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Abstract 

The goal of this project is to design and build an environmentally beneficial 
prototype of a vehicle that operates efficiendy on hydrogen fuel cells. The vehicle will be 
constructed to the specifications set forth so that it can enter and compete in the 2013 Shell 
Eco-Marathon. This internationally wide contest, held annually in April, challenges high 
schools and universities to build and test energy efficient vehicles. The car will compete in 
the Hydrogen Fuel Cell division of the competition, since that will be the car's fuel source. 

Introduction 

Rising fuel prices and mounting scientific evidence documenting the harmful effects 
of traditional internal combustion engines on the environment call for an investigation into 
alternative fuel sources. Even though they are still in the developmental stage, hydrogen fuel 
cells should be considered an option. Hydrogen fuel cell systems are more favorable than 
internal combustion engines with respect to their effect on the environment, primarily 
because the system's only by-product is water and it only requires hydrogen and oxygen to 
operate. Even though the worldwide supply of gasoline is greater than that of pure hydrogen, 
acquiring hydrogen is much simpler and friendlier to the ecosystem than acquiring and 
refining gasoline. 

The goal is to design and build a fuel cell powered vehicle for the 2013 Shell Eco
Marathon. This is an annual contest, held in Houston Texas in April. The objective is to 
consume as litde fuel as possible over a set distance. Vehicles are either internal combustion 
or electrically powered. Swarthmore's car is in the second category, using hydrogen fuel cells 
as the power source. 

Project details are given below. I will discuss design fundamentals, project 
constraints and preliminary details for the major vehicle components. This includes the 
frame, steering system, power source, and motor/ controller. 

Design 

Design is more than the consideration of the appearance of an object; rather, it is the 
holistic approach that is used to enhance the interaction between the object and its users. A 
design should address all facets of a user's interaction with the object: visual, tactile, and 
auraL Design is not form following function, but form and function operating 
interdependendy. The beauty of the shape of an object direcdy informs its use, and its use 
naturally suggests the most aesthetically pleasing physical presence. 

The vehicle will enter Shell Eco-Marathon contest, which requires compliance with 
several design criteria. The particular requirements for the vehicle are given in Appendix 1. 
These criteria define the major design constraints for the project. 

Different design components are reviewed in detail below; each section of review 
had a major effect on the car's outcome and ultimately the car's performance. These 
categories are broken down into the design of the frame/initial layout, the choice of motor, 
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fabrication of the steering, braking arrangement, the electrical conftguration and ultimately 
the construction of the body of the vehicle. 

i. Frame/Initial Layout 

The frame of the vehicle (known as the chassis) is the primary structural member. It 
supports all interior components as well as the shell that encompasses the vehicle. There 
were several iterations of frame design and they are provided with details below. Figures are 
included that present concepts and are not intended to be working drawings. 

Design 1: 

The fIrst design is presented below in Figures 1 and 2. The ftgures illustrate the 
fundamental concept of a metal frame with a two wheel steering system in the front and a 
single driven wheel in the rear. The frame has upper and lower aluminum members with 
structural braces. Three wheels over four were chosen for its beneftt in weight and 
simplifying the design. With one main wheel in the back, it allowed that wheel to be the main 
drive wheel for the car. Therefore, only one motor needed to be purchased and placed in the 
car. Also, if one motor were to be used to power two wheels in the back then a differential 
would need to be installed to split the power from the motor to the two back wheels. This 
would have been an unnecessary increase to the complexity of the car's drive train as well as 
extra weight. 

Figure 1: A- front view of the interior structural members from the ftrst design. It shows the 
four main aluminum pieces and how they would be conftgured to construct the round body. 
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Figure 2: A side view of the first design. It shows the overall 'water drop' exterior shape of 
the vehicle. 

Design 2: 

Design 2, shown in Figures 3 and 4, was a more informed and realistic evolution of 
Design 1. In this second design it tried to accommodate the fuel cell, driver and all other 
equipment that would need to be in the vehicle, col1figuring the layout of the cat. Since 
efficiency is the ultimate goal for the cat, designing the car to be as compact with the least 
amount of wasted space would be the most efficient. his design was very dense, placing the 
fuel cell transversely behind the driver. The hydrogen tank was placed above the driver's legs. 
This design has an extra bulkhead to protect the driver. The height of the vehicle, however, 
is in possible violation of a design constraint in Appendix 1. 

Figure 3: A side view of the second design. 
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Figure 4: A top view of the second design. 

Design 3: 

In design 3, shown in Figures 5 and 6, the vehicle was made shorter and lower to the 
ground. We achieved this by orienting the driver in a more reclined position, relocating the 
hydrogen fuel tank a.nd changing the position of the fuel cell system. The front wheels are 
also one footin diameter. 

Figure 5: A frontal view of Design 3. 
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Figure 6: The side view of Design 3. 

Design 4: 

Design four, shown in Figure 7, is a more streamlined, shorter version of Design 3. 

Figure 7: The side view of Design 4. 

Final Frame Design: 

The fInal design of the layout can be seen below in Figures 8 and 9. The hydrogen 
tank has been relocated to the back to reduce the amount of blockheads needed. Also the 
rear wheel size changed to increase the amount of torque that the motor could provide, thus 
allowing the use of a smaller motor. The latter accommodates a hub motor as the drive 
system. The fuel cell system is mounted longitudinally. Weight distribution is optimized so 
the center of gravity is near the center, but still towards the rear of the vehicle. As found in 
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Mr. Starr's paper in a 3-wheel vehicle to reduce the risk of tip over while turning, 2/3 of the 
weight should be loaded on the rear wheels.1 

Figure 8: The front view of the final design. The layout of the some of the components in 
the car can be seen. 

Figure 9: The side view of the [mal design. 
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Structural Analysis of Frame: 

After determining the conceptual design for the frame, we proceeded to a choice of 
material and calculations for structural rigidity. This is an iterative process, using software 
that predicts deflection of a set frame and loads. The loads were determined by the design 
requirements (on-board items and locations, strength of roll-bar and location of vertical 
supports (wheels)). A static load of 90 pounds was used to replicate the driver and a 
distributed load of 65 pounds across the rear floor to replicate the load of the fuel cell and 
other various components. Different materials for the frame and various cross-frame 
support configurations were analyzed. Also a floor and side panels of carbon fiber or 
aluminum were added to the design. These provide rigidity as well as retention of 
miscellaneous on-board materials. The. software used was SoligWorks, a widely used design 
tool. A 3D model was constructed in the software and deflections computed. Typical results 
for deflections are given in Figures 10-12. 

Figure 10: A 3D model with 1" x 1" aluminum rectangular tubular components. 
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Figure 11: A 3D model with .75" x .75" aluminum square tubular components and 1/16" 
thick aluminum panels. 

Figure 12: A 3D model with .75" x .75" aluminum square tubular components and 1/16" 
thick aluminum panel as the floorboard. 

Significant design results are illustrated in Table 1 below. Designs 3,4 and 5 have 
different wall thicknesses, support frame and side/ floor configurations. Design 5 was chosen. 
A 3d rendering of this design is shown in Figure 13. 
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Table 1: Desi~ scenarios with estimated weight and simulated maximum deflections 

Design Size of Aluminum Estimated Weight Maximum Deflection 
Components 

1 2" x 1" 25.6lbs. .00042" 

2 1"x1" 16.3Ibs. .00625" 

3 .75" x .75" 16.3lbs. .048" 

4 .75" x .75" 7.2lbs. .096" 

5 .75" x .75" 7.6Ibs. .092" 

Figure 13: A 3D rendering of the final frame design 

Once the final design was setded, focus was turned into actually constructing the 
model. Not pictured in Figure 13, a roll cage, as specified in the rules, was also required as a 
structural component of the car. Due to problems with the TIG welder at Swarthmore 
College, the stock metal had to be taken to a welding shop in Pompton Lakes, NJ. The 
reason that it had to be taken there was that the welder was willing to teach me how to use a 
TIG welder and assist in constructing the frame. Due to aluminum's soft integrity nature 
relative to other metals as well as its low melting point, welding aluminum requires a certain 
type of welder (fIG) and expertise. After some time practicing TIG welding under the 
welder's guidance, Eric Verhasselt was able to start assembling the basic parts of the frame. 
In time, the initial frame was built, including the roll bar and rear suspension. The frame at 
this point weighed only 21.5 pounds; it can be seen in Figure 14. 
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Figure 14: The initial frame in its entirety, weighing 21.slbs, over 6.5' long and just under 2' 
wide 

iie Motor 

A Ballard 1.2 kW proton exchange membrane (PEM) fuel cell stack will supply the 
car with electrical power. The fuel system has been purchased and used in previous 
applications in the college's engineering department, including the "Hydrogen Fuel Cell 
Powered Motorcycle," a project completed by Alex Bell '09 and Andres Pacheco '09, and 
supported by the Halpern Family Fund. Hydrogen will be stored in a pressurized hydrogen 
tanks. Tank size is specified in the Shell Eco-Marathon competition rules. 

The input characteristics of the motor/controller must match the output of the fuel 
cell system. The power curve for our system is shown in Figure 1 S. A fuel cell, unlike a 
battery, does not operate primarily as a constant voltage source. The motor/ controller 
chosen for the vehicle must operate with varying voltage. 
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Figure 15: A plot of the voltage and power curve as current varies for the hydrogen fuel cell 
system. 

An additional consideration is weight and size. Two types of motor/ controllers were 
ultimately considered- a DC motor with a chain drive and a hub motor. The hub motor is 
self contained in the drive wheel and was chosen due to its lightweight and compactness. 
Hub motors are often used for electric bicycles and scooters. The power source is always a 
battery pack. After researching several hub motor manufacturers, a 1 ODD-watt hub motor 
with a 24 or 36-volt controller was selected. Battery volt controllers can operate above, but 
not below, their specified voltage. The controller was programed to sink the two systems 
together. A special motor controller was chosen because it was able to handle both 24 and 
36 voltage supplies. Seeing that the voltage being provided by the fuel cell system will vary 
with the load on it, the controller must be able to handle the range of the fuel cell system. 

iii. Steering 

The steering of the vehicle involves our most complex mechanical system. A few 
original steering ideas are shown below in Figures 16-19. 
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Figure 16: A top view of the first design of the steering system. T he front two wheels would 
be attached, via ball bearings, to a single axle. The axle would be attached to the fI:ame at a 
pivot point and the axle would rotate with the steering wheel through a system of pulleys. 

Figure 17: A drawing from the first design of the steering system at a top view of the 
steering shaft. The drawing depicts how the steering cable that is attached to the axle would 
be wrapped around the steering shaft. This would allow the front axle to rotate when driver 

would rotate the steering wheel. 
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Figure 18: A drawing of the first design's steering system at a top down view of the axle. 
This drawing illustrates how the steering cable would have been attached to the front axle. 

15 



Figure 19: Three concepts fOJ: the steering ystem. a) non-rotating axles which swivel at the 
pin joint b) rotating axle (with disc brake) inside of a sleeve that rotates about a pivot point 

c) Ackermann steering system with separat axle support and steering which allows for 
separate wheel tracking 

The three steering system concepts shown on Figure 17 are discussed below. 

1) The first system had a non-rotating solid front axle with wheels and bearings. The axle 
itself would rotate about a central pin attached to the chassis. With this solid axle design, 
turning would have resulted in "tire scrubbing". This would occur when the vehicle would 
try to corner because the inside wheel, although angled the same as the outside wheel, would 
have a tighter circle to navigate.. This concern, however, was not of great importance because 
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of low vehicle speed. Incorporating individual brakes for each front wheel would be difficult. 
The [mal concern with this design was the space constraints created by the axle rotating 
about the pin inside the cabin. The driver's legs are to be in this area and mounting an axle 
capable of rotational movement would be problematic. 

2) The second system was similar to the first but eliminated the braking problem. This 
concept had a rotating axle. Only one brake was required and could be mounted to the 
rotating axle. Although this eliminated the braking issue, it added weight and did not 
eliminate "wheel scrub" or space constraints within the cabin. 

3) The third concept used an Ackermann steering system. Ackermann steering eliminates 
"tire scrub," The system requires alignment and multiple parts such as steering knuckles and 
tie-rods. Exterior caliper brakes must be mounted on each front wheel. 

None of the above seemed adequate. Research was then done on tadpole style 
tricycles. A tadpole tricycle is a recumbent style bike with one rear wheel and two front 
wheels similar to our design. The steering on tadpole trikes is an Ackermann steering in 
which both wheels are connected by one tie-rod, and one wheel is connected to the steering 
linkage. The steering geometry used eliminates "tire scrub." Drum brakes can be mounted 
inside the wheel hubs, eliminating the need for exterior rim-mounted caliper brakes. 

Our [mal steering design consists of Greenspeed trike style wheel hubs with tadpole 
trike style steering linkage. The exact steering geometry and length of tie rods will have to be 
fine-tuned upon assembly of the chassis. Even with this tuning, this design will be efficient, 
clean and space saving. 

Left Tire Right Tire 

Tie Rod 

Figure 20: A simplified drawing of the steering system in the vehicle. When the 
steering wheel is rotated, the drag link (blue) either pulls or pushes on the right wheel. Since 
the tie rod (red) is connected to the same wheel it will push or pull on the left wheel. 
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Figure 21: Left hand side view of the suspension, rotating shaft for the wheel and steering 
rod. 

iv. Braking 

The braking for the vehicle is once again a unique blend of components from 
different applications. As specified within the rules, the front and back braking had to 
operate independendy from each other and each section had to operate uniformly. 
Therefore, when designing the front suspension and steering of the vehicle, braking was also 
included in the design requirements. It was decided to go with a Strummey Archer hub brake. 
This was a package deal that included the wheel hub, braking and a pivot point for steering, 
thus solving all the problems in one. The hub can be seen in Figure 22. Both right and left 
front wheels cables converge to the same brake lever on the steering wheel solving the 
requirement for them to be activated at the same time. 

The back wheel could not include a hub brake because the hub already had a motor 
in it. Seeing that a bike disc brake would involve a lot of precise operation, a generic ~' style 
bike brake was used. Since the usual mounts for the brake were not installed because it was 
not a bike frame, custom mounts needed to be designed and installed. The back brake can 
be seen in Figure 23. 
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Figure 22: The Strummey Archer Hub Brake that is on the two front wheels 

Figure 23: The top down view of th~ 'V' brake on the back wheel 
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v. Electrical 

This section is broken down into three sections. Two can be seen in Figure 24, one 
is labeled "Fuel Cell" the other is labeled "Safety System". The third section, the wiring in 
the bottom right, not in a dashed box, will be part of the "Internal Wiring" of the car. 

Fuel Cell: 

This section of wiring is directly related to the operation of the fuel cell system. 
Most of this wiring resides in the actual fuel cell system. In this drawing, hydrogen enters 
from the top and travels into the stacks of the fuel cell system. The fuel cell controller 
utilizes an internal current sensor that reads fuel cell current output as well as a cooling fan 
as shown in the drawing. All electrical power generated by the fuel cell system is ultimately 
delivered to the motor controller. 

Safety System: 

This segment of wiring is associated with the required hardware outlined in the rules 
provided by Shell. The 12VDC wiring in in the car is purple for negative and orange for 
positive. As outlined in Figure 24, a 3-amp fuse protects the 12-volt battery circuit. The fIrst 
device powered by the battery is the horn. Next, the battery powers the H2 sensor, as shown 
in the schematic; if the H2 sensor's internal control relayis open (either when there is 
hydrogen in the atmosphere or when it is not powered) nothing after it will be powered. 
This condition will not allow the hydrogen tank solenoid valve to open and thus, not allow 
the vehicle/ fuel cell to operate as specifIed in the rules. When the H2 sensor senses a safe 
level of H2 gas, it activates its internal normally -open relay and power then travels through 
it and on to the two emergency shutdown pushbuttons (one located externally, the other 
located n the dashboard in the driver's compartment). Power is then brought to the 
latching 12volt relay. TillS is activated by the reset push-button located externally, if this 
push-button is not pressed, power will not continue through the circuit. When the button is 
pressed, power is transmitted through the latching relay and is then sent to the H2 solenoid 
valve and the fuel cell output safety relay, thus completing the safety system circuit and 
allowing the vehicle to run. 

Internal Wiring: 

This wiring consists of the fIrst output relay, the diode, the fuse and the motor 
controller. Output power from the fuel cell exits the fuel cell and is controlled by the output 
relay and diode. These are located directly under the fuel cell system. The diode is in place to 
make sure no hub motor generated power is run backwards through the system and into the 
fuel cell system. This would occur if you are trying to store regenerative energy, possibly 
captured while driving, the fuel cell system will not allow the storage of energy, thus 
regeneration is not possible or allowed by the Shell rules. The output relay is in place so that 
no load can exist on the system while it is warming up in its initial stages. It also serves to cut 
off fuel cell output power when commanded by the safety system. Output power then goes 
through the fuse and on to the 'speed controller'. This controller decides how much load to 
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put on the fuel cell, which is controlled by the thumb throttle potentiometer located on the 
steering wheel thus regulating the speed of the car. 
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Figure 24: Entire Wiring Schematic of the Fuel Cell Car 

vi. Body 

The same principle that allows an aircraft to be lifted into the air is similar in vehicle 
aerodynamics. If an object is not symmetric and if fluid were to flow over that object a force 
would be created normal to the direction of flow as shown in Figure 25. This force would 
either be what is called lift or downforce. The shape of the body is what determines which 
force is created. When designing the wing to an aircraft it is constructed in a way to create 
lift (an upwards force), this is what allows an aircraft to fly. When designing a racecar the 
opposite principle is used, spoilers and wings are designed to create downforce. 
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Lift 

$ Downforce 

Figure 25: A drawing showing how different shapes in a flow create different forces. 

The reason why a racecar is designed to create downforce is because of friction. The 
friction in concern is the rolling friction between the tires and track. The lift or downforce a 
wing can generate at a given speed can be one to two orders of magnitude greater than the 
total drag on the wing. Therefore, the amount of force created by the wing is much larger 
than the drag force it creates in the flowing fluid. The maximum possible friction force 
between two surfaces is the product of the coefficient of static friction and the normal force: 

The reason why a race car desires a high friction between its tires and the road is with more 
grip between the two, the vehicle will be able to go faster. Since the coefficient of static 
friction cannot be altered, to increase friction the normal force must be increased. Seeing the 
increasing of the weight of the car to create a larger normal force would be counterproductive, 
the other option is to create downforce with the aid of wings or spoilers. However, when 
designing for efficiency, the opposite force is achieved with the use of wings. The lighter the 
vehicle becomes, it creates less strain on the motor, thus making the vehicle more efficient. 

Because the strength of the car came from the frame, the cover did not need to be 
structural, it just needed to hold a shape and be as light as possible. To accomplish this task, 
the first cover was modeled after an airplane'S circular ribs configuration. Thin strips of 
aluminum were cut to support the shape of the cover and heat shrink was used as the overall 
cover. Heat shrink was used because after heat is applied the plastic shrinks down to a taught 
sheet that can be cut and applied to form the shape. The assembly of the framing and part of 
the finished cover can be seen in Figure 26. 
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Figure 26: Part of the finished cover when thin strips of aluminum and heat shrink were 
going to act as the cover. 

However, even though efficiency is the focus of the competition and not aesthetics, 
the cover due to its lack of professional quality and resemblance of a phallic object using 
aluminum strips and heat shrinks as the means covering the car was scraped. The focus for 
the cover was then turned'to solid works and the construction of a fiberglass body. 
Therefore j the ultimate goal fo~ the desi,gn of the bodywork became creating 'shapes that have 
the least amount of material, create the least amount of drag and generate lift if possible. The 
different sections of the car that were goiJ,lg to be constructed from fiberglass were designed 
in 3-D renditions in SolidWorks. Variations on each body piece were made to find the 
optimal design balancing drag, lift and use of material. Mter finding the optimal design, 
balancing between weight, low drag coefficient and possible lift, from testing each one, a 
mold was made to match the specified design of that body panel. Once the mold had been 
created, a fiberglass form was created on top of that mold. Once the fiberglass dried, it 
became a useable body piece on the actual car. 
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Figure 27: After the optimal shape for the two body pieces was found in Solidworks they 
were then constructed out of fiberglass to be attached to the vehicle. 

Figure 28: The vehicle at the Shell Eco-Marathon in Houston being driven by Breanna 
Herbst 
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Figure 29: A picture of the Swat Te~m in Houston for the Shell Eco-Marathon. Top Row 
(L-R): Diane Verhasselt, Nelson Macken, and Robert Verhasselt. Bottom Row: Eric 

Verhasselt, Breanna Herbst 

Efficiency 

At the competition the car achieved an efficiency rating of 35.6 miles per kw-hr. 
However, to convert that value to something that it can be compared to it had to be 
converted to miles per gallon of gasoline. It can be seen below how the 35.6 miles per kw-hr 
was converted to miles per gallon of gasoline. It was found that by comparing through 
heating values, the vehicle achieved 1286.4-mile/ gal of gasoline. 

mUes 1 kJ miles kJ mUes 
35.6 • -- ~ .00988 -k - • 141800 kg fH = 1402.24 kg 

kw - hr 3600kw - hr j 0 2 gas H2 gas 

-.!!!L 
mUes 141.8 kg H kg mile. 

O 2 • 2.7503 - = 1286.... I 14 2.24 kg ... ---::"-j~- al ---
Hz gas ~7.3 m 9 9« gas 

kg Gasoline 
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Conclusion 

The goal of this project was to design and then ultimately build a vehicle to compete 
in the hydrogen fuel cell division of the Shell Eco-Marathon. As the focus of the 
competition was efficiency, that became the emphasis for the design of each component of 
the vehicle. From st.art to finish the project took a little more than a year and a half to 
complete. Within that time, original sketches of the la.yout were made and then finalized. At 
the same time the fuel cell sys tem was tested and evaluated with its performance determining 
the characteristics of the motor possible for the vehicle. Load simula.tions provided by 
Solidworks determined the fInal chassis, followed by the actual construction of said chassis. 
A simplified Acke.dnann style steering was designed and custom fabricated for the vehicle. 
The wiring for both the fuel cell system to p wer the vehicle as well as the powering for the 
safety system was devised and installed. Optimized body pieces were designed with the help 
of Solidworks once again. These body pieces were then formed with fiberglass and attached. 
Once built and transported to th · competition, the vehicle now known as 'Eleanor' 
competed and was found to have an overall efficiency of 35.6 miles/kw-hr or about 1286 
miles/ gallon of gasoline. This design and level of effIciency placed 3rd at the Shell Eco
Marathon in the hydrogen fuel cell system division, therefore being a very successful 
project. 
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Appendix 1: Working Manual: 

Wiring: 

This section is broken down into three sections. Two can be seen in Figure 1, one is labeled 
"Fuel Cell" the other is labeled "Safety System". The third section, the wiring in the bottom 
right, not in a dashed box, will be part of the "Internal Wiring" of the car. 

Fuel Cell: 

This section of wiring is directly related to the operation of the fuel cell system. Most of this 
wiring resides in the actual fuel cell system. In this drawing, hydrogen enters from the top 
and travels into the stacks of the fuel cell system. The fuel cell controller utilizes an internal 
current sensor that reads fuel cell current output as well as a cooling fan as shown in the 
drawing. All electrical power generated by the fuel cell system is ultimately delivered to the 
motor controller. 

Safety system: 

This segment of wiring is associated with the required hardware outlined in the rules 
provided by Shell. The 12VDC wiring in in the car is purple for negative and orange for 
positive. As outlined in figure 1, a 3-amp fuse protects the 12-volt battery circuit. The first 
device powered by the battery is the horn. Next, the battery powers the H2 sensor, as shown 
in the schematic; if the H2 sensor's internal control relay is open (either when there is 
hydrogen in the atmosphere or when it is not powered) nothing after it will be powered. 
This condition will not allow the hydrogen tank solenoid valve to open and thus, not allow 
the vehicle/fuel cell to operate as specified in the rules. When the H2 sensor senses a safe 
level of H2 gas, it activates its internal normally -open relay and power then travels through 
it and on to the two emergency shutdown pushbuttons (one located externally, the other 
located on the dashboard in the driver's compartment). Power is then brought to the 
latching 12volt relay. This is activated by the reset push-button located externally, if this 
push-button is not pressed, power will not continue through the circuit. When the button is 
pressed, power is transmitted through the latching relay and is then sent to the H2 solenoid 
valve and the fuel cell output safety relay, thus completing the safety system circuit and 
allowing the vehicle to run. 

Internal Wiring: 

This wiring consists of the fltst output relay, the diode, the fuse and the motor controller. 
Output power from the fuel cell exits the fuel cell and is controlled by the output relay and 
diode. These are located directly under the fuel cell system. The diode is in place to make 
sure no hub motor generated power is run backwards through the system and into the fuel 
cell system. This would occur if you are trying to store regenerative energy, possibly captured 
while driving, the fuel cell system will not allow the storage of energy, thus regeneration is 
not possible or allowed by the Shell rules. The output relay is in place so that no load can 
exist on the system while it is warming up in its initial stages. It also serves to cut off fuel cell 
output power when commanded by the safety system. Output power then goes through the 
fuse and on to the 'speed controller'. This controller decides how much load to put on the 
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fuel cell, which is controlled by the thumb throttle potentiometer located on the steering 
wheel thus regulating the speed of the car. 

r -- ----- -- --- ------ -- , 

, 
I 
I 
l 'W 
I 
I 
I 
I 

•• "1l":" I "I'~' 

I 
I I L ____________________ ~ 

FUEL CELL 

I 
I 
I 
I 
I 
L _ 

Figure 1: Entire Wiring Schematic of the Fuel Cell Car 

Operational Procedures: 

Within Car 

H2 CAR !"fIRING 

SWI\RT1-4MDRE COJ...(f£ 

\fERHASstl,.. T .ERI CIlc;t4AIL,CQM 

1. Plug in the internal battery - This is the 12-volt battery stationed in front of the 
hydrogen tank. This battery powers the safety system of the vehicle 

2. Open the valve to the hydrogen cylinder 
3. Press the reset push-button - it is on the outside of the vehicle located next to the 

external shut down button. This push-button is labeled 'Reset' with a black arrow 
pointing to the button 

4. Flip the switch on the dashboard labeled 'H2 on' - this will open the H2 solenoid 
valve allowing hydrogen to enter the fuel cell. You should hear the solenoid valve 
open 

5. Flip the switch on the dashboard labeled 'Relay on' - this allows current and voltage 
to leave the fuel cell system and travel to the hub-motor 

6. Plug in the external battery pack - this is the 24-volt battery pack that plugs into the 
red quick- release plug located below the external emergency button. This battery 
pack powers just the fuel cell system, just for start up. BEFORE THE VEHICLE 
MOVES, REMEMBER 'To DISCONNECT THE EXTERNAL BATTERY 
PACK! 
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7. Turn on the Fuel Cell system - this is the last switch on the dashboard labeled 
'Run/Stop'. Wait about a minute or two for the fuel cell system to reach its operating 
temperature. You will know that the fuel cell is operational when the green LED on 
the thumb stick for the motor controller is lit up. 

8. Remove external Battery! 
9. Drive vehicle. 

Bench Testing 
1. Turn on 24 Volt power supply and verify red power LED on side of fuel cell 
2. Open Nexa Software and click connect 
3. Select a file to save to in the bottom of the program and click begin saving 
4. Open either cylinder to provide hydrogen, verify positive pressure on computer 
5. Make sure load is connected and not shorted 
6. Turn ON switch on fuel cell wiring from Off to On. Wait as fan noise starts, and 

fuel cell operation begins. After a few seconds «60) the relay will close and the load 
will be connected drawing power 

7. Throughout the test morutor temperature «73 C) and Pressure (>.7) and end test if 
numbers eclipse these points 

8. At end of test change button from ON to OFF 
9. Wait during shutdown, DO NOT disconnect power supply or hydrogen 
10. After a few minutes «10) the fan will slow down and the computer status will 

change from shutting down to off. 
11. Close Colntnurucation with Computer 
12. Turn off power supply 
13. Turn off hydrogen 
14. End data saving on computer 
15. Close Program 

(pacheco, Alex; Bell, Alex, Swarthmore College Hydrogen Fuel Cell and Metal Hydride 
Research Manual, 2009) 

Things to Note: 

As it can be seen in Figure 2, the main structure support to the front suspension is 
bent. This member horizontally crosses the driver's compartment and prevents inward 
movement of the spinals. The deflection is due to the vast amount of pot holes along the 
driving course in Houston as well as the low compression strength of the Yz" L-beam. To 
mend this problem the current piece needs to be removed. Then disconnect all of the 
electronics still on board the vehicle. Cut a piece of the %" square tubing, which the frame is 
constructed out of, to the size needed. Double check that all electronics within the vehicle 
are disconnected, once sure, weld the new piece in place. 
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Figure 2: A picture looking into the driver's compartment showing how the main structure 
support to the front suspension is bent. 

The tie rod and the drag link used for the steering of the vehicle need to be installed 
in a particular manner. As seen in Figure 3, the tie rod and the drag link connect at one point 
currendy on the right wheel. At this connection point a balance needs to be found between 
the amount of washers used to separate the tie rod ends and to lower the tie rod ends on the 
bolt. Unfortunately, where the tie rod and drag link connect to the wheel has the tip of the 
heads of tie rod ends tubbing against the spokes of the tie. To repair this problem, the heads 
of the tie rod ends were grinded as well as inserting washers above the top tie rod on the 
bolt to lower the tie rod ends. The purpose of lowering the tie rod end is to move it away 
from the spokes, because the spokes are angled in, therefore they are the widest at the hub 
of the tie. However, lowering the tie rod ends down meant less thread that the bolt has to 
attach to the spindle. An easy ftx would be to fmd a longer %" -28 bolt, but one could not 
be found before the competition in Houston. 

Figure 3: A drawing of the how the tie rod and drag link ends should be installed 
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The last note would be to understand the amount of vibrations that arose while 
driving the vehicle, especially on the course in Houston. Many fasteners loosened during the 
testing of the car and one should always utilize appropriate fastener retaining techniques 
such as lock washers, lock-tite or tape over the bolt/screw heads. 
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Appendix 2: Shell Eco-Marathon Official Rules 2013 Chapter 1 

http:// s07 .static-sheI1com/ content/ datu/shell/static/ ecomarathon/ downl.oads/pdf/ sem
rules-chapter012013.pdf 

Appendix 3: Shell Eco-Marathon Official Rules 2013 Chapter 2 

http://sOS.staticsheI1c m/content/dam/shell/static/ecomarathon/downloads/2013/ameti 
cas/sema-chapter2-safety-rules-2013.pdf . 
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