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Abstract

The Sooner Powered Vehicle (SPV) team of the Univeodi@klahoma has designed, built, and
tested a competitive recumbent bicycle to participatdénunrestricted class of the American
Society of Mechanical Engineers 2013 Human Powered VehiblElebge (HPVC) at the
NASA Ames facility in California. This year we havermtluced three key features in our newly
designed vehicle: (i) an adjustable pedaling system, (igitgngear support, and (iii) full
composite fairing with honeycomb stiffeners. Analysdsboth structural and aerodynamic
loading were performed to ensure rider protection fronfovet and side loadings and to
minimize aerodynamic drag force. We used 4130 steel fofrdnge structure and carbon fiber
composite reinforced with honeycomb stiffeners in @idrfg to maximize vehicle performance
and rider safety. We used light weight foam mateaald@velop the male mold for the composite
fairing. The mold surface was coated with fiber glassmresveral times, followed by sanding to
prepare the mold for layup. Three layers of carbon fibgh epoxy resin were used while
applying hand lay-up and vacuum techniques. Several composits parel fabricated before
actual molding took place for process and performanceicadidn. Prototypes for the landing
gear support and adjustable pedaling system were also deVvdtpeerification of capability
and functionality of the components. Finally, combioas of experimental and analytical tools
were used to design a safe, practical and high-performbiocgele that should appeal to
everyone in the race community.
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Design

a. Objectives

The mission of the University of Oklahoma Sooner Pedérehicle Team (SPV) is to design,
fabricate, and race a competitive recumbent bicycteder to provide engineering students with
the opportunity to demonstrate the application of sourginerring design principles in the
development of sustainable and practical transportaliematives.

This year SPV prepared for an entirely new challengedas@n opportunity. In years past, SPV
has built and competed with a recumbent trike (3 wheHlIs)vever, this year the team decided
to design from scratch a new recumbent bicycle (2 wsheebdel to be more competitive at the
national collegiate level, specifically the Americ&ociety of Mechanical Engineers Human
Powered Vehicle Challenge competition. Goals for the 2@h&le included the following:

Safefor riders, bystanders, and the design team

Comfortable for riders of various sizes

Innovative by bringing new design features to recumbent cycling
Stablefor riders of various ability levels

Durable to withstand both competition and utility use

b. Background

The goal of the 2013 SPV team is to raise our level ofopmence in the ASME HPVC
competition in comparison to not only other competing unittess but also to our own
university’s performance in past years. In order to d® @nd to outline the basic design goals
for this year’s vehicle, our team did a thorough analgssther recumbent bikes to assess what
worked, what didn’t work, and what we wanted to strive for.

The design element that was first brought forward dorsaeration was the wheel configuration
of the vehicle: a three wheel trike versus a two wlinded. It was clearly evident from past

HPVC results that 2 wheeled vehicles tend to be moreetitive, and because our SPV team
hasn’t built a two wheeled bicycle in the past 5 yeass,were ready for a new challenge. To
prepare ourselves for an entirely new design concept, aur teok a field day to travel to

Oklahoma Recumbent Road Bikes, a recumbent bicyclp shhaexington, Oklahoma, to test

two wheeled recumbents for ourselves and to gathes iftean which to base our designs.
Additional design aspects that were assessed wererdnivelesigns and the use of an internal
gear hub, partial fairings versus full body fairingsd aadjustable riding elements such as
handlebars and pedals. Design decisions regarding tlmeporation of these features are
addressed below in section “Concept Development andtideleMethods.”

c. Prior Work

The only prior work used in the fabrication of this vehimsias the seat, which was taken from
our 2011 vehicle. Our team made the decision to reuthi®eféature because in our assessment
of previous SPV vehicles, it was noted that the sedasinyear’s bike was uncomfortable and
not suitable for long distance riding. In comparisor, thistom upholstered, carbon fiber seat
used on the 2011 vehicle was found to be comfortable, @madfiand in good condition. We
chose to not redesign the seat, but instead reuse thisycpaat so that we could focus our
design efforts on the new, innovative aspects of our vebiath as the full body fairing and the



suspension stabilization system. It is also importamote that the brackets used to attach the
seat to the frame, as well as the incorporated shédtysystem, are not included in “prior work.”
They are new designs that were made this year.

d. Design Specifications

In order to select design criterion for our bike, weatd a list of fourteen requirements that we
felt would be necessary for a high performance vehiglemRhese fourteen requirements, we
compared competition regulations and past team succ@&ssesder to emphasize certain
requirements as being the most important. Based uponaugetbf Quality, which can be seen
below, safety, stability, durability, innovation, and dorh were determined to be the most
crucial design requirements for our bike. It can alsed®n that we have targeted weak design
areas from our previous bikes. Because maximum speed andretdhagtion are the most
prominent, we are seeking to improve on these aspec¢he idesign of this year’s vehicle by
incorporating a full carbon fiber fairing. [2], [9], [10]
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e. Concept Development and Selection Methods

Frame:

The design inspiration for the frame came from a muaé& of sources ranging from concepts
used by previous SPV teams to ideas found by researching cemembercially available
recumbent bikes. Before our initial concept developmemetimg our team actually traveled to a
recumbent cycling shop in Lexington, Oklahoma not only toagtgel for riding two wheeled
recumbent bicycles, but also to gather ideas for ouraesigns. From our research and this field
experience, our team determined that one of our chieEguas to design a comfortable bike
suitable for riders of various sizes and riding abiliti€serefore, the spine of the bike was
designed so the rider’s center of gravity would be powmtioas low as possible for ease of
riding. Also, with regard to the aspect of safety, ik cage was designed to withstand a 600
pound load while still protecting the rider in the everdttthey were to fall. For material
selection, we considered aluminum, titanium, and sa@el,found 4130 steel to be the most cost
efficient, readily available/accessible, and mostiAmental to weld. The aspect of being able to
easily weld the material was a significant part ofrregerial decision, because construction and
sudden repairs could then be readily made to the framg ateel, whereas the other material
options would require advanced expertise.

Fairing:

In an effort to increase the safety of our vehicleysidering the wide range of ability levels we
were designing for, we decided to incorporate a full agrachic fairing into our design. The
primary constraints we used to design our fairing includexngi aerodynamics, and
manufacturing. Sizing was the most important parametaheffairing design because it is
necessary to fit the frame and the rider inside obinhgletely and comfortably. Rather than
cramming into the minimal amount of space possible, we&ldd to employ more of a club racer
style fairing that allows for the rider to adjust theinge of motion or posture during potentially
lengthy rides. This resulted in a rather large design eunlzdpgy the protective roll cage of our
frame. Secondly, the fairing needed to retain an a@aadic shape in order to remain
competitive at the collegiate level. Generally, thest aerodynamically desirable design for a
recumbent fairing is one which utilizes an airfoil shagenf the top view and has a minimal

amount of frontal area.

Figure 2: Front view of the fairing design options




Figure 3: Top view of the fairing design options

Figures2 and3 above illustrate two different fairing designs thateveonsidered for our bike.
Because we were designing for the smallest frontal ardale most aerodynamic shape, the
second design option was clearly the best choicedditian to having smoother curvature, a
smaller nosecone and window section, and a more progreslspe from the thickest to the
thinnest point, the second design option also included &e&ire to assist with minimizing the
stagnation and turbulence experienced on the back dikbeat high speeds. The second option
was also effective at preventing flow separation gltve length of the fairing, thus promoting a
laminar flow and reducing the effects turbulent flow woliédze on balance and speed. Lastly,
we wanted to ensure that our design would be feasihteataufacture. Due to the large size of
our fairing, we were able to refrain from designing too maommex curvatures that could
inhibit drape-ability or cause crimping issues with the jposite material. The trade off we
accounted for this generous fairing design was an increasedint of time spent on mold
preparation and lay up, but because of the aforementimezfits, this was justified.

In addition to developing the concept of the fairing shaeeisions had to be made regarding
the type of composite material that should be usedafandy manufacturing. Because there is a
wide array of possible choices for material, a sigaiit amount of research had to be done to
determine a suitable composite material to for our sirabconstituent. The primary material
parameters and characteristics that were consideradlett| cost, weight, stiffness, toughness,
impact resistance, and strength. Table 1 seen belowseasas a Quality Function Deployment

(QFD) matrix to sort out the benefits and consequeniceégferent composite materials.
Table 1: Material Comparison Matrix [3]

Material Comparisons
PROPERTY Best —-m o e s > Worst
Cost E-Glass S-Glass Ceramic

S-Glass E-Glass Ceramic
Stiffness S-Glass Ceramic E-Glass

Heat Resistance

Toughness Ceramic
Impact Resist. Ceramic

Table 1 was used as a comparison matrix for commonliyadicomposite materials [2]. It was
seen that Kevlar had promising weight, toughness, and imesistance characteristics, while
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carbon fiber had promising weight and stiffness charistites. Unfortunately, because carbon
fiber becomes more stiff and brittle after introduciagim to the composite structure, it has weak
toughness and impact resistance characteristics. Basedthgmse results, the optimal fairing
choice was a combined use of Kevlar for impact and caftmn for structural strength.
However, additional analysis was done to compare EsGlad S-Glass because they also had
moderate performance characteristics and at a better phe ceramic composite was removed
as a possibility based on our criterion.

Table 2: Mechanical Property Comparison Matrix [3]

Mechanical Property Comparison

Property Aramid GEZI::::/ Fiberglass
High Tensile Strength B A B
High Tensile Modulus B A C
High Compressive Strength C A B
High Compressive Modulus B A C
High Flexural Strength C A B
High Flexural Modulus B A C
High Impact Strength A C B
High Interlaminar Shear Strength| B A A
High In-plane Shear Strength B A A
Low Density A B C
High Fatigue Resistance B A C
High Fire Resistance A C A
High Thermal Insulation A C B
High Electric Insulation B C A
Low Thermal Expansion A A A
Low Cost C C A

Using Table 2, we targeted the mechanical properties ahtbe different composites that we
were considering; aramid fiber (Kevlar), carbon fibexd &éiberglass. The results of this analysis
further solidified our predictions about using dual mateconsisting of carbon fiber as the
primary structural constituent and with an incorporated atr@mmponent for the critical impact

points. Based on our findings and the techniques used by satbeessful teams, we decided to
remove fiberglass as a possibility and incorporate Nomoeeycomb ribs for strength in critical

locations on the fairing.

Having decided upon a primarily carbon fiber fairing, the regage of the decision process
required the selection of possible weave patterns, fibentations, and resin systems. In order
to determine the most effective weave patterns forapplication, a weave properties table was
used to compare between satin, twill, plain, basket)earmacarbon fiber weaves.

Table 3: Carbon fiber weave style comparisons [15]
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Using Table 3 above, we determined that plain weave or weilve would be good weave
orientations for our recumbent fairing application. Bsgastiffness and strength are desirable
characteristics for a fairing, satin weave and basleztve were rejected because of their poor
stability rating. Despite having excellent stability, tkeo weave was rejected because of its
poor and very poor ratings in all of the other categofiasll weave and plain weave were seen
to be the most balanced in terms of performance and fa@uorability, and were therefore
chosen as prime candidates for testing and further sigaly

Drivetrain:

For the drivetrain aspect of the vehicle, our main objeatigs to increase the speed potential of
the bike while maintaining design that will eliminate rgament issues that have caused
trouble in past drivetrain designs of our team. Foretsirive chose a chain and sprocket system
over the belt driven system from past years, and déhis for several reasons.

Table 4: Decision Matrix of Belt Versus Chain Drivechain

No Simple Easy Adjustable
No Rust Lubricant Alignment Removal Lightweight Length
Belt YES YES NO NO YES NO
Chain NO NO YES YES NO YES

Not only did our team want to be cost efficient with dasign, but we foresaw the need to have
a malleable chain line so we could easily thread thencteough our full fairing bike. In
comparison, a belt driven system must remain perfettyght between front and rear sprocket,
which would be difficult to do around other features of dike such as the landing gear.
Additionally, a safety consideration was noted thelain driven system would allow us to place
a chain tube around the chain, thus eliminating the chantelthihing would be caught in the
chain.

Pedaling System:

The design for the pedaling system was made with innoyatomfort, and stability in mind.
The 2012 SPV team did not have an adjustable seat or pesditegn, which made it difficult
for riders that were either shorter or taller thaa average. After researching different variations
of adjustable seats, most seemed to cause the cdnteass to shift among the riders and
potentially affect their balance. Therefore, we deteech that by having an adjustable pedaling
system the center of mass will be much more consisterevery rider, thus eliminating any
concerns with balance. Our design will minimize timeetibetween rotating drivers by using the
quick-pin changing method, while still achieving an acceptaidglasure of comfort for any rider.

Landing Gear:

Similar selection methods were used with respect teeldping a concept of a safe and
innovative stabilization system for our full-fairingctembent bicycle, otherwise referred to as
landing gear. This design feature was deemed necessadeintorstabilize the vehicle as riders
both begin pedaling and come to a stéarious design concepts were initially tossed around for
the landing gear design including a pneumatic suspensionnmsyamtd a telescopic landing
system. However, two other concepts were more seyiotshsidered under the basis of
practicality and feasibility. The first was a simptgating shaft that would attach to the back end
of the bike frame. It can be seen in Figure 4 below,désgn connected two legs to a shatft that



touch the ground at a 20° angle. The second design alsstemhof a rotating shaft, but instead
of two straight pipes for legs, it utilized two conaantubes with a spring in the middle to
incorporate suspension. This design can be seen belogurefs.

Figure 4: Rigid Legs iglire 5: Suspension Based System

The second model was the design that was ultimatedgerh specifically for its innovative
suspension feature. It was concluded that not only wouldusgension provide a smoother ride
for the driver by absorbing shock, but it would also alltv driver to maneuver sharp turns
more manageably as well. The springs used for the dawvelot of the landing gear prototype
were standard compression springs, however, during this tinldea was brought forward to
investigate variable springs, which would absorb somalinshock without reaching full
compression until a substantially larger load was edpliworking with Cannon Spring
Company in Oklahoma City, we concluded that a variablengpsould better suit our landing
gear application.

Additionally, because it is not ideal to weld springsedily onto metal plates, we needed to
design a unique way to connect the legs of the suspengsbensto the frame, while also
preventing them from twisting around when in the air mitlee ground. The first choice was to
drill holes into the plates and secure rope throughsgveng to tie the legs together, but the
second, more sophisticated idea was to implement a dislansystem onto the legs. To utilize
the landing gear properly, a sliding mechanism was @tidat extend and retract the stabilization
system. This mechanism is further explained in the “Dj$en” section below, but it was
chosen over a ring and cable method because the rindd vilmwve needed to be located
somewhere near the chain, which may have causedeird@ece and created a safety hazard.
Lastly, there were several selections to choose Wwbmen deciding on the wheels for the landing
gear. Multiple rollerblade and scooter wheels of variondgets and sizes were investigated, and
ultimately the decision was made to use a 98 mm scooteelvidecause it provided a wider
wheel base and therefore more stability for the lapdear.

Steering:

This year, we wanted to design a steering system &wehicle with high priority placed both

on innovation and comfort to every member of our vahog&ed team. Because of the wide
range of heights/arm lengths of the members of our téamas decided that the best way to
meet these ergonomic design goals was to make thengtesrd handlebar system easily
adjustable. Not only would a rotating handle bar systdowaeach rider to personalize the

steering placement for better vehicle control, but deisign would also aid us in entering and
exiting the vehicle by allowing riders to flip the handlebaws of the way of entry.



f. Innovation

Pedaling System:

The pedaling system is one of the unique features beingimud this year’s bike. It was our
design goal this year to create a bicycle that woulatdrafortable for all riders of different
heights. While we have seen some recumbent bikes adtdresssue with adjustable seating,
our team chose to design an innovative adjustable pedabbgnsyln our design, each rider will
be able to move the pedals to a custom length, whichmaike the bicycle more functional for a
wide variety of rider heights. Because commercialinebent bicycle companies do not have
adjustable pedaling systems of this nature, our design appiealistinctive. The unique slot
system of our pedaling device will not only make it easigotate drivers during the race, but it
will save time as well.

Landing Gear:

Nearly every two-wheel recumbent bicycle has somedddainding gear or stabilization system,
but our stabilization system is particularly unique lbseait incorporates a distinct suspension
feature. By integrating suspension into our landing geagdeshe riders of our bike will not
only have a smoother ride, but they will more impottahive four wheels of safe contact on
the ground while taking off, coming to a stop, and makirificdlt turns. Because the landing
gear is made with concentric tubes, a system was néedeskp the tubes from twisting. This
led to another innovated feature involving a pin and sloesystvhich prevents the pipes from
rotating and from slipping off one another when the sysgeretracted into the fairing.

Steering:

One innovative concept regarding the steering designeofvéihicle was the aforementioned
adjustable handlebar stem. By implementing this aalpststem, not only could riders easily
maneuver their bodies in and out of the bike withoutriatence from the handlebar, but they
could also modify the position of the handlebar totligir personal arm length needs. This
feature is particularly innovative for the 2013 design tearce it is our team’s goal to increase
our competitiveness at the collegiate level. Spedificthe swift exchange of riders that will be

made possible with our adjustable handlebar systenaidilis in the endurance category of the
HPVC competition.

g. Description

Frame:

This year’s team chose to go with a two-wheel recutnbé&e in order to be more competitive
in this year's competition. The ideas for the frame glestame from observing last year’s
competition and previous teams’ concepts. The new frarmsigrdallows us to have a durable
and safe structure, as well as more relaxed seatindndorider. The frame of the bike is also
designed to where all parts can be assembled with eagpalsdof letting any rider, regardless
of experience, control the bike. Basic design elementh s front wheel placement and
steering shaft were taken from various commercial mbant bicycles and applied to a
conceptual CAD drawing as seen below.



Figure 6: Basic Spine of Frame

The design process began with the general layout of the,gpositioning of the seat, pedal
mount, and gearboxes in their intended locations. Téne ghe team basic dimensions and a
place to start designing the rest of the bike. With argémeyout of the spine, various support
systems for holding the bike up started to be designed aldhgnere important features such
as the roll cage, steering, and pedaling system. Witetfeatures and wheel layout selected, the
frame went into development.

Figure 7: Full Frame

When designing the roll cage, measurements of our taitkst were taken to ensure that the
driver's head would still remain within the boundary of tioll cage in the event of a fall. The
next concern was how to protect the arms and bodigeofitler if falling over was to occur. A

side rail running the length of the cabin portion of thenfavas designed to make contact with
the ground well before the rider's body, absorbing the itmf@ce and protecting him/her

during a fall. This particular frame meets our design goldsfety and durability.

Other components of the frame such as the back whepbdts and the front steering column
were designed around a comfortable seating position fotidee In order to allow the rider to
sit up and not pedal at an incline, the front wheel waseplavhere it will not interfere with the
pedal when in motion. This resulted in positioning the tfrvheel as close to the spine as
possible. Maintaining a fork angle of 20 degrees was alspingortant because it allowed the
bike to be easily maneuverable for the exchange ofsiidEhe back wheel was positioned to be
as close to the back of the seat as possible in orderak® ground contact with the same
horizontal plane as the front wheel.

Drivetrain:

An additional aspect of the vehicle design that wassidened was the gear design of the
drivetrain system. On the 2012 SPV vehicle, the team usedspebtl internal planetary gear
hub in their drivetrain design, but the team experiénoany problems from the chain slipping



at the competition. Upon further inspection, it was fotimat the gear hub had been improperly
installed; the mounting brackets had been improperlyreelcto the frame. Because the internal
gear hub is a very powerful and rather expensive dawveelement, our team decided that it
would be advantageous to reincorporate it into our newiclee design, assuring that it was
installed and used properly.

With this aspect of the drivetrain established, our rs@p in drivetrain design was centered
around our team’s desire to increase the gear ratio, anefdhe the speed potential, from the
previous year’s gear ratio of 4.5. Because we had alreatle rthe decision to utilize the

powerful 14-speed internal gear up that our team already dwwme knew that the rear gear

should be a threaded 16 tooth sprocket. Therefore, to s&itb@ gear ratio without using an

impractically sized front sprocket (80+ teeth), we chosdesign a two-stage drivetrain system.
While the front and rear sprockets of this dual stage systere attached either by the crankset
or the gear hub, individual spiders were necessary tohathe two sprockets in the center of the
chain line to their respective bottom bracket shatielated spiders are not common in the
bicycle market except for a handful of expensive proamnefparts that would require the

drivetrain to be redesigned around an entire customizgeémyof spiders and bottom brackets.
To remain cost efficient, the decision was made to desigl fabricate custom spiders for the
vehicle.

Figure 8: 20-tooth Sprocket with Custom Made Isolated Spider

The spiders for this drivetrain system were designed uSlogdWorks 2012, and the
dimensioning of the parts was guided mainly by the bolt-patterns of the sprockets and the
shaft measurements of the bottom bracket they attadh order to keep stress concentrations to
a minimum, sharp corners were avoided where possible.r@st of the spider features were
chosen to optimize the strength-to-weight ratio ftidue lifespan.

Pedaling System:

The innovative pedaling system was designed to accommodsataeiy heights for the riders

without changing the dynamics and performance of the Bike.idea was to keep the center of
mass the same for all riders and simply adjust thelpdotapeople with shorter or longer legs.
This would eliminate concerns about maintaining condisteoke radius for each rider while

keeping human fatigue the same. The concept to haveséparate pedaling cranks with a
bracket connecting them can be seen in the CAD désilguv.



Figure 9: Adjustable Pedaling System

Once the initial design concept was decided upon, mai®edte details such as how the pedal
would move from one position to another were further ldbges. Initially a push button was
designed to hold the pedal into the desired position, henyébricating such an intricate design
proved to be an extremely difficult task to completa itimely manner. Therefore, a redesign of
the locking mechanism was created and would not only blere fabricate, but would also
prove to be a better overall design with more securithe system to ensure the pedal does not
come free.

Figure 10: Initial Locking Mechanism Figure 11: Final Locking Mechanism

With the final bracket designed and the overall concegddyréo be put into production, some
proof of concept work was needed. First a CAD assembly amagted with all the parts
involved, which worked well in the program. Second, two dififercrank systems were attached
to ensure everything would fall into place. Third, a prototyehet was fabricated to prove the
concept of locking the pedals into place using a slide cautibbe.

Figure 12: Pedal and Locking Prototype Figure 13: Pedal LockedaneP



With all the separate pieces fabricated, the final pyptvas created and assembled. Given the
large open area the bike has in front, where the pedalslweuthis made it a very easy to adapt
into the final design.

Landing Gear:

The main purpose of the landing gear is to stabilize tbhembent bike at slow speeds or a
complete stop. The landing gear will act like trainingeels at low speeds, but will retract once
the rider begins operating the recumbent bike at a fasige. Connected to the shaft are two
concentric tubes that touch the ground at a 20° angleamddprings lodged between two plates
to act as suspension. Below is a computer aided design (@aD¢l of the design.

Figure 14: Suspension Based System

The purpose of the suspension system is to provide a kenaade for the driver by absorbing
shock and allow him or her to maneuver sharp turn®eat sheeds. To absorb shock, we needed
to design a spring suspension system, so we contactedl dlst@ess called Cannon Spring
Company to discuss possible springs. Upon hearing what vdeade€annon Spring offered to
make custom springs with variable spring constants for aurTisese variable springs increase
in stiffness as the compression increases, thusrstiffehe springs as needed.

The landing gear is controlled by a sliding mechanism atthtt the right shoulder bar of the

recumbent bike. The stabilization system could theerekiand retract using a cable attached
between a pivot pipe, located on the landing gear, andlithieg mechanism. In order to keep

the landing gear extended, the rider simply hooks thaglitechanism to a fixed shaft attached
at the other end of the bar as seen in figure 15 below.

Figure 15: Sliding Connection Mechanism

To prevent the landing gear from going too far forward, p stas created below the spine of the
frame. The stop is made out of a steel plate and lasdiches cut on opposite sides to fit both
the spine and a prevention pipe, which is also locatatielanding gear.



In order to keep the landing gear retracted, a commotywgpring, which can be purchased at
any local hardware store, was added to hold the system thg aider kept the bike in motion.
Below is a figure showing the retractable spring concept.

/ Retractable Sprir

Figure 16: Spring Retracted Figure 17: Spring Extended

Because it is not ideal to weld the springs onto th&eglaa system was needed in order to
prevent the concentric tubes from rotating and slippifigTdfe method of the choice to prevent

the legs from rotating was a pin and slot system. giheand slot system, another new feature,
works by drilling a hole into the smaller pipes and sintthe larger ones. This system will not

only prevent the legs from rotating, but it will alséo®al the legs to properly compress with the

springs and stop the legs from slipping off one anotbetha system retracts into the fairing.

Below are two figures showing the showing the pin antl slethod as it is being compressed
and standing at free height.

Figure 18: Pin and Slot Compressed Figure 19: PinSlotlat Free Height

Figure 20: Landing Gear/ Bike Assembly



Steering:

The steering portion of the bicycle was designedbéoas lightweight as possible, while still
placing high priority on functionality and comfddr the rider. A crucial aspect of the steering
design was the head tube angle, as shown belowl&6@use the head tube angle is essential for
skillful handling of the bike.

Figure 21: Diagram of Head Tube Angle

Multiple criteria were taken into account when desng the head tube angle, which include
having a competitive turning radius, avoiding hee¢rlap, and avoiding hitting the rider’s legs
during a sharp turn. The design team decided @tasively conventional 70° head tube angle to
satisfy these criteria.

Ergonomics were also considered during the desfgimeo steering system. Because our SPV
team varies greatly in height, an adjustable hdadleystem was of high importance both for the
ability to control the vehicle comfortably as wels the ability to exchange riders without
handlebar interference. By using a handlebar stémam adjustable angle, we will be allowed
to personalize its placement and fold it completely of the way during rider exchange.
Additionally, ergonomic grips were acquired to conbly fit in the rider’s hands, providing a
more enjoyable riding experience overall.

Figures 22, 23, 24: Display of Adjustable HandleBd&em Angle



Analysis

a. RPS Analysis

In accordance with the rules for the 2013 HPVC, the detggm analyzed two static cases of
roll cage loading with ANSYS Workbench 14. The firsading case is a 300 Ib. load applied
horizontally to the roll bar at the rider’'s shouldergie, which simulates the vehicle in a side
crash. As instructed by HPVC rules, the horizontal isagacted by fixed constraints of where
the vehicle seat would be attached to the frame. Thdtses this analysis can be seen in the
figure below.

Figure 25: Von-Mises Stress due to 300 |Ib Horizontal Load on RPS

From this analysis, the design team found that the maxi von-Mises equivalent stress acting
upon the right shoulder side of the roll cage was 4747.3\®n compared to the yield strength
of 4130 steel (63300 psi), a safety factor of 13.33 is calclkate assures the rider that a side
crash would not cause the rollover protection systenfaio In addition, the total elastic
deformation due to the horizontal loading was calculadduk 0.0123 inches, which is much less
than the allowable 1.5 inch deformation standard setiByC rules. This ensures the design
team that in the event of a side crash, the rollgvetection system will not deform such that
contact with the driver’'s helmet or head will occliherefore, the design team is confident that
the rollover protection system will meet the safetying and protect the rider in the event of a
side crash.

The next static loading case that was performed emdlover protection system was a 600 Ib.
vertical load acting downward at the top of the roll &iaa 12 degree angle from the vertical. As
instructed by HPVC rules, the vertical load is reactedipmdfconstraints of where the vehicle
seat would be attached to the frame. The resultsoétialysis can be seen in the figure below.

Figure 26: Von-Mises Stress due to 600 Ib Vertical Load on RPS



From this analysis, the design team found that the maxi von-Mises equivalent stress acting
upon the roll cage was 31985 psi. When compared to the yietthgh of 4130 steel (63300 psi),
a safety factor of 2.0 is calculated and assures the thde if the bike were to flip over, the
rollover protection system would not fail and keep therrghde. In addition, the total elastic
deformation due to the vertical loading was calculateloet®.7 inches, which is much less than
the allowable 2 inch deformation standard set by HPVGrUlkis ensures the design team that
in the event of the vehicle flipping, the rollover protect®ystem will not deform such that
contact with the driver's helmet, head, or body will wrccTherefore, the design team is
confident that the rollover protection system will mdet safety rating and protect the rider in
the event that the vehicle flips over.

b. Structural Analysis

In order to analyze the structural strength of the frahe design team wanted to confirm that
the frame geometry would be able to withstand the weifjhhe team’s heaviest rider, which
weighs in at close to 200 Ibs. Using ANSYS Workbench 14, thggmésam simulated the
resulting stress that the bike would experience under ab20@alding acting on the spine of the
frame where the bottom of the seat would attach tdrémee. For the highest level of accuracy,
the design team used fixed constraints where both tim #mad rear tire would attach to the
frame. The results of this analysis can be seemeirfigure below.

Figure 27: Von-Mises Stress due to Weight of the Rider dfréime

From this analysis, the design team found that the maxi von-Mises equivalent stress acting
upon the frame of the vehicle was 8868.2 psi. When comparéd teeld strength of 4130 steel
(63300 psi), a safety factor of 7.14 is calculated. In additiee total elastic deformation due to
the weight of the heaviest rider on the team was E&aito be 0.0071 inches. With such a high
safety factor and extremely low deformation caused éywbight of the rider, the design team is
assured that the frame will be more than capable testaid the weight of each member of the
team that will ride the vehicle during the competition.

c. Aerodynamic Analyses

In order to substantiate that our fairing design adequaezgluced drag forces on the bike,
SolidWorks Flow Simulation 2012 was used to perform CFBIlyass and calculate the drag
forces that the fairing would experience at differenedgeBy performing the flow simulation at
5, 10, 15, 20, 25, 30, and 35 mph, the full range of bicycle operatiuld be considered and



evaluated against the option of not having a fairing oodgramic device. Table 5 below
includes the results of the seven flow simulationstinaad above. At each speed, the drag force

was set as a global goal for the simulation so thatould quantify the global drag force
experienced on the bike.

Table 5: CFD Simulation Results for a direct frontal flow

8
) )
7 >. 56 2.>=; >25 5.529
> >62 a2 >.962 5.2=7
7 >.=6< .;6; =>> 5.5>5
2> 37 ;29 5.5<7 5.5>>
27 2.797 59 7.29< 5.5>=
5> 5.<2= 2> <.;>; 5.5>;
57 7.>75 45 > 55= 5.5>

By using the fundamental equation for drag force (1) anéwheage air density at sea level, the
could be calculated to signify the total effective fedrdrea that experiences the drag by
using equation (2).

- (1)

— (2)
Because the angle of flow and direction of flow did sbange for the direct frontal flow
simulations, should remain roughly constant if the simulation is aateurlt can be seen in

our data that the ratio of the drag force to the fl@loeity squared is roughly the same for each
simulation, producing the desired constant .
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Figure 28: Graphical representation of the CFD drag comparison éetwairing and no fairing options

Figure 28 illustrates the trend of the drag force witpeetsto vehicle velocity for the solo frame
option, as well as the frame and fairing combinatidrtah be seen that the fairing effectively
reduces the drag force experienced by approximately 50% gta@werating speed. As the speed



increases, that 50% reduction becomes more and moreicghifwhile at low speeds it
becomes inconsequential.

Figure 29: Flow trajectories for the frame and fairing opti@is35 mph

Figure 29illustrates the flow trajectories of air around thenfie option (top) and the frame with
fairing option (bottom) at a projected maximum speed of & (616 in/s). Because of the large
contoured sides and streamlined shape of the fairing, theaenoticeable reduction in the
turbulence of the air coming off of the tail sectionemlcompared to the obvious turbulence of
the no fairing option. Without the fairing, the framedamman body create too sudden of a
pressure differential for the boundaries layers ofatingéo remain laminar, thus creating a large
stagnation point and turbulent vortices directly behivedrider.

In order to simulate a more realistic flow trajegtand operating condition, cross-flow analysis
was taken into consideration. According to the Nati&@lahate Data Center, the average wind
speed for the San Francisco Bay area for the past 75 lyaa been 12.2 mph (214.72 in/s) for
the month of April [1]. Therefore, we simulated therstacase scenario of the average 12.2 mph
being directly perpendicular to our fairing in combinatiwith the seven direct frontal flow
velocities that represent our potential vehicle speatllelé below shows the results of the cross-
flow analysis, including the resultant drag force andetffective area experiencing that force,

, created by the combination of the flows.



Table 6: Cross-flow Analysis Results

It can be seen that the drag forces and the area empeg the drag are much higher for the
cross-flow than they were for the direct frontavil This is primarily due to the fact that the
fairing is large and less aerodynamic from the side. Hewehe data also shows that as the
frontal flow becomes the primary flow, the effectileag force area and drag coefficient get
smaller as the resultant air flow angle is changim) &fecting a slightly different shape at each
speed.

Figure 30: 12.2 mph side/5 mph front cross-flow trajectorff)(le
12.2 mph side/35 mph front cross-flow trajectory (right)

Figure 30 illustrates the difference between the minineait&l flow of 5 mph with the side flow
of 12.2 mph (left) and the maximum frontal flow of 35 nwith the same side flow of 12.2 mph
(right). Despite the velocity, and subsequent drag fdyemg larger for the maximum operating
conditions, the flow characteristics show signifitaress stagnation and turbulence in the
resulting flow because the 35 mph front wind more éiffety counteracted the 12.2 mph side
flow and retained the air boundary layers along the fi¢ise fairing. Unfortunately, if we are
faced with a direct perpendicular flow of more than Jhmt could be difficult to remain steady
and balanced at low speeds. However, the use of antaggiar mechanism would allow for
additional stability at low or take-off speeds when negli

d. Cost Analysis

Cost analysis of our vehicle was performed, and this ybar vehicle was able to be
manufactured at a total of $7,381. Additionally, we caledathe costs associated with
manufacturing 10 of these vehicles per month for the Beyxears which came to a total of
$1,682,487. This figure is including capitol costs, labor, maerand overhead. When profits



from selling the vehicles are considered, we estimatat we would gain $477,512. The
breakdown of allocations can be viewed in the figurewe[6], [7], [8], [12], [14]

Figure 31: Cost Analysis for 2013 Vehicle

e. Other Analyses

Drivetrain:

In order to verify the durability of our sprockets, we stdo simulate the load that our largest
6061-T6 aluminum sprocket experiences when a rider placesriagimum force on the
drivetrain. Through research, it was found that the Jegmmdustrial Standards (JIS) hold the
most stringent safety requirements for bicycle manufawd, stating that a crankset must
withstand a static load of 337 Ib. applied vertically ® pledal [11]. Since the crank length is
6.5 inches, the torque applied to the sprocket at maximroa e calculated to be 2190.5 in.-Ibs,
which correlates to a tension of 572.68 Ibs. in the cliRaferencing the Standard Handbook of
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Chains [5], the following two equations were used to deterthméorce distribution on each
tooth of the 48 tooth sprocket

) (

_ +
%#)

e Y
whereP is total force acting upon a single toatks tangential force upon a single toothis
pitch angle of the sprocket, a#dis the pressure angle for a new chain. After detengithe
forces acting on the individual teeth, the sprocketloaded using ANSYS Workbench 14 in
the manner shown in Figure 32.

Figure 32: Loading Placed on Individual Teeth iguFe 33: Von-Mises Stress Results on Sprocket

As shown in Figure 33, the maximum stress experienced bysphecket was 12,637 psi,
resulting in a safety factor of 1.74, verifying that the sked satisfies the requirements set by
JIS and will be suitable for use in the drivetrain of welmicle.

Pedaling System:

In order to verify that the pedaling system and bracketldv not fail under expected load
conditions, finite element analysis was used on boticems. Using the heaviest expected
weight of a rider and applying it as the force on top efghldal, while constraining the bracket,
we can see below that our pedal system should notHavever, we do not expect a force
anywhere near this magnitude to occur at any given timethenelfore we are satisfied with the
results of the analysis. We also conclude that teeegyis no weaker than a normal pedal crank
setup because the highest stress is located interndhg ipedal shaft, the same location it would
be on a standard crank setup, assuming the same loamiagosi, the stresses would be the
same. FEA images of the pedaling system analysis cagebarsfigures in 34 and 35 below.



Figure 34: Von-Mises Stres®edal Figure 35: Deformation of Pedal

Landing Gear - Pivot Pipe:

When initially analyzing the landing gear system, the detsgm first had to determine what
wall thickness of the 4130 steel piping used for the piyoe piould prevent the pivot pipe from
bending and ultimately causing the landing gear systenfaito Under normal operating
conditions, the design team made the assumptionlibanaximum load acting upon the pivot
pipe would be the total weight of the bike and the dri280 Ibs.) dispersed evenly between the
two weld points. That is, each side of the pivot piprild experience exactly half of the total
weight of the bike and the driver, or 140 Ibs. After testmultiple variations of different wall
thicknesses using ANSYS Workbench 14, a final value of 1/8emaevas determined to be the
most applicable to the vehicle’s needs. The resultseofinite element analyses performed using
this particular wall thickness are shown below.

Figure 36: Von-Mises Stress due Vertical Loading on Landing Geat Pipe

It was found that a maximum von-Mises stress of 41264 mhiaamaximum shear stress of
22434 psi are experienced by the pivot pipe. Using 63.3 ksi fofie¢ltestrength and 36.714 ksi
for the shear strength of 4130 steel, the pivot pipe hasenall safety factor of 1.53 for the von-
Mises equivalent stress and 1.64 for the shear stresse Badety factors are satisfactory and
assure the driver that even if the pivot pipe expeesrtte total weight of the bike and the
driver, the pivot pipe will not fail and will keep theidr from wrecking the vehicle.

Landing Gear - Horizontal Force:

Additionally, the design team had to determine the anolstress acting upon the landing gear
legs if they were to experience any horizontal logdine to potential uneven terrain. For this
analysis, the design team assumed that the maximurohtal force that would act upon one of
the legs of the landing gear would be due to the leg runnitogai bump or falling into a hole at
slow speeds. Since the landing gear would only be in contdicthe ground at speeds between
0 and 10 MPH (14.67 ft/s), the design team measured the awaegleration of the team'’s
fastest rider from those two speeds, which resultedvial@e of 3.997 ft/s"2. Multiplying this
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value with the mass of the bike (8.7 slugs), a resulting 34.7&ltce was calculated as the
maximum total force that would be applied to the end ef@nthe landing gear legs due to the
vehicle colliding with a bump or falling into a hole.

Using ANSYS Workbench 14, this load was applied to a siredlimodel of a landing gear arm.

It was assumed that any force acting upon the landingageawould transfer to the section of
the leg that is at a 20 degree angle. Therefore, therde=agn was able to neglect the 3 inch
section of the large pipe that the wheel attaches\doagply the 34.78 Ib. load directly on the
part of the larger pipe that is at a 20 degree anglalditi@n, the section of the smaller pipe that
is welded to the pivot pipe was fixed since the weld ictstall degrees of freedom of the top of
the smaller pipe.

Figure 37: Von-Mises Stress due to Horizontal Loading on the Landdag &m

The maximum von-Mises stress and shear stress actingtiwpdainding gear leg were found to
be 5620 psi and 3115.2 psi, respectively. Using 63.3 ksi and 37.71 Kse fgield strength and
the shear strength of 4130 steel, respectively, resutsafety factor of 11.26 for the von-Mises
stress and 11.79 for the shear stress. These safadysfassure the rider that if the vehicle were
to experience any horizontal loading due to uneven tertia landing gear arms would not fail
and would continue to balance the rider as expected.

Steering:

Finite Element Analysis (FEA) was performed on thedtelvars and the stem of the vehicle to
ensure that the design would not fail under normal ¢mmdi This analysis was performed using
several different wall thicknesses until the factosafety was in a reasonable range. The FEA
was conducted for this component under the following cmmdit the base of the stem was fixed
and the portion of the handlebars where the gripdoaaed was given a moment of 50 ft-1b
about the stem. The results are shown below.

Figure 38: FEA on Handlebars, Von Mises Stress Results

As seen above, at the specified conditions, the baadé experience a maximum stress of
37,879 psi. Since we were using AlSI 4130 Steel, a materialawteld strength of 63,300 psi,
it is seen that our handlebars have a safety faétb/6@. Because we do not intend to exert this
much force on our handlebars, they are considered dwathlsafe for use.
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Testing

a. RPS Testing

In order to verify the calculated FEA results, we prefed two separate tests to simulate the
loading conditions constructed in FEA. The first test wasducted by tilting the entire frame
backwards at an angle of twelve degrees and firmly suppdieck the frame was in place a
rope was attached to the top of the RPS and 200 pounds wadstirectly downward. This
accurately simulated the FEA calculations and gavea digplacement of 0.25 inches which is
accurate and linear to the relationship of the FEA tatlicun of 0.76 inches of displacement with
a 600 pound load. With the top load scenario accuratabldéise side load was preformed next.
The bike was supported along the spine and held sideway& Whhis position a 300 pound
load was applied to the widest point of the RPS. No nmeage deformation was seen. This
accurately represents the deformation of 0.0123 infdrea 300 pound side load and verifies
that all the FEA for the RPS was accurately and ctiyrealculated, thus ensuring the vehicle
has been sturdily and safely designed.

Figures 39 and 40: Vertical RPS Testing at a 12 Degree Angle

To test the structural integrity of the vehicle while unlbed of the rider the bike was firmly

mounted in the riding position. With the seat in placeider mounted the bike and the
deformation of the spine was measured to be™fGan inch. This variable is slightly higher
than expected but it likely due to compress in the rubberltid not totally deformation of the

spine itself. With all variables considered we are vplygased with the results and are
comfortable in our conclusion that the bike is of arggrand supportive design.

b. Developmental Testing

Fairing Testing:

Testing was an important aspect in the design and optiimiz of the fairing. Since our group
planned on fabricating the fairing out of carbon fibemvas imperative to test various carbon
fiber panels and layups to ensure strength and durability.

Initially, we laid up six layers (6 ply) of 3K plain weagarbon fiber, vacuum bagged the panel,
and infused it with resin using standard VARTM processesthafe allowed twenty four hours
at room temperature for the panel to cure. After thenguprocess, we cut the larger panel into
three smaller panels and took multiple readings of dimmasgo allow for the most certainty in
our ASTM standardized tests [1]. We used these parti@daels to perform a three-point
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flexure test, using university equipment, to determine #@reling capabilities and yield strength
of the carbon fiber. Table 7 shows the results ofthaife testing.

Table 7: 3-point carbon fiber flexure test results

/ o % . 6 11.1:11
3? - .25 9 2 9 =
), 3? -2 2 2 .25 26 22 22
3? -5 2; 27 .22 .26 .25 .26
|
3? - 2.5 2.= 2.;= 2. 3.7< 2.<6
& 3? -2 5.29 5.= 5.2 2.=9 2.9; b.>=
3? -5 5.27 5.55 5.5= 5.57 5.67 5.57
; /; /0 < u /-
% % & 3 ' )9
/ /
3? - K>7.>:> ?2<9> <== > 7=; >22:>.269 7>.575
3? -2 97>.7;5 <7 .=;> =<> > >= 255:5.<7; ;7. 25
3? -5 97;.9;= 2=52.5;7 2.22 >.:2> 262<9.5< ;=.5=2
_ 9>6. ;6 2;>6.>67 .= >.:>9 :56. 27 ;.22

In order to calculate the stress experienced by the pfatarbon fiber, we used the beam theory
equation for a rectangle cross-section that is fixedach end with a load being applied at the
center of the beam. This equation is given by

— o= (3)

where3 is the maximum bending momed#tjs the distance from the center of the specimen to
the outer surface5 is the cross-sectional moment of inertia,is the applied load6 is the
specimen lengtly is the specimen width, al&lis the specimen thickness [1]. The results of this
experiment allowed us to begin making decisions on the nuafbEmposite plies we thought
would be suitable for our fairing. As seen above in Tdbkhe 6 ply carbon fiber was incredibly
resilient to loading and produced an average yield stresmmarimum load on each small panel
of 99: ;! and<=>7respectively. In order to save as much weight as pessibthe fairing, we
determined that the use of 6 plies would not be requ&sdecially considering our plan to
incorporate honeycomb ribs. In addition, we also detexchithat using vacuum assisted resin
transfer molding would not be practical for such a lampt@nvex mold. Instead, we decided to
utilize the standard wet layup and vacuum bag approach tonimeiexcess resin without too
much difficulty.

In addition to the flexure test, we conducted an abrasstito get an idea of what could happen
to our fairing if we were to wreck and slide across gheund. To perform this test we tacky
taped a 37 Ib. aluminum block to the top of each 7.5 in. x 7.panel separately, secured the
block to the back of a bicycle, accelerated the block withbike to 10 mph, and traveled a
distance of 30 ft. across concrete at constant vglddiilizing this method creates a constant
pressure of 0.658 psi on the composite plate, which wevbeabean accurate force considering
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the contact area and weight of our vehicle during a crdsifortunately, 10 mph is not our
maximum speed, but this speed does serve to show the chatiastef each composite plate for
comparison.
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Figure 41:Composite Abrasion Test Plates



Table 8: Abrasion Test Results
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The final test that was performed for the fairing gsa$ was to see whether or not honeycomb
was worth adding to our fairing. To investigate this, wee@duwut a nosecone using MDF and
laid up two different curved panels, one with honeycombaewithout. During this test, we
used a wet layup technique and vacuum bagged them using aeoperature resin. The two
nosecones are shown below.

Figure 42: Nose-Cone Composite Prototype

Once both of these panels had cured, they were inspeatedipare the stiffness and the weight
of each. While the panel with the honeycomb weighed ceqppiately 25% more than panel

without honeycomb (106.8 g and 142.7 g respectively), the stffm@as noticeably increased

across the entire structure. Because the tip of thecnos is such a complex curvature, the
composite system is fairly rigid and strong at thahfpdout as force is exerted along the less
concave edges the nosecone becomes much more flimsy.

c. Performance Testing

Landing Gear Suspension System:

The Crimson Edge’s landing gear suspension system is aalyenew innovative concept from

last year's vehicle, the Crimson Fury. Unlike the Crimgeury, the Crimson Edge is a two
wheeled recumbent bike and requires a greater amowtalufity to ride the vehicle at slower
speeds. In order to do so, the design team added a lagebdmgsystem much like the landing
gear of an airplane or the training wheels of a childrbike. However, contrary to other schools
vehicle landing gear designs, the Crimson Edge has a spgpgrsion system rather than just
straight rigid rods. This allows the landing gear to dbsmy irregular forces due to uneven
terrain and still maximize the vehicles stability.
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To determine whether or not the suspension system woudtidaras predicted the landing gear
was subjected to cyclic compression loading of 200 Ibs.¢twls 60 Ibs. more than half the
overall weight of the vehicle and the team’s heavieitr. After loading and unloading the
landing gear suspension system nearly 300 times, the sumpepsing system still functioned

as designed and the custom fabricated springs with varggoleg constants were still fully

functional. The design team did learn, however, #glying lubrication periodically to the

concentric pipes increased the overall smoothnesfieofcompression loading, which would
allow for a much smoother ride for the vehicle riderimyrcompetition. Therefore, the design
team will be thoroughly lubricating the concentric @ip&f the landing gear system multiple
times throughout the competition to decrease the fatigutheo suspension system and to
maximize the smoothness of the vehicle. Images taken dimengyclic compression loading can
be seen below.

Figure 43: Landing Gear Cyclic Loading Testing

Safety

Safety was one of the primary concerns when designinggheele. Throughout the design
phase, each component of the vehicle was thoroughlyzathto meet the requirements set by
the HPVC and a minimum safety factor of 2 was requiredlbgomponents. If a component did
not meet these requirements, however, it was redebigmd all constraints were met. Specific
components of the bike were designed with a direct gbalaximizing safety for the rider. In
addition to the rollover protection system (RPS), ld&ding gear stabilization system of the
vehicle provides increased stability for the vehicle avsdpeeds and during sharp turns and the
full carbon fiber fairing with Nomex honeycomb ribs foginforcement provides a sturdy,
protective shell for the rider in the event that tehigle were to wreck or fall over.

During the fabrication phase, safety was maintainedtap priority. All design team members
were required to wear safety glasses and to abide by eflimeashop rules set by our University
machine shop director. Additionally, each member of camteent through a safety workshop
provided directly by our machine shop director prior to workmthe shop or using machinery.
Further safety precautions that were taken during manufagtincluded protecting the welders
by requiring that proper clothing and leather protection ey all welders. Team members
were also required to be accompanied by at least one ettmemhember when working in the
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shop. Lastly, any sharp edges that were initially desigrezd @ither chamfered or lined in order
to prevent any harm of other fabricator’s and potential sider

In order to remain safe while fabricating the varicegtihg layups and preparing the fairing
mold, proper safety equipment and facilities were utiliz&hen performing wet layups and
using the epoxy resin system, latex gloves and brushesused to handle and spread the resin
after mixing. In addition, gloves, eye protection, andither face masks were used in a well-
ventilated area when sanding the 2-lb polyurethane faaimg the gap & crack foam, and
applying bondo in order to protect team members.

For the competition, not only is the rider’s safetymajor concern, but their health as well. Each
rider must be fully aware of the physical demands thatrequired by the competition and of
their own physical limitations. If the rider feels shwinded or faint, that rider will be required
to stop and a replacement rider will take his or hacelIn hopes of preventing this in the first
place, the members of our team have been physicalhirtg throughout the semester to ensure
they are in good physical shape to competitively race in ABME HPVC competition.
Additionally, riders are required to wear a safetynfetl that meets all the HPVC requirements
set by ASME. The vehicle also has a full shoulderbsdiathat must be worn at all times. If a
rider fails to meet any of these requirements, hénemall not be allowed to compete.

Aesthetics

Aesthetics were addressed in a number of ways duringefign of our bicycle. One way by
which we addressed aesthetics was the use of a futigaldaving seen teams at previous
competition teams with full fairings, we realized hoee#l and professional their bikes looked
compared with others with partial fairings. Since we @sing a full fairing, we will be able to
paint the entirety of the outside portion of our bicygiejng a clean outward appearance.
Another aesthetical decision is the implementatiothefretractable landing gear with a
suspension system. While some teams we saw at compddisioyear did use a retractable
landing gear, we did not see any that included suspensiohelgge this addition will make
our bike stand out and be visually appealing.

Conclusions

a. Evaluation

The final vehicle matches very well with the designecbyes that our team established. We
sought to have a vehicle that was safe, stable, duradle@nfortable for the rider. We are
certain that our bicycle is safe because of all efREA that we have simulated, as well as the
physical tests that we have performed; our bike should faibtunder normal operating
conditions. Our vehicle promises to be fast, basegrojections that we have made during the
design process. The fairing contributes considerable reductialrag, and the drivetrain is
designed to produce high speeds. Lastly, our bike shouldrb®dable. The bike is sized in a
way that is comfortable for a conventional rider.eTadjustable pedaling system and the
adjustable handlebar position allows for a rider aseha more customized ride. All aspects of
the bicycle should produce a bicycle that will be conaflol¢ and easy to be ridden.

b. Recommendations

There are some modifications and improvements thatldme made in the future for our vehicle.
A potential modification of our vehicle would be to dethe handlebars in an ideal shape to both
give the rider comfort while avoiding the rider’s kneesiler pedaling. One such improvement
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would be the use of frame piping with a smaller waltkhess. Given our factors of safety for
the entirety of the frame was considerably higher thansing smaller wall thickness would
greatly reduce the overall weight of the vehicle. Anotheh improvement would be a slimmer
width for our frame. Having a smaller width would greatlguee the size of our vehicle, which
would ultimately make it more aerodynamic.

c. Conclusion

Overall, our vehicle’s design was completed in accordavitte all of our design objectives:
safety, speed, and comfort for riders of a variety zdssand abilities. As discussed earlier in this
report, safety was our main objective. Throughout the dgsigness, we were consistently
finding safety factors that were considerably highenthaeded, thus ensuring our vehicle’s
safety in the event of a catastrophic event during tmepetition. Additionally, the fairing that
was designed also adds substantial value to our vehicle'aliosafety.

Speed, another major concern, was addressed in a numbayofThe use of the fairing greatly
reduced the drag for the speed portion of competition. e&sm sn the aerodynamic analysis
section, at higher speeds the fairing became more igéeat reducing drag, making the vehicle
perform at a high level.

Finally, comfort was thoroughly included in the design of bilee. The padded seat that was
used in our bike was just one aspect of the design that added tomfort. Another aspect
includes the roll cage extending a few inches past ourdslgiving the rider a more relaxed
position while riding.

In conclusion, our recumbent bicycle met all of our @hitiesign requirements, as well as
competition standards. Since this is our team’s fesent design of a two-wheeled bicycle, we
think we will be more competitive this year and it viié a great steppingstone for the Sooner
Powered Vehicle team in the future.
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Appendix I: Project Schedule

The Gantt chart project timeline for the 2012-2013 Sooner RalWéehicle was created in Microsoft Project, andabmporated
timeline goals in the areas of Research, Design, @84 other analysis), Manufacturing, and Testing.
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