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Introduction: Carbon Dioxide and the American Commute

Beginning in the middle of the twentieth century, American working-class culture began
to favor living far away from one’s business. The creation of new housing developments, which
came to be known as the suburbs, drew families increasingly far from the cities, where the
breadwinner of the family was likely to be employed (Frost, 2001). However, the increased
distance between home and work for many Americans led to an increased need for commuter

vehicles, a role which the automobile was more than able to rapidly fill (City and Suburb, 2017,
n.p.).

As cars have become more and more ubiquitous, the default commuter vehicle for a vast
majority of working people has become the single-occupant combustion vehicle (SOCV), usually
in the form of a car where the driver rides alone (U.S. Census Bureau, 2011). Although the
independence and convenience of an SOCV is alluring for many commuters, it has been
detrimental to the environment; an average individual commuter releases about 30 pounds of
carbon dioxide per day for a round trip commute, or nearly four tons per year (Stanford
Transportation, 2019, n.p.). Without any alternative commuter vehicles, pumping that much
carbon dioxide into the atmosphere daily will accelerate climate change beyond any hope.
Fortunately, there has been increased interest in the use of human-powered vehicles (HPV’s) as a
potential replacement for SOCV’s (Rodriguez et al., 2011, n.p.). European towns and cities
already have a steady HPV-commuting population, but few smaller towns in America have even
begun to consider replacing SOCV’s (Rodriguez et al., 2011, n.p.). My team is working to design
and fabricate an efficient HPV that could theoretically replace SOCV’s in order to mitigate the

carbon emissions problem inherent in their use. In order to understand how HPV adoption might



be best executed, | am studying both American commuter patterns and the American perception

of current HPV’s.
Technical Topic: Designing and Fabricating an Efficient Human-Powered Vehicle

Although human-powered vehicles show promise as replacements for single-occupant
combustion vehicles, current HPV’s are insufficient in many of the utilitarian aspects required of
a commuter vehicle. The most widely used HPV, the bicycle, generally lacks storage space. Any
cargo needed at the commuter’s job must be directly carried by the commuter, regardless of size
and weight. With an SOCV, the commuter has an abundance of comfort and storage capacity,
including the vehicle’s trunk and all of the uninhabited seats. Bicycles, although far more
efficient than walking, are still not the most efficient HPV due to their higher aerodynamic drag
and suboptimal biomechanical drive (Sawyer & Brindos, 1988, n.p.). Previous HPV designs
have attempted to reduce both of those effects by using a recumbent bicycle design and building
an aerodynamic shell called a fairing around the frame of the vehicle (Sawyer & Brindos, 1988).
These aerodynamic designs, although they greatly improve the efficiency and speed of the
vehicle, still miss out on comfort and storage space, both of which an SOCV readily provides.
With these prior designs in mind, my team has set out to design and fabricate our own HPV that

meets the requirements of a commuter vehicle.

Our preliminary design specifications were based on the requirements for entrance in the
2020 American Society of Mechanical Engineers Human-Powered Vehicles Competition, which
include stability at low speeds, maximum braking distance, roll cage strength, and maximum
turning radius, among others (HPVC_2021_Rules_9-23-2020.Pdf.Pdf, n.d.). These competition

specifications are summarized in Table 1 below.



Competition Parameter

Parameter Value

Team’s Design Specification

Braking Distance

6 meters from >25 kmh

5 meters from 25 kmh

Stability

Travels straight 30 meters at

5-8 kmh

Same as competition

requirements

Rollover Protection

<5.1 cm of deflection from
top load of 5340N, <3.8 cm

of deflection from side load

<4 cm deflection for top load

case, <3 cm for side load case

of 2670 N
Turning Radius 8 meters Same as competition
requirements
Weight N/A < 150 Ibs.
Size Fits tallest and shortest riders | Fits riders between 66 and

with >2” clearance between

helmet and roll cage

7797

Table 1. The American Society of Mechanical Engineers has outlined some design specifications

that teams must meet for the competition. In order to make our vehicle more competitive, my

team has refined our own, more stringent, requirements.

Because the values for these requirements were given by the governing authority for the

competition, they were interpreted to be the minimum capabilities the vehicle needed to achieve

in order to be a viable replacement for SOCV’s. In order to produce a competitive vehicle, my

team decided to make our own design specifications more rigorous than those given by the

competition. Based on the competition requirements and prior teams’ research, a tadpole trike-

style vehicle with two front wheels and one rear wheel seemed to be the most successful at




exceeding the competition requirements (Pierre, 2020, n.p.). A three-dimensional computer

model of my team’s preliminary frame design is shown below in Figure 1.

Figure 1. My team has designed an initial frame model using 3D modeling software. This model
will serve as the basis for future design choices and allows for design optimization before

physically building the vehicle.

With the general shape of the frame chosen, my team set about designing the rest of the
vehicle’s subsystems. In order to create a sturdy, light roll cage, the frame will be built off of a
curved central spine; this allows for a high degree of strength while minimizing the number of
large members used in construction. The frame will be made from steel for ease in
manufacturing and strength, although using steel does make the design heavier than other
materials like aluminum. The center spine also allows for a large gap between the back of the
driver’s seat and the frame, which can be used for the storage space necessary in a commuter
vehicle. The three-wheeled tadpole trike design also creates a very stable vehicle, even when
traveling at low speeds, and enables rear wheel drive, which is more efficient than front wheel
drive on similar vehicles (Pierre, 2020, n.p.). However, steering with two front wheels is a

challenge because the two different wheels need to spin at different rates to avoid skidding. This



is a problem solved by the use of Ackerman steering geometry, which angles the wheels in such
a way that the outer wheel turns less sharply than the inner wheel when the vehicle is turning
(Pierre, 2020, n.p.). In order to increase the efficiency of our vehicle, my team is incorporating a
fairing, or an aerodynamically shaped shell, into our design. This fairing will be composed of

carbon fiber, allowing it to be custom-shaped and very light.

The advantages of my team’s HPV design over SOCV’s in terms of carbon emissions are
apparent; none of the carbon dioxide emitted during combustion is emitted during the operation
of an HPV, removing 30 pounds of carbon dioxide per vehicle per day (Stanford Transportation,
2019, n.p.). However, there are still many technical considerations that our design needs to meet
before it can be considered a viable replacement for SOCV’s. One such area for improvement is
the vehicle’s weight: even with the lighter frame design, our vehicle is still rather heavy. A good

deal of frame optimization needs to be done before the fabrication process can start.

STS Topic: Understanding American Commuting Patterns and Perception of HPV’s

Americans have traditionally neglected human-powered vehicles as commuter vehicle
options, and instead favored single-occupant combustion vehicles. A great deal of this neglect is
due to the concerns with practicality; since 2001, the average American commute has taken at
least 25 minutes by car (U.S. Census Bureau, 2011, n.p.). The length of the American commute
began to increase dramatically with the creation, and subsequent filling, of new suburban areas in
the 1950’s (Frost, 2001, n.p.). The development of these suburbs outside of the city of Chicago is
a prime example of how commute duration is a function of not only the increased distance of
commutes but also the number of vehicles on the road (Frost, 2001, n.p.). As the working
population moved away from the city, new roads had to be built in order to get new commuters

into the city, and these roads quickly filled with commuter vehicles, almost all of them SOCV’s



(Frost, 2001, n.p.). If the sheer distance was not enough to rapidly increase commute durations,
the increased traffic absolutely was. The new, long commutes demanded a comfortable
commuter vehicle, and SOCV’s were the vehicle of choice (Frost, 2001, n.p.). At the typically
slower speeds of HPV’s, that same commute from the suburbs to the city would take much
longer. Also, regular bike rides 20 miles in length or longer require a significantly higher amount
of cardiovascular endurance than driving a car. Because HPV designs that offer increased
efficiency, such as the recumbent bicycle with a fairing, were not thoroughly explored until the
1980’s, the early suburban commuters would have been stuck with traditional bicycles (Sawyer

& Brindos, 1988, n.p.).

Another major factor that has greatly hindered American adoption of HPV’s as commuter
vehicles is the American perception of HPV’s. Americans have traditionally thought of HPV’s as
either recreational or exercise equipment (Rodriguez et al., 2011, n.p.). This means that most
people rarely even consider using HPV’s to get to work. Figure 3 below can help to illuminate
why the American perception of HPV’s generally does not include commuter vehicles; only
about five percent of reported bicycle usage is commute-related (Alan M. Voorhees

Transportation Center, 2011, n.p.).
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Figure 3. There is a large difference between the proportion of Americans that view HPV's as
recreational or exercise equipment and the proportion of Americans that view them as utilitarian
commuter vehicles. The former includes roughly 75%, the latter only five percent. (Alan M.

Voorhees Transportation Center, 2011, n.p.)

Even among people who have considered HPV’s over SOCV’s as commuter vehicles, attitudes
vary with respect to a number of variables (Heinen et al., 2011, n.p.). According to Heinen’s
2011 study, people are more likely to use HPV’s if they are more aware of the environmental

impact of their cycling.

Many European cities, such as Delft and Zwolle in the Netherlands, have had great
success promoting the use of human-powered vehicles as urban transportation (Heinen et al.,
2011, n.p.). The people in these cities and towns seem to have a much more utilitarian attitude

regarding the purpose of HPV’s. These cases show that having a large part (~20%) of the



commuter fleet composed of HPV’s is in fact possible (Heinen et al., 2011, n.p.). Other studies
have shown that the motivation for choosing to bike to work can be very personal and vary
wildly, from gained fitness and weight loss to simply enjoying the scenery along the commute
(Rodriguez et al., 2011, n.p.). The personal reasons listed in Rodriguez’s study also imply that it
may be possible to reframe current American opinions about HPV usage to favor usage as
commuter vehicles by highlighting the ability to get all of the same personal benefits of

recreational HPV usage during a commute.

Considering the perceptions of HPV usage is important because attitudes toward a
technology can be the difference between adoption and abandonment. This has been seen before
in the context of Aramis, the failed public transportation system detailed in Aramis, or the Love
of Technology by Bruno Latour. The Aramis system was a proposed system of railcars designed
to transport people around the city of Paris (Latour, 1996, n.p.). Technologically, the system was
quite sound, but public opinion of it centered around a perceived lack of safety (Latour, 1996,
n.p.). The lack of favorable opinion eventually drove this system to abandonment (Latour, 1996,
n.p.). While the concerns around HPV use, such as efficiency, comfort, and storage space, are
not exactly the same as the concerns surrounding Aramis, the fact that adoption of a
transportation system can hinge on public opinion highlights the need for consideration of public

opinion throughout the system design process.

Conclusion: Potential Deliverables and Problem Resolution

At the conclusion of the capstone project, my team hopes to have a fully realized and
fabricated human-powered vehicle design capable of providing a replacement for single-
occupant combustion vehicles in urban environments. This design should be able to meet or

exceed all of the design requirements summarized in Table 1. In lieu of the official competition,



my team is developing driving tests to assess our vehicle’s capabilities. | also hope to finish the
research project with a deeper understanding of the societal and cultural roadblocks that have
previously hindered American adoption of HPV’s as commuter vehicles, and how to potentially
reframe American opinions about HPV’s to encourage more use. With the successful completion
of both of these deliverables, my team and | hope to be able to put forward an efficient human-

powered vehicle suitable for urban commutes.
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