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Executive Summary 
According to the U.S. Energy Information Administration, 140 billion gallons of gasoline were consumed 

in the United States in 20151, with approximately 90% of the United States gasoline consumption 

associated with light-duty vehicles (cars, sport utility vehicles, and small trucks)2. Team 21: Marathoner 

hopes to engage the problem of gasoline usage in vehicles, one of the most relied-upon items in our 

everyday lives. The ultimate goals of this project are to explore fuel usage in vehicles, increase awareness 

of the fuel and energy crisis, and actively apply the skills obtained through the Calvin College 

Engineering program. Team Marathoner will achieve these goals through the design, optimization, and 

prototyping of a gasoline powered single-occupant fuel efficient vehicle to compete in the Shell Eco-

marathon competition in Detroit, Michigan. 

  

While Calvin College Engineering senior design teams have competed in competitions such as the SAE 

Supermileage competition, this will be the first time Calvin College will be represented at the Shell Eco-

marathon. Team Marathoner will be using external components (vehicle body and frame) from previous 

SAE Supermileage competition vehicles. They will focus on increasing the mileage of the prototype by 

replacing and/or optimizing the internal components (fuel delivery, engine, transmission, drivetrain) of 

the vehicle. The goal is to reach 800 mpg (US), the top previous mileage achieved by the 2011 Calvin 

College senior design team, and improve upon that further. 

  

                                                 
1 "How Much Gasoline Does the United States Consume?" U.S. Energy Information Administration, March 17, 
2016, (accessed November 12, 2016). 
2 "Use of Gasoline," U.S. Energy Information Administration, September 26, 2016, (accessed November 12, 2016) 
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1. Introduction 
 

1.1 Calvin College Engineering 

The Calvin College Engineering program is ABET accredited, offering a Bachelor of Science in 

Engineering degree in four concentrations: mechanical, civil, chemical, and electrical/computer 

engineering. The engineering program is part of a liberal arts curriculum, focusing on a diverse, well-

rounded, Christian approach to engineering. 

 

1.2 Senior Design 

As the capstone to the Calvin College engineering program, students are required to engage in a senior 

design project. The student-chosen project should be focused on designing and implementing a solution 

tailored to meet a specific need in the community or the world. Emphasis is placed on team formation, 

project identification, the production of a feasibility study, analysis, and prototyping in the light of 

engineering design norms.  

 

1.3 Shell Eco-marathon Americas 

The Shell Eco-marathon Americas is an annual competition sponsored by Shell. The 2017 Shell Eco-

marathon will be held in Detroit, Michigan. Students from North and South America gather and compete 

to create vehicles that achieve the highest possible fuel efficiency. These vehicles are highly specialized 

and optimized for the competition, intended for the purpose of representing the current technologies 

available, and giving a glimpse into the possible future of vehicular design with respect to fuel efficiency. 

An example of these vehicles is shown in Figure 1. 

 

 
Figure 1. 2011 winning prototype built by the team from Université Laval (Quebec, Canada). 
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1.4 Previous Design Team Results 

Calvin College has been represented three times at the SAE Supermileage competition. The results of the 

previous teams from Calvin College are tabulated below. 

 

Table 1. Calvin College presence in SAE Supermileage competition. 

Competition Year Fuel Economy, Miles per Gallon (US) 

2011 794 

2012 705 

2013 348 

 

Notable in previous SAE Supermileage results is the 2013 Supermileage team’s low mileage of 348 miles 

per gallon. After consultation with Phil Jasperse, the primary cause of mileage loss was in engine 

efficiency. While the 2013 Supermileage team improved aerodynamics of their prototype, their engine 

was not optimized for efficient fuel usage. Team Marathoner hopes to use the aerodynamic body of the 

2013 team, while improving the engine efficiency of the prototype to improve the overall mileage of the 

vehicle past the current record of 794 miles per gallon. 
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2. Project Management 
 

2.1 Team Organization 

Team Marathoner is comprised of four mechanical engineering students, three of whom are obtaining a 

sustainability designation as part of their engineering degree. Each team member took on a specific role to 

aid in the execution of tasks and those roles were chosen based on the member's skills, interests, and 

previous engineering experience. Though many subtasks were divided based on interest, a large portion of 

the mechanical design work was a collaborative team effort, requiring research, calculations, and analysis 

from each team member. 

 
Figure 2. Team organization chart. 

 

 

2.1.1 Team Member Roles in Subcategories 

Rounak Chatterjee: Ron is one of the three team members earning a sustainability designation from 

Calvin’s engineering department. He is passionate about sustainable systems and is excited to integrate 

that passion with his love for cars in the Shell Eco-marathon. Ron is looking forward to working with his 

teammates on this important project that looks to pave the way forward for the future of automobile 

technology. As stated previously, Ron’s passions lie specifically within the engine, which is why his time 

and energy are focused on the engine and drivetrain components. He brings to the team the knowledge 

and skills necessary to get the vehicle moving.   

 

Jennifer Haney: Jenny is the second member of Team Marathon gaining the sustainability designation, 

though she is also graduating with an international designation in engineering as well. She is extremely 
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passionate about the earth, international development, and specifically the all-encompassing concept of 

sustainable engineering. She is ecstatic to work on a project that grapples with the integration of 

mechanical design and harnessing efficiency. Jenny’s skills and preferred interests lie within organization 

and administration so she has taken on the project management roles: scheduling, documenting meeting 

minutes in the team journal, managing the time card, etc. Her specific role on Team Marathoner is the 

budget manager, though she is also in charge of everything pertaining to the body of the vehicle. This 

includes aerodynamic and aesthetic design.  

 

Joel Hoskins: Joel, though he is not earning the sustainability designation, still shares the same passions 

as the rest of the team toward sustainable engineering. He is also very excited to take on a project of this 

grand of a scale. He looks forward to combining his interest in engine design and combustion with his 

experience in electronic systems and machining to design a prototype that will responsibly and efficiently 

handle resources. With Joel’s skill and attention to detail as well as his reliable memory, he has 

committed to being the competition legal expert. This means that he took on the challenge of making sure 

Team Marathoner stayed within the rules and regulations of the competition, completing every 

requirement necessary to compete in the Shell Eco-marathon. He is also in charge of steering and brake 

design. 

 

John Lee: Johnny, the third team member gaining the sustainability designation, is looking to expand his 

understanding of sustainable design even further, specifically in the context of mechanical engineering. 

Johnny was elected as Team Manager because of his work ethic and drive to promote team synergy. He 

will be using his skills to be the primary liaison between the team and the competition organizers, and 

ensuring that the team stays on track for the competition deadlines and requirements. Additionally, 

Johnny will be heading the drivetrain and rear brake design. 

 

2.2 Documentation/Organization Techniques 

Team Marathoner used a shared cloud-based folder to store and organize all of the project documents. 

The team used an online document within the shared folder to record their meeting minutes. This acted as 

the team journal. The team met every Monday, Wednesday and Friday afternoon to review completed 

tasks, talk about the next steps, and assign new tasks. At the end of each meeting the team would decide 

on the next time necessary to meet based on the scope of the tasks assigned for the week. Meeting notes, 

group assignments, and next meeting date were all recorded in the team journal. Trello, a web-based 

project management application, was used to document milestone deadlines and individual tasks assigned 

to each team member. This served as the team’s work breakdown structure (WBS). A synced calendar 

was used to keep track of each team member’s schedule. Meetings were scheduled based on the 

availability shown by the synced calendars. 

 

2.3 Budget Management 

Before making the decision to enter the Shell Eco-marathon, Team Marathoner created a budget base case 

to determine whether or not the project was feasible. Using previous team budgets as a starting point, the 

team estimated $2,500 without in-depth considerations of design. Once the rough project budget estimate 

was approved, the team moved forward in dissecting the project, conducting research, and performing an 

analysis on necessary vs. desirable design specifications. With some further information, the team created 

a more precise budget based on design considerations as well as costs for attending the competition 
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(travel, lodging, etc.). The secondary budget analysis was split into two categories to consider: vehicle 

costs and other costs. Vehicle costs took into account the mechanical and design aspects of the project 

itself. This includes, but is not limited to, engine components, drive train, transmission, safety harness, 

mirrors, etc. Other costs took into account travel to the competition, housing during the competition, food, 

etc. This budget came out to be about $2,300. 

 

Table 2. Budget summary. 

Competition Attendance Costs $345  

Racing Gear $160  

Vehicle Cost $1,638  

Misc. Vehicle Components $154  

TOTAL $2,297  

 

  

2.4 Design Norms 

As part of the design process, Team Marathoner considered the engineering ethics behind the project. The 

commonly shared ethical values between the team members took the form of engineering design norms 

that shaped the formation of the project idea. These critical design norms that Team Marathoner formed 

around are stewardship, justice, and transparency.  

 

2.4.1 Stewardship 

Stewardship as a design norm is the value of careful and responsible usage of Earth’s natural resources. 

The team sees the encouragement and exploration of fuel and energy efficiency as a way to honor the 

God-given resources we have on the earth and preserve them for future generations. The Christian 

mandate for sustainability is the driving force behind Team Marathoner, engaging the global fuel and 

energy crisis, and living out the calling as Christian engineers to be stewards of the earth. 

 

The Calvin College Statement of Sustainability summarizes well Team Marathoner’s motivation in 

entering the Shell Eco-marathon: 

 

“Sustainable living is the daily working out of the stewardship mandate. We seek to live as part of 

the natural world in ways that mirror the care and love God has for the creation. To live in a 

sustainable fashion means our daily activities will be conducted in such a manner that they do not 

seriously jeopardize, but instead promote, the wellbeing of other people, other species, and the 

ability of future generations of all creatures to flourish.” 

 

2.4.2 Justice 

In the context of sustainable engineering design, the team’s value of justice involves the necessity to 

respect the rights of all persons. Team Marathoner operates under the understanding that engineering 

designs have impacts on not only the user, but also on those directly or indirectly affected by the design. 

Because the atmosphere is one commonly shared resource for everyone, reducing harmful emissions and 

fuel usage reduces the negative global damage that greenhouse gases have on the earth. With 

transportation (90% of that being petroleum based) contributing to almost 30% of U.S. greenhouse gas 
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emissions3, by engaging the problem of fuel usage in vehicles, Team Marathoner hopes to have a global 

impact for the future. 

 

2.4.2 Transparency 

The design norm of transparency is Team Marathoner’s value of understandable and well documented 

design. The team believes that to promote future progress, transparency is necessary. Recognizing that 

future design teams may wish to use the experience and knowledge gained through this project for their 

designs, Team Marathoner values open communication not only between those involved with the project 

and competition now, but also with future engineering students. As elements from previous senior design 

projects are being used for this project, Team Marathoner hopes to continue the legacy of continuous 

improvement and leave resources for future generations of engineering students to build on from where 

we leave off. 

 

2.5 Optimization Approach 

Team Marathoner is optimizing the previous SAE Supermileage vehicle and in doing so is fortunate to 

keep the aerodynamic body and frame of a previous Calvin senior design project. As a result, Team 

Marathoner has made the decision to focus the majority of their time and effort into optimizing the 

internal components of the vehicle. As part of the Shell Eco-marathon requirements, a fuel injection 

system will be incorporated into the engine design. This is where the majority of optimization will come 

into play.  Engine tuning fuel injection optimization, and ECU programming will be key factors in 

designing a successful and economical competition vehicle. Additionally, weight reduction and 

decreasing rolling resistance are potential areas for improvement of the vehicle.  

 

 

  

                                                 
3 "Sources of Greenhouse Gas Emissions." EPA. (accessed November 12, 2016). 
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3. Task Specification and Schedule 
 

3.1 Project Breakdown 

Due to the nature of this project, two sets of deadlines and project goals are observed throughout the 

design process: those set by the Senior Design capstone curriculum, and those set by the Shell Eco-

marathon. Team Marathoner’s personal project breakdown is a combination of the two. 

 

Table 3. Senior design project breakdown. 

Date Milestone 

September 9, 2016 Team Defined 

September 14, 2016 Project Defined 

September 23, 2016 Project objectives/requirements defined 

October 5, 2016 Project Proposal Feasibility Study (PPFS) outlined 

October 12, 2016 Work breakdown structure completed 

October 26, 2016 Project website posted 

November 4, 2016 Project poster/summary created 

November 14, 2016 PPFS draft completed 

December 12, 2016 PPFS competed 

Spring Semester of 2017 Further design project deadlines to be announced 

 

Table 4. Shell Eco-marathon project breakdown. 

Date Milestone 

October 13, 2016 Phase 1 Registration (vehicle information, contact details, photos, legislative 

documents) completed 

December 1, 2016 Phase 2 Registration (technical schematics, vehicle details) completed 

March 16, 2016 Logistics (participation details, registration of vehicle) completed 

April 20, 2016 Off-Track Award entries submitted 

Late April, 2016 Vehicle raced and entered in competition 

  

 

  



   
 

12 
 

3.2 Gantt Chart 

GanttProject, a free and open source project management program, was used to organize project goals and 

tasks. A tentative timeline was created and used as a guideline for time management. Figure x illustrates 

the team’s project timeline. As noted earlier, further design project deadlines for the spring semester are 

still pending, and many changes to the timeline are anticipated. The timeline will be updated on a weekly 

basis to keep up with future changes. 

 

 
Figure 3. Team Marathoner’s project timeline. 
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4. Design Process 
 

4.1 Aerodynamics 

Aerodynamics is a critical factor in the success of any vehicle, especially one entering a competition such 

as the Shell Eco-marathon. With any moving vehicle, force generated by air drag acts against the force of 

propulsion and results in loss of usable energy. Thus having an aerodynamic outer shell for the vehicle is 

absolutely necessary in order to have an energy efficient design. Aerodynamic analysis therefore ends up 

being a lengthy and in-depth study of various outer body shapes and their effects on the overall drag 

force. 

 

The 2013 Calvin SAE team “Supermileage” put in a great amount of time and work into designing their 

outer shell; their aerodynamic design process accounted for the minimizing of frontal high pressure and 

rear low pressure zones as well as considerations of downforce and lift effects. They considered several 

different shapes and conducted extensive tests using both solid models within the Calvin wind tunnel and 

Computational Fluid Dynamics (CFD) analysis. Team “Supermileage” did a thorough job of documenting 

their aerodynamics research and testing, making it easy to follow their procedures and conclusion. The 

The 2011 Senior Design team also designed a shell for the SAE challenge that was available for use. This 

shell, however, did not have nearly as much documentation backing it up. Phil Jasperse also 

recommended against using their shell, because it had a much wider front profile, which only adds more 

drag. Because of these reasons, the 2011 team's shell was eliminated from the options for a shell. Team 

Marathoner therefore decided that the 2013 team’s design was highly efficient for a hypermileage race 

setting and decided to reuse the outer body shell for the Eco-marathon. 

 

 
Figure 4. SAE Supermileage 2013 outer shell being used by Team Marathoner. 
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4.2 Frame 

The frame of the current prototype is made of aluminum. It is welded together and bolted into the outer 

shell. There is room within the frame to house the engine, transmission, fuel tank, along with the other 

interior components of the vehicle. There is also a large bulkhead separating the driver’s compartment 

from the engine compartment. 

 

 
Figure 5. Frame located within SAE Supermileage 2013 vehicle. 

(Photo: SAE Supermileage 2013 Final Report) 

 

 

4.2.1 Competition Requirements 

The guidelines given by Shell dictate the following. There must be roll bar that extends at least 5cm 

above the driver’s head that can withstand 700 N of force. There must be a flame-retardant bulkhead 

separating the driver from the propulsion and energy storage system. The frame must prevent the driver 

from touching the ground. Currently the frame of the existing prototype meets all of these requirements. 

  

4.2.2 Final Selection 

Since the frame already meets the requirements set by Shell, the team elected to reuse the current frame. 

This is the most economical option both for time and money, and remaking a frame will not save all that 

much weight, so the team decided it was not worth it. However, if the team finds themselves in an excess 

of both time and money, the frame would be a worthwhile area to spend time optimizing. There is also a 

chance that redesigning the frame will become a necessity if the new engine or braking system does not 

fit in the existing frame. 

 

4.3 Engine 

 

4.3.1 Engine Options 

The engine can be thought of as the very heart of this vehicle. The Eco-marathon competition allows for 

several categories of engines or powerhouses that can be used to power the systems of a vehicle. These 

include: gaseous internal combustion engines, liquid internal combustion engines, battery-electric motors, 

and hydrogen fuel cells. The team had to choose between these options for the powertrain design of the 

new vehicle. The more exotic options of the hydrogen fuel cells and the gaseous internal combustion 

engines posed several challenges in terms of implementation. Hydrogen fuel cells large enough to provide 

power to a small vehicle can be difficult to design and build. They also pose a higher financial burden on 
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the team budget and the competition has a lot more rules regulating the specifications of such cells. 

Gaseous internal combustion engines have one main disadvantage of needing higher compression ratios 

in order to accomplish combustion. Although this is possible to achieve by machining the combustion 

chamber, it is a complicated process and requires considerable skill and experience in machining 

practices. The resulting problem however, is that many commercial small engines are not rated to handle 

the increased pressures of gaseous combustion and reinforcement of the valves and cylinder heads is often 

recommended. A lot of the research conducted regarding the engine system was done by reading the 

design reports and schematics of past SAE and Shell Eco-marathon teams. These reports were extremely 

helpful for the team to see how past competitors handled specific design challenges. 

 

The team finally decided on implementing a liquid internal combustion engine with gasoline as the choice 

of fuel. This remains the most commercially available type of engine on the market and is the most 

affordable considering the team budget. The team recognized that implementing a simple IC engine and 

optimizing it for maximum fuel efficiency would by itself be a huge challenge considering the time-frame 

of the project and the resources currently available to us. The team had first thought of using a 3.5hp 

Briggs & Stratton L-Head engine for the powertrain. This engine is widely available and has been heavily 

modified by many SAE teams in the past, and thus would provide the team with documented accounts 

that would prove to be helpful as references.  

 

However, a discussion late into the semester with our industrial mentor, Don Storteboom, regarding the 

numerous inefficiencies of L-Head style engines convinced the team to seek a more efficient engine to 

power the vehicle. The team has since then looked into several engines with Overhead Valve (OHV) and 

Overhead Cam (OHC) technology that increase compression ratios and overall efficiencies of engines. 

Research is also currently being conducted into whether it might be feasible to purchase a low-power 

commercial engine preinstalled with fuel injection such as those used to power scooters. The current 

preliminary decision is to use a small OHC engine from the Honda GX series and manually convert it to a 

fuel injected supply using an aftermarket EFI kit. Based on the currently ongoing research and 

consultation, the team may decide to switch its current engine choice. 

 
Figure 6. Honda GX100 Horizontal OHC Engine.  

(Photo: Northerntool.com) 
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4.3.2 Competition Requirements  

The Eco-marathon rules state that all internal combustion engines used in the competition must be of the 

4-stroke variety. The rules also state that only fuel-injected engines will be allowed in the competition 

from this year onward, therefore ruling out a carbureted fuel supply. Fuel pumps are permitted as long as 

they are mechanically powered; electric fuel pumps are strictly prohibited. The team is currently looking 

into a fuel supply design that does away with a fuel pump entirely and instead uses compressed air to 

force the fuel to the injectors.  

 

4.3.3 Testing 

Testing the engine shall be a very important part of the project. Modifying an engine can always lead to 

unforeseen complications, especially in this situation where the team will be changing the fuel intake 

system and adding a variety of sensors. As the engine most likely shall be modified to include fuel 

injection, extensive testing will be required to optimize the air and fuel intakes and timing of the system. 

A dynamometer will be required to conduct empirical tests on the engine and find the optimum operation 

parameters. The team is hoping to partner with local engineering firms to help with the dynamometer test 

setup as equipment of this type is extremely expensive and hard to make. 

 

4.4 Steering 

 

The steering column currently implemented includes controls for ignition, braking, throttle, with 

a master kill switch. The column connects directly to a linkage system that turns the wheels. 

 

 
Figure 7. Steering Controls within SAE Supermileage 2013 vehicle.  

(Photo: SAE Supermileage 2013 Final Report) 
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4.4.1 Competition Requirements 

The rules set forth by Shell dictate that the vehicle must have front wheel steering and have a turning 

radius of at most 8 meters. The steering must also be controlled by a steering wheel in the cockpit. 

Ultimately, the vehicle must be able to maneuver its way around the Shell track in downtown Detroit 

which is represented below in Figure 8. 

 

 
Figure 8. The Shell track from the Eco-marathon held last year in Detroit, MI. 

 

4.4.2 Alternatives and Final Selection 

The options considered by the team include using the existing steering mechanism or redesigning the 

system to allow for tighter turns. The existing steering already meets the competition standards, so the 

team elected to keep the current steering system. Improvements to handling were deemed unnecessary, 

because the track used for the marathon does not include any corners or banks that would require a 

steering system any more advanced than the existing one. In order to save time and money, the current 

system will be reused. 

 

4.5 Drivetrain 

 

The current drivetrain, designed by the 2012 SAE Supermileage team, transmits energy from the engine 

to the ground through a two-stage chain system. A centrifugal clutch ensures that power will not be 

transferred while the engine speed is low, and engages when engine speeds increase. The team noticed 

that one of the chains was tight, and the other was loose. These are both areas in which efficiency losses 

may occur. The team came across the option of implementing a Continuously Variable Transmission 

while researching several SAE and Shell Eco-marathon design reports from previous teams. Previous 
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Shell Eco-marathon teams from Florida International University4 and Northern Arizona University5 

document their use of CVT drivetrains and how it allowed them to have greater control over their vehicle. 

CVT drivetrains however add a further level of complexity to the overall vehicle and the system’s belts 

are known for slippage and added inefficiency.  

 

4.5.1 Competition Requirements 

The Eco-marathon rules require that the vehicle be equipped with a clutch system. Specifically, 

for centrifugal clutches, the starter motor speed must be below the engagement speed of the 

clutch. The current centrifugal clutch satisfies the criteria. Additionally, the installation of an 

effective transmission chain or belt guard is required to protect drivers and technicians. The 

current drivetrain does not have a chain guard. 

 

4.5.2 Final Selection 

To meet the requirements of the Shell Eco-marathon, a sheet-metal chain guard will be installed. The 

centrifugal clutch will also be calibrated to activate at speeds higher than the starter motor speed after the 

motor is tested and optimized. Due to the complexity and inefficiencies of CVT drivetrains in our engine 

application, a fixed-ratio drivetrain will be implemented. 

 

4.6 Brakes 

 

The current vehicle has a front and rear braking system. There are caliper brakes that act on the 

rear wheel and are connected by brake cables to a lever next to the driver’s right thigh. There are 

two disc brakes that act on the front two tires and are controlled by a lever on the back of the 

steering wheel. The two systems can be controlled independently. 

 

4.6.1 Competition Requirements 

The rules stipulate that the brakes can be disc brakes or calipers, but they must not act directly on 

the tires. There needs to be two separate, independent systems for the front and rear wheels, and 

they must be simultaneously operable with both hands remaining on the steering wheel. Each 

brake system needs to be able to hold the car and driver still on a 20% incline.  

 

 

 

4.6.2 Planned Modifications 

In order for the front and rear brakes to be activated at the same time without taking either hand 

off the steering wheel, the rear brake lever must be moved. The two options discussed by the 

                                                 
4Acosta, Bryand, Marco Betancourt, and Fernando Pinheiro. Shell Eco-marathon: Final Report. Florida 
International University. Mechanical and Materials Engineering: Florida International University.   
5 Alshodokhi, Abdul, John Gamble, Nikolaus Glassy, and Travis Moore. Shell Eco-marathon: Concept 
Generation and Selection Document. Northern Arizona University. Northern Arizona University: College of 
Engineering, Forestry, and Natural Sciences. 
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team were moving onto the steering wheel alongside the other brake lever and the throttle, or 

implementing a foot pedal to control the rear brakes. It was decided that moving the lever to the 

steering wheel will cause it to become too cluttered, and a foot pedal will be a better option. 

 

4.7 Modifications 

 

4.7.1 Engine 

Depending on the choice of the engine, the principal modification to be made will most likely be the fuel 

injection system. The current engine chosen by the group will require the installation of an aftermarket 

electronic fuel injection (EFI) conversion kit manufactured by Ecotrons. The modifications will include: 

replacing the carburetor with a throttle body, installing O2 and temperature sensors, a crank position 

sensor, an electronic ignition system and an engine control unit to facilitate the entire EFI process. 

 

4.7.2 Fuel Supply System 

Most engine systems equipped with fuel injection in modern vehicles use an electronic fuel pump to 

provide a pressurized supply of fuel to the injectors. The Shell Eco-marathon does not permit the use of 

electronic fuel pumps and instead challenges competitors to implement a mechanically powered fuel 

pump or a fuel supply system using pressurized air. The team was hesitant to use a mechanical fuel pump 

as this would act as one further constraint regarding the orientation, mounting and spacing of the engine 

within the rear bay of the vehicle. It was decided that the team would use the pressurized air system 

option instead, and the currently proposed design of the system can be seen below in Figure 9. 
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Figure 9. Schematic of the fuel supply line. 

 

4.7.3 Braking System 

The current vehicle is equipped with disk brakes on both front tires that are cable operated. The rear 

wheel brakes, also cable operated, are currently of the type that apply pressure on the wheel rim to induce 

friction forces. This system is prohibited by the Eco-marathon and therefore the rear braking system shall 

have to be switched to a disk braking system. The rear brake applicator will also be switched from a lever 

to a foot pedal for easier usability.  

 

4.7.4 Rolling Resistance Reduction 

Other than aerodynamic drag, rolling resistance is the primary cause of power reduction from the engine 

to the wheels that contact the ground. The team anticipates that rolling resistance can be minimized by 

focusing on three areas of improvement: weight reduction, bearing selection, and tire selection. 
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5. Project Budget/Costs 
 

5.1 Cost Estimation Development 

The vehicle prototype will require a lot of money to be built, particularly if the fuel efficiency is going to 

be optimized. Fortunately, a lot of the parts will be reused from the previous teams’ designs. But until it 

can be determined which of the parts can be reused, these estimation costs will include every part the 

vehicle will require. 

 

5.2 Competition and Racing Equipment Costs 

The competition will take place in Detroit, and the team will need to provide their own accommodations. 

Additionally, Shell requires specific clothing worn by the racers on race day. These costs are summarized 

in Table 1. 

 

Table 5. Competition and racing equipment costs. 

Competition Attendance Projected Cost 

Travel to Detroit $50 

Food during travel $15 

Accommodations: 3-4 nights $ 280 

Racing Gear 

Racing Helmet $40 

Racing Suit $100 

Driving Gloves $20 

Subtotal $505 

 

5.3 Body and Frame Costs 

The body and the frame of the existing SAE vehicle are currently planned for reuse by the team, and 

therefore will add nothing to the costs of the project. 

  

5.4 Propulsion System and Powertrain Costs 

This will make up the bulk of the team’s money, as well as time, spent on this project. 

Table 2 shows the breakdown of all the expected costs in this category. 

 

Table 6. Propulsion system and powertrain costs. 

Component Projected Cost 

Engine $200 

Fuel tank $150 

Fuel Injection System and Sensors $600 

Drive Train/Transmission/Steering $125 

Battery & Generation $70 

Pedals $20  

Subtotal $1165 
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5.5 Other Vehicle Component Costs 

This category contains the costs for all of the car parts that will need to be purchased, but the team will 

not spend much time optimizing. Minimal work will be done on these parts, but for the most part they 

will just be installed. Table 3 shows these costs. 

 

Table 7. Other vehicle component costs. 

Component Projected Cost 

Back Tire $79 

Front Tires 160 

Bearings $139 

Seat $5 

Brakes $20 

Insulation $30 

Horn $4 

Rear view mirrors (2) $30 

Safety harness $80 

Fire extinguishers (2) $40  

Subtotal $587 

 

5.6 Total Costs 

The initial cost estimates reveal an expected cost of $2257 from Tables 1 through 3. This cost is expected 

to be abated by the reuse of many of the old parts, and partially covered by sponsors. 
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6. Conclusion 
Team Marathoner looks forward to the challenges that lie ahead. The Shell Eco-marathon provides the 

opportunity for this team to explore sustainable engineering solutions, specifically in regards to 

automobiles, while growing their mechanical skills. Team Marathoner holds the ultimate goals of 

exploration of fuel usage in vehicles, increasing awareness of the fuel and energy crisis, and actively 

applying the skills obtained through the Calvin College Engineering Program. With these goals the team 

plans on designing, optimizing, and prototyping a gasoline powered single-occupant hyper-fuel-efficient 

vehicle to compete in the Shell Eco-marathon competition in Detroit, Michigan.  
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