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Project Executive Summary 
 

The Shell Eco-marathon is a long standing competition, in which Shell challenges students 

and enthusiasts from around the world to push the envelope for energy efficient vehicle designs. 

The competition gives teams the opportunity to design, build, and test their vehicles in a 

competitive winner-take-all environment. There are several different categories to compete in 

depending on the source of power of the vehicle. The current FAMU-FSU College of Engineering 

2014 Solar Car team will participate in the solar car division.  

The competition has two classes (each with their own rules and regulations) in which teams 

can compete: Urban Concept and Prototype. The Urban Concept class promotes building a 

practical vehicle that can operate under normal road driving conditions. Alternatively, the 

Prototype class encourages participants to stretch the boundaries of efficiency by making 

ergonomic trade-offs. For both vehicle classes, competitors will use as many attempts as possible 

in order to see how far the vehicle can run on the equivalent of one liter of fuel. The competition 

requires that all vehicles have a fixed speed and number of laps. A winner will be named for each 

class and fuel type, with additional prizes going to teams with a strong consideration for safety, 

teamwork, design, and technical innovation. The FAMU-FSU 2014 Solar Car team will participate 

in the prototype class, with a solar-based fuel source.  

Over a period of several days, teams will be given several attempts in order to test the 

vehicles using a pre-determined asphalt track in Houston, Texas. The competition organizers will 

measure the efficiency of each run, and will then use the best run among the set in order to 

determine the winners for each class and energy source. 
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The FAMU-FSU 2014 Solar Car team plans to build a Prototype-class vehicle with a sleek 

profile, which minimizes nose area in order to minimize the drag on the car. The chassis will 

consist of carbon fiber due to its low weight and high strength. Additionally, we hope to use 

lightweight metals (such as aluminum) to build the seat, support structures, and mechanical parts. 

Based on the rules and regulations of the competition, the team will have several fireproof 

compartments (separated by bulkheads) in order to protect the driver. A strong consideration is 

given to safety, including features such as a 5-point safety harness, a roll bar, and an emergency 

shutdown button.  

The team’s primary goal is to place in the top 3 for its class and energy source division. 

Additionally, the team intends on being strong competitors for the safety, teamwork, and design 

prizes. Winning teams are awarded a prize of $5000, which could be used by future FAMU-FSU 

Shell Eco-Challenge teams to improve upon future designs, and purchase high quality components. 

Furthermore, a prize-winning placement would establish FAMU-FSU as a serious competitor in 

the American division, and recognize the college and advisors who have invested time and money 

into the project.  
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1 Introduction 
 

1.1 Acknowledgements 
 

The FAMU-FSU 2014 Solar Car team would like to thank the High Performance Materials 

Institute (HPMI) at Florida State University (FSU) for their generous donation of the materials 

necessary to build the vehicle. Additionally, we would also like to thank Dr. Edrington, Dr. Frank, 

and Dr. Amin for their technical support and guidance throughout the process. Their contributions 

have been invaluable allowing the team to make the necessary decisions which have carried the 

project forward. Additionally we would like to thank Dr. Liang, Dr. Okoli, Mr. Allen, and Mr. 

Horne for their role in the donation of materials and technical assistance in building the carbon 

fiber chassis. 

1.2 Problem Statement 
 

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. 
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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.  
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1.3 Operating Environment 
 

The vehicle will operate on an asphalt track which has been set aside for use for the Shell 

2014 Eco-Challenge marathon. The race will take place during the summer months in Houston, 

Texas. Based on our research, we have determined that dusty conditions and heat could be a 

concern. Additionally, due to the competition being held during the summer months, there exists 

a possibility of rainfall. The team has planned for the worst by including a comprehensive terrain 

and weather test in order to ensure that the vehicle is able to operate in adverse conditions.  

1.4 Intended Use(s) and Intended User(s) 
 

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.  
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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 
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compartments which separate the driver from all electrical components and from the driving 

transmission, a 180 degree field of vision, and an emergency shutdown button which turns off all 

electrical components. Furthermore, based on the dimension and weight limitations placed by the 

competition the car will have a maximum height less than 100 cm, a minimum vehicle width of 

50 cm and a maximum width of 130 cm from the point where the outermost tires touch the ground, 

a ratio of height divided by track width less than 1.25, a maximum length of 350cm, and a weight 

less than 140kg. Based on cost limitations, the team shall not exceed $6,000. This limitation is set 

by the amount of money provided through the project funding.  

1.6 Expected End Product and Other Deliverables 
 

The expected end product is a completed and functioning solar-electric powered vehicle 

which adheres to the rules and regulations of the Shell Eco-Challenge. Additionally the team will 

produce a technical manual containing the specifications and safety features of the car for Phase 

II registration by the December deadline. This manual is a check on the team to ensure that they 

are in compliance with the rules and regulations of the competition. 
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2 System design 
 

2.1 Mechanical Overview of the System  
 

 

FIGURE 1 BLOCK DIAGRAM 1 OF THE MECHANICAL SYSTEM 

 

 

FIGURE 2 BLOCK DIAGRAM 2 OF THE MECHANICAL SYSTEM 
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FIGURE 3 BLOCK DIAGRAM 3 OF THE MECHANICAL SYSTEM 

 

2.2 Major Components and Requirements of the Mechanical 

Systems 
 

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. 

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 
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roll bar must also be capable of withstanding a static load of 700N in any direction without 

deformation. 

Roll Hoop 
 

 The roll hoop protects the driver’s legs and the front portion of the chassis during a roll 

over. If the car were to flip the roll hoop would be the second place on the car that would come in 

contact with the ground. By using a sturdy roll hoop the team will assure that the car is not 

deformed leaving the driver trapped inside in the case of an emergency. Furthermore, it will allow 

the mass of the steering column and wheel to be supported. The use of a roll hoop increases the 

safety of the design and the structural integrity of the chassis.  

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. 

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 the other for the back wheels.  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.  
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Seat  
 

Comfort, safety, and convenience are important factors in the ergonomic functionality of 

the car seat design.  The Shell Eco-Marathon Competition has required 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. 

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.  

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.   
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2.3 Electrical Overview of the System 

 

FIGURE 4 TOP LEVEL DESIGN OF ELECTRICAL SYSTEM [1] 

The electrical system will consist of 10 monocrystalline solar cell array, a DC to DC boost 

converter, a 24 volt Lithium Ion battery, the Texas Instruments DRV8301 69M kit which will be 

hardwired and programmed to serve as the motor controller, a 24 volt in-hub motor from Golden 

Motors, a single pole circuit breaker, a 5V switch, a second DC-DC converter, a 5V horn, and a 

5V odometer.  

The solar cell array will consist of 10 solar cells. Two sets of five cells are connected in 

series, and then connected in parallel. The ISV005V2 DC-DC boost booster will be used to boost 

the array voltage to about 26V in order to charge the 24V Lithium Ion battery.  
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The battery will be connected to a single pole circuit breaker, which will serve as the 

internal emergency shutdown system. The switch is used to manually open and close the circuit 

through the breaker. 

Assuming the switch is off, the battery will power the motor controller, a second isolated 

DC-DC converter and the joule meter that will be provided by organizers. The motor controller 

will use 5V from the Lithium Ion propulsion battery.  Through the motor driver, the motor 

controller will provide the necessary current to the motor to speed up to 15mph.   

             The battery will also power a second isolated DC-DC converter.  An isolated DC-DC 

converter is being used instead of an accessory battery to save space in the car for additional 

components.  It is also being used since it will be easier to implement with the accessories that will 

be connected.   

2.4 Major Components and Requirements of the Electrical 

Systems 
 

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.  A diode will be placed 

in parallel with each cell in order to prevent efficiency loses due to shading.  125x125mm Mono-

crystalline solar cells will be used to provide a high electrical efficiency.  

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 
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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. 

Isolated DC-DC Converter 
 

An accessory battery was originally going to be used to power all of the instrumentation.  

After consulting with Dr. Edrington, it was decided that instead of an accessory battery an isolated 

DC-DC converter would be used to power the instrumentation.  An isolated DC-DC converter was 

chosen because of its built in transformer which provides an added safety feature.   

When choosing an isolated DC-DC converter it is important to get the voltage rating for 

the input, and voltage and current ratings for the output so the right converter can be selected.  If 

the converter picked does not fall within the specifications for the component a problem could 

arise.  The team made sure that all the specifications for the component that would be hooked up 

to the converter matched the converter so no problems would occur.  The isolated DC-DC 

converter will be used to power all instrumentation within the car.  The LM25017 was the 

isolated DC-DC converter that was chosen. 

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, the driver stage and the 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 
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drivers generate the necessary voltage and current required to accurately and efficiently drive the 

power MOSFETs in the power stage. 

 

 
FIGURE 5 TOP LEVEL DESIGN OF MOTOR CONTROLLER 

 

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.  
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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 with more efficient diode boxes and less resistance due to 

wiring will be able to supply the DC-DC boost converter with a higher input voltage resulting in 

an exponential increase in output voltage. 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 will be achieved through a 

solar array and the ISV005V2 DC-DC boost converter. These stages must be able to properly boost 

the DC power created by the solar panels and sufficiently charge the battery to be considered 

successful.  

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 
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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.  

2.5 Performance Assessment and Measurements 
 

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 

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. 
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Part: Weight (lbs) 

Battery 20 

Front Mounts 20 

Rack and Pinion 2.6 

Petals 1.51 

Driver 170 

Roll bar/ Rear Motor Mount 20 

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. 

 EQUATION 1 

 𝑴𝒐𝒎𝒆𝒏𝒕 (𝒍𝒃𝒔 ∗ 𝒊𝒏) = 𝑾𝒆𝒊𝒈𝒉𝒕(𝒍𝒃𝒔) ∗ 𝑳𝒆𝒏𝒈𝒕𝒉 𝒇𝒓𝒐𝒎 𝒓𝒐𝒍𝒍 𝒃𝒂𝒓(𝒊𝒏) 

 

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 

TABLE 3 MOMENT CALCULATION RESULTS 

 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 31 of 155 

 

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. 

EQUATION 2 𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒇𝒓𝒐𝒎 𝒓𝒐𝒍𝒍 𝒃𝒂𝒓 (𝒊𝒏) =
𝑺𝒖𝒎 𝒐𝒇 𝒕𝒉𝒆 𝒎𝒐𝒎𝒆𝒏𝒕𝒔(𝒍𝒃𝒔∗𝒊𝒏)

𝑺𝒖𝒎 𝒐𝒇 𝒘𝒆𝒊𝒈𝒉𝒕𝒔(𝒍𝒃𝒔)
 

 

Location: Distance taken from roll 

bar (in): 

Distance from the front  

x(0) (in): 

Car's COG 14.237 82.762 

TABLE 4 DISTANCE FRONT THE CARS CENTER OF GRAVITY TO THE FRONT OF THE VEHICLE AND TO THE ROLL BAR 

 

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. 

EQUATION 3 𝑭𝒓𝒐𝒏𝒕 𝑾𝒆𝒊𝒈𝒉𝒕 𝑹𝒂𝒕𝒊𝒐 =
𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝑪𝒂𝒓′𝒔 𝑪𝑶𝑮 𝒕𝒐 𝒎𝒐𝒕𝒐𝒓 𝒎𝒐𝒖𝒏𝒕

𝑻𝒉𝒆 𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒘𝒉𝒆𝒆𝒍 𝒃𝒂𝒔𝒆
 

 

EQUATION 4 𝑹𝒆𝒂𝒓 𝑾𝒆𝒊𝒈𝒉𝒕 𝑹𝒂𝒕𝒊𝒐 =
𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒄𝒂𝒓′𝒔 𝑪𝑶𝑮 𝒕𝒐 𝒕𝒉𝒆 𝒇𝒓𝒐𝒏𝒕 𝒘𝒉𝒆𝒆𝒍 𝒎𝒐𝒖𝒏𝒕𝒔

𝑻𝒉𝒆 𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒘𝒉𝒆𝒆𝒍 𝒃𝒂𝒔𝒆
 

 

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. 
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Weight Ratios 

Front: .354 

Rear 0.646 

TABLE 5 WEIGHT RATIOS 

 

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. 

EQUATION 5  

𝑭𝒓𝒐𝒏𝒕 𝑺𝒕𝒂𝒕𝒊𝒄 𝑽𝒆𝒓𝒕𝒊𝒄𝒂𝒍 𝑾𝒉𝒆𝒆𝒍 𝑳𝒐𝒂𝒅𝒔 (𝒍𝒃𝒔)

=
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒍𝒐𝒂𝒅 (𝒍𝒃𝒔) ∗ 𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒇𝒓𝒐𝒎 𝒎𝒐𝒕𝒐𝒓 𝒕𝒐 𝑪𝑶𝑮𝒄𝒂𝒓(𝒊𝒏)

𝑾𝒉𝒆𝒆𝒍 𝑩𝒂𝒔𝒆 (𝒊𝒏)
 

 

EQUATION 6  

         𝑅𝑒𝑎𝑟 𝑆𝑡𝑎𝑡𝑖𝑐 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑊ℎ𝑒𝑒𝑙 𝑙𝑜𝑎𝑑(𝑙𝑏𝑠)

=
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑜𝑎𝑑 (𝑙𝑏𝑠) ∗ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑓𝑟𝑜𝑛𝑡 𝑚𝑜𝑢𝑛𝑡𝑠 𝑡𝑜 𝐶𝑂𝐺𝑐𝑎𝑟(𝑖𝑛)

𝑊ℎ𝑒𝑒𝑙 𝐵𝑎𝑠𝑒 (𝑖𝑛)
 

Static Vertical Wheel Loads 

(lbs.) 

Front: 166.232 

Rear 303.782 

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. 
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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.  

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 6 illustrates how the turning radius of the vehicle was calculated. 

 

 

[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. 
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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 

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°. 

EQUATION 7 𝑹𝒄𝒊𝒏 =
𝑾𝑩

𝐭𝐚𝐧(𝛃𝛈)+𝐌
 

 

EQUATION 8 𝑹𝒄𝒐𝒏 =
𝑾𝑩

𝐭𝐚𝐧(𝜶𝜼)−𝑴
  

 

EQUATION 9 𝑻𝒖𝒓𝒏𝒊𝒏𝒈 𝑹𝒂𝒅𝒊𝒖𝒔 𝑹𝒄𝒏 =
𝑹𝒄𝒊𝒏+𝑹𝒄𝒐𝒏

𝟐
 

 

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. 
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Wheel Width 

(in): 

Turning Radius 

(meters): 

12 4.676 

14 4.902 

16 5.161 

18 5.463 

20 5.816 

22 6.235 

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.  

EQUATION 10 𝑻𝒊𝒆 𝒓𝒐𝒅 𝒕𝒓𝒂𝒗𝒆𝒍 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 = 𝑺𝒊𝒏(𝜶𝜼) ∗ (𝑳) 

 

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.  
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EQUATION 11 𝑵𝒐𝒓𝒎𝒂𝒍 𝑭𝒐𝒓𝒄𝒆 𝑷𝒆𝒓 𝑭𝒓𝒐𝒏𝒕 𝑾𝒉𝒆𝒆𝒍 (𝒍𝒃𝒔) =
𝑭𝒓𝒐𝒏𝒕 𝑺𝒕𝒂𝒕𝒊𝒄 𝑽𝒆𝒓𝒕𝒊𝒄𝒂𝒍 𝑾𝒉𝒆𝒆𝒍 𝑳𝒐𝒂𝒅

# 𝒐𝒇 𝑾𝒉𝒆𝒆𝒍𝒔
 

EQUATION 12 𝑩𝒆𝒏𝒅𝒊𝒏𝒈 𝑴𝒐𝒎𝒆𝒏𝒕 𝑴 (𝒍𝒃𝒔 ∗ 𝒊𝒏) = 𝑭𝒐𝒓𝒄𝒆 ∗ 𝑳𝒆𝒏𝒈𝒕𝒉 

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.  

EQUATION 13 𝑨𝒓𝒆𝒂 𝒇𝒐𝒓 𝑺𝒒𝒖𝒂𝒓𝒆 𝒕𝒖𝒃𝒊𝒏𝒈 = 𝒍𝒐𝒖𝒕𝒆𝒓
𝟐 − 𝒍𝒊𝒏𝒏𝒆𝒓

𝟐  

EQUATION 14 𝑨𝒓𝒆𝒂 𝒇𝒐𝒓 𝒄𝒊𝒓𝒄𝒍𝒆 = 𝝅 ∗ 𝒓𝟐 

EQUATION 15 𝑴𝒐𝒎𝒆𝒏𝒕 𝒐𝒇 𝑰𝒏𝒆𝒓𝒕𝒊𝒂 𝒇𝒐𝒓 𝑺𝒒𝒖𝒂𝒓𝒆 𝑻𝒖𝒃𝒊𝒏𝒈 =
𝟏

𝟏𝟐
∗ 𝒍𝒐𝒖𝒕𝒆𝒓

𝟒 −
𝟏

𝟏𝟐
∗ 𝒍𝒊𝒏𝒏𝒆𝒓

𝟒  

EQUATION 16 𝑴𝒐𝒎𝒆𝒏𝒕 𝒐𝒇 𝑰𝒏𝒆𝒓𝒕𝒊𝒂 𝒇𝒐𝒓 𝑪𝒊𝒓𝒄𝒍𝒆 =
𝟏

𝟒
∗ 𝝅 ∗ 𝒓𝟒 

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.  

EQUATION 17 𝝈𝒚 =
𝑴∗𝒚

𝑰
 

The direct shear force for each part was then calculated using Equation 18.  

EQUATION 18 𝝉𝒙𝒚 =
𝑷

𝑨𝒔𝒉𝒆𝒂𝒓
 

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, 
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Equation 19, and Equation 20  𝜎𝑥 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  𝜎𝑥  however it will be relatively small 

in comparison to 𝜎𝑦. 

EQUATION 19 𝝈𝟏,𝟐 = (
𝝈𝒙+𝝈𝒚

𝟐
) ± ((

𝝈𝒙−𝝈𝒚

𝟐
)

𝟐

+ 𝝉𝒙𝒚
𝟐 )

𝟎.𝟓

 

EQUATION 20 𝝉𝐦𝐚𝐱 𝒊𝒏 𝒑𝒍𝒂𝒏𝒆 = ((
𝝈𝒙−𝝈𝒚

𝟐
)

𝟐

+ 𝝉𝒙𝒚
𝟐 )

𝟎.𝟓

 

EQUATION 21 𝝈𝒂𝒗𝒈 =
𝝈𝒙+𝝈𝒚

𝟐
 

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 Error! Reference source not found.. 

EQUATION 22 𝑭𝒂𝒄𝒕𝒐𝒓 𝒐𝒇 𝑺𝒂𝒇𝒆𝒕𝒚 =
𝒀𝒊𝒆𝒍𝒅 𝑺𝒉𝒆𝒂𝒓 𝑺𝒕𝒓𝒆𝒏𝒈𝒉𝒕

𝝉𝐦𝐚𝐱 𝒊𝒏 𝒑𝒍𝒂𝒏𝒆
 

EQUATION 23 𝝉𝒚 =
𝝈𝒚

√𝟑
 

All calculation results and constants can be seen in the tables located in appendix A27. 

2.6 Design Process  
 

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.  
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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. 

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 
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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. 

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 
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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.  
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3 Design of Major Component Subsystems  
 

3.1 Chassis  
 

 

 
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 7. This includes the driver, seat assembly, roll bar, 
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wheel mount, solar panels, batteries, and all the electrical components. PVC has been added along 

the bottom and sides of the chassis with balsa wood, in order to increase the rigidity of the structure. 

The top cover is also part of the chassis, however, the only weight it will support is the solar panel 

encapsulation box. It has been aerodynamically designed by last year’s senior design team to 

minimize coefficient of drag.  

Advantages: 

● Light weight carbon fiber structure will decrease energy consumption. 

● Rigidity and strength of structure is enhanced by the PVC pipes.  

● Balsa wood will support the full load of the front and rear wheel assemblies. 

● Manufacturing and digital analysis is completed 

3.2 Roll Bar & Rear Motor Mount 
 

 
FIGURE 8 ROLL BAR AND REAR WHEEL MOUNT 

 

The roll bar is responsible for keeping the driver safe at all times during the competition. 

This involves protecting the driver from a roll over, and supporting the normal and thrust loads 
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from the motor. The designs for the roll bar and rear wheel mount must comply with the regulations 

issued by the Shell Eco-Challenge Marathon Competition. The roll bar must be capable of 

withstanding a static load of 700 N in any direction without deforming. The dimensions of the roll 

bar will be 5 cm above the drivers head when fully seated, and approximately 2 cm from the 

shoulders on each side. The intention of this year’s design team is to choose the lightest and 

strongest material, which will ensure the safety of the driver and meet the financial requirements 

of the project. The roll bar has been modified from last year’s design by adding longer support 

arms, which will allow a 20° declined race seat to be used as seen in Figure 8. The motor mount 

is similar to the front frame of a bicycle, which the hub motor was originally designed for.  

Advantages: 

● Meets all the requirements set by Shell Eco-Challenge Marathon Competition. 

● Allows the motor to be mounted in its intended operating environment.  

● The structure of the roll bar will not deform during roll overs. 

● The rear wheel mount will be capable of supporting the rear load of the car. 

Significant Changes to the Roll Bar 

 The design and manufacturing of the roll cage has undergone a few major changes 

pertaining to the type of material used and the actual size of the pipe. Initially, the material chosen 

for the roll bar was Aluminum 6061, 1.25 inches diameter pipes with a thickness of 0.125 inch. 

After doing a stress analysis for these pipes, it was determined that Aluminum 6061 was strong 

enough to withstand the 700N force requirement set by the Shell-Eco Challenge as seen in the 

figure below. 
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FIGURE 9 NEW ROLL BAR 

  After consulting the head of the machining department, Jeremy Holt, the team decided to 

use chrome-moly steel (4130 steel alloy) for the roll cage as recommended by SAE International 

rules. Although chrome-moly steel is technically heavier, more expensive, and harder to machine 

than aluminum, the benefits of using these pipes are greater. Chrome-moly steel is actually known 

for its weldability, high density of 7.8 g/cm3
, and a tensile yield strength of 655 MPa; as opposed 

to the 276 MPa of aluminum 6061. Six foot 4130 alloy steel pipes with a 1 inch outer diameter 

and a thickness of 0.065 inches were used to construct the roll cage. These pipes cost $43.50 and 

due to the higher yield strength, less material was required to meet all the requirements for the 

Shell Eco Challenge Marathon. 
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3.3 Roll Hoop 
 

 
FIGURE 10 ROLL HOOP 

 

The roll hoop will be mounted in the front of the solar car, and it will support the steering 

assembly. This part was added after the design error was pointed out by the mechanical engineering 

adviser Dr. Hollis. Without the part, there would be a point towards the front end of the car that 

would make contact with the ground in the event of a roll over. In the event of a roll over, the 

driver’s legs will be protected because the roll hoop is the next highest point on the chassis after 

the roll bar.  The two points on the car that will suffer the most from a roll over will be the roll 

hoop and the roll bar, because those are the only points making contact with the ground. The same 

changes that were made for the roll bar applies to the roll hoop with using chrome-moly steel pipes.  

Advantages:  

● Prevents the driver’s body from coming in contact with the ground if the car were to roll 

over. 

● The mass of the steering column and steering wheel can be supported from the roll hoop. 

● Increases the safety of the vehicle and integrity of the chassis. 
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3.4 Steering System  
 

 
FIGURE 11 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 seven subcomponents 

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 
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the force required to steer the car. From the maximum turning angle, the tie rod travel distance can 

be calculated, and a proper rack and pinion has been purchased for the application.  

 

FIGURE 12 DIAGRAM OF THE STEERING SYSTEM 

 

This steering system was selected for its low cost, simple design, and low probability of 

failure. The main component of this design that has a high chance of failure is the Front Wheel 

Arm. By using the proper factor of safety and sufficient amounts of material, probability of failure 

can be minimized within this part. If failure were to occur at the point where the wheel attaches to 

the front wheel arm, the bolt can be replaced with one of the same dimensions using stronger 

material. This would be a very low cost fix. 
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Advantages: 

 Less force is required to steer the car. 

 Will meet the steering requirements set by the competition.  

 Components are relatively cheap and several can be machined and installed in shop. 

 High safety factors will ensure failure does not occur at connection points. 

Front Wheel Mount 
 

 

FIGURE 13 FRONT WHEEL MOUNT 

 

The front wheel mount houses the front wheel arm which allows the car to be steered. It is 

constructed of 0.25 inch thick Al 6061 and will be capable of handling the weight and forces 

expected to be encountered during competition. The front wheel arm will fit into the front mount 

and will be held in place by the kingpin. The full dimensions and specifications can be seen in 

Appendix A20. 
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Advantages:  

 Simple design allows the part to be machined in house. 

 High safety factors minimizes the chances for failure. 

 I-beam style mount requires less material without sacrificing safety. 

Front Wheel Arm 
 

 

FIGURE 14 FRONT WHEEL ARM 

 

The Front Wheel Arm is the part that connects the steering assembly and front braking 

systems to the chassis. It contains two ball bearings, which will allow it to rotate within the front 

wheel mount housing with a minimum amount of force. The rod from the wheel hub is screwed 

into the Front Wheel Arm. The tie rods are then connected to the arms, and then to the rack and 

pinion. The Full dimensions and specifications can be seen in Appendix A8.  
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Advantages: 

 Simple design will allow the part to be machined in house. 

 Capable of withstanding the force exerted onto it by the chassis. 

 Will allow the car to meet the turning radius requirement 

Ball Bearings 
 

 

FIGURE 15 BEARINGS [11] 

There will be four bearings within the steering system. Each front wheel arm will contain 

two bearings that will allow it to rotate around the kingpin smoothly with the minimum amount of 

force. These bearing will be able to withstand the forces associated with the Front Wheel Arm.  

Advantages: 

 Reduces the force required to turn the car. 

 Makes the car more maneuverable and safe. 

 Cheap component.  
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Tie Rods 
 

 

FIGURE 16 TIE ROD 

 

The tie rods connect the front wheel arm 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.  

Advantages: 

 Easily adjustable 

 Cheap component 
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Rack and Pinion 
 

 

FIGURE 17 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 will make steering smoother 

and require less input force from the driver on the steering wheel to maneuver the vehicle. They 

are cheap and the required rack travel distance is easy to calculate per desired turning radiuses. 

From the teams calculations it was determined that a rack and pinion with a minimum travel 

distance of 4.25 inches is required to meet the Shell Eco Marathon Competition turning radius 

requirement.  
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Advantages:  

 Required rack travel distance is easy to calculate. 

 Reduces input force from the driver to steer the vehicle. 

 Smoother steering and overall maneuverability of the vehicle. 

U-Joint 

 

 

FIGURE 18 U- JOINT [11] 

 

The u-joint allows the steering wheel to be angled towards the driver. It connects the rack 

and pinion to the steering column and the steering column to the steering wheel.  

Advantages:  

 Ergonomic friendly design. 

 Allows the angle of the steering column to be adjusted. 

 Will allow the team to use the roll hoop to support the steering column and wheel. 
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Steering Column 
 

 

FIGURE 19 STEERING COLUMN 

 

The steering column takes the input rotational force from the driver on the steering wheel, 

and transfers that force to the rack and pinion. It is a straight shaft that the team is considering 

constructing from carbon fiber.  

Advantages: 

 Cheap to purchase or construct 

 Simple design 

 Materials and technical expertise are being donated by HPMI 
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Steering Wheel 

 

FIGURE 20 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.  

Advantages: 

 Foam grip ensures hands do not slip off the wheel. 

 Familiar for both daily and casual drivers. 

 Easily implemented into our system. 

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. Each braking system will be applied 

separately and must immobilize the car on the 20°incline in order to meet the Shell Eco-Challenge 
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Marathon requirements. Each system must also have its own pedal that 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 since they are inexpensive and easy to incorporate into the 

system. Furthermore, the shoe size on the brakes can be easily changed to increase or decrease the 

stopping force applied. 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 cable braking system with calipers and shoes was chosen. The 

front braking system will be the primary braking system. 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.  

Rear Braking  

 

FIGURE 21 BRAKING SYSTEM 
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The rear brakes will be controlled by its own pedal in the car. They will be directly mounted 

on the wheel mount assembly. Bicycle brakes were chosen for the rear braking system. The 

required stopping force will be supplied by using slightly larger brake shoes. Larger area also 

means less pressure is required when activating the brake pedal. Some complications that will be 

encountered in the installation process is the tilting of the brake shoe to the same angle as the wheel 

mount.  This can be done by adding extra links or spacers to accomplish the most effective 

orientation of the stopping mechanism on the tilted wheel. 

Advantages:  

● Simple to install and adjust to meet requirements. 

● Light weight mechanism that will mount to the motor mount easily. 

● Cost is cheap and the mount parts can also be machined in house.  

Front Braking  
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FIGURE 22 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 for safety reasons. When the brake pedal is engaged the brake line 

will engage 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 housing used to 

support the braking system is a sleeve that goes over the wheel mount arm and can be welded or 

bolted in place.  

Advantages: 

● Different sizes of shoes and calipers can be chosen for the vehicle depending on the 

required braking force.     

● Can stop heavier loads than standard bike brakes. 

Caliper 
 

 

FIGURE 23 CALIPERS 
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The caliper (with its attached shoe) is what stops the vehicle. When the brake pedal is 

engaged, the brake line pulls the calipers together around the rotor, which slows and eventually 

stops the car.  

 Higher stopping forces than standard bicycle brakes. 

 Utilizes a simple mounting system that can be manufactured in house. 

Caliper Mount 
 

 

FIGURE 24 CALIPER MOUNT 

 

Holds the caliper in place around the wheel’s rotor. The full dimensions and specifications 

can be found in Appendix A12. 

Advantages: 

 Simple design to machine and install 

 Small volume component means it will be cheap and take less gross material.  
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Front Wheel Arm 
 

 

FIGURE 25 FRONT WHEEL ARM 

 

The caliper mount will be connected on top of the front wheel arm. It will maintain the 

height and orientation of the caliper around the rotor. The full dimensions and specifications can 

be seen in Appendix A13. 

Advantages: 

 Small size and simple design. 

 Allows the team to incorporate caliper brakes on the front wheels. 

 Can be machined in house.  
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3.6 Seating System  
 

Seat 

 

FIGURE 26 SEAT 

Comfort, safety, and convenience are all important factors in the ergonomic considerations 

of the car seat design. The seat must be designed so that the driver’s head will remain at least 5 

centimeters below the top of the roll bar. The seat must be positioned so that it will allow the driver 

to see clearly over the steering wheel as well as reach the accelerator and brake pedals. In addition, 

the driver's seat must be equipped with an effective safety harness having at least five mounting 

points to keep the driver in the seat. The 5-point harness must be firmly attached to the vehicle's 

chassis and fitted into a single buckle. The design of the seat will be optimized so that individuals 

ranging from 4 ½ feet to 6 feet will be able to drive the vehicle. The seat design chosen for the 

application was the seat with the 18° decline. The use of this style of seat will require the team to 

cut the top of the chassis. Implementation of this part will slightly increase the drag coefficient, 

however it will not be significant enough to alter the intended operating speed. This will allow the 

team to easily meet the vision requirements set by the competition, and will allow the vehicle to 

be driven by each team member. If the top was not cut, the only members of the team that would 

have fit into the chassis would have been the driver and backup driver.  
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Advantages:  

● This design for the seat will be mounted on rails that will allow the seat to slide forward 

and backward. 

● Each unique driver will enter and exit the vehicle with less resistance. 

● All team members will be capable of driving the vehicle. 

● Vision requirements set by the Shell Eco-Challenge Marathon will be met. 

Seat Bracket  
 

 
FIGURE 27 SEAT BRACKETS 

 

 The seat brackets fit specifically to the teams ordered seat. By pulling a lever the driver 

will be able to adjust their positioning in the car. This feature will allow the driver to position 

themselves comfortably in the chassis and will allow drivers of multiple heights to safely operate 

the chassis.  

Advantages: 
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 Allows different drivers of multiple heights to safely operate the vehicle. 

 Fits the teams purchased seat. 

 Installation can be done in house. 

 

3.7 Front Wheel Systems 
 

    
 FIGURE 28 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.  
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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 installed bearings and rims.  

● Connects easily to our steering assembly.  

● Very light weight high performance wheels with pre attached rotors. 

3.8 Solar Panel System  
 

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.  

Thus the 2014 FAMU-FSU solar car team has elected to create a new solar array with 

smaller diodes, no wiring between each cell and to encapsulate the cells together as a single unit. 

This will make the implementation of the solar array on the hood of the car possible.  
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Testing on the solar cells that will be used for this year’s array have already been 

conducted. The solar cells that will be used have an output of 0.565V and 1.76A, equaling almost 

1 watt of power, during a halogen lamp test. A real world sun test has not been completed due to 

inclement weather.  

 

FIGURE 29 PHOTO OF THE MONOCRYSTANLLINE SOLAR CELLS [1] 

 

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 
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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 are currently 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 vecessary while also maximizing the voltage output.  

 

 FIGURE 30 SOLAR ARRAY CONFIGURATION OPTIONS [1] 

 

 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 will replace them with more efficient and 

smaller sized diodes. This component was used to solve problems related to partial shading of the 
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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 will be mounted on the top-front chassis of the car, as demonstrated by the 

dark grey area depicted in the image of the vehicle below. 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.  

 

FIGURE 31 DEMONSTRATION OF SOLAR PANEL IMPLEMENTATION [1] 

 

Some risks are associated with the solar panel implementation and testing schedule. The 

largest concern is that the 2012 solar car team was never able to get the battery to charge using the 

solar array and DC-DC converter. The team suspected that the problem lays with the DC-DC 

converter, and the group is currently in the process of reviewing the propulsion system design. 

Additionally, the competition rules concerning solar panel mounting has changed from 2012, so 
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as to not allow independent structures; that is to say that the solar panels have to sit flush with the 

chassis.  

Current work on the solar array will consist of verifying calculations and assumptions with 

the team’s project advisor. After the design has been verified, the team will start the 

implementation process and then proceed with the testing schedule as outlined in the Gantt chart. 

Additional technical specifications (electrical performance, irradiation profile, and temperature 

coefficients) for the solar panels can be found in the Appendix section. 

3.9 Battery System and Isolated DC-DC Converter 
 

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 32.  

 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 34.  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 
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is within the range of the battery specification.  Figure 34 shows the device display and Figure 35 

shows the connection with the battery and motor. 

 
FIGURE 32 ELECTRIC RIDE LIFEPO4 BATTERY BACK [1] 

 

 FIGURE 33 ELECTRIC RIDE LIFEPO4 BATTERY BACK [1] 

 
FIGURE 34 TURNIGY WATT METER AND POWER ANALYZER [1] 
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FIGURE 35TURNIGY MONITOR CONNECTIONS [1] 

 

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 3636.  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.   
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FIGURE 36 ISOLATED DC-DC CONVERTER CONFIGURATION 

 

 

FIGURE 37 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.  

3.10 Motor Controller  
 

A Single Board Controller will be the integrating tool between the selected components for 

the entire motor controller, including the gate driver and IGBT. The main approach when 

considering the board controller will be the board’s compatibility with a 3 phase BLDC motor and 

Pulse Width Modulation for analog to digital conversions and speed control.  

Battery Isolated DC-DC 

Converter 

Ventilation System 
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Several Single-Board Computers 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. Some of the advantages of the TI DRV8301 69M-

kit includes: 

 Screw terminals for all power and signal wiring 

 Three phase terminals that allow a direct connection to the motor’s phases 

 Three phase inverter integrated power module base board supporting up to 60V and 3.5A 

continuous 

 60V input and 40A output 
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FIGURE 38 MOTOR CONTROLLER (TI DRV 8301 69M-KIT) 

3.11 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. 

 

3.12 Propulsion System and Emergency Shutdown System  
 

 The electrical motor being utilized is the 24V hub motor from Golden Motor. It will be 

mounted at the rear of the vehicle onto a motor mount designed onto the roll bar.  A 24 volt Lithium 

Ion battery will supply 5 volts to power the Texas Instruments DRV8301 69M kit, which will serve 

as the motor controller. The motor controller will read the input signals from a foot pedal to control 
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the speed of the motor. Figure 39 reveals a the diagram of the propulsion system with the integrated 

emergency shutdown system  

The battery will be connected to a single pole 24V 30A circuit breaker, which will also be 

connected to a manual toggle switch. The circuit breaker and switch will serve as the internal 

emergency shutdown system. When the breaker senses an excess amount of current, 30A+, 

through the system, the breaker will open the circuit. This will prevent any current from the battery 

to flow through the propulsion system. The switch is used to manually open and close the circuit 

through the breaker. 

 

FIGURE 39 PROPULSION AND SHUTDOWN SYSTEM DIAGRAM 
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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.  

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. Under a cloudy weather condition, the output 

voltage was measured to be 24.5V. 
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FIGURE 40 ISV005V2 BOARD [8] 
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4 Test Plan  
 

4.1 Mechanical Tests  
 

Roll Bar and Motor Mount 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

Roll Bar 

 : 01/30/14 

X 

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.  

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.   

Creo Parametric simulation results can be seen in Appendix A17. 

X 

N/A 

N/A 

According to the competition rules and regulations the roll bar must be able to withstand 

700N of force in all directions. 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 78 of 155 

 

Turning Radius  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 

 

 

 

 

 

Turning radius 

 : 02/30/14 

X 

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. 

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

TBA 

N/A 

N/A 

According to the competition rules and regulations the car must have a minimum turning radius 

of 8 m. 
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Braking Test 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

 

 

Rear Brakes/Front Brakes 

 : 02/30/14 

X 

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. 

The car will be stationary on a 20 degree incline once the rear brakes and the front brakes are 

activated. 

 
TBA 

N/A 

N/A 

 

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. 
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Front Wheel Mount  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

 

 

 

Front Wheel Mount 

 : 02/30/14 

X 

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.  

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.  

 

Simulation results can be seen in Appendix A18.  

 

X 

N/A 

N/A 

 

Doubling the loads will give a guaranteed safe design for the competition.   
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Front Wheel Arm 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 
 
 
 
 
 
 
 

Wheel Arms 

 : 02/30/14 

X 

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. 

The wheel arm design will endure all forces applied during the simulation without the 

material breaking or deforming.  

Simulation results can be seen in Appendix 19  

X 

N/A 

N/A 

The majority of the forces will be applied to the front wheel mounts not the arms 
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4.2 Electrical System Tests   
 

Solar array & Steval ISV005V2 DC-D Boost Converter 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 

Solar array & Steval ISV005V2 DC-DC Boost converter 

 12/2/2013 

X 

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.  

 

 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.  

 

Time Vout 

(v) 

12:40 23.9 

12:45 24.4 

12:50 24.0 

12:55 24.1 

 

 X 

Voltage is slightly too low to charge the 24V battery.  

Possibly create a new solar cell array.  
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COMMENTS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The cloudy conditions could be to blame but there have been no suitable days that are 

exceptionally sunny in which testing could take place.  
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Solar Cell Array 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 

Solar Cell Array 

 12/22/2014 

X 

The objective of this test is to determine if the solar cell array constructed by last years solar 

car team are operational and to measure their output in a cloudy condition. 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 solar cell array will output at least 8V and 2A considering the weather conditions 

Time Vout Iout 

12:40 7.98 0.41 

12:45 8.01 0.46 

12:50 7.95 0.4 

12:55 7.93 0.49 

 

X 

Voltage is slightly too low and the current is much too small 

Either replace diode boxes with smaller and more efficient ones or possibly create new array 

all together.  

 

The cloudy conditions could be to blame but there have been no suitable days that are 

exceptionally sunny in which testing could take place.  
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Steval ISV005V2 DC-DC Boost Converter 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

Steval ISV005V2 DC-DC Boost converter 

 1/17/2014 

X 

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.   

 

 

 

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.  

 

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. 

  

 

 

X  
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SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Either replace diode boxes with smaller and more efficient ones or possibly create new array 

all together.  
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Solar World Solar Cell 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS:

 
 

Solar World Solar Cell 

 1/30/2014 

X 

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.   

 

 

 

 

The solar cell will output some voltage when the halogen lamp is placed directly above the 

solar cell.   

 
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.  

 
X  

 

Need to reach at least 10V output when 10 solar cells are connected.   

 

 A series combination might be the most ideal combination, however further research must be 

conducted.  
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Newly constructed solar array 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

Newly constructed solar array 

 2/12/2014 

X 

After the solar cells have been properly connected and soldered, they need to be verified. This 

will be donw with either a halogen lamp or preferably a test that will take place outside.  

The cells will need to have a voltage of at least 10V in order to enter the DC-DC boost converter 

and charge the battery.  

 

 

 

 

The solar cell will output some voltage when the halogen lamp is placed directly above the 

solar cell or in direct sunlight.  

 

TBA 
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Newly constructed solar array with converter and battery 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
(ex: BS-001) (ex: 01/01/12 – 11:30 AM) 

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

Newly constructed solar array with converter and battery 

 2/12/2014 

X 

After the newly constructed array is able to ouput voltage that is then boosted, a test to charge 

the battery must take place. This will most likely take place in a laboratory setting with a DC 

power supply entering the converter. This will make sure that shading or inclement weather 

will not harm any of the components.  

The battery will begin to charge when connected to the DC-DC boost converter.  

 

TBA 
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Isolated DC-DC Converter 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

The previous year’s team tested the battery their results are below. 

 

Isolated DC-DC Converter Test 

 TBA 

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. 

The isolated DC-DC converter will properly reduce the input voltage to the voltage needed to 

supply the load. 

TBA 
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Battery Discharge – 1C 

 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

 

 

Battery Discharge – 1C 

BS-01 1/31/13 – 9:00am 

Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and 

observe the battery discharge for the 1C battery rating. 

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. 

The elapsed test time was 51:20.  The simulation was set up to end when the battery reached 

20V.  Data results plotted in MATLAB 

X 

 

 

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. 
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Battery Discharge – 2C 

 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

Battery Discharge – 2C 

BS-02 1/31/13 – 2:30pm 

Connect the battery to the BK Precision 2400W Programmable DC Electronic Load and 

observe the battery discharge for the 2C battery rating. 

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. 

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 

 

 

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. 
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Battery Discharge – 0.5C 

 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

Battery Discharge – 0.5C 

BS-03  

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. 

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 

TBA 
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Battery Charging Capabilities 

 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

Battery Charging Capabilities 

BS-04  

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. 

Elapsed time should be 5 hours 

TBA 
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Battery Integration  

 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

 

Battery Integration  

BS-05  

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. 

The solar array will charge the battery. 

TBA 
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Motor Controller  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 
 

 

 

 

Motor Controller 

 01/17/14 

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.  

 

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. 

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. 

 
X 

 

 

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

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 
 

 

Motor 

 01/17/14 

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. 

 

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) 

 

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. 

 
X 

 

 

This test was performed without the motor controller that will be used in the competition. 
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Emergency Shutdown System Test 1 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emergency Shutdown 

 01/30/14 

Test Objective:  

The objective of this test is to simulate the circuit breaker current rating needed to isolate the 

circuit.  

 

Test Description/Requirements: 

The equipment required for this test is National Instrument’s MultiSim. A non-ideal battery 

source rated at 24V and 20Amp-hours are connected to a fuse rated at 1A. A multimeter is 

placed in series between the battery source and fuse to read the current. The circuit is grounded 

then simulated. 

 

Anticipated Results: 

The fuse should open the circuit on the count that more than 1A will flow though the circuit.  
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ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 

Requirement for Success: 

The fuse should break circuit. 

 

Actual Results: 

The fuse did not open circuit. The multi meter reads 0 current flowing through the circuit. 

 

 

 x 

Reason for Failure: 

 Perhaps the circuit requires a resistive load on the line. 
 

Recommended Fix: 

Place a one ohm resister between the fuse and the battery source. Place the multimeter 

immediately after the resistor to read the current value. 
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Emergency Shutdown System Test 2 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emergency Shutdown 

 01/30/14 

Test Objective:  

The objective of this test is to simulate the circuit breaker current rating needed to isolate the 

circuit  

 

Test Description/Requirements: 

The equipment required for this test is National Instrument’s Multisim. A non-ideal battery 

source rated at 24V and 20Amp-hours are connected to a 1ohm resistor and a fuse rated at 1A. 

A multimeter is placed in series between the resistor and fuse to read the current. The circuit is 

grounded then simulated. 

 

Anticipated Results: 

The fuse should open the circuit on the count that more than 1A will flow though the circuit.  

 

 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 101 of 155 

 

ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
COMMENTS: 

 

Requirement for Success: 

The fuse should break circuit. 

 

Actual Results: 

The fuse did not open circuit. The multi meter reads 0 current flowing through the circuit 

 

 x 

Reason for Failure: 

Unknown 
 

Recommended Fix: 

Use an ideal DC power source instead of the non-ideal battery source 
 

 What is the main difference, besides charge capacity, between an ideal DC source and 

non-ideal battery source in the NI Miultisim software. 
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Emergency Shutdown System Test 3 
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emergency Shutdown 

 02/04/14 

Test Objective:  

The objective of this test is to simulate the circuit breaker current rating needed to isolate the 

circuit  

 

Test Description/Requirements: 

The equipment required for this test is National Instrument’s Multisim. A 24V power source 

connected in series with 20ohm and 4 ohm resistors in a closed loop. A fuse rated at 1A is 

placed parallel to the 4ohm resistor. A multimeter is placed in series between the 4 ohm resistor 

and fuse to read the current. The circuit is grounded then simulated. 

 

Anticipated Results: 

The fuse should open the circuit on the count that more than 1A, (1.2 to be exact) will flow 

through the second loop of the circuit.  
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ACTUAL RESULTS: 

 

STATUS:   PASSED     FAILED  

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

 

 

 

Requirement for Success: 

The fuse should break circuit. 

 

Actual Results: 

The fuse opened circuit. The multi meter reads 1.2A flowing through the circuit. 

 

x  
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COMMENTS: 

 
 

Emergency Shutdown System Future Test Plan 
 

There are no specifications in the Shell Eco-Marathon rules about the current rating that the 

emergency shutdown system should be activated. After consulting with Dr. Frank, the team have 

considered using the maximum current rating for the motor as the as maximum current before 

automatically activating the emergency shutdown system. The selected circuit breaker’s rating will 

have a +5A deviation to accommodate for the fluctuating currents being read by the controller. 

Since the max current rating for the motor is 20A, the future circuit breaker current rating chosen 

What is the main difference, besides charge capacity, between an ideal DC source and non-

ideal battery source in the NI Miultisim software? Replace the DC power source with a non-

ideal battery source with similar ratings to the battery being used in the project. (24V, 

20Amp-hours). The figure below reveals no current is flowing through the circuit.  
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will be about 25A. The 30A breaker, with a 10A discrepancy in relation to the 20A motor, could 

prove to detrimental. 

4.3 Safety Testing  
 

Ventilation  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

COMMENTS: 

Driver Vacation Test 

1 TBA 

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.  

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

TBA 
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Fire Retardant Bulkhead  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

 
 

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. 

 

Fire Retardant Bulkhead 

2 TBA 

Using both a compressed air and a liquid test the team will test the permanent fire retardant 

bulkheads to ensure that they are properly sealed. 

The fire retardant bulkhead is properly sealed, and no air or liquid will come through. 
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COMMENTS: 

 

 

Five Point Harness  
 

TEST ITEM (TITLE):  

 

TEST CASE #:  TEST DATE:  
       

 

TEST CASE DESCRIPTION:            TEST TYPE:  TEST  RE-TEST 

 
EXPECTED RESULTS: 

 
ACTUAL RESULTS: 

 
 

STATUS:   PASSED     FAILED  

 

FAILURE CAUSE(S): 

 
SUGGESTED SOLUTION(S): 

Known fire retardant materials will be used in order to assure that bulkhead materials are fire 

retardant.  

Safety Harness Test 

3  TBA 

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.  

The safety harness will withstand the downward force of the car without the failure of any of 

the points of contact. 
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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.   
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5 Schedule  
 

 The team has 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 

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 has now begun the 

manufacturing phase. Based on the final designs from the design and analysis phase the team has 

selected one of two “manufacturing methods” which will be used. In order to adhere to time 
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constraints and remain on schedule the team has 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 will be manufactured in house with the help of the FAMU-FSU college of 

engineering machine shop. The team is currently ordering and/or manufacturing each of the major 

vehicle components in order to have them ready for the installation phase of the project.  

 Based on the results from the design and analysis phase of the project the team has selected 

and ordered the following components: 

 Seat and seat brackets 

 Steering wheel  

 Steering shaft 

 Rack and pinion 

 Tie Rods 

 Front Brakes  

 Rear Brakes  

 Brake Lines  

 Rotors  

 Wheel Hubs 

 Tires and tubes 

 Solar Panels 

 DC-DC Converter 

 Motor Controller Board  

 Circuit Breakers 

 Manual Kill Switch 
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Due to a delay in the release of the funds allocated to the solar car project, the team had fund an 

account that will be repaid once the funds are released. Due to the inability to order parts on time 

the team was slightly set back. Although this setback took time to resolve, the team used the 

additional time to assure all components were ready to order as soon as fund were available, and 

expects to receive all of the components listed by 02/13/2014. Once each of these components is 

received the manufacturing phase for that component will be completed. 

 Based on the custom nature of the vehicle the team decided that the following components 

were going to be manufactured in house:  

 Roll Bar 

 Roll Hoop 

 Front Wheel Mounts 

 Front Brake Mounts 

 Front Wheel Arms 

 Rear Brake Mount 

In order to manufacture each of these components the team first placed material orders the last of 

which arrived 02/04/2014. With the materials in hand the team has scheduled various sessions in 

the FAMU-FSU College of engineering machine shop between 02/04/2014 and 02/15/2014 in 

order to manufacture these components.  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 along with the seat and the seat brackets immediately after the manufacturing 

is completed.  The early start of the installation phase for these major components will keep the 

team on track and assure that all steps in the critical path will be completed on time. 
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Due to an oversight the team will have to add a design and analysis, and a manufacturing 

phase for a latch that will allow the battery compartment to be seen. Although this will take some 

additional time, the installation of various major components during the manufacturing phase will 

shorten the time needed to complete the installation phase. This will allow the team to successfully 

complete the vehicle manufacturing and installation on time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 113 of 155 

 

6 Budget  
 

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. 
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TABLE 9: OVERALL PROJECT BUDGET 
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7 Overall Risk Assessment  
 

7.1 Technical Risks  
 

Competition Requirements 
 

 In order to compete in the Shell Eco Challenge Marathon a technical write up for the 

vehicle is required. The technical write up must include a detailed description of the motor, motor 

controller, and all electrical and mechanical systems. Most of these components and systems are 

going to be built by the senior design team but the motor was left to them by last year’s team. The 

motor that was purchased last year did not come with a technical description nor is one readily 

available online. The team member assigned to completing the technical write up will need to get 

in contact with the manufacture to obtain the details required for this competition. 

Chassis Failure 
 

 The chassis to be used by this year’s team was designed and manufactured by the previous 

year’s senior design team. It is a monocoque structure and does not contain any internal frame 

work. The vehicle’s shell must be able to support the full structural load of all the necessary 

components without any deformation occurring. If the chassis is not able to support the full load 

of the necessary components and the driver it will have to be redesigned and remanufactured. This 

could lead to a total project failure and the design team will not be able to compete in the 

competition. In order to not jeopardize the structural integrity of the vehicle any drilling into the 

chassis must be kept to a minimum.  
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Steering Failure 
 

 The competition requires the design team’s vehicle to have an 8 meter turning radius. By 

designing the wheel mount and steering assemblies to be capable of a nearly 360 degree rotation 

the design team will use the steering component, either rack and pinion or plate steering, to limit 

the turning radius to the required 8 meters. The team will also test the vehicles turning radius prior 

to competition to ensure it is operating properly. This is a key requirement to compete in the 

competition and if the design team does not meet the requirement they will not be permitted to 

compete in the competition. 

Braking Failure 

 

 The competition requires the vehicle to have two operating braking systems, one that acts 

of the front wheels and one that acts on the back wheels. The systems must be able to be engaged 

without having to remove a hand from the steering wheel. Each braking system must be capable 

of holding the vehicle in place on a 20 degree incline which will be tested at the competition. This 

will be a first time experience for the group members to design and install a fully functioning 

braking system. With the help of Dr. Hollis, and the knowledge of the required braking force 

needed to hold the car in place on the incline, the design team is confident they will be able to 

design and implement an efficient braking design.  

Bulkhead Design and Installation 
 

 For the Shell Eco Challenge Marathon it requires that a permanent bulkhead be installed 

that separates the driver from all electrical and propulsion system components. The final layout of 

the electrical and mechanical systems has not been finalized and is likely to change during the 

design process which leads the design of the bulkhead to be put off till later in the design process. 
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Leaving a major component that is required to compete till later in the process is risky but by using 

materials available in the Engineering School machine shop and simple designs the engineering 

team hopes to minimize this risk. If the design team is not able to complete the bulkhead they will 

not be permitted to compete in the competition. 

Motor Controller Failure 
 

New for this year, the competition requires that each team construct their own motor 

controller. Building and programing a motor controller for a DC Brushless 3 phase motor is new 

to the design team. If they fail to properly construct the motor controller it could lead to a 

catastrophic design failure. The vehicle would likely not operate properly and could cause the 

motor to burn out or even overload the wires and circuits.  By starting this process early in the 

design phase and using a mock motor during the testing phase the team hopes to minimize this 

risk. 

DC-DC Conversion System 

 

 The risks associated with the DC-DC conversion system are minimal all things considered. 

For example, a failure or the system would only mean that the battery is not being charged 

simultaneously while it is being discharged. The different over voltage and over current protection 

implemented in the ISV005V2 DC-DC boost conversion system prevent the possibility of a power 

surge that could harm the battery. 

DC-DC Conversion Stage: ISV005V2 
 

 The ISV005V2 has been tested during an extremely cloudy day and as such has been 

treated as the worst case scenario. This voltage was measured to be 24.5V, leading to the 

decision to make the minimum voltage leaving the first stage to be set at 24V.  
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Battery Failure 
 

The Shell Eco-Marathon competition states that lithium ion batteries must have a battery 

management system to protect cell under/over voltage limits, over current limit, over temperature 

limit, the individual cells as well as the entire pack.  A malfunction in the BMS could result in a 

damaged battery.  If the BMS fails and the battery is severely damaged the car will be 

inoperable.  To ensure this does not happen the 2013-2014 solar car team will conduct a test to 

determine the protection limits and what occurs when the limit is reached. 

Solar Panel Installation Failure 
 

 Shell Eco Challenge Marathon requires that the solar cells be installed and seated flush 

with the surface of the car. This is one area of the design process that the team is still addressing. 

The team is currently consulting several faculty members to create a safe and effective 

encapsulation method while the solar array is being constructed. With the help of Dr. Hollis and 

the staff over at HPMI the team will be able come up with a process to properly seat and anchor 

our solar panels.    

7.2 Schedule Risks  
 

Ordered Parts 
 

 The team will have to order various parts and materials from suppliers. When ordering 

parts and materials from suppliers there is the additional risk of parts being delayed which can 

cause the manufacturing of a part to be delayed. If the manufacturing of a component which is part 

of the critical path is delayed the entire project can be delayed, and the team will run the risk of 

not completing the project by the designated deadline. 
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Required Equipment 
 

 Once the manufacturing phase commences the team will require access to various 

machines, tools, and technical equipment. If the team is unable to readily access any of these tools 

it will delay the component completion. Similar to ordering delays if the component is part of the 

critical path it can cause the team to run the risk of not completing the project by the designated 

deadline. 

Overlooked Designs 
  

 Building and designing a functional vehicle is a complex process. This process requires the 

design, manufacture, and installation of multiple components. In order to complete the vehicle in 

time for the competition each team member has been assigned specific tasks. If a component is 

overlooked due to the team’s limited experience with vehicle design it will detract recourses (team 

members) from their assigned tasks in order to complete the additional components. Detracting 

recourses from specified tasks can cause those tasks to be delayed. If the component is part of the 

critical path it can cause the team to run the risk of not completing the project by the designated 

deadline. 

Testing Phase 
 

 Throughout the design and manufacturing of each component the team will run extensive 

tests in order to assure quality, reliability, and safety. Although the team will run individual 

component tests and use simulations in order to test the entire vehicle before it is built the risk of 

failure when testing the completed vehicle is always present. If a major component such as the 

chassis fails, the team may not have enough time to rebuild the vehicle and correct the failure prior 

to the competition.   
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7.3 Budget Risks 
 

Funding Requests 
 

 The team was told that a $6000 budget was allocated to this project, however the money 

has not yet been appropriated. Now that the design has been finalized, and the material 

requirements and pricing has been determined, the team will be able to submit a formal request 

for funds. In the event of an emergency, such as the team not qualifying for the Eco-marathon, 

funding to this project may not be appropriated at the desired level. 

Indirect Material Costs 
 

 Materials costs usually include more than the just the direct cost of the materials used to 

manufacture/assemble a product. Additional costs can include collateral costs, such as freight 

and insurance, as well as overruns, spoilage, and defective parts [10]. These types of costs are 

usually referred to as indirect material costs, and are defined as costs not directly identified with 

a single final cost objective. In the event of an error during manufacturing or material estimates, 

indirect material costs can quickly add up. 

Pricing Estimates 
 

 Currently pricing of materials consists of estimates performed by calculating the volume 

of materials necessary to manufacture all necessary parts. The volume of materials was summed 

and then the price was estimated using a $/in3 price from a major online materials provider. In 

the coming week, the team has arranged a meeting with Dr. Liang (Director of HPMI) and Mr. 

Jeremy Horne (Manufacturing engineer at HPMI); with their professional help, the material 

requirements and pricing estimates will be reviewed and corrected. However, until the team has 

secured their approval, there is some risk associated with the pricing estimates. 
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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 
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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 
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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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Appendix 
A1: Fish Bone Analysis 
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A2: House of Quality 
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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. 
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 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. 
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 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. 
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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: 
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 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. 
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 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. 

 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 134 of 155 

 

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. 
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A3: Gantt chart  
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A4: Motor Controller 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 
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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(%) 
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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 
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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 
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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 
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A5: Roll Bar and Rear Wheel Mount  
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A6: Roll Hoop 
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A7: Front Wheel Arm  
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A8: Caliper Mounts  
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A9: Front Wheel Mounts 
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A10: Czochralski Process 
 

 

FIGURE 41 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.  

 

A11 Solar Cell Technical Specifications 
 

 

TABLE 10 SOLAR CELL IRRADIATION PROFILE 

 

TABLE 11 SOLAR CELL TEMPERATURE COEFFICIENTS 



Senior Design  Team # 2 Solar Car  Milestone 4 Report 

Page 147 of 155 

 

 

TABLE 12 SOLAR CELL ELECTRICAL PERFORMANCE 

 
 

A12: Sanyo Denki Fan and Specifications 
 

 

FIGURE 42 SANYO DENKI FAN 

 

 
FIGURE 43 SANYO DENKI FAN SPECIFICATIONS 
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A13: Isolated DC-DC Converter Specifications  
 

 

FIGURE 44 SPECIFICATIONS FOR THE LM25017 ISOLATED DC-DC CONVERTER 
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A14: LM5000 DataSheet 
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A15: Bill of Materials  
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A16 Stress Calculation Results  
 

Front Mount Stress Calculation Results and Constants     
 

 
 

Front Mount Moment Calculation Results and Constants  
 

 

 

Square Tube Calculation Results and Constants  
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Wheel Hub Bolt Calculation Results and Constants  
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A17 Roll Bar & Front Wheel Mount Test Results  
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A18 Front Wheel Mount Test Results  
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A19 Front Wheel Arm Test Results  
 

 


