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Design Proposals – all
Biweekly meetings - all
Competition Development - all
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Material Selection – all
Design Brainstorming – all
Design Selection – all
Preliminary Budget – all
Building Chassis – all
Shell Build – all
Papier Mache – all
Painting – all

Report Responsibilities
Abstract – Spencer Cullen
Timeline/Milestones – Spencer Cullen
Designing the Competition – Dan Beltran
AASBD Hill – Joe Pietrzyk
Parametric Study – Spencer Cullen
Developing the Car – Justin Yager
Material Selection/List/Cost – Justin Yager
Fabrication Process – Justin Yager
Verification of Parameters and Test – Justin Yager
Build Tips – Justin Yager
3-D Modeling – Spencer Cullen

Abstract
In 1934, Akron, Ohio was the hosting town for the inaugural running of the All American Soap Box Derby
Championships. The world renowned competition is held at Derby Downs every July for hundreds of
participants. The Soap Box Derby has been a crucial ambassador for the importance of inspiring
younger generations to seek future education in STEM related fields. Joe Mazur, President and CEO of
the AASBD association, approached the Mechanical Engineering department with the hope of having
mechanical engineering undergraduate seniors develop a new competition for high school level
students around the nation. He envisioned that the design team would first develop the competition
and then the scoring system from the ground up. The competition is meant to introduce future college
students to the importance of engineering, the role of economics in engineering, and to have fun
learning to build creative cars. The most important aspect of the engineering aspect of design is to
qualify which vehicle dynamics parameters play the largest role in lap time reduction of a car rolling
down the track at Derby Downs. A parametric study was conducted using the exact dimensions of
Derby Downs. The parameters being studied included vehicle aerodynamic drag coefficient, vehicle
frontal area, tire and bearing rolling resistance, vehicle weight, and vehicle weight distribution. The
most significant changeable variables with accordance to AASBD guidelines (tires have to be AASBD
standard wheels) are frontal area and drag coefficient. The design team was divided into one of three
sub-teams that would focus on one aspect of the scoring system, such that high school students could
see different approaches to the same problem. Each team developed a car based either on aesthetics,
cost efficiency, or vehicle aerodynamics (fastest car). A coast down test at Derby Downs was conducted
to verify and compare theoretical and experimental results. Lastly, a PowerPoint presentation with
competition guidelines and helpful tips were passed onto AASBD to help supplement instructions for
high school students. With the design of the new AASBD high school competition, there is hope that it
inspires future engineers, and that the competition will become another staple within the tradition that
is the All American Soap Box Derby.

Timeline/Milestones
A timeline was created throughout the design process to ensure completion of the project. Milestones
were created to ensure the main points of the project were completed. A list of the major milestones
completed over the last two semesters are shown below.

Date
Milestone
11/3/2014
Project commencement- introduction of project responsibilities
11/11/2014 First meeting with Joe Mazur, communication of new AASBD design competition
11/14/2014
Breakdown of preliminary calculations for project feasibility
12/7/2014
Parametric study completed
12/12/2014
Budget completed and submitted
1/16/2015
Reevaluation of competition format with points envisioned by Joe Mazur
1/17/2015
Receive Guidelines for current design guides for car fabrication
1/23/2015
Established preliminary scoring system
2/14/2015
Assigned three different car design possibilities to each group
2/27/2015
Car chassis kits arrive to be constructed
3/11/2015
Chassis complete and aligned
3/20/2015
Bearing investigation of rolling resistance and building tips
3/23/2015
Breakdown of each group's powerpoint responsibilities
4/1/2015
Complete material checklist
4/10/2015
Structure and framework complete
4/23/2015
Shell complete
4/24/2015
3D model of car chassis and shell complete
4/26/2015
Car aesthetics applied, found car weight
4/27/2015
Powerpoint complete
4/29/2015
Design report draft complete - unable to schedule coast down
5/7/2015
Coast down test and testing complete at Derby Downs
5/8/2015
Final Paper complete

Developing the Competition
The All American Soap Box Derby president Joe Mazur came to the University of Akron Mechanical
Engineering department with the idea of creating a design competition for high school students to
incorporate STEM (Science, Technology, Engineering, and Mathematics) into a soap box derby car
project that would encourage students to pursue and become interested in STEM-related fields in
college, particularly engineering in this case. The goal is to help teach students about the engineering
method while still having an interesting competition. 14 senior mechanical engineering students
responded to this senior design project idea and put forth extensive time and effort in designing the
competition around what Mr. Mazur had envisioned while gearing it specifically toward high school
students with little to no engineering knowledge and minimal building skills. After numerous meetings
with Mr. Mazur over the course of 2 semesters, three teams were formed and a competition structure
was formatted and implemented for fine-tuning and testing. There is yet to be an exact time scheduled
for actual vehicle testing at Derby Downs, but testing will most likely take place sometime between May
1st-May 8th and the data from that test will be used in comparison with the theoretical time values

calculated. After much deliberation amongst all the groups, specific guidelines for scoring criteria for the
design competition were structured. The breakdown is as follows with the maximum score being 100:

Criteria
Race Time
Shell Cost
Vehicle Aesthetics
Vehicle Preparation

Percentage
50%
25%
15%
10%

It was decided that the race itself would be the bulk of the points at 50% and the various scores could
be found by using the following formula:
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Assuming the different times for each team’s vehicle are clocked, this formula uses the slowest race
time (Tmax), the fastest race time(Tmin), and the teams race time to award points appropriately. The team
with the fastest time will score the best in this category. The next part of the scoring criteria is total cost
after the kit is purchased (about $500) and this is 25% of the total score. Essentially this is just the cost
to make the shell of the vehicle, and considering high school students are making these cars with limited
funding, as would most likely be the case as an engineer in the industry, cost was chosen to be
minimized. Teams should provide tabulated totals of their spending and receipts for proof. It is
estimated that the minimum cost to make a shell without paint is around $30, but having no paint may
take away from the aesthetics category, thus the minimum cost may be estimated around $50, the
absolute maximum cost as chosen by Joe Mazur, CEO of AASBD, is to be $150. The equation below
calculates the score for shell cost:
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This equation essentially gradually deducts .25 points for every $1.00 above $50 up to $150. The highest
score is 25 points and the lowest score is 0 points. The table below shows the breakdown:

The next part of the scoring criteria is the aesthetics of the car at 15% of the overall score. This grades
the overall look of the car and can be based on painting, theme, body style, and/or assembly. An
unpainted or physically displeasing car may score very little points while a themed car, such as a Star
Wars theme, may score very well. This can be up to a panel of several judges whose individual scores
can be averaged. The final part of the grading criteria is vehicle preparation at 10% of the total score.
For this, teams can make a PowerPoint, short video, written report, or poster board of their build
process. It is recommended the build process be captured via camera or camcorder. Also, teams can
describe their build process to the judges for clarification. This is a pass-fail. All of the scores from each
category are tabulated and the team with the highest score wins the design competition.

The AASBD Hill
In order to develop an accurate parametric study for the soapbox derby cars, the exact length
distances and slopes of a number of points of the Akron AASBD Hill from the starting line to finish line
needed to be found. The original plan that the groups came up with was to contact someone from the
Surveying and Mapping Technology program here at the University of Akron and see if they would
survey the hill in order to get the dimensions of the hill that we needed. However, because of time
constraints and troubles with contacting someone from the department, we were able to find the
dimensions we needed from the AASBD website.
The AASBD Hill is separated into three sections between the starting line and finish line. The first
stage of the track is the shortest but also the steepest section of the track. It has a length of 53.75 ft.
with a grade of 16%. The second stage of the track is the longest stage out of the three. It has a length of
530 ft. and it has a grade of 6%. Finally, the third stage has a length of 405.5 ft. and it has a 2% grade.
Once we found these dimensions, we were able to complete an accurate parametric study of the
soapbox derby cars. This parametric study would give us the best design parameters for a car designed
specifically for the Akron AASBD Hill and it would tell us the factors that would affect the cars speed
down the Akron AASBD Hill.

Parametric Study
To investigate how to reduce lap time and make the fastest soap box car possible, it is necessary
to complete a parametric study off the variables involved in the vehicle dynamics. As mentioned before,
the test assumes that the soap box car will be rolling down Derby Downs in Akron, Ohio. The most
important factors that may affect the overall speed of the car have been determined to be the vehicle
aerodynamic drag coefficient, the frontal area, tire and bearing rolling resistance, vehicle weight, and
center of gravity weight distribution. Some parameters will have more significant effects than others. It
is also important to know that
at the soap box derby requires participants to use the wheels provided in
the chassis kits. Without being able to change the manufacturing of the wheel and/or replacing the
bearings, the effects of rolling resistance can only be assumed values. The param
parametric
etric study is first
conducted with hand calculations, but is then confirmed with computer calculated results with the help
of MATLAB.
By summing the forces that act on the car in a free body diagram, an equation to relate all of the
parameters that may affect the overall speed can be found. The free body diagram can be seen below
in Figure 1.

Figure 1: Free Body Diagram of Soapbox car at Derby Downs

The weight of the car is to be restricted to a maximum of 350
0 pounds. Later, the actual
manufactured car will be weighed and recorded to given more accurate results. To conduct the study,
we assume that the typical values for drag are between 0.25 and 1. Likewise we assume the typical
values for rolling resistance to be between 0.01 and 0.5. Using the MATLAB code we will compare each
variable for time, while keeping all other variables constant. The frontal area of the car was determined
to be 3.927 ft2 after completing the manufacturing and 3D modeling of the car. However, before
knowing what frontal area to use it was found that the typical frontal areas of the standard soap box
cars range from 0.95 to 8 square feet. By varying the values of each parameter, the best lap times and
fastest instantaneous velocities can be found.

To start the find the velocities and lap times, it is necessary to derive the right equations. From
the free body diagram and Newton’s Second Law, the forces in the x-direction are equal to mass times
acceleration in the x-direction and are represented in Equation 1.
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Equation 1

If we take Equation 1 and substitute the actual variables found in the free body diagram, it results in
Equation 2. Equation 3 and Equation 4 take Equation 2 and rearrange the variables so we can integrate
over initial values to given values.
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To simplify the expression of the variables, let the following denote the expressions found in Equation 4.
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Substituting Equations 5-7 into Equation 4, the result is shown in Equation 8.
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Through integration of Equation 8, we solve and simplify to Equation 13
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Once again, for simplification we will claim the following.
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Substituting Equation 14 into Equation 13, we yield the following.
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For simplification, the following expressions will be given in terms of A and B.
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Substituting Equation 16 and 17 into Equation 15 yields Equations 18-20.
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From dynamics, we know the following about the relation between velocity, position, and time.
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With substitution, we get the following.
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And since we know that the formula for the integration of an expression similar to Equation 22 will yield
Equation 23. We can then use substitution and integration to get Equation 24.
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This can also be interpreted as the following
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Finally, we are able to develop the equation in terms of distance and known variables. Equation 28 is
the simplification of the substitution in Equation 26.
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Equation 26
Equation 27
Eqn. 28

Now that Equation 28 is developed, the variables can be hand calculated using the following assumed
values.
X  350 "#
Z  32.2

\
]
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"#_
\ `

a  0.25
 4\ ]
cc  0.01
Along with the estimated values, it is important to note the known dimensions of Derby Downs. Table
1 shows the measured values for each section of track and includes length, angle in radians and angle in
degrees.

Table 1: Dimensions of Derby Downs
Dimensions of Derby Downs
Section

Length, x (ft)

Angle, θ (rad)

Angle, θ (degree)

1

55

0.12930

7.41

2

500

0.05993

3.43

3

434

0.02000

1.15

For the first section of the hill, we will demonstrate the calculations for Equation 5, 6, 14 and 17.
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Now we look at the potential and kinetic energy of the car to give us theoretical velocities
l
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Equation 29
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Equation 30

Substituting the given values for the first section of the hill, we result in the following velocity.

ul  m2 32.2

\
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Plugging in our calculated velocities for each section, we are able to manipulate the equation to give us
time outputs. If we input the lowest possible assumptions (Area=0, Cd=0, Crr=0, and weight maxed at
350 pounds), we result in a lap time of 27.76 seconds. Next, we will look at the results of the MATLAB
calculations for different scenarios. For the most ideal results, we will have to put in unrealistic
numbers. The ideal case will result in drag coefficients, frontal areas, and rolling resistances that are all
equal to zero, while the weight remains at 350 lbs. We will assume that the center of gravity is in the
center of the car.

Figure 2: (Left) results for the ideal case of parameters [Cd=0, Area=0, Crr=0, W=350]
Figure 3: (Right) results for realistic best case [Cd=0.2, Area=0.95, Crr=0.01, W=350]

We assume that center of gravity will not play a large role in lap time because of the small
disparity in potential energy. The ideal case will give us a benchmark time for the given
parameters. After plugging in the parameters, the results yielded a lap time of 27.016 seconds,
which can be seen in Figure 2. However, it is obvious that an ideal case is impossible to
achieve. To give a realistic best case scenario set of parameters, assumptions based on prior
knowledge must be made. Looking to reduce lap time, we found that it is best to have low
values for each drag coefficient, frontal area, and rolling resistance. The weight is set at
maximum of 350 pounds because the more weight the car has For the best case set of
parameters, we resulted with a lap time of 30.074 seconds and can be found in Figure 3. For any
car that is designed, it should be near impossible for a car to have a faster time than 30.074

seconds. Next we will look at breaking down drag coefficient, frontal area, rolling resistance,
and weight. To break down each parameter, we keep all other parameters constant and then vary
the parameter that is being broken down.
To examine the parameter significance of the drag coefficient, we will compare the best case
scenario with the same parameters except we will alter the drag coefficient to the least optimum
possible value. We chose Cd = 1. A drag coefficient of one is comparable to the drag coefficient of a
man riding a bicycle. The high drag coefficient results can be seen in Figure 4.

Figure 4: Lap time results for max drag coefficient [Cd=1, Area=0.95, Crr=0.01, W=350]
Now to give a better understanding of comparison, lap time is plot against different drag
coefficient numbers. Table 2 shows the lap times for varying drag coefficients and Figure 5 plots the
results. From the table and figures, it is evident that drag coefficient for the given range only varies lap
time by approximately 0.6 seconds.

Frontal area is the next parameter to investigate. As it implies, frontal area is the area that the
car occupies in a 2D plane when facing the front of the car. Standard soap box cars showed values
ranging from 0.95 ft2 to 8 ft2. Given that most soap box car body shells are bought standard, the car that
is built for the high school competition may be larger because it needs to accommodate larger bodies
and the shell is made by hand fabrication. By taking frontal area to the assumed maximum, the result is
a lap time of 31.168 seconds and can be seen in Figure 6.

Table 2: Lap times for varying drag coefficients [A=0.95, Crr=0.01, W=350]

Drag Coefficient Lap time
0.2
30.074
0.3
30.147
0.4
30.219
0.5
30.292
0.6
30.364
0.7
30.438
0.8
30.511
0.9
30.585
1
30.658
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Figure 5: Plot of lap time for varying drag coefficient
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Figure 6: Lap time results for max frontal area [Cd=0.2, Area=8, Crr=0.01, W=350]

Table 3: Lap times for varying frontal area [Cd=0.2, Crr=0.01, W=350]

Frontal Area
0.95
1
2
3
4
5
6
7
8

Lap time
30.074
30.082
30.234
30.388
30.542
30.697
30.853
31.01
31.168
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Figure 7: Plot of lap time for varying frontal area.

When we input several values through the range of frontal areas, we result in Table 3. If we plot the
table of frontal area vs. lap time, the result is Figure 7. The change in frontal has a significant impact on
the car’s lap time by change in 1.09 seconds over the given range.

Rolling resistance is the next variable to investigate. Rolling resistance or rolling friction is a coefficient that
coefficient that takes into account the resistance of friction within the bearings or wheels. Even though we cannot alter
we cannot alter the wheels or bearings, we still need to document the effect of rolling resistance on lap time. Knowing the
time. Knowing the rolling resistance of soap box cars allows us to compare actual lap times to theoretical lap times
theoretical lap times calculated in MATLAB. If any future groups want to further investigate the changing of bearing or
changing of bearing or wheel quality it could have a positive effect on reducing lap time, but once again the wheels must
the wheels must currently be AASBD standard Z-Glas® wheels. The assumption of rolling resistance on Z- Glas® wheels
Glas® wheels is given to between the ranges of 0.01 through 0.02006. As a point of comparison a normal car tire registers
car tire registers a rolling resistance from 0.0062 to about 0.015. Figure 8 shows the results of lap time and velocity for
a rolling resistance at the maximum. Likewise,

Table 4 shows a tabulated times for varying rolling resistance values, and Figure 8 shows a plot of those
same values. From the results, we can conclude that rolling resistance has a large impact on reduction
of lap time because the time difference between max and min values is 2.837 seconds.

Figure 8: Lap time results for max rolling resistance [Cd=0.2, Area=0.95, Crr=0.02, W=350]

Table 4: Lap times for varying rolling resistance [Cd=0.2, A=0.95, W=350]

Rolling Resistance Lap time
0.01
30.074
0.011
30.32
0.012
30.572
0.013
30.832
0.014
31.1
0.015
31.375
0.016
31.659
0.017
31.952
0.018
32.255
0.019
32.568
0.02006
32.911
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Figure 9: Plot of lap time for varying rolling resistance.

Lastly, we will examine the relation of weight to lap time. Weight is very dependent on
the racers weight. However, weight of the car is also significant if material is added or
subtracted. From basic knowledge of physics, more weight will result in faster lap time, but we
need to document the significance of weight differences. We will look at range of 210 pounds to
a maximum of 350 pounds. The values are chosen from conservative ranges of an average high
school student and typical soap box car weight. In Figure 10, you can see that the minimum
weight is chosen as 210 pounds, which yields an increase of 0.096 seconds of lap time. The
results show that the difference in weight will not drastically alter lap time and are quite
insignificant. Likewise, the insignificance of weight also backs up the claim that weight
distribution will not significantly impact lap time. Like with the other parameters,

Table 5 shows the lap times for various weights, and Figure 11 shows the plot of that table.
Notice that even when the polynomial trend line is extended over 500 pounds, the change in lap
time is still less than 0.5 seconds.

Figure 10: Lap time results for low weight [Cd=0.2, Area=0.95, Crr=0.01, W=210]

Table 5: Lap times for varying weight [Cd=0.2, A=0.95, Crr=0.01]

Weight Lap time
210
30.17
230
30.15
250
30.132
270
30.117
290
30.104
310
30.093
330
30.083
350
30.074
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Figure 11: Plot of lap time for varying weights.

In conclusion, our MATLAB calculations were fairly close to hand calculations and are within an
acceptable range and can be attributed to rounding (see error calculations below).

s{{{  |

27.808  27.76
|  100%  0.173%
27.76

We have learned that rolling resistance and frontal area play the largest role in the reduction of lap
time. The drag coefficient and the weight of the car play a smaller role in the reduction of lap time, and
weight distribution has an almost negligible role in lap time. Moving on with the design, frontal area
reduction and drag coefficient are the most important dynamic variables that will dictate a reduction in
lap time. Compacting the car will result in less frontal area, but it is essential that the drag coefficient is
also low. To improve drag coefficient, the car must take on aerodynamic form with steady streamlines.
Finally, for any questions concerning the MATLAB code, please see the attached appendix.

Developing the Car
The three groups were each tasked with creating a car focusing on a certain category to show
that each group could score well while focusing on different aspects of the scoring system. Our group
was tasked with creating a car focused on cost effectiveness while still scoring well in the other
categories. To ensure we would still score well overall in the competition, we also focused on
aerodynamics to perform well in the race portion and also aesthetics. We brainstormed many different
ideas of how our car should look and different low cost materials. To ensure the car would be
aerodynamic as possible we decided the car should have a small rounded front end and gradually rise to
where only the head of the driver will be protruding from the shell. The frontal area will be slightly
larger than an ideal area for a smaller object. Our shell is relatively large and having a slightly larger
frontal area tapering back to a height that allows only the driver’s head to protrude, allows for a
smoother streamline than other shell shapes. The streamlines are crucial when understanding
aerodynamics and the smoother the streamlines moving over the shell, the more aerodynamic the car
will be. The sides of the shell will continue past the driver’s shoulders then taper down to the floor
board. The rear of the car’s floorboard would also be cut to decrease the aerodynamic drag. The wood
floorboard would be sanded on the bottom, where cuts would be made, and any other area exposed to
air flowing over it. A list of the ideas of bulk materials to build the shell of the car was narrowed down
to cardboard, wood, and chicken wire. Structure stability and quality have to be in the forefront of any
design idea. The cardboard idea was excluded due to stability issues even though the relatively cheap
cost of it. To fabricate the entire shell of wood would increase our price so we decided to use chicken
wire to build the shell.
At this point we now understood the shape of the shell and what it would be structurally made
of. The group brainstormed on actually how to build the car with chicken wire and what other materials
would be needed. The next step in the process was to decide what would be the outer layer of the shell
to have a smooth surface to allow for airflow over the shell. We proceeded to choose papier mache.
This allows for a very cheap fabrication of a relatively large area of material which will still be able to
withstand the forces applied to it. The materials we chose to create the papier mache include
newspaper, flour, and water. After much research on the best paste to create we found that flour and
water create the strongest adhesive relative to cost. Newspaper was also the cheapest paper choice we
would be able to obtain. As we researched different types of chicken wire, we found there were
multiple options. There were hexagonal, square, and rectangular wire configurations. We choose to

proceed with square ½” wire configurations because it is the strongest option for stability and also has
smaller gaps between the wires that the papier mache would adhere to the best.
The next step was to understand how we could attach the chicken wire to the floorboard. The
use of a staple gun was determined to be our course of action to secure the bottom of the chicken wire
or shell to the floorboard. We understood the chicken wire would need to be manipulated to be shaped
accordingly with our design idea. The use of wire cutters to cut the wire and to cut reliefs to be able to
bend the wire to the appropriate shape would be used. To secure the wire, nylon ties were chosen as a
cheap method of securing the cuts and overlaps.
Once the wire would be placed, it was decided that more structural support would be needed
through the middle of the shell as it would only be secured at the bases. Pex tubing was found to be the
cheapest and most effective manner in adding support. The tubing supports would be cut and shaped
to rest against the floorboard and run up the shape of the shell on the inside of the wire and add forces
pushing outwards on the wire creating a strong skeletal design. Nylon ties would also be used to secure
the wire to the supports. We chose ⅜” and ½” tubing. The ⅜” tubing was easily malleable to be able to
form the support in the smaller sections of the shell. The ½” tubing was more rigid and would be used
to form the supports in the larger sections of the shell.
Once the structure of the shell has been completed, the papier mache would be added.
Multiple coats would be needed to ensure a sound base layer for the shell and that it would not rip,
crack, or break while the car was being used. To be able to be competitive in the aesthetics category of
the scoring system, we decided to paint the car in The University of Akron’s colors, blue and gold. The
painted design would consist of some type of Akron theme. To ensure that the paint will score well we
choose to apply a spray lacquer on the outer layer of papier mache. This lacquer will provide a smooth
surface on top on the papier mache that is also water deterrent and adds an extra layer to ensure the
shell will remain intact while being used. This lacquer also provides a shine to the paint when it is
applied. The paint would then be added as the finishing touch.

Material List and Costs
Many materials were used to create the car and many tools were also needed to complete the assembly. A list of materials
assembly. A list of materials used and their costs are found in

Figure 12. The total price of the car is $62.45 while the total amount to build the car including supplies
and tools bought that were not owned previously was $87.31. $62.45 is a very low cost for the quality
of car that was built. This price will achieve a high score in the cost category. We used a standard tool
kit as the majority for our tool selection. Other tools utilized are discussed in the fabrication section.

Figure 12: Materials and Cost

Fabrication Process
Building of the Chassis
The first step was to build the chassis. The chassis is considered the floorboard and all of the necessary
pieces to drive the car. It includes the axles, wheels, steering system, and brake system. The supplied
Soap Box Derby Adult Car Plans were utilized to build the complete chassis. The instructions were
informative even though a few alterations could be made. The instructions were completed including
installation of the steering system, braking system, axles, and wheels. There steering system was
adjusted to align the steering system and front axle. The rear axle was aligned by using a tape measure
with a hole punched into it and using it as the alignment tool. The rear axle is stationary and once
aligned, it was secured in place. Our group had to drill a hole in the tape measure which is a difficult and
potentially dangerous task. We had to create a vice out of wood pieces that would allow to be able to
safely drill the hole in the tape measure using a drill press along with dulling down the tip of the drill bit
to avoid local tip point pressure. This vice allowed for the drill bit to not catch and pull the rest of the
tape out of the housing at high and dangerous speeds. The chassis was inspected and passed such
inspection criteria.

Cutting and Sanding of the Floorboard
The axles of the car had to be removed to cut the floorboard. We chose to cut the floorboard using a
handheld jigsaw to limit aero drag as discussed in the ideas stage. We then sanded the floorboards
using a power sander and finishing sander to reduce drag and allow for the paint to look better. We
then added the axles back onto the chassis. Figure 13 and 14 show the original rear of the floorboard
and the cut rear of the floorboard, respectively.
Figure 15 and Figure 16 show the original front of the floorboard and front of the floorboard once cut,
respectively.

Figure 13: Original Rear of Floorboard

Figure 14: Cut Rear of Floorboard

Figure 15: Original Front of Floorboard

Figure 16: Cut Front of Floorboard

Manipulating and Securing of the Wire
Once the floorboard was cut to the desired positions and sanded, we cut and used a smaller section of
wire and stapled it to the side of the floorboard as seen in Figures 17, 18, and 19. The wire was cut into
a rectangular section and cutouts were created to allow the axle to have full range of steering motion.
The wire was stapled to the side of the floorboard using a staple gun to securely hold it in place.

Figure 17: Cutting the Wire

Figure 18: Manipulating the Wire

Figure 19: Stapling the Wire to Floorboard

We then cut a relief down the middle of the wire section vertically and folded the wire over itself to
form the desired frontal shell design. The fold created more rigidity in the wire section and was secured
with nylon ties.

Adding of the Supports
After the first section of wire was added to form the front of the shell, we added a support. The support
was 3/8” pex tubing. We measured and cut the tubing to the correct length for the chosen support
position. The support is placed so that it pushes outward on the wire to keep the shell rigid and from
collapsing. The 3/8” tubing was used in this small section due to the increased malleability to form as
needed in the small cross section. Figure 20 shows the placing of the first support.

Figure 20: Adding the Support

After the support was placed, nylon ties were used to secure the support at the base of the floorboard
and along the arc of the wire. The process was repeated to add two more supports to complete the first
section of wire. Figure 21 shows the first section of wire and supports placed. The supports were
strategically placed to create the most structurally stable front section while still maintain the low cost
and limited materials.

Figure 21: First Complete Wire Section

Continuing Process of Creating Structurally Sound Skeleton
The process of adding wire as the skeleton and adding supports for structure was repeated along the
sides of the car to create the bulk of the shell. The height of the wire was formed to allow for only the
head of the driver to protrude from the shell as discussed previously. ½” pex tubing was used in the
second section of wire as it is more rigid and provides greater support to the larger cross section of shell.
The first and second sections of wire were secured to each other as well with nylon ties. Figures 22 and
23 show the wire as it was secured to the floorboard.

Figure 22 (Left) and 23 (Right): Added Second Wire Section
Adding Sides with Triangular Supports
Sides of the shell needed to be created to ensure limited aerodynamic drag and smooth streamlines.
The sides taper down to the rear floorboard and cover the driver’s sides. The main support runs from
the support that runs along the peak height of the shell. The support decreases at an angle close to 45
degrees as seen in Figure 24

Figure 24: Addition of Side

The wire was cut, formed and tied to fit the added side support. The tubing support was shaped to have
an arc towards the top and gradually decrease to a straight section. Two other supports were added in
the side section to increase stability. The supports were added in precise locations to form triangular
supports. The triangular orientation allows for one of the strongest support sections. Figure 25 shows
the side of the shell with the tapered angle of the side and triangular support sections.

Figure 25: Side Completed

To finish the structure of the shell, the other side was added using all of the same materials and material
dimensions as the completed side. The final structure of the shell is shown in Figure 26.

Figure 26: Competed Structure

Papier Mache
Once the structural skeleton was completed, a coating of papier mache is added to create the shell. We
were sure to add newspaper to cover all parts of the chassis so no papier mache would harden or
damage any important parts and to keep the car aesthetically pleasing. Two parts water to one part
four was the recipe used to create the adhesive mixture. The mixture was blended together until
smoothed. Newspaper was ripped into pieces around two inches wide and 12 inches long. The
newspaper strips were dipped into the mixture and the excess liquid was stripped off using our hands.
The strips were then placed firmly on top of the wire so they will adhere to the wire structure. The
process was repeated to overlap and crosshatch the strips to create a strong blend as shown in Figure
27.

Figure 27: Layering of Papier Mache
We layered the front heavily because the air will be applying the most force to the front of the shell.
The entire skeleton was covered with paper mache and let dry. The drying process took somewhere
around 12 hours. We added another thick layer of paper mache and made sure to cover any cracked
sections heavily. After the second coating was dry, there were no cracks. The third and final layer was
added and let dry. The final layer can be seen in Figures 28 and 29.

Figure 28 (Left): Front View of Papier Mache
Figure 29 (Above): Side View of Papier Mache

Appling Spray Lacquer
Once the final layer of papier mache was dried, a coating of spray lacquer was applied to the papier
mache. The spray lacquer was sprayed evenly over the shell body. After 30 minutes, the spray was dry
as the instructions indicated and another coating was applied as instructed. The spray lacquer seals the
papier mache. This ensures it is entirely one piece and all air will flow around the shell. The spray also
adds a shine to the car when painted.
Painting the Shell
After 24 hours of drying as instructed, painters tape was used to outline the design to be painted on the
shell. The base layer of paint was added. The majority of the shell will be painted blue with the logo
and stripes being yellow to complete the Akron color scheme. The initial coat can be seen in Figure 30.
Figure 30: Initial Paint Coating

The details of the design were painted yellow and after multiple coats of each paint, the shell and car
were complete and the vehicle is shown in Figure 31.

Figure 31: Final Vehicle

Verification of Parameters and Test
The test of the vehicle will be completed on May 7, 2015 at Derby Downs. A coast down test will be
performed. The test will use a radar gun to record the velocity of the car with respect to time while
coasting down the track. The total time to complete the track will also be recorded and scored
accordingly. Software will be used to graph the velocity versus time plots. From this information, the
rolling resistance and drag coefficient can be determined. In the previous parametric study used to
predict the time to complete the course, the rolling resistance and drag coefficient were estimated.
Using the calculated values for these two parameters, the actual weight, and actual frontal area, the
experimental test can then be evaluated to output the time to complete the course. The time value of
the experimental testing should output a time value very close to the actual tested time value recorded
at the track.
When determining the drag coefficient (~ ) it needs to be known that the decrease in the velocity of the
vehicle is due to aerodynamic drag and tire rolling resistance. The aerodynamic drag force (a ) is
proportional to the square of the velocity of the vehicle (V). Also, the tire rolling resistance force is

assumed to be equal to the tire rolling resistance coefficient (cc ) multiplied by the weight of the
vehicle (W). Since the hill at derby downs has three different sections, each at different slopes, we will
also include the angle of the slopes (z).
By applying Newton’s second law to the vehicle at any instant during the coast down test and by using
sin z to take into account the angles, we get the following equation:
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This equation will give us the ability to compare actual test data to our parametric study.

Build Tips
There were a few tips that we would like to add to the report to hopefully pass on to future soap
box car builders. We felt that the floorboard could be cut prior to installation of the axles. If the design
is known, the board could be cut without having to take the axles off. We also recommended a few
extra elevator bolts be included in the parts packages as one bolt was easily broken when applying three
nuts to secure it as the instructions state in step 1.3. Builders should be aware of the low grade
materials that are supplied. When tightening nuts, one must be careful not to over tighten when using
low grades. The instructions should also state when extra parts are included as not to confuse builders
when there are excess parts.
In regards to drilling the hole in the tape measure, engineering students are capable of
completing this type of maneuver but high school students most likely would not think of the dangers
and could be seriously hurt trying to drill the hole. We recommend the tape measure with hole already
punched be included in the chassis kit or another alignment method be provided.
When placing the bushing into the drilled holes, the machine bolt given is weak and may not
withstand the force applied on it. We used a stronger machine bolt which has a higher grade that will
not break. This piece should be included in the kit to ensure proper installation of the bushings.
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