and our front wheel arm (the piece the wheel screws into), the hub bolt would need to be replaced with one of the same dimensions but made from stronger material. This would be a cheap easy fix and the chance of failure is low, because the forces have been calculated for this connection point. 
Advantages:
· The front wheel hubs come with ins talled bearings and rims. 
· Connects easily to our steering assembly. 
· Very light weight high performance wheels with pre attached rotors.

[bookmark: _Toc379477228]3.5 Braking Systems 
The braking systems incorporated in the solar car are two independently functioning systems that will be tested and modified on a 20° incline. In order to meet the shell eco marathon each braking system must be capable of immobilizing the car on the 20°incline. Each system must also have an independent pedal which can be engaged without the driver having to remove their hands from the steering wheel.
 For the rear braking system the team decided to utilize bicycle brakes. The pressure applied by the rear brakes can also be adjusted by changing the cable tension when the braking pedal is fully engaged. For the front brakes (the primary braking system), the cable braking system with calipers and shoes was chosen. The competition rules stipulate that the primary braking system needs to be reliable, and be able to stop the vehicle in a reasonable time frame. If the force applied by the calipers is less than desired, the purchased calipers can be adjusted to apply higher forces with only a turn of a dial. 
[bookmark: _Toc379477229]Rear Braking 
[image: ][image: ]
[bookmark: _Toc379472225][bookmark: _Toc379477150]Figure 27 Braking System

The rear brake will be controlled by the left brake pedal in the car. It is directly mounted on the roll bar assembly. Bicycle brakes were chosen for the rear braking system. The required stopping force will be supplied by the driver as the braking pedal is engaged. The pedal pulls the brake line taunt which causes the rear brake to apply pressure on either side of the rear wheel successfully stopping the car. The rear braking system was capable of passing the 20̊ degrees braking test required by the Shell Eco-Marathon Competition.
Advantages: 
· Simple to install and adjust to meet requirements.
· Light weight mechanism that mounts directly to the roll bar/motor mount.
· Cost is cheap and the mount parts were machined in house. 
[bookmark: _Toc379477230]Front Braking 
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[bookmark: _Toc379472226][bookmark: _Toc379477151]Figure 28 Front Brakes
Front brake design incorporates a brake line engaged caliper/shoe combo, which will apply stopping force through cables when activated. Even though the Shell Eco-Challenge Completion only measures the cars efficiency and not speed, having caliper style brakes will allow the car to stop immediately at low speeds which improves the safety of the design. When the brake pedal is engaged the brake line will activate the braking system, which will cause the braking shoes attached to the calipers to press down onto the rotor, thereby slowing and eventually stopping the vehicle. The bracket used to support the braking system is welded to the spindle to ensure the brakes remain properly aligned over the rotor. 

Advantages:
· Turn dial on brake allows for easy balancing without cable modifications.  
· Better at managing heavier loads than the standard bicycle brake system.   

[bookmark: _Toc379477234]3.6 Seating System 
[bookmark: _Toc379477235]Seat
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[bookmark: _Toc379472230][bookmark: _Toc379477155]Figure 30 Seat
Comfort, safety, and convenience are all important factors in the ergonomic considerations of the car seat design. The seat was designed so that the driver’s head will remain at least 5 centimeters below the top of the roll bar when fully strapped into the chassis. The seat is 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 is equipped with an effective safety harness having at least five mounting points to keep the driver in the seat. 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 with proper brake and throttle pedal placement. 

5 Point Harness   

[image: C:\Users\jolicda\Downloads\image (15).jpeg]
[bookmark: _Ref385865145]Figure 31 5 Pont Harness

	The five point harness was donated to the team by Dustin Banks a friend of the team. It is firmly attached to the vehicle's chassis and fitted into a single buckle. Three belts are attached to the balsa wood floor and two belts are attached to the roll bar as seen in Figure 31. The five point harness is capable of withstanding 1.5 times the weight of the driver as per shell eco rules. The harness is equipped with three custom made attachment brackets which allow the belts to self-align in accordance to the direction of the force applied. Finite element analysis in Creo simulation insured that the mounts would not break under the pressure of the car during the five point harness test. 


3.7 Bulk Head

The purpose of the bulkhead is to separate the driver from propulsion system and the electrical components in the vehicle. The key to the bulkhead is using a fire resistant material which will provide enough time for the driver to safely exit the vehicle in the case of a fire. The team chose to create 2 separate bulkheads using aluminum sheeting with a thickness of .032 inches. Figure 33 shows the rear bulkhead which separates the driver from the propulsion system.  Figure 33 shows the front bulkheads which encloses the Lithium Ion battery compartment and other major electrical components.
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[bookmark: _Ref385865809]Figure 33 Front Bulkhead
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[bookmark: _Ref385865681]Figure 34 Rear Bulkhead

3.8 Solar Panel System 
[bookmark: _Toc379477239]Solar Array 

The majority of the decision-making and selection for the solar array was completed by the 2012 FAMU-FSU solar car team. However, the solar array constructed last year is not going to be used for several reasons. First, the implementation plan using last year’s panels would not work given the carbon fiber chassis and its inability to be drilled into repeatedly. Secondly, the array constructed last year uses unnecessarily large diode boxes that would not be able to fit into the car during implementation. Thirdly, the amount of unnecessary wiring between each cell created another problem given the contest requirement that all electrical wiring be free from fire risk. Initially, the 2014 solar car team had decided to manufacture a brand new array but ultimately after several testing phases, and with considerations for time, and output a new commercial array was purchased. 
Thus the 2014 FAMU-FSU solar car team has elected to purchase a new RAMSOND 20W solar array. This will make the implementation of the solar array on the hood of the car possible because the RAMSOND array is encapsulated in EVA already. 
The 2014 team consulted with the engineering college faculty during the selection process in order to narrow down choices until a final decision was made. Three different types of solar panels were considered: monocrystalline, polycrystalline, and thin film solar panels. After the faculty consultation, it was decided that monocrystalline was the best fit for the project. The term monocrystalline is self-explanatory; the cell consists of a single silicon crystal. Monocrystalline cells are the most efficient of the available panel types, because their production process forms an almost perfect crystal lattice which minimizes interference of the electron flow through the material. 
By minimizing the interference of the electron flow, monocrystalline panels have the highest efficiency (15-20%) among the possible selections. The largest drawback is the cost because of the expensive production process involved with drawing out the silicon ingot. Although monocrystalline is more expensive, it was selected because of the superior efficiency which is the main criteria used for ranking in the competition. Polycrystalline and thin film (amorphous) solar panels were ruled out because their efficiencies are typically in the range of 12-14% and 6-8%, respectively. Another consideration in selecting the solar array was the space limitations imposed by the Shell organization. The solar panels have to fit into a limited area (no larger than 0.17 m2), so it made sense to maximize the efficiency in the small allotted area by selecting the monocrystalline. 
There were several different orientations of which to choose from for the wiring of the solar array. The most likely scenario is to wire them in series. This will minimize the amount of diodes necessary while also maximizing the voltage output. 
	The 2012 solar car team made the decision to include a “solar junction box” for each module, which consisting of a diode. The 2013 team has decided that these diode boxes are much too large for the purpose of this project and as such wanted to replace them with more efficient and smaller sized diodes. This component was used to solve problems related to partial shading of the cells and to correct loss of power. Another diode was added to the end terminal of the solar array, which serves as a protection diode for unwanted back current flow into the modules array.1 
The solar array was mounted on the top-front chassis of the car, as depicted in the figure below of the car. This location was picked because it is the area of the car which maximized the incidence angle of light hitting the solar panel. The alternatives were the back or side of the car, which both had severe limitations for setting up the solar array in the desired configuration. Additionally, mounting the solar panels on the rear or side of the car would lead to non-optimal angle of incidence, which lead to a lower power output. 
[image: ]
[bookmark: _Toc379472235][bookmark: _Toc379477160]Figure 33 Demonstration of Solar Panel Implementation [1]
The competition rules concerning solar panel mounting has changed from 2012, so as to not allow independent structures; that is to say that the solar panels have to sit flush with the chassis. Once installed, the solar panels sit flush with the chassis as seen in figure 33. 
The solar panel array is now considered finished and implemented into the car. Thus the energy conversion system is also considered finished and in the testing phase. 
[bookmark: _Toc379477240]3.9 Battery System and Isolated DC-DC Converter
[bookmark: _Toc379477241]Battery and Battery Management System (BMS)
After consulting with faculty for guidance on the battery selection and by using a decision matrix; the lithium iron phosphate battery from Electric Rider was chosen because of its small size, low weight, and cost being under $500 (including shipping). The selected battery is 6x10.25x3.5 inches, 24V, 20Ah and a weight of 10 lbs.  The battery can be seen in Figure 37. 
 As previously stated, the Shell Eco-Marathon competition requires that all batteries have a battery management system.  The BMS is required to have cell under/over voltage limits, over current limits, and over temperature limits. The battery pack purchased from Electric Rider contains a BMS that will meet the requirements of the competition, and will protect and monitor the entire battery pack as well as individual cells.  After consulting with faculty the 2012-2013 solar car team also decided to purchase a watt meter which can be seen in and a power analyzer which can be seen in Figure 39.  These two components will be used as a visual display of the batteries health and performance level during the car operation.  The 130A-watt meter and power analyzer was purchased from Turnigy.  The device rating is 60V, 130A, 6554W and 65Ah which is within the range of the battery specification.  Figure 39 shows the device display and Figure 40 shows the connection with the battery and motor.
[image: ]
[bookmark: _Ref372196605][bookmark: _Toc379472236][bookmark: _Toc379477161]Figure 34 Electric Ride LiFePO4 Battery Back [1]
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[bookmark: _Toc379472237][bookmark: _Toc379477162] Figure 35 Electric Ride LiFePO4 Battery Back [1]
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[bookmark: _Ref372197074][bookmark: _Toc379472238][bookmark: _Toc379477163]Figure 36 Turnigy Watt Meter and Power Analyzer [1]
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[bookmark: _Ref372197190][bookmark: _Toc379472239][bookmark: _Toc379477164]Figure 37Turnigy Monitor Connections [1]

[bookmark: _Toc379477242]Isolated DC-DC Converter 
The team came together to discuss which components would be attached to the isolated DC-DC. After consulting with various advisors it was decided that the ventilation system, and the odometer would be connected to the isolated DC-DC converter. In the event the team attaches an odometer, the isolated DC-DC converter is subject to change.  A block diagram of the isolated DC-DC converter configuration is illustrated in Figure 4136.  The input to the converter is the 24V primary battery, and the output to the converter is the ventilation system.  The Sanyo Denki fan was selected as a ventilation system due to its low price and appropriate specifications which can be seen in Appendix A23.  
The appropriate DC-DC converter was selected by taking the fan’s voltage rating of 12V and a current rating of 600mA into consideration. After taking the fan specifications and advisor consultations into consideration the team selected the Texas Instruments LM25017. This converter has a minimum input voltage of 9V and a maximum output voltage of 48V, which is well within the range of the battery. The minimum output voltage is 1.25V, the maximum output voltage is 40V, and the converter has a maximum output of 6.25A. All of these specifications fall within the appropriate ranges necessary in order to operate the ventilation system.  The isolated DC-DC converter is relatively inexpensive with a cost of $3.15.   Specifications for the isolated DC-DC converter can be seen in Appendix A24.  

Ventilation System
Isolated DC-DC Converter
Battery


[bookmark: _Ref372193422][bookmark: _Toc379472240][bookmark: _Toc379477165]Figure 38 Isolated DC-DC Converter Configuration

[image: ]
[bookmark: _Toc379472241][bookmark: _Toc379477166]Figure 39 LM25017 Isolated DC-DC Converter [5]

Advantages
· Low Cost
· Met all specifications of the battery and ventilation system
Many isolated DC-DC converters were compared but the converter that was chosen contained all the specifications the team needed.  In the future the team would like to add an odometer. In the event an odometer is added, the selected isolated DC-DC converter is subject to change. 
[bookmark: _Toc379477243]3.10 Motor Controller 

Several changes were made to the design of the motor controller. Initially, there were many single-board computers that were considered. With competition rule restrictions in mind and after receiving expert advice from Dr. Chuy and Dr. Edrington, the TI RDK-BLDC, TI MSP430 Launch Pad, TI TMS320F2808, and the ATMEL ATAVRMC100 were amongst the final four board computer options. A decision matrix was then used to make a decision between the four board controllers. In the decision matrix, 4 factors were considered: safety, cost, efficiency, and implementation difficulty. Safety carried the most weight, followed by cost, efficiency and implementation, weighing at 0.432, 0.208, 0.187 and 0.173 respectively. 
Initially, the TI RDK-BLDC scored the greatest score in the decision matrix. Due to competition rules, the TI RDK-BLDC was disqualified. The other boards were also disqualified since they were either discontinued or out of stock. There would be a 10-14 week delay before receiving the board which posed an issue for the purpose of completing the project. However, with the consultant of Jesse Leonard, a PH.D student who works at Center for Advanced Power Systems (CAPS) that has great experience with motor controllers, the  Texas Instruments DRV8301 69M kit has been chosen to serve as the motor controller. Jesse has previous experience controlling induction motors, with similar specifications as the hub motor used in this project, with boards in the same family as the TI DRV8301 69M-kit. With features including screw terminals for all power and signal wiring, three phase terminals that allow a direct connection to the motor’s phases, and 60V input and 40A output, the DRV8301 was a safe and easy component to integrate into the system. However, the DRV8301 would also be disqualified from the competition. 
Competition rules states “The motor controller MUST be purpose-built for the Shell Eco-marathon.” Shell encourages the use of sub-components such as single-board computers, power stages, etc.  After consulting with Dr. Chuy and Dr. Edrington once again, a new design was formulated for the motor controller. An individual micro-controller and motor driver was integrated into a single motor controller and tested.  


Micro Controller 

With time restrictions, the most convenient choice of a micro controller was the Arduino Uno. An Arduino Uno was already in the team’s possession. Moreover, with an open-source electronic prototyping platform based on flexible easy to use hardware and software, it makes coding and integrating the Arduino into a motor controller simple. The Arduino is based on the ATmega328. It has an operating voltage of 5V. It has 6 analog input pins where the throttle may be connected along with 6 PWM output pins.
[image: ]
Figure: Arduino Uno
Some features that make the Arduino Uno suitable to integrating into the motor controller include:
	· Operating Voltage
	· 5V

	· Input Voltage (recommended)
	· 7-12V

	· Input Voltage (limits)
	· 6-20V

	· Digital I/O Pins
	· 14 (of which 6 provide PWM output)

	· Analog Input Pins
	· 6

	· DC Current per I/O Pin
	· 40 mA

	· DC Current for 3.3V Pin
	· 50 mA



Motor Driver 	

The Arduino alone is not capable of producing the necessary amount of power to drive the motor. Therefore, the Concept Driver 2SD316EI will be integrated to amplify the PWM signal from the Arduino. Like the Arduino, time restrictions played a major role in the selecting the Driver 2SD316EI. Dr. Edrington was able to lend the team three Driver 2SD316EI. This allowed the team to save on additional costs and avoid delays with the project from shipping and delivery time. The Driver 2SD316EI has a voltage rating of 1200V and a current rating of 150A.   

[image: ]
Figure: 2SD316EI IGBT Driver with Infineon Module FF150R12ME3G
[image: ]
Figure: Recommended User Interface of 2SD316EI Drivers

[image: ]
Figure: Block Diagram of Scale Driver, Basic Board, and IGBT Module

Figure _ displays the motor controller for one phase of the motor. The Arduino is supplied with 5V. The PWM output pins from the Arduino are connected to input A on the drivers. The drivers’ mode selection jumpers are set to half-bridge mode and the input pin B is set to high to enable both channels on the IGBT driver. Using ribbon cable connectors, the IGBT driver is connected to a custom made IGBT driver interface board designed by Jesse Leonard, a PhD student working at the Center of Advanced Power Systems. The driver plug is supplied with 15V to power the driver.  The DC bus on the driver is supplied with 24V from the battery. The drivers provide an amplified PWM signals from the Arduino to the motor through the AC gates. 
[image: ]
Figure: Integrated micro controller and driver into Motor Controller

[bookmark: _Toc379472242][bookmark: _Toc379477167]Figure 40 Motor Controller (TI DRV 8301 69M-Kit)
[bookmark: _Toc379477244]3.11 Motor 
[image: ]
Figure: Golden Motor 24V hub motor

The motor that will be used the 24V hub motor from Golden Motors. Tests conducted by golden motors reveal that the Maximum voltage, current and power ratings for the motor is 24.07V, 19.18A and 308.88W. Refer to the Motor Controller Specifications in the Appendix for additional data on the motor’s performance test.
[bookmark: _Toc379477245]3.12 Emergency Shutdown System 
	The emergency shutdown system isolates the battery from the rest of the electrical systems. When enabled, the emergency shutdown system will disable the propulsion system. The main component in the emergency shutdown system is the solid state relay. Two stop buttons are connected in series from terminal 2, +Vcc. The two stop buttons are then connected in series with the motor controller which is used to cut off the power supply from the battery to the motor controller when enabled. A wire loops back to terminal 3, +Vcc, from the motor controller. Terminals 1 and 4, -Vcc, are connected and run through the ground of the motor controller and the battery respectively.
[image: C:\Users\barrza\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_2091.jpg]
Figure: Emergency Stop Button

[image: ]
Figure: Crouzet 84134870

The Crouzet 84124870 is a solid state relay rated at a maximum 30A and operates between 3 and 32V DC. It is rated high enough break the maximum 20A that can be provided to the motor, while taking voltage and current spikes into consideration.

	Additionally, three circuit breakers will be placed in each of the phases to ensure a maximum level of protection for the motor. When the breaker senses a current of greater than 30A, the breaker will open the circuit. This will prevent any current from the battery to flow through the motor and possibly causing irreparable damage. 

[bookmark: _Toc379477246]3.13 DC-DC Converter 

The purpose of the DC-DC converter is to take the DC power being transmitted from the solar panels and boost is using a MPPT (Maximum Power Point Tracking) algorithm such that it is able to charge the vehicles battery while in use. In order for this to happen, the output voltage form the DC-Dc converter must be constantly above the 24V of the lithium- ion battery. 
	Currently, the preexisting ISV005V2 board is rated to accept maximum voltages of up to 18V and output voltages of up to 28.8V. This is where the error lies in charging the battery.  The previous solar panel inputs of 8-9V and 3-3.5A will only generate the output voltage of 24V because the input voltage is nowhere near its maximum. However, the new solar array will be able to generate a much higher voltage, capable of being properly boosted via the ISV005V2 and eventually charging the battery. 
This design will ensure that the DC power leaving the solar panels will enter the ISV005V2 board at the closest possible value to the maximum, which will ensure that the maximum output voltage of 28.8V can be achieved. Once this output voltage can be achieved, the battery can be properly charged while the car is in use. 
[bookmark: _Toc379477247]SUBSYSTEM: ISV005V2

The ISV005V2 board is a DC-DC converter that was previously used in last year’s senior design team. This component was not considered a success because it was unable to charge the battery when connected to a stiff voltage source. 
	However, when connected to the newly installed RAMSOND 20W solar panels the output is 30V which is successful in charging the battery. 
[image: http://www.st.com/st-web-ui/static/active/en/fragment/product_related/rpn_information/board_photo/image_steval-isv005v2.jpg]
[bookmark: _Toc379472244][bookmark: _Toc379477169]Figure 42 ISV005V2 Board [8]





[bookmark: _Toc379477248]4 Test Plan 
[bookmark: _Toc379477249]4.1 Mechanical Tests 
[bookmark: _Toc379477250]Roll Bar and Motor Mount
TEST ITEM (TITLE): Roll Bar

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

A Creo Parametric simulation will be run. A 700 N force will be applied in all directions to satisfy the eco shell competition rules. The Creo will also test the rear motor wheel mount connection points. The wheel mounts must have enough strength to support the full load of the car with the driver at all times therefore the simulation will include the appropriate forces (forces will account for weight of the car and the driver) on each of the wheel mount connection points. 

EXPECTED RESULTS:
The anticipated results is the roll bar design with the wheel mounts will be strong enough to keep the driver safe and  support the load of the car at all times.  

ACTUAL RESULTS:
Roll Bar design was capable of withstanding 700N of force in all directions. Creo Parametric simulation results can be seen in Appendix D1.

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A


SUGGESTED SOLUTION(S):
N/A

COMMENTS:
According to the competition rules and regulations the roll bar must be able to withstand 700N of force in all directions.



















[bookmark: _Toc379477251]Turning Radius 
TEST ITEM (TITLE): Turning radius

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The turning radius test will be performed in the FAMU-FSU college of engineering parking lot of building B. A tape measurer, the car with driver, and a 10 1b bag of sand will be used to complete this test. The car will first be aligned in straight line, next the sand will be displaced on the ground in the turning direction. Once the driver turns the wheels and accelerates the tires will leave a mark on the sand. The tire threads on the sand will be measured from the center point of the car along the curvature of the circle to verify that the turning radius is less the eight meters.


EXPECTED RESULTS:
The car will have a turning radius of approximately 7 meters.

ACTUAL RESULTS:Turning radius of 3.66m. Passes the minimum 8m turning radius requirement imposed by shell.

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A

COMMENTS:
According to the competition rules and regulations the car must have a minimum turning radius of 8 m.

[bookmark: _Toc379477252]Braking Test
TEST ITEM (TITLE): Rear Brakes/Front Brakes

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

This test will be performed on a 20 degree slope or hill. The front and rear brake will be independently activated to ensure the stopping accuracy of each one.  The location of the test is to be determined. The driver will drive the car up a hill and come to a complete stop. A second member of the team will then mark the position of each tire. The rear brakes will then be activated. The rear brakes will then be unactuated and the front brakes will be activated. A second team member will mark the position of the car after the activation of each braking system to assure that the car has not moved.

EXPECTED RESULTS:
The car will be stationary on a 20 degree incline once the rear brakes and the front brakes are activated.


ACTUAL RESULTS:
The car was able to maintain a stationary position on a 20 degree incline with both the front and the rear brakes independently engaged. 

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):N/A



COMMENTS:
According to the competition rules and regulations the car must be able to remain at a complete stop on a 20 degree angle using either of the two braking systems.
























[bookmark: _Toc379477253]Front Wheel Mount 
TEST ITEM (TITLE): Front Wheel Mount

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The front wheel mounts will be tested using a Creo Parametric simulation. Simulation tests with multiple loads in the vertical and horizontal directions will be applied to the front wheel mounts. The loads applied during simulation testing will be double the loads expected during competition. 

EXPECTED RESULTS:
The anticipated results and outcome should satisfy that the wheel mount geometry and strength will be sufficient to support the full load of the car. 


ACTUAL RESULTS:
Front wheel mounts were capable of widsthanding all forces applied during usage. Simulation results can be seen in Appendix D2. 


STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A


COMMENTS:
Car has already been tested and run using mounts.


[bookmark: _Toc379477254]Front Wheel Arm
TEST ITEM (TITLE): Wheel Arms

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The front wheel arms will be tested using a Creo Parametric simulation. The wheel arms are connected to the front wheels mounts through a pin joint. Simulation tests with various loads applied to the front wheel arm will be run. This test will assure that the wheel arms can handle all loads which will be applied during competition.

EXPECTED RESULTS:
The wheel arm design will endure all forces applied during the simulation without the material breaking or deforming. 

ACTUAL RESULTS:
Simulation results can be seen in Appendix D3.

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A

COMMENTS:
Car has already been tested and run using wheel arms.


[bookmark: _Toc379477255]4.2 Electrical System Tests  
[bookmark: _Toc379477256]Solar array & Steval ISV005V2 DC-D Boost Converter
TEST ITEM (TITLE): Solar array & Steval ISV005V2 DC-DC Boost converter


TEST CASE #:  TEST DATE: 
3/15/2014

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The objective of this test is to determine if the solar cell array constructed by last year’s solar car team are operational and to measure their output in a cloudy condition with the ISV005V2 DC-DC converter attached.  The DC-DC converter should boost the output voltage to a level that is possible to charge a 24V battery. 



EXPECTED RESULTS:
The final report for last year’s solar car design team stated that the solar cell arrangement would output approximately 8V and 2-3A depending on conditions. The report also went on to say that the DC-DC converter would only boost up to 24V and thus not quite high enough to charge the 24V lithium-Ion battery. The converter is attached to the output of the solar cells and its voltage is measured. 


ACTUAL RESULTS:
The output from the DC-Dc boost converter is 35V. This is more than sufficient voltage needed to charge the battery and should drop when connected to the load. 

STATUS: 		PASSED 				FAILED X



FAILURE CAUSE(S):
Voltage is rated more than high enough to charge battery

SUGGESTED SOLUTION(S):
Use CAPS testing equipment to test the power inside of battery before and after charging. 



COMMENTS:


[bookmark: _Toc379477257]Solar Cell Array

TEST ITEM (TITLE): Solar Cell Array


TEST CASE #:  TEST DATE: 
3/12/2014


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
X

The objective of this test is to determine if the solar cell array purchased by this years team will output  the rated power.



EXPECTED RESULTS:
The solar cell array will output at least 21V open circuit and 1.2A short circuited

ACTUAL RESULTS:
The output is what the product is rated for and operates as advertised. 

STATUS: 		PASSED 				FAILED X



FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):


COMMENTS:
The conditions for this experiment were precisely ideal. The sun was shining and the solar array had a perfect angle of incidence. 


[bookmark: _Toc379477258]Steval ISV005V2 DC-DC Boost Converter

TEST ITEM (TITLE): Steval ISV005V2 DC-DC Boost converter


TEST CASE #:  TEST DATE: 
1/17/2014

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The objective of this test is to determine what outputs can be expected from the ISV005V2 DC-DC boost converter when various inputs are used. This will help in determining the minimal voltage needed when leaving the solar array.  The DC-DC converter need to charge a 24V battery so anything above the threshold of 26V would be necessary in charging the battery.  




EXPECTED RESULTS:
The DC-DC converter output will be at least 24.5V when an input of 8V is used. This is anticipated due to the test with the solar array and DC-Dc converter previously completed. Able to boost the input voltage received from a DC power supply. 


ACTUAL RESULTS:
Vin(V)
Vout (V)
6.003
5.832
7.002
12.29
8.002
25.16
9.002
27.27
10.001
30.28
11.001
34.84
12.000
35.081
It would seem that the output voltage does not react to the input voltage linearly. This is very helpful because all the solar array needs to do is reach a certain voltage to properly be boosted and eventually charge the lithium ion battery.
 




STATUS: 		PASSED 				FAILED X



FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):
Either replace diode boxes with smaller and more efficient ones or possibly create new array all together. 



COMMENTS:
	 Greater than 12V will still yield 35V. It would appear that this is the greatest open  circuit voltage. 



























[bookmark: _Toc379477259]Solar World Solar Cell
TEST ITEM (TITLE): Solar World Solar Cell


TEST CASE #:  TEST DATE: 
1/30/2014

(ex: BS-001) (ex: 01/01/12 – 11:30 AM)

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TESTX

The objective of this test is to determine what output can be expected from a solar world manufactured monocrystalline solar cell.
The solar cell was soldered using the typical soldering technique. That is, with flux paste, tabbing wire and a soldering iron on both sides. Due to inclement weather conditions, the solar cell will be tested in the senior design lab using a halogen lamp. When weather permits, more tests in the real world environment will take place. The solar cell needs to operate before a solar array design can take place. The output voltage and current from this cell will help in determining what orientation each cell will have. More specifically if the cells will all be in series or either a parallel and series combination.  





EXPECTED RESULTS:
The solar cell will output some voltage when the halogen lamp is placed directly above the solar cell.  


ACTUAL RESULTS:
Vout
Iout
Power
0.565 V
1.76 A
0.994 W
Thus the solar cell was soldered correctly and is outputting almost 1 Watt of power. This is good news as 10 solar cells are going to be integrated into a single array which will hopefully be able to generate 10W of power. 


STATUS: 		PASSED 				FAILED X



FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):
Need to reach at least 10V output when 10 solar cells are connected.  


COMMENTS: A series combination might be the most ideal combination, however further research must be conducted. 



[bookmark: _Toc379477262]Isolated DC-DC Converter

TEST ITEM (TITLE): Isolated DC-DC Converter Test


TEST CASE #:  TEST DATE: 
TBA


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Using a stiff voltage source to simulate a 24 V input from the battery and a load the converter will be tested to ensure that it reduces the voltage from the battery to supply the proper voltage to the load.

EXPECTED RESULTS:
The isolated DC-DC converter will properly reduce the input voltage to the voltage needed to supply the load.

ACTUAL RESULTS:
TBA


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:




Horn

TEST ITEM (TITLE): Horn Test	 


TEST CASE #:  TEST DATE: 1
2-28-14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
The horn was connected to the accessory battery.  Using a push button to press the horn it should sound.

EXPECTED RESULTS:
Horn should sound	

ACTUAL RESULTS:
The horn sounded


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:






The previous year’s team tested the battery their results are below.
[bookmark: _Toc379477263]Battery Discharge – 1C

TEST ITEM (TITLE): Battery Discharge – 1C


TEST CASE #:  TEST DATE: BS-01
1/31/13 – 9:00am


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and observe the battery discharge for the 1C battery rating.

EXPECTED RESULTS:
When the battery is supplied 20A with a nominal voltage of 24V, the battery should be able to supply power for 1 hour before it is fully discharged.

ACTUAL RESULTS:
The elapsed test time was 51:20.  The simulation was set up to end when the battery reached 20V.  Data results plotted in MATLAB


STATUS: 		PASSED 				FAILED X


FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:
Battery may not have been fully charged, will retest when batteries are confirmed to be fully charged to check validity.  Once the initial test was over the testing was quickly continued until the battery management system cutoff at 17.8V.



[bookmark: _Toc379477264]Battery Discharge – 2C

TEST ITEM (TITLE): Battery Discharge – 2C


TEST CASE #:  TEST DATE: BS-02
1/31/13 – 2:30pm


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and observe the battery discharge for the 2C battery rating.

EXPECTED RESULTS:
When the battery is supplied 40A with a nominal voltage of 24V, the battery should be able to supply power for 30 minutes before it is fully discharged.

ACTUAL RESULTS:
The elapsed test time was 22:31.  The simulation was set up to end when the battery reached 16.8V.  Data results plotted in MATLAB


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:
During testing the wires being used to connect the thick gauge main battery wires to the electronic load became very hot at this high current.  To continue testing at a higher current the supplemental wires will need to be replaced with a higher gauge wire.  Should probably even consider using a higher gauge wire when connecting the battery in the final design of the car.

[bookmark: _Toc379477265]Battery Discharge – 0.5C

TEST ITEM (TITLE): Battery Discharge – 0.5C


TEST CASE #:  TEST DATE: BS-03



TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and observe the battery discharge for the 0.5 battery rating.  Record the total elapsed time and the voltage cutoff.

EXPECTED RESULTS:
When the battery is supplied 10A with a nominal voltage of 24V, the battery should be able to supply power for 1:30 before it is fully discharged.  Voltage cutoff should be at the BMS rating of 16.8V

ACTUAL RESULTS:
TBA


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:


[bookmark: _Toc379477266]Battery Charging Capabilities

TEST ITEM (TITLE): Battery Charging Capabilities


TEST CASE #:  TEST DATE: BS-04



TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and the battery charger to the battery.  Use the constant voltage mode to record how long it takes to charge the fully discharged battery.

EXPECTED RESULTS:
Elapsed time should be 5 hours

ACTUAL RESULTS:
TBA


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:


[bookmark: _Toc379477267]Battery Integration 

TEST ITEM (TITLE): Battery Integration 


TEST CASE #:  TEST DATE: BS-05



TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Connect the battery with the converter and solar array and place in sun and with artificial light in lab to test the charging abilities of the battery with the solar array.

EXPECTED RESULTS:
The solar array will charge the battery.

ACTUAL RESULTS:
TBA


STATUS: 		PASSED 				FAILED 

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):



COMMENTS:


[bookmark: _Toc379477268]Motor Controller 

TEST ITEM (TITLE): Motor Controller


TEST CASE #:  TEST DATE: 1
01/17/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
The team was considering using a number pad key board as an input into the motor controller to control the speed of the motor by simply typing in the revolutions per minute value desired.

Test Description/Requirements:
Using the instaSpin software motor testing, the TI DRV8301 69M-kit is used to spin the motor at a desired speed in revolutions per minute. 


EXPECTED RESULTS:
Upon the motor identification test through instaSpin software, the motor should be recognized by the TI DRV8301 69M board. Once the board identifies the motor, a speed value can be typed in and the board will read that value to control the motor.

ACTUAL RESULTS:
Requirement for Success:
The motor should accelerate then maintain the desired speed.

Actual Results:
The test was a success. After typing the desired speed, motor accelerated to the rpm entered.


STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):


COMMENTS:
At a desired 4000rpms, the motor did not seem to be rotating at that speed (to the naked eye). 



TEST ITEM (TITLE): Motor Controller


TEST CASE #:  TEST DATE: 2
04/14/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
Test the output gate of the IGBT Driver using a function generator

Test Description/Requirements:
Using a function generator, a square wave will is applied to Input A on the IGBT driver. Mode selection is in H-Bridge mode. Therefore, Input B is set to high to enable the AC gates. An oscilloscope is connected to the AC gates to read the output. 

EXPECTED RESULTS:
An amplified square wave should be detected on the oscilloscope.

ACTUAL RESULTS:
Requirement for Success:
An amplified square wave should be detected on the oscilloscope.

Actual Results:
The oscilloscope was detecting only noise from the gate.


STATUS: 		PASSED 				FAILED 
X


FAILURE CAUSE(S):
Input B was enabled high. However, it was connected to the 5V supply on the interface board.

SUGGESTED SOLUTION(S):
15V is needed for Input B.

COMMENTS:




TEST ITEM (TITLE): Motor Controller


TEST CASE #:  TEST DATE: 3
04/14/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
Test the output gate of the IGBT Driver using a function generator

Test Description/Requirements:
Using a function generator, a square wave will is applied to Input A on the IGBT driver. Mode selection is in H-Bridge mode. Therefore, Input B is set to high at 15V to enable the AC gates. An oscilloscope is connected to the AC gates to read the output. 

EXPECTED RESULTS:
An amplified square wave should be detected on the oscilloscope.

ACTUAL RESULTS:
Requirement for Success:
An amplified square wave should be detected on the oscilloscope.

Actual Results:
The oscilloscope was detecting only noise from the gate.


STATUS: 		PASSED 				FAILED 
X

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):
Amplitude of square wave was only 500mV. 
Jesse: 500mV pk-pk is not enough. It should be 15V. 
The maximum Voltage from the function generator is 10Vpk-pk.

COMMENTS:






TEST ITEM (TITLE): Motor Controller


TEST CASE #:  TEST DATE: 4
04/15/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
Test the output gate of the IGBT Driver using a function generator

Test Description/Requirements:
Using a function generator, a square wave will is applied to Input A on the IGBT driver. Mode selection is in H-Bridge mode. Therefore, Input B is set to high at 15V to enable the AC gates. An oscilloscope is connected to the AC gates to read the output. Amplitude on function generator is set to 10Vpk-pk

EXPECTED RESULTS:
An amplified square wave should be detected on the oscilloscope.

ACTUAL RESULTS:
Requirement for Success:
An amplified square wave should be detected on the oscilloscope.

Actual Results:
The oscilloscope picked up an amplified square wave signal.
[image: ]

STATUS: 		PASSED 				FAILED X


FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):


COMMENTS:

TEST CASE #:  TEST DATE: 5
04/17/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
Test the output gate of the IGBT Driver using the Arduino 

Test Description/Requirements:
Using the Arduino, a square wave will is applied to Input A on the IGBT driver through the PWM. Mode selection is in H-Bridge mode. Therefore, Input B is set to high at 15V to enable the AC gates. An oscilloscope is connected to the AC gates to read the output. 

EXPECTED RESULTS:
An amplified square wave should be detected on the oscilloscope.










ACTUAL RESULTS:
Requirement for Success:
An amplified square wave should be detected on the oscilloscope.

Actual Results:
The oscilloscope picked up an amplified square wave signal.

[image: ]
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STATUS: 		PASSED 				FAILED X


FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):


COMMENTS:
[bookmark: _Toc379477269]Motor 
TEST ITEM (TITLE): Motor


TEST CASE #:  TEST DATE: 
01/17/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
Test Objective: 
The objective of this test is to verify that the hub motor is capable of obtaining and maintaining a speed of 15mph.

Test Description/Requirements:
The equipment required for this test is the hub motor, a bike, the propulsion battery, BAC-281P (motor controller provided with the motor), throttle, and a vehicle. The motor is mounted onto a bike. The battery is connects to the BAC-281P. The battery and motor controller are placed into a back pack and mounted onto the riders back (David Jolicoeur). The Rider mounts the bike and ride alongside a vehicle moving at approximately 15mph.


EXPECTED RESULTS:
After observing the motor’s rotational speed with no load, it is expected that the motor will not be able to reach 15mph with a 220lb load. (David is approximately 200lbs. The battery is approximately 20lbs)


ACTUAL RESULTS:
Requirement for Success:
The motor should be able to travel parallel with a moving vehicle traveling at 15mph.

Actual Results:
The motor took some time to accelerate with the 220lb load. After about 10 seconds, the motor sped up and was able to remain parallel with the vehicle moving at approximately 15mph. The test was successful.


STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):


SUGGESTED SOLUTION(S):


COMMENTS:
This test was performed without the motor controller that will be used in the competition.




[bookmark: _Toc379477270]Emergency Shutdown System Test 1
TEST ITEM (TITLE): Emergency Shutdown


TEST CASE #:  TEST DATE: 
04/4/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
This was a test of the internal shut down switch. This switch is located underneath the driver’s seat near the thighbone in order to have the maximum convenience when driving. 

this test used the TI DRV8301 Motor controller in order to simulate  a real emergency. 

EXPECTED RESULTS:
The motor controller will stop operating and the motor will stop spinning as well. 


ACTUAL RESULTS:
The motor and motor controller both stopped working immediately upon pressing the internal shut down switch. 


STATUS: 		PASSED 				FAILED X
x

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A

COMMENTS:
	


[bookmark: _Toc379477271]Emergency Shutdown System Test 2

TEST ITEM (TITLE): Emergency Shutdown External Switch


TEST CASE #:  TEST DATE: 
04/04/14


TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
The purpose of this test is to test the external shutdown switch. This switch si located on the rear of the car and is accessible at all times outside of the car. 

The testing situation is exactly the same as the one used for the internal switch. 

EXPECTED RESULTS:
The motor controller will stop operating and the motor will stop spinning as well. 



ACTUAL RESULTS:The motor and motor controller both stopped working immediately upon pressing the internal shut down switch. 


STATUS: 		PASSED 				FAILED X


FAILURE CAUSE(S):
N/A


SUGGESTED SOLUTION(S):
N/A


COMMENTS:









[bookmark: _Toc379477274]4.3 Safety Testing 
[bookmark: _Toc379477278]Vacation Test

TEST ITEM (TITLE): Driver Vacation Test

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
The driver will sit in the car fully harnessed, and exit the car three times. A second member of the team will use a stopwatch determine the time from the moment the driver begins to remove the 5 point harness to the moment both of the drivers feet are on the ground outside of the car. 

EXPECTED RESULTS:
The fully harnessed driver will escape the vehicle in less than 10 seconds.

ACTUAL RESULTS:
The driver and the backup driver were both able to successfully vacate the vehicle within 6 seconds, which meets the shell eco marathon standards.

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A


COMMENTS:
According to the competition rules and regulations the fully harnessed driver must be able to vacate the vehicle at any time without assistance in less than 10 seconds.

























[bookmark: _Toc379477277]Five Point Harness 
TEST ITEM (TITLE): Safety Harness Test

TEST CASE DESCRIPTION: 		         TEST TYPE:  TEST  RE-TEST
The completed car will be manually lifted from the five point harness using a steel pipe to hold the car up from both sides. The car will be held in the air for 30 seconds. Once the car is lowered each of the five points of contact will be checked to assure that none have failed. 

EXPECTED RESULTS:
The safety harness will withstand the downward force of the car without the failure of any of the points of contact.

ACTUAL RESULTS:
The car was successfully lifted from the five point harness without any breakage or deformation.

STATUS: 		PASSED 				FAILED X

FAILURE CAUSE(S):
N/A

SUGGESTED SOLUTION(S):
N/A

COMMENTS:
According to the competition rules and regulations the safety harness must withstand a force of at least 1.5 times the driver’s weight; furthermore the car will be lifted off the ground from the five point harness.  


5 Schedule 
	The team created a Gantt 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 initial Gantt 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 Gantt 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 including all tests covered in the testing section of the report will take place. Based on the Gantt chart 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 completed Gantt chart can be found in Appendix A3 Gantt Chart. 
	The team has currently completed the design and analysis phase on time for all major components listed in the Gantt chart. The milestone 1 “Needs and Analysis” report and presentation have both been completed; moreover milestone 2 “Project Proposal” and milestone 3 “System Level Design and Review” reports and presentations have also been completed. 
	With the design and analysis phase of the project completed the team moved on to the manufacturing phase which has also been completed. Based on the final designs from the design and analysis phase the team selected one of two “manufacturing methods” to be used based on the component. In order to adhere to time constraints and remain on schedule the team decided to order as many “off the shelf” parts as possible. Other components of the vehicle which are specific to the vehicle size, dimensions, and material specifications were manufactured in house with the help of the FAMU-FSU college of engineering machine shop. Based on the results from the design and analysis phase of the project the team selected and ordered the following components “off the shelf”:
· Steering wheel 
· Rack and pinion
· Front Brakes (2 brakes) 
· Rear Brake 
· Brake Lines (3 brake lines)
· Rotors 
· Wheel Hubs
· Tires and tubes
· Solar Panels
· DC-DC Converter
· Circuit Breakers
· Manual Kill Switch (2: 1 internal, 1 external)
· Latches
· Fire Extinguisher
· Seat Belt
· Horn & Horn Button 
· Wires
· Brake Pedals (2: 1 rear, 1 Front)
· Power Pedal (Throttle) 
Based on the custom nature of the vehicle the team decided that the following components were going to be manufactured in house: 
· Roll Bar
· Motor Mounts
· Truss
· Front Wheel Mounts
· Front Brake Mounts
· Spindles
· Rear Brake Mount
· Seat & Seat Mounts
· Front Bulkhead
· Rear Bulk Head
· Custom Brackets
· Steering Column Support 
· Battery Compartment 
In order to manufacture each of these components the team first placed material orders. Due to a delay in the release of the funds allocated to the solar car project, the team had to fund an account that is currently being reimbursed in order to begin receiving materials and components as soon as possible. Although the team originally intended to manufacture all components prior to commencing the installation phase, Jermy (lead engineer in the machine shop) suggested that it would be more productive to manufacture and install the components that were to be built in house simultaneously. Furthermore, it was suggested that certain custom components had to be manufactured and installed simultaneously in order to assure proper fits, and that custom brackets and mounting plates required to fit the vehicles unique size and geometry had been overlooked. Due to the lost time from budget issues and the need for certain custom parts and mounting brackets to be manufactured and installed simultaneously the team meshed the two phases. The meshing of the manufacturing and installation phases, allowed the team to commence the installation phase of the project early and recuperate some of the lost manufacturing time from the budget allocation issues and shipment setbacks.  The early start of the installation phase for these major components kept the team on track assuring that the critical path was not broken. 
With the design, manufacturing, and installation phases of the project completed the team commenced the testing phase of the project. The testing phase of the project includes a compliance full compliance check of all competition rules and regulations, the testing of all major components. The team originally intended to have a 15 day testing period, however the team portable was broken into, and the car was damaged which set the team back. Fortunately many of the major tests for were performed prior to the incident. All remaining tests will be performed in the week leading up to the competition 04/21/14 - 04/21/25. The full testing plan and results can be seen in the testing portion of the report. 





[bookmark: _Toc379477279]6 Final Budget & Justification
The project started with an allotted budget of $6000. Additionally, Dr. Okoli made a verbal agreement to pay for the Eco-marathon travel costs (up to $3000) on the conditions that the team secured an external sponsor and “made mission” for the project. Of the allotted $6000 only $1,530.13 has been spent (see table 9). About $1,200 was spent on the steering, propulsion, and structural systems of the solar car, and about $330 was spent on the motor controller. The team was fortunate to receive in-kind donations from the 2013 solar car team in the form of the chassis, rear wheel and in-hub motor. Solar panels, wires, and tabbing materials were donated to the team by Justin Vandenbroeck (IE ‘14), and we would like to kindly thank him for his donation and aid in this project. 
We anticipate approximately $800-1000 in additional costs in order to procure all remaining components and services for the project. In the event of component defects or breakage the remaining expenditures may increase. Travel costs are estimated to be approximately $4000 based on our road travel plan, this includes transportation, accommodation, and provisions. The team could have spent more money on the project, but doing so would have required a re-design from the original conception phase. Unfortunately the 2013 team had multiple setbacks, and time did not permit our team to deviate too much from the original design whilst mid-project. As a result the plan continued as left off by the 2013 team, with a couple of modifications where improvement was feasible. A large consideration in not restarting the design was due to the time constraints, and the fact that the Shell Eco-marathon will be eliminating the solar car category after the 2014 competition. As a result, we thought that leftover money could be better spent if allocated to a future Eco-marathon senior design team for the electric vehicle category.
[image: ]
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[bookmark: _Toc379477301]8 Conclusion 
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.
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 customer requirement over another. The primary concern for ranking in the competition is the efficiency of the vehicle, which will be determined by the organizer’s evaluation. 
Once the HOQ was completed the team created a comparison matrix template using the most significant factors, in order to rank components against their alternatives in the design selection phase. The comparison matrix was created by assigning normalized percentage weight values, which were derived from our HOQ analysis, to each ranking criteria. Next an optimization legend was created, in order to determine which design was the most optimal for the vehicle. Each component was assigned a ranking relative to its alternatives. A higher score indicates a more optimal solution, while a score of 1 indicates the least optimal solution. The weights were then applied to the relative rankings, which gave us insight into which components best fit the customer’s requirements. The alternative designs were generated based on input received from various advisors and professionals in the respective fields. The largest design problem that had to be solved was striking a balance between the necessary trade-offs for the weight, the cost, and the safety of vehicle.
The team decided to split the design work into two categories: mechanical and electrical components. After consulting with the advisors for the project on the status and validity of their designs, the team went to work simulating the mechanical and electrical behavior of the car’s components. Various measurements were checked in order to ensure the safety, speed, low weight, and affordability of the vehicle. Mechanical components that were designed include: a roll bar and rear wheel mount, a roll hoop, a steering system, a braking system, a seat, the wheels, and a bulkhead. Electrical components that were designed include: the solar panel system, the propulsion system, the motor controller, the single board computer, and the DC-DC converter. Each component had its own unique design limitations which had to be considered before designs could be finalized.
Budgeting thus far consists of the procurement costs for the mechanical and electrical components, as well as the materials cost for components that have to be manufactured. The total amount spent on the project thus far summed to $1530.13. Additionally we anticipate travel costs at approximately $4000. This puts us at below the $6000 budget allotted to the project.
 
The measurements performed by the team included: center of gravity calculations, a weight distribution, static vertical wheel load calculations, turning radius and tie rod calculations, static and dynamic load bearing analysis, and the turning radius calculation. These measurements will allow the team to finish the Measure step of their Define, Measure, Analyze, Design, Verify (DMADV) design process. In this phase, Analyze, we were able to ensure that our finalized design meets all the requirements per the simulations recommended by faculty advisors. Once their approval was earned, the team moved on to analyzing the design for small improvements which could lead a cumulative gains in the efficiency of the vehicle. Such improvements include the new solar array, the solar implementation plan, the new roll bar design, and the simplified steering system.
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A1: Fish Bone Analysis 
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The group began by comparing the required dual braking system to each of the thirteen quality characteristics. After careful analysis the following relationships were established:
· Strong relationship with safety, because having dual braking systems adds extra safety measures to the car.
· Weak relationship with weight, because adding a secondary braking system will slightly increase the cars weight.
· Moderate relationship with cost, because the dual braking system will moderately increase the cars cost.
· Strong relationship with regenerative braking system, because the braking systems will be directly related to regenerative braking. 

The required safety features were then compared to each of the thirteen quality characteristics. A roll bar, 5 point seat belt, rear view mirrors, turning radius requirements, and bulkheads were considered when establishing the following relationships:
· Weak relationship with ventilation, because having a ventilation system will increase the operational safety when operating in extreme environments. 
· Moderate relationship with speed, because adding these safety features moderately increases the vehicles weight which ultimately decreases the vehicles speed.
· Strong relationship with safety, because each of these safety features adds an extra level of operational safety.
· Moderate relationship with turning radius, because increased turning radius increases the cars maneuverability which affects the overall safety of the driver.
· Strong relationship with weight, because adding these safety features will significantly increase the cars weight.
· Strong relationship with visibility, because safety features such as the rear view mirrors will directly affect the driver’s visibility. 
· Weak relationship with ergonomic aspects of the car because implementing all of the safety features will make it more difficult to design the car in an ergonomic manner due to space restrictions. 
· Strong relationship with cost, because implementing each safety feature will significantly increase the cost of the project.
· Weak relationship with a super capacitor, since the addition of a super capacitor increases the probability of an overload.

Required emergency procedures were compared to each of the thirteen quality characteristics. The addition of a ten second escape plan, and an electrical shutdown switch were considered when establishing the following relationships:
· Strong relationship with safety, including a ten second escape plan and having emergency shutdown switches will significantly increase the operational safety. 
· Weak relationship with weight, because including these emergency procedures will slightly increase the cars weight due to extra parts.
· Strong relationship with ergonomic aspects, because including these emergency procedures will directly affect the ergonomic design of the car.
· Weak relationship with radio communication because having radio communication will make following emergency procedures easier at the time of an emergency.
· Moderate relationship with cost, because adding the extra parts necessary to incorporate these emergency procedures will moderately increase the cost of the project.

Required visibility was compared to each of the thirteen quality characteristics. The addition of rear view mirrors and a 180 degree field of vision were considered when establishing the following relationships:
· Strong relationship with safety because having the required visibility specs met significantly increases the operational safety of the vehicle. 
· Strong relationship with visibility because having the required visibility specs met significantly increases the driver’s visibility. 
· Weak relationship with radio communication because radio communication will allow the pit crew to help the driver with their surroundings.
· Weak relationship with cost because having the required visibility specs met will slightly increase the project’s cost. For example rear view mirrors will need to be purchased. 

Required vehicle dimensions were compared to each of the thirteen quality characteristics. After careful analysis the following relationships were established:
· Weak relationship with ventilation, because the constricted size of the car limits the types of ventilation which can be used.
· Strong relationship with speed, because the vehicles dimensions directly affect the vehicles speed. The larger the vehicle, the slower it will run due to the limited engine size and energy capabilities.
· Strong relationship with safety, because the larger the car the more safe it will be. Inversely the smaller the car the less safe it will be.
· Strong relationship with turning radius because the turning radius is directly affected by the vehicle dimensions.
· Strong relationship with weight because the larger the car the more it will weigh, and vice versa, the smaller the car the less it will weigh.
· Strong relationship with visibility because the dimensions of the car will directly affect the drivers visibility. The shape and dimensions can also add blind spots in the driver’s field of vision.
· Strong relationship with ergonomic aspects of the car dimension limits will directly affect the ergonomic design capabilities. The smaller the car the more difficult it will be to implement an ergonomic design.
· Strong relationship with cost because the larger the car the more material is used which increases the cost of the project, and vice versa the smaller the car the less material that is used, and the cheaper the cost of the project.

Separated fire proof compartments were compared to each of the thirteen quality characteristics. The fire retardant bulk heads were also considered when making these correlations.  After careful analysis the following relationships were established:
· Weak relationship with ventilation, because the separate fire proof compartments make it more difficult to add ventilation to the car. Furthermore, the separated fire proof compartments take up a considerable amount of space which also decreases the ventilation possibilities.
· Strong relationship with safety, because having the separate fire proof compartments will directly increase the operational safety of the vehicle. 
· Moderate relationship with weight, because adding the materials necessary to implement the separate fire proof compartments and the bulkheads will moderately increase the weight of the vehicle.
· Moderate relationship with cost, because adding the materials necessary to implement the separate fire proof compartments and the bulkheads will moderately increase the cost of the project.

Required indicators and switches were compared to each of the thirteen quality characteristics. The escape latch indicators and red arrows, the system shutdown switch, and the system shut down indicators were considered when establishing the following relationships:
· Strong relationship with safety, because the switches and indicators considered directly increase the operational safety during an emergency.
· Strong relationship with ergonomic design, because the location of the switches must be easily accessible to the driver of the car.
· Weak relationship with cost, because the switches and indicators considered should be fairly inexpensive to implement.
· Strong relationship with the odometer, because it is an indicator that is highly desired.
· Strong relationship with the accessory battery, because the accessory battery will power the additional indicators and switches.

The electric horn was compared to each of the thirteen quality characteristics. After careful analysis the following correlations were made: 
· Strong relationship with safety, because having an electric horn will allow the driver to safely pass other vehicles on the track.
· Weak relationship with cost because the electric horn will be fairly inexpensive to implement. 
· Strong relationship with the accessory battery, because the electric horn will be powered by the accessory battery. 

The Li-Ion battery and the battery management system were compared to each of the thirteen quality characteristics. After careful analysis the following relationships were established: 
· Strong relationship with speed, because the power which the battery produces, directly affects the vehicles speed.
· Strong relationship with safety, because implementing the battery and battery management system means having specialized safety precautions such as fire retardant bulk heads.
· Moderate relationship with weight because the battery weighs approximately 10lbs.
· Strong relationship with cost, because the Li-Ion Battery is one of the most expensive components in the vehicle.  
· Strong relationship with a super capacitor, because the super capacitor will help charge the battery.
· Strong relationship with the regenerative braking, because the regenerative braking will help charge the battery.

The vehicles efficiency was compared to each of the thirteen quality characteristics. In terms of the competition the vehicles efficiency will be measured in km/kWh. After careful analysis the following relationships were established: 
· Weak relationship with speed, because the speed at which the vehicle travels will affect the vehicles overall efficiency.
· Strong relationship with weight, because the vehicles weight will directly affect the efficiency. The lighter the vehicle the more efficient it will be. 
· Strong relationship with a super capacitor, because the super capacitor will help charge the battery, thus increasing the distance traveled.
· Strong relationship with the regenerative braking, because the regenerative braking will help charge the battery, thus increasing the distance traveled.

Next it was determined that each functional requirement had to be ranked according to the HOQ optimization criteria. The direction of improvement for each variable was ranked as requiring minimization/maximization; in the case of a binary variable, each characteristic was simply marked to indicate that the requirement has been fulfilled.  The results were as follows:

· Ventilation: Maximize
· Speed: Maximize
· Safety: Maximize
· Turning Radius: Minimize
· Weight: Minimize
· Visibility: Maximize
· Ergonomics: Maximize
· Radio Communication: On target
· Cost: Minimize
· Accessory Battery: On target
· Super capacitor: On target
· Odometer: On target
· Regenerative Braking: On target

The correlations between the quality characteristics was assessed based on the optimization criteria in order to determine the nature and strength of their relationship.

The ventilation variable shared the following correlations:
· A weak positive relationship with safety, because proper ventilation will help to ensure that the driver can operate the vehicle with full awareness of their surroundings.
· A strong positive relationship with ergonomics, because it ensures the comfort of the driver.
· A weak negative relationship with cost, because creating proper ventilation will require additional tool work and possibly procurement.
· A strong positive relationship with the accessory battery, because the ventilation may run off of the accessory battery.

The speed variable shared the following correlations:
· A strong negative relationship with the safety, because increasing the speed requires a reduction of materials used for the chassis, thereby reducing the overall safety of the driver in case of an accident.
· A strong positive relationship with the weight, because decreasing the weight will lead to a faster top speed.
· A weak negative relationship with ergonomics, because improving the ergonomics will require additional material which increases the weight.
· A strong positive relationship with the accessory battery, because the ventilation will run on the accessory battery.
· A strong negative relationship with cost, because increasing the speed will require additional mechanical and electrical parts.
· A weak positive relationship with the super capacitor, because the super capacitor will help to store additional power for the motor.
· A weak positive relationship with the regenerative braking, because it will help to generate additional power for the motor.

The safety variable shared the following correlations:
· A weak positive relationship with the turning radius, because the car needs to be able to safely navigate turns.
· A strong negative relationship with the weight, because the additional safety features will add additional weight to the car.
· A strong positive relationship with visibility, because the driver needs to be able to see everything within a 180 degree field of vision.
· A strong positive relationship with ergonomics, because it is directly related to all indicators and gauges that provide the operator with necessary information.
· A weak positive relationship with radio communication, because it will allow the pit crew to keep in contact with the operator in case of an emergency.
· A strong negative relationship with cost, because each additional safety consideration requires additional purchasing or modification.
· A weak positive relationship with the accessory battery, because the additional battery will power all of the safety components.
· A weak positive relationship with the super capacitor, because the super capacitor increases the risk of fire hazard.
· A weak positive relationship with the regenerative braking, because adding the additional components would increase the probability for mechanical error.

The turning radius variable shared the following correlations:
· A weak negative relationship with the weight, because adding the additional mechanical parts would cause a small increase in weight.
· A weak negative relationship with the cost, because procuring the additional parts would also increase the cost.

The weight variable shared the following correlations:
· A weak negative relationship with visibility, because adding the additional Plexiglas cover would increase the weight.
· A weak negative relationship with ergonomics, because adding additional material to increase the ergonomics would increase the weight.
· A strong positive relationship with cost, because reducing the weight would require much more expensive materials (i.e. Al honeycomb).
· A strong negative relationship with the accessory battery, because the additional battery adds significant weight to the vehicle.
· A weak negative relationship with the super capacitor, because it will add additional weight to the vehicle.
· A weak negative relationship with the odometer, because installing it will require additional parts which will add to the weight.
· A weak negative relationship with the regenerative braking, because the additional parts will increase the weight.

The visibility variable shared the following correlations:
· A strong positive relationship with ergonomics, because it allows for clear vision of the race track which is essential to human factors design.
· A weak negative relationship with the cost, because the Plexiglas cover and machining will cost additional money.

The ergonomics variable shared the following correlations:
· A strong negative relationship with cost, because increasing the comfort of use for the operator will increase costs.
· A weak positive relationship with the accessory battery, because some components (such as ventilation) will operate off of the additional battery.
· A weak positive relationship with odometer, because the odometer is an indicator which increases the safety of use for the operator.

The radio communication variable shared the following correlations:
· A weak negative relationship with the cost, because procuring the equipment will add to the costs.

The cost variable shared the following correlations:
· A weak negative relationship with the accessory battery, because the additional battery will add to the cost.
· A weak negative relationship with the super capacitor, because the additional electrical parts will add to the cost.
· A weak negative relationship with the odometer, because the additional equipment will add to the cost.
· A weak negative relationship with the regenerative braking, because the additional mechanical equipment will add to the cost.

The accessory battery variable shared the following correlations:
· A strong positive relationship with the odometer, because the odometer will be powered using the additional battery.

Lastly, a competitor analysis was done using the FAMU-FSU 2011 solar car as a competitor. Using the requirements for participation in the 2014 Shell Eco-Solar challenge, we ranked both designs side by side. The 2014 solar car design scored a 5 in each category, and showed great improvement over the previous design.

A3: Gantt chart[image: ]


[bookmark: _Toc379477308]B: Part Dimensions and Specs
B1: Roll Bar and Rear Wheel Mount 
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[bookmark: _Toc379477310]B2: Front Wheel Arm 
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[bookmark: _Toc379477312]B3: Front Wheel Mounts
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C: User’s Guide
This is an original section added for the final report.  This section needs to be a complete user’s guide for your system.  Assume the reader is familiar with the overall goals and requirements of the system, but not familiar with your system in particular.  In other words, assume that this user’s guide will be used independent of the rest of this report.

The following is a minimum list of items that must be included in this appendix.  You will need to determine if any other information needs to be included to make a complete user’s guide for your particular system.
· Description of your system.  Include pictures and graphics identifying the major parts of the systems and user controls.
· List of items included in your system (components, battery chargers, attachments, etc.) including photographs.
· Specifications for your system detailing its capabilities, limitations, size, etc.
· Operating instructions.  Complete description of how to set up and operate the system.  Graphics and pictures as appropriate.
· Basic maintenance guide for the system.  E.g. how to recharge batteries, clean sensors, etc.

Basically, make this contain all the information you would want in a user’s guide for a system you had just purchased.














D: Complete Test Reports
[bookmark: _Toc379477324]D1: Roll Bar & Front Wheel Mount Test Results 

[image: C:\Users\croasja\AppData\Local\Temp\rollcage_staticanalysis.PNG]












[bookmark: _Toc379477325]D2: Front Wheel Mount Test Results 
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[bookmark: _Toc379477326]D3: Front Wheel Arm Test Results 
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D4: Front Mount Stress Calculation Results and Constants    
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D5: Front Mount Moment Calculation Results and Constants 
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D6: Square Tube Calculation Results and Constants 
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D7: Wheel Hub Bolt Calculation Results and Constants 
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E: Software
E1: Code 
/*
ECE Senior Design Team #2 Solar Car
Motor Controlling Code
Author(s): Zachary Barr (EE)


This code has two main functions
First function is to read analog signal from foot pedal throttle
Second function is to output three phase signal to power BLDC thr


open loop control used
*/




//Set LED output Pin
//To be used for debugging purposes int led1 = 0;
int led2 =1; 
int led3 =2; 
int led4 =3; 
int led5 =4; 
int led6 =5;





void setup() {
// initialize serial communication at 9600 bits per second:
//This is standard code form Arduino website
Serial.begin(9600);




//These are the PWM outputs
//Send these to the Motor Driver pinMode(9,OUTPUT);
pinMode(10,OUTPUT);
pinMode(11,OUTPUT);


//Adjust PWm freuqncies to approx 32KHz
TCCR1B = TCCR1B & 0b11111000 | 0x01;
TCCR2B = TCCR2B & 0b11111000 | 0x01;




//Set pin direction for LED
//LED are for debugging purposes
//They represent the different coils
//Odd numbers are positive, even are negative pinMode(led1, OUTPUT);
pinMode(led2, OUTPUT); pinMode(led3, OUTPUT); pinMode(led4, OUTPUT); pinMode(led5, OUTPUT); pinMode(led6, OUTPUT);


}




//main loop void loop() {



// read the input on analog pin 0:
int sensorValue =analogRead(A0);
// print out the value to serial monitor for debug purposes
Serial.println(sensorValue);
delay(1);       // delay in between reads for stability




//this is for Debugging purposes
//LED's blink to simulate motor if (sensorValue >15){
//Simulate rotor switching
//Delay function in order ot watch LED


//case 1
//LED for debugging purposes, analog write is pwm output
//9,10,11 are phases a,b,c respectively digitalWrite(led1, HIGH);
digitalWrite(led5, LOW); analogWrite(9,sensorValue); analogWrite(10,0); analogWrite(11,255); delay(175);



//case 2
digitalWrite(led2, HIGH); digitalWrite(led6, LOW); analogWrite(9,sensorValue); analogWrite(10,250); analogWrite(11,0);
delay(175);


//case 3
digitalWrite(led3, HIGH); digitalWrite(led1, LOW); analogWrite(9,0); analogWrite(10,250); analogWrite(11,sensorValue);
delay(175);


//case 4
digitalWrite(led4, HIGH); digitalWrite(led2, LOW); analogWrite(9,250); analogWrite(10,0); analogWrite(11,sensorValue);
delay(175);


//case 5
digitalWrite(led5, HIGH); digitalWrite(led3, LOW); analogWrite(9,250); analogWrite(10,sensorValue); analogWrite(11,0);
delay(175);
//case 6
digitalWrite(led6, HIGH); digitalWrite(led4, LOW); analogWrite(9,0); analogWrite(10,250); analogWrite(11,sensorValue);
delay(175);
}
}















































F: Data Sheets
F1: Aluminum sheets 0.032 inch thickness (Bulkhead & Bottom Plate)
[image: ]
F2: Chromaly Steel Pipe 1 inch thickness (Roll Bar)
[image: ]
F3: Aluminum Square Rods (Truss)
[image: ]
F4: Carbon Fiber
[image: ]
F5: Balsa Wood 
[image: ]
F6: PVC Pipe (Chassis)
[image: ]
F7: 1/8 inch aluminum Sheet (Seat)
[image: ]
F8: Aluminum Rod (Steering Column)
[image: ]
F9: LM500 Specs 
[image: ]


[bookmark: _Toc379477307]F10: Motor Specs

电机试验记录表
生产厂家:GoldenMotor.com型号:MagicPie	编号:F0001150001	日期:2009年11月21日 操作者:
	说明
	转矩(N.m)
	转速(r/min)
	输出功率(W)
	电压(V)
	电流(A)
	输入功率(W)
	效率(%)

	转矩(torque)Max
	22.63
	130
	308.88
	23.86
	19.18
	457.53
	67.5

	转速(revolution)Max
	0.00
	178
	0.00
	24.07
	0.94
	22.65
	0.0

	输出功率(Output)Max
	22.63
	130
	308.88
	23.86
	19.18
	457.53
	67.5

	电压(Voltage)Max
	0.00
	178
	0.00
	24.07
	0.94
	22.65
	0.0

	电流(Current)Max
	22.63
	130
	308.88
	23.86
	19.18
	457.53
	67.5

	输入功率(Input)Max
	22.63
	130
	308.88
	23.86
	19.18
	457.53
	67.5

	效率(efficiency)Max
	8.94
	159
	148.78
	23.99
	8.14
	195.38
	76.1

	1
	0.00
	178
	0.00
	24.07
	0.94
	22.65
	0.0

	2
	0.13
	177
	2.43
	24.07
	1.05
	25.19
	9.7

	3
	0.26
	177
	4.86
	24.07
	1.15
	27.73
	17.5

	4
	0.39
	177
	7.27
	24.07
	1.26
	30.27
	24.0

	5
	0.52
	176
	9.68
	24.07
	1.36
	32.81
	29.5

	6
	0.66
	176
	12.09
	24.07
	1.47
	35.35
	34.2

	7
	0.79
	176
	14.48
	24.07
	1.57
	37.89
	38.2

	8
	0.92
	176
	16.87
	24.06
	1.68
	40.43
	41.7

	9
	1.05
	175
	19.25
	24.06
	1.79
	42.96
	44.8

	10
	1.18
	175
	21.62
	24.06
	1.89
	45.50
	47.5

	11
	1.31
	175
	23.99
	24.06
	2.00
	48.04
	49.9

	12
	1.22
	175
	22.36
	24.06
	1.92
	46.30
	48.3

	13
	1.17
	175
	21.46
	24.06
	1.88
	45.33
	47.3

	14
	1.09
	175
	20.01
	24.06
	1.82
	43.78
	45.7

	15
	1.01
	175
	18.56
	24.06
	1.75
	42.23
	44.0

	16
	0.92
	176
	16.92
	24.06
	1.68
	40.48
	41.8

	17
	0.84
	176
	15.47
	24.07
	1.62
	38.93
	39.7

	18
	0.81
	176
	14.92
	24.07
	1.59
	38.35
	38.9

	19
	0.72
	176
	13.28
	24.07
	1.52
	36.61
	36.3

	20
	0.64
	176
	11.81
	24.07
	1.46
	35.06
	33.7

	21
	0.53
	176
	9.79
	24.07
	1.37
	32.93
	29.7

	22
	0.44
	177
	8.14
	24.07
	1.30
	31.18
	26.1

	23
	0.31
	177
	5.74
	24.07
	1.19
	28.66
	20.0

	24
	0.18
	177
	3.34
	24.07
	1.09
	26.14
	12.8

	25
	0.10
	177
	1.86
	24.07
	1.02
	24.59
	7.6

	26
	0.00
	178
	0.00
	24.07
	0.94
	22.65
	0.0

	27
	0.09
	177
	1.67
	24.07
	1.01
	24.40
	6.9

	28
	0.28
	177
	5.19
	24.07
	1.17
	28.08
	18.5

	29
	0.39
	177
	7.22
	24.07
	1.26
	30.21
	23.9

	30
	0.55
	176
	10.16
	24.07
	1.38
	33.31
	30.5

	31
	0.65
	176
	12.00
	24.07
	1.46
	35.25
	34.0

	32
	0.86
	176
	15.83
	24.07
	1.63
	39.32
	40.3

	33
	1.09
	175
	20.01
	24.06
	1.82
	43.78
	45.7

	34
	1.05
	175
	19.29
	24.06
	1.79
	43.00
	44.8

	35
	1.21
	175
	22.18
	24.06
	1.92
	46.10
	48.1

	36
	1.50
	174
	27.40
	24.06
	2.15
	51.72
	53.0

	37
	1.74
	174
	31.70
	24.06
	2.34
	56.37
	56.2

	38
	1.65
	174
	30.09
	24.06
	2.27
	54.62
	55.1

	39
	1.86
	174
	33.83
	24.06
	2.44
	58.69
	57.6

	40
	2.12
	173
	38.44
	24.05
	2.65
	63.72
	60.3

	41
	2.22
	173
	40.21
	24.05
	2.73
	65.66
	61.2

	42
	2.38
	173
	43.02
	24.05
	2.86
	68.76
	62.6



	说明
	转矩(N.m)
	转速(r/min)
	输出功率(W)
	电压(V)
	电流(A)
	输入功率(W)
	效率(%)

	43
	2.61
	172
	47.05
	24.05
	3.04
	73.21
	64.3

	44
	2.88
	172
	51.74
	24.05
	3.26
	78.43
	66.0

	45
	2.98
	171
	53.48
	24.05
	3.34
	80.36
	66.5

	46
	3.18
	171
	56.93
	24.04
	3.50
	84.23
	67.6

	47
	3.45
	170
	61.56
	24.04
	3.72
	89.45
	68.8

	48
	3.58
	170
	63.77
	24.04
	3.83
	91.97
	69.3

	49
	3.74
	170
	66.49
	24.04
	3.95
	95.06
	69.9

	50
	4.04
	169
	71.56
	24.04
	4.20
	100.86
	71.0

	51
	4.41
	168
	77.76
	24.03
	4.49
	108.01
	72.0

	52
	4.35
	168
	76.76
	24.03
	4.45
	106.85
	71.8

	53
	4.65
	168
	81.75
	24.03
	4.69
	112.65
	72.6

	54
	5.08
	167
	88.83
	24.03
	5.03
	120.95
	73.4

	55
	5.27
	167
	91.93
	24.02
	5.19
	124.62
	73.8

	56
	5.37
	166
	93.56
	24.02
	5.27
	126.55
	73.9

	57
	5.70
	166
	98.90
	24.02
	5.53
	132.92
	74.4

	58
	5.74
	166
	99.54
	24.02
	5.57
	133.70
	74.5

	59
	6.07
	165
	104.83
	24.02
	5.83
	140.06
	74.8

	60
	6.36
	164
	109.43
	24.01
	6.07
	145.66
	75.1

	61
	6.61
	164
	113.37
	24.01
	6.27
	150.48
	75.3

	62
	6.87
	163
	117.44
	24.01
	6.48
	155.50
	75.5

	63
	7.31
	162
	124.26
	24.00
	6.83
	163.98
	75.8

	64
	7.33
	162
	124.57
	24.00
	6.85
	164.37
	75.8

	65
	7.66
	162
	129.62
	24.00
	7.11
	170.73
	75.9

	66
	8.12
	161
	136.59
	24.00
	7.48
	179.59
	76.1

	67
	8.14
	161
	136.89
	24.00
	7.50
	179.98
	76.1

	68
	8.50
	160
	142.28
	23.99
	7.79
	186.91
	76.1

	69
	8.59
	160
	143.61
	23.99
	7.86
	188.64
	76.1

	70
	8.94
	159
	148.78
	23.99
	8.14
	195.38
	76.1

	71
	9.16
	158
	152.00
	23.99
	8.32
	199.62
	76.1

	72
	9.56
	158
	157.80
	23.98
	8.64
	207.32
	76.1

	73
	9.96
	157
	163.53
	23.98
	8.97
	215.01
	76.1

	74
	10.04
	157
	164.67
	23.98
	9.03
	216.55
	76.0

	75
	10.43
	156
	170.18
	23.97
	9.35
	224.05
	76.0

	76
	10.58
	155
	172.28
	23.97
	9.47
	226.94
	75.9

	77
	10.99
	155
	177.97
	23.97
	9.80
	234.82
	75.8

	78
	11.46
	154
	184.41
	23.97
	10.18
	243.85
	75.6

	79
	11.56
	153
	185.76
	23.96
	10.26
	245.77
	75.6

	80
	12.00
	153
	191.68
	23.96
	10.61
	254.23
	75.4

	81
	12.13
	152
	193.41
	23.96
	10.72
	256.72
	75.3

	82
	12.50
	151
	198.30
	23.96
	11.01
	263.83
	75.2

	83
	12.70
	151
	200.92
	23.95
	11.17
	267.67
	75.1

	84
	13.29
	150
	208.54
	23.95
	11.65
	278.99
	74.7

	85
	13.40
	150
	209.94
	23.95
	11.74
	281.10
	74.7

	86
	13.89
	149
	216.13
	23.94
	12.13
	290.50
	74.4

	87
	13.95
	148
	216.88
	23.94
	12.18
	291.65
	74.4

	88
	14.29
	148
	221.10
	23.94
	12.46
	298.17
	74.2

	89
	14.63
	147
	225.28
	23.94
	12.73
	304.69
	73.9

	90
	15.10
	146
	230.96
	23.93
	13.11
	313.69
	73.6

	91
	15.15
	146
	231.56
	23.93
	13.15
	314.65
	73.6



	说明
	转矩(N.m)
	转速(r/min)
	输出功率(W)
	电压(V)
	电流(A)
	输入功率(W)
	效率(%)

	92
	15.42
	145
	234.78
	23.93
	13.37
	319.82
	73.4

	93
	15.82
	145
	239.48
	23.92
	13.69
	327.49
	73.1

	94
	16.12
	144
	242.97
	23.92
	13.93
	333.23
	72.9

	95
	16.46
	143
	246.87
	23.92
	14.20
	339.74
	72.7

	96
	16.78
	143
	250.50
	23.91
	14.46
	345.86
	72.4

	97
	17.32
	141
	256.51
	23.91
	14.90
	356.19
	72.0

	98
	17.37
	141
	257.06
	23.91
	14.94
	357.15
	72.0

	99
	17.64
	141
	260.02
	23.91
	15.16
	362.31
	71.8

	100
	18.02
	140
	264.12
	23.90
	15.46
	369.57
	71.5

	101
	18.34
	139
	267.53
	23.90
	15.72
	375.69
	71.2

	102
	18.90
	138
	273.38
	23.89
	16.17
	386.39
	70.8

	103
	19.00
	138
	274.41
	23.89
	16.25
	388.30
	70.7

	104
	19.29
	137
	277.38
	23.89
	16.48
	393.84
	70.4

	105
	19.88
	136
	283.30
	23.89
	16.96
	405.10
	69.9

	106
	20.05
	136
	284.98
	23.88
	17.10
	408.35
	69.8

	107
	20.48
	135
	289.16
	23.88
	17.44
	416.55
	69.4

	108
	20.60
	135
	290.32
	23.88
	17.54
	418.84
	69.3

	109
	21.02
	134
	294.31
	23.87
	17.88
	426.85
	68.9

	110
	21.30
	133
	296.92
	23.87
	18.10
	432.19
	68.7

	111
	21.75
	132
	301.06
	23.87
	18.47
	440.77
	68.3

	112
	22.01
	132
	303.40
	23.87
	18.68
	445.72
	68.1

	113
	22.43
	131
	307.14
	23.86
	19.01
	453.72
	67.7

	114
	22.63
	130
	308.88
	23.86
	19.18
	457.53
	67.5

















F11: Arduino Uno
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F12: 2SD316EI IGBT Driver with Infineon Module FF150R12ME3G
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F13: Crouzet 84134870
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G: Miscellaneous 

[bookmark: _Toc379477313]G1: Czochralski Process

[image: http://upload.wikimedia.org/wikipedia/commons/thumb/6/6e/Czochralski_Process.svg/350px-Czochralski_Process.svg.png]
[bookmark: _Toc379472245][bookmark: _Toc379477170]Figure 47 Diagram demonstrating the Czochralski process
The Czochralski process is a process used in the production of monocrystalline solar cells. Briefly, the process consists of dissolving by melting the silicon in the crucible. The seed crystal used form the crystal is introduced in order to begin crystal growth. The seed is then pulled from the crucible which forms the silicon crystal. 

G2: Bill of Materials 
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Solar Car Parts List

Quanity: Type: Name:
1 Part Chassis Bottom
2 Part Front Wheel Mount
1 Part Roll bar
1 Part Seat
1 Sub-Assembly Rack and Pinion
1 Part Motor
1 Part Roll Hoop
1 Part Chassis Top
2 Sub-Assembly Front Stecring Assembly
1 Part Stecring Housing
1 Sub-Assembly Steering Column
1 Part Intermediate Stecring Shaft
2 Part U-Joint
2 Part U-Ball
2 Part Front Wheel
2 Part Front Brake Base
2 Part Front Brake Caliper
2 Part Front Wheel Rotor

2 Sub-Assembly Tie Rod Set
2 Sub-Assembly Brake Pedal
1 Part Solar Panel Box.
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Steering Sub Assembly:
Quantity: Type:

1 Part

1 Part

1 Part

2 Part

2 Part

Front Steering Assembly
Front Wheel

Front Brake Base

Rotor

Front Brake Caliper
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Brake Pedal Assembly:

Quantity: Type: Brake Pedal Assembly
2 Part Brake Pedal Housing
2 Part Brake Pedal
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Roll Hoop

Seat Belt Attachment
Locations
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‘ Front Brake Pedal Brake Caliper Mount

Steering Column

Mounting Point




image7.png
Front Wheel
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Motor
MaxVohtage: 24V

MaxCurrent: 19.2A
MaxPower: 308.9W

OperatingVoltage: | Driver Interface
sv Board
Max Voltage: 20V

Voltage: 15V
Foot Throttle DC Current: 50mA

Motor Driver
MaxOutput Volt: 1200V
MaxOutput Current: 150A

— £

ArduinoUno ConceptIGBT :

DC Current:1.2A

1 Nominal V:21v
L

DC Circuit Breaker

MaxVokage: 24V | v

Propulsion Battery: DC-DC Boost
Lithium fon Converter;
Electrical Hor "
: MPPT Algorithm
Rated Voltage: Rated Voltage: 24V g
12v Capacity: 20Amp-

hours.
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Motor Controller

Board Controller Driver/Power Stage

Integrated

Gate
User Micro-
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Interface controller

Transistor
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©Solar Flare




image13.png




image14.png




image15.jpeg




image16.png




image17.png




image18.jpeg




image19.jpeg




image20.png




image21.png




image22.png




image23.png




image24.png




image25.jpeg




image26.jpeg




image27.png




image28.jpeg




image29.jpeg




image30.jpeg




image31.jpeg




image32.jpeg




image33.jpeg




image34.png




image35.jpeg




image36.jpeg




image37.jpeg




image38.jpeg




image39.jpeg




image40.jpeg




image41.jpeg




image42.png




image43.jpeg




image44.png




image45.png




image46.png




image47.png




image48.png
: ;




image49.png




image50.png




image51.png




image52.png
- voe X1-1
sy - e T =
’ yoC X3
e s
I oo e
ano e
oo et
T jiy 502 Xi9
e — 4 GND X1-10
1nb. X1-11
PwM2 - oo T B
[ so1 e
ot — 4—GND X1-14
nd X1-15
e 4 GND X1-16
Mode X1-17
Modus el T =
[Reset (Stop) X1-19
e [aewlA—
Reset Q

aND




image53.png
EconoDual SCALE Driver Basic Board EconoDual Module

Gav ]
>
Re

L P iR
Re

NTE





image54.png
(el - - W W .

[ Fig ~ pit ~ Emal  um + Open ~

n





image55.png




image56.jpeg




image57.png




image58.jpeg
67
| §7%7%e
SY26984DKL

STEVAL-ISV005v2





image59.png
Tekdtronix  MSO 30141

o
L8 lgmatsrapiige
o resoiution





image590.png
Tekdtronix  MSO 30141

o
L8 lgmatsrapiige
o resoiution





image60.png




image61.png
Tektronix MSO0 3014 M
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Product Vendor | Amount | Total Cost
TI DRVB301 69M Kit Mouser 1 328.90 | Motor Controller
A 7Y55-PS11250 Ball Bearings | SDP/SI 4 95.12 | Propulsion system
4130 Alloy Steel Round Tube [ McMaster-Carr| 4 172.60 Roll Bar
6061, Flat, 11/2x3in, 1ft | Grangier 1 35.85 Roll Hoop
6061, Blank, 1/4x12x 12in | _Grangier 2 156.50 Roll Bar
Racing Seat Summit Racing| 1 52.97 seating
Steering Wheel Summit Racing| 1 20.95 | steeringsystem
Seat Brackets Summit Racing| 1 24.97 seating
Rack And Pinion 14" SandParts 1 97.00 | steeringsystem
Tierod SandParts 1 5231 | steeringSystem
Front Wheel System Univ. Cycles 2 45296 | steeringsystem

Total:
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Task Name

‘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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Frame 1 of8

Stress van Mises (NCS)

si)
Defomed

Scale 1.1609E+03
Loadset LoadSet!

&

ROLLCAGE

von Mises Stress Animation

1 2680404
11380404
10132404
8863203
7567203
6330203
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3788003
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e Disp 25583€ 03
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'%ﬂ‘
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000238
000213
000188
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000133
000108
0.00080
000053
000027
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Frame 8 of 8

20620+06
Stress von Mises (WCS) 1.856e+06)
(Ibmi{in sec"2)) 1.6500+06)

Deformed
Scale 1.7156E+02
Loadset LoadSet1

1.443e+06|
1.237e+06|
1.031e+06|
8.248e+05
6.186e+05
4.124e+05)
2.062e+05
5617e+00

FRONT_MOUNT_FIN.

a

won Mises Stress Animation

Displacement Mag (WCS)
(in)

Max Disp 5.4211E-03

Loadset LoadSet1: FRONT_MOUNT_FIN,

! Displacement Magnitude Fringe

0.00542
0.00488
0.00434
000379
000325
000271
000217
000163
0.00108
0.00054
0.00000

Stress All Prin (WCS)
(Ibriin secr2))
Loadset LoadSet 1

1.790e+06|
1.300e+06|
8.098e+05|
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-3.112e+06)
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Principal Stress Vectors
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Frame 5 of 8

8.0920+05
Stress von Mises (WCS) 7.283+05
(Ibmi{in sec"2)) 6474e+05
gce;(\jermwegzw 1E+03 PR
Loadset LoadSet1: FRONT_WHEEL 4855009
4.0466+05
3.237e+05
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9587e-05
6.391e-05
3.196e-05
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&

won Mises Stress Animation

&
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RimiPipe: Normal Stresso_y psi): Sheart_wy (psil: o1 ©2  tmainplane  o_avg  Shear Safety Factor Al 201: Shear Safety Factor Al 606T:

2inFims Apibing 23572 0224 s 218 Z8302 24738 115,259 757
12in. Rims B iping 147102 47430 48470 1368 824519 823551 30308 23033
12in Rims C piping 220878 83656 2123782 2888 1363 324 1360438 16,33 693
12in Fims Diiping 4434505 68432 443502 0397 2218243 2nzse 11210 8565
B inFims Apiping 763654 30224 TaETE -4 383038 38182 65268 43504
1 in. Rims B iping 292881 47430 28351 0770 1484 851 464,031 17.086 2371
1 in Rims C piping a8z 83656 w162 262081 2018557 10330 751
in Fims D iping 7583 584 68432 78845 0561 3942343 3841732 6341 g
BinFims Apiping 6537 30224 w748 0544 45421 483283 sisa0 39239
in, Rims B iping 3705979 47430 FwesEs 0609 1953538 1952 930 1487 10.250
#in Rims C iping E21971 83656 23255 1284 3062289 3080.986 164 6205
#in Rims D iping 3977635 68432 978073 0443 4383261 438851 son sa08
20inFims Apiaing 115325 30224 40z 0785 597333 5%628 1849 1805
20in Rims Biping 4575283 47430 4STSTI8 0433 2288134 2287541 10526 8304
20in Fims C piping 7557989 83656 7559029 1040 3780034 778935 664 S0z

20in. Rims D piping. 12318.069 £6.432 12318.428 0359 5159.334. 5153.035 4,053 3085
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Wheel Width (in): Length from plate to kingpin (in): Moment (Ibs"in):  Normal Force Per Wheel (Ibs):  Length from Chassis to wheel mounting point

12000 4250 53239 315 7250
16000 ses? a5 ses?
15000 6315 23858 5375
20000 7083 Se8.731 10083

22000 7792 £47.604 0752
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Square Tube (Outside length, Inside Length):
A 33141325
B 2:2414 2,15)
C 2:2418(2,175)
0155404 (15,1

Moment of Inertia (in"4):
3435
s
0552
0333

Neutral Asis (in):

1500
1000
1000
0.750

Area of Square Tube (in°2).
2750
1750
0538
1250
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[Diameter (in): Area lin' 2): Ineria lin"4): Direct Shear (psi): __ Distance from Lentriod (in): Moment (Ibs"in): Normal Stress a_y [psi):
0250 0043 ‘o000 1534.084 0000 02564 To05 158
0500 0138 o003 42351 000 720330 1440680
0750 0da2 00w 188,223 0031 773203 156,406
1000 0785 0043 105573 00s8 s3.078 1576153
<. oy o ot o2 <_ma i plane: o avg:
1534.084 1205 188 om0 2000627 195,453 796,043 602564
42351 1440680 o0 195,938 R a35.608 720330
188,223 156,406 o0 1580813 224t eolet 773203
105573 1576153 0000 165251 68 844.738 838076
Material: _ >dulus of Rigidity (G) (ps _ Yield Suength-Shear (psi): _ Shear Safety Factor (0.25) Shear Safety Factor (0.5): Shear Safety Factor (0.75}: Shear Safety Factor (1.00)
Aluminum 2014-T8 3300.000 25000.000 15,904 23351 ST 23555
Aluminum 808118 700000 To000.000 10587 2738 23702 24%
SteelStural 436 Ti000.000 20700.000 11513 2772 25823 20505
SteelStsinlesz 304 1i000.000 300,000 622 703 21581 20480
SteelToal L2 11000000 sas00.000 2702 0368 73352 Bas07
Tiarium T-BAI-4Y £400.000 77360000 43.025 32573 36,505 31573
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EN 485- 2/ DIN 1745 ensie 0,2 Yield

stenght  strenght  Tensie  Bend Brinell
Plato thickness  mn/mmz radius __ Hardness
From 180
10508 AIS95 15 oMM wr 05 15 e 85 20 2 . oot ot 20
153 6 95 20 6 . ot ot 20
FRN 65 95 20 25 . 05t 05t 20
6 125 65 85 20 33 . 10t 10t 20
W6 F13 05 1 120 160 100 2 )
H18 15 3 w0 - 120 2 S . 30t a2
Hd e 05 15 105 s 75 It o 10t 05t 33
153 105 45 75 5 ooton 10t 33
30 6 105 145 75 8 - 15t 15t 33
3003 AMnCu 3 W4 FI5 05 15 145 185 125 2 o oz0n 10t 46
3005 AlMn1Mg0.5 W8 F2 03 3 25 25 195 3 )
5005 AlMg1 BS7S MMM GIS 05 15 145 185 110 4
15 3 145 85 110 5
502 AMg2S  57S W4 F23 05 15 250 280 180 3
5754 AlMg3 5 OMI Wis 3 6 19 200 80 18
6 125 190 200 80 18
125 100 190 240 80
W22 G2 08 15 20 270 130 s
153 20 a0 130 10
ERY 20 20 130 "
Vioerplaten
5754 AlMg3 Hite w20 15 3 19 260 80 10
FR 19 260 &0 12
6 20 10 260 & 1
5083 AMgéSMn  DSAS OMII1 W28 3 6 5 30 125 15
6 125 215 0 125 16
125 50 215 0 125
HUBHIZ2IGH 3 6 305 3 215 s
6 125 05 0 215 0 -
125 40 305 30 215 > s
6082 AMgSH  S1S Tetst  F28F03 6 2 - 205 " -
5 125 20 - 205 2 -
Tes1 125 60 295 - 200 - s
60 0 215 - 200 5 bt
7020 AZn4SMgi D74S TETES! F35 6 125 350 - 280 0 -
TeTest P4 125 40 30 - 280 9
7022 AZoMgCu0S 795 TeSt  Fes 25 S0 450 - 370 - 7
7075 AZaMgCuts 755 Test  Fss 125 25 540 - an 5 ]
T2 Fs3 25 50 530 - 460 - s - o s
62 Fs0 50 60 525 - 40 5 4 o s

plate thickness
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4130 (Chromoly) Normalized Alloy Steel

‘Minimurm Properties Utimate Tensile Strengtn, psi 97,200
Yield Strength, psi 63,100
Elongation 255%
Rockwell Hardness B892

4130 (Chromoly) Annealed Alloy Stes!

‘Minimurm Properties Tensile Strength, psi 81,200
Yield Strength, psi 52,200
Elongation 28.2%
Rockwell Hardness B82.

Chemisty Iron (Fe) 07.3-98.22%
Carbon (C) 028-033%
Chromium (Cr) 08-11%
Manganese (lin) 04-06%
Molybdenum (Mo) 0.15-0.25%
Phosphorus (P) 0.035% max
‘Sulphur (3) 0.04% max

Silicon (i) 015-035%
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Profiles according to EN 756 - 2/ DIN 1748

Dimensionsin  Tensile strenght 0,2 Yield stress  Tensile
state mm wallthickness  Rmipa Rp0210pa A% ASO%
En Min, »
5754 AlMg3 HIZE P18 <2 0 - B - 1
5083 AlMgeSWn  H112  F27 alle - 125 - 12 10
6005 AMgSi07 TS F2s.F27 gesloten <5 am - 25 - 8 6
510 %0 - 25 - 5 6
1025 2% - 0 - 5 6
buisprof. <5 255 - 25 - [
515 20 - 200 - 8 6
6080 AIMgsi05 T4 F13 zacht <15 20 - 60 - 16 14
T4 F18 bugkwitsit <15 18 - 2 - 12 10
i F22 < 180 - 150 - 5 6
325 - o - 8 6
Tes F22 < 215 - 160 - s &
325 195 150 - 5 6
6061 AMgisicu Te F29 < 60 - 20 - 9 7
525 60 - 20 - 0 8
6082 AMgsit  T6 F28 < 20 - 250 - s &
i3 3t 525 3o - 20 - 0 8
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‘Mechanical Properties of Carbon Fibre Composite Materials, Fibre / Epoxy resin (120°C Cure)
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Static bending Com-
Modulus  Modulus  Work to pression | Shear Side
of of maximum | parallel | parallel  hard-
Common and botanical Moisture Specific rupture elasticity load to grain [to grain ness Sample
names of species content gravity (kPa) (MPa) (kJ/m®) (kPa) (kPa) (N)  origin®
Afrormosia (Pericopsis elata) — Green 0.61 102,000 12,200 135 51,600 (11,500 7,100 AF
12% 126,900 13,400 127 68,500 |14,400 6,900
Albarco (Cariniana spp.) Green  0.48 AM
12% 100,000 10,300 95 47,000 (15900 4,500
Andiroba (Carapa guianensis) Green  0.54 71,000 11,700 68 33,000 | 8,400 3,900 AM
12% — 106,900 13,800 97 56,000 (10,400 5,000
Angelin (Andira inermis) Green  0.65 AF
12% 124,100 17,200 = 63,400 [12,700 7,800
Angelique (Dicorynia Green 0.6 78,600 12,700 83 38,500 | 9,200 4,900 AM
guianensis) 12% — 120,000 15,100 105 60,500 {11,400 5,700
Avodire (Turraeanthus Green  0.48 AF
africanus) 12% 87,600 10,300 65 49,300 |14,000 4,800
Azobe (Lophira alata) Green  0.87 116,500 14,900 83 65,600 (14,100 12,900 AF
12% 168,900 17,000 — 86,900 {20,400 14,900
Balsa (Ochroma pyramidale) Green  0.16 AM
12% 21,600 3,400 14 14,900 | 2,100 ==
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Absolute Maximum Ratings

Vir EETYY
S votage EETENY
FB Vatage 03vtosv
COMP Votage EEVTEY
Al Other Pns 03vtaTy
Mesimum Junction Tempersture 150°C
Power Dissition® Intemally Lintect
Load Temperature 216
Infrared (15 sec.) 2
ESD Suscepthity® Human BadlyModel v

Machine Model 200v)
Storage Tempersture B5°C 1o +150°C
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Microcontroller
Operating Voltage

Input Voltage (recommended)
Input Voltage (limits)

Digital 1/0 Pins

Analog Input Pins

DC Current per /0 Pin

DC Current for 3.3V Pin

Flash Memory

SRAM

EEPROM

Clock Speed

ATmega328
sv

72v

6-20v

14 (of which 6 provide PWM output)

6

40mA

50 mA

32 KB (ATmega328) of which 0.5 KB used by bootloader
2KB (ATmega328)

1KB (ATmega328)

16 MHz
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Diode-Wechse

Héchstzulissige Werte / maximum rated values

Vorldufige Daten

preliminary data

Periodische Spitzensperrspannung

repetitive peak reverse voltage = Vrew 1200 M

Dauergleicnstrom

DC forward current * 50 A

Periodischer Spitzensitom B

repetitive peak forward current e=1ms fran 300 A

Grenziastintegral Covu- y

Srenziast VR=0V,to=10ms, T, = 125°C " 4600 s

Charakteristische Werte / characteristic values min__tp. max.

Durchiassspannung =150 A Vac =0V, " 165215 V

forward voliage IF=150 A Vee =0V . 165 v

Rickstromspitze I = 150 A, _dieldt = 2600 Al (T,=125°C) 110 A

peak reverse recovery current [VR=600V e 140 A
[Vee=-15V

Sperverzogerungsiadung 1= 150 A, - dieldt = 2600 Al (T,=125°C) 150 ue

recovered charge [VR=600V aQ 280 e
[Vee=-15V

‘Abschaltenergie pro Puls 1= 150 A, - dieldt = 2600 Al (T,=125°C) 700 ™y

reverse recovery energy [VR=600V Eee 140 m
[Vee=-15V

Innerer Warmewderstand pro Diode.

thermal resistance, junction to case per diode Ree 034 | KW

Obergangs- Warmewiderstand bro Diode | per diode

thermal resistance, case to heatsink e = 1WIMK) 1 Aipansa =1 WHAHK) Rt 008 o

NTC-Widerstand / NTC-thermistor

Charakteristische Werte / characteristic values min__tp. max.

Nennwiderstand -

rated resistance To=25C Ras 500 [

"Abweichung von R0 100G R =

oAty Tc=100°C, Rio =493 0 ARR 5| %

Verustieistung 2

e on Te=25C Pas 200 | mw
rlvert R: = Ras exp Basrsol1/T2 - 1/298.15 K))l Basiso 75 3
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OUTPUT SPECIFICATIONS (1)

Description 84134750 84134850 84134860 84134870
Operating Voltage Range [vc] 360 1-200 1100 1-50
Maximum Load Current [Adc] 10 10 15 30
Minimum Load Current [mAdc] 10 [iX] 01 01
Maximum Off-State Leakage Current [mAdc] 10 001 001 001
Maximum 1 sec Surge Currert 50 60 120 180
Maximum On-State \Voltage Drop @ Rated Current 16 a n/a n/a
Maximum On-State Resistance [Ohms] n/a 003 008 008
Themnal Resistance Junction to Baseplate [*C/W] 43 a4 46 23
INPUT SPECIFICATIONS (1)

Description 84134750 841348xx

hput Voltage Range (5) 3-32VDC 332vDC
Minimurm Tum-On Valtage 30VDC 3.0VDC

Drop out Voltage 1.0VDC 1.0VDC
Maximum InpLt Current 145mA 20mA

Minimum input current (for on-state) SmA 12mA
Turn-ontime [ms] 01 2

Turn-offtime [ps] 200 50





