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Abstract

The University of Virginia Humdtowered Vehicle Team has designed a vehicle to
compete in the American Society of Mechanical Engineers HiRoarered Vehicle
competition. However, as the competition races were canceled for this year, the team decided
to focus on designing a vehicle that could be used as a siglgpant commuter vehicle for
dzND Iy GNF @St d ¢KS (SIFYQa F¥20dza 2y GKIFG LI NIGAO
of Charlottesville to reduce singt&cupant vehicle gas usage thgiuwalking or biking when
possible (Albemarle County Board of Supervisors, 2020).

The vehicle is a recumbent tadpole tricycle, with two front wheels and one rear wheel. It
is constructed around a central spine built to provide strength while not addiocgssxe
weight to the overall frame. The drivetrain was designed to be efficient at powering the vehicle
at sustainable power levels for average humans. The vehicle is powered bychamg rear
wheeldrive system, where the power is transmitted from thedals to an intermediate gear,
then to the rear wheel in order to route the drivetrain around the steering assembly. The
vehicle is equipped with a carbon fiber fairing to make the vehicle more aerodynamic.
Ackerman steering geometry is integrated witfi a GtBe®E K S f Fahd-pKibnGystem
transmitting the rider input from an over seat steering wheel to the front wheels. As this
vehicle is intended to be a commuter vehicle, extra effort was put into removing unnecessary
complications from the user ietface. The brake controls are one such system. The braking
system is installed on the front wheels, in accordance with the competition rules, and is
controlled by a single lever on the steering wheel.

Multiple computational tests, such as Finite Elemenalsis and Computational Fluid
Dynamics, were used to test subsystem concepts, verify design choices, and ensure the vehicle
YSSita GKS GSIFYQad RSarady ALISOATAOIGAZ2Ya®

Manufacturing of the vehicle took place in Lacy Hall throughout the 2021 Spring
semester.The frame was the first subsystem to be built, as all of the other subsystems are
dependent upon it. Numerous lessons were learned throughout the manufacturing process, the
most important being timing and ordering of subsystem manufacturing.



Table of ©ntents

1.

2.

Design . XXXXXXPXXXXXXXXXXXXXPXXXXXXXXXXXEXXXXXX)>
1.1 Objective  PODPXXXPPX XXX XXX XXXXPPXX XXX XXX XXXXXXX
1.2 Background X X X X XXX XXX XXXXXXXOPXXXXXXXXXXXXXXXXX
1.3PriorWork XXXXXXXXXXXXXXXXXXDOXXXXXXXXXXXXXXXXX
1.40rganizational Timeline X PPPPX XXX XXX PXPPX XX XX XXX XXX X X X >
1.5 Design Specifications X X X P X X X X X X X X PP X X X X X X X X X X X X X X X X X X
1.6 Concept Development and Selection MethodsX X X X X X PP X PP DX PP X X X X X X >
16.1Frame POPPX XX XXX XXX XXX XXXXXPXXXXXXXXXXXXXX
1.6.2Fairing XPX XXX XXX XXXXXXXXPPPXXXXXXXXXXXXXXX X
1.6.3 Drivetrainn X X PX X XXX XXX XXXXDOPPPX XXX XXX XXX XXX XXX
1.6.4 Steering X X X X X PX X X X X X XX XX XXX XXX XXX XXXXXXXXXX?>
1.6.5 Brakes and Wheel @ X X X X X X X X X X X POX X X XX XXX PPX X X X X X X
1.7 Description X XXPPX XXX XXX XXX XXX XXXXXXXXPPPX XX XX X X
1.72Frame X XXXXXXXPPPXPX XXX XXX XXXXXXXXXXXXXXXX
1.7.2 Fairing X XXX XXXXPPPXXPXXXXXXXXXXXXXXXXXXXXXX
1.7.3 Drivetrain X X X X X XXX PPPX XXX PX XXX XXX XXX XXX XX XXX
1.7.4 Steering X X X XXX XXXPPPXXXPX XX XXX XXX XXXXXXXXXX
1.7.5 Brakes and Wheels XXXXXXPPPPX XXX XXXXXXXXXXXXXXX
1.8 Manufacturing@ @ X X X X X PPPX X X PX X X X X X XX X XXX X XXX XX X X X X
1.81Frame XXXXXXXXPOPPXPXXXXXXXXXXXXXXXXXXXXXX
1.82Fairing XXXXXXXXPOPPXXPXXXXXXXXXXXXXXXXXXXXX
1.8.3 Drivetrain X X X X X XXX PPPX XX PX XX XXX XX XXX XXX XX XXX
1.8.4 Steering X X X X X X X X X ® D P X XXDOXROMRKAIK X X X X X X X X X X X X H
1.8.5 Brakes and Wheels X X X X X XX PPPPX X X X X X X X X XXX XXX XX X X |
MPy dc . A2YSOKIyAOak{SId al ydzFl OGdzNA y 3 X X
Analysis XX XXXXPPPX XXX XXXXXXXXXXXXXXXPPXXXXXXXX
2.1 RPS Analysis X X X X XXX POX XXX XXX XXXXXXXXXXXXXXXPDXH (
2.2 Structure Analysis X X X X XXX ODPX X PX XX XXX XXX XXXXXXXXXXXX
2.3 Aerodynamic Analysis X DX X X X X X XXX PDOX X X XXX X XXX XXX XXX X X
2.4 Cost Analysis PX XXX XXX XXXXXXXXDPPXXXXXXXXXXXXXXXXE
2.5 Other Analyses PXXXXXXXXXXXXXPOPXXXXXXXXXXXXXXXX
2.5.1 Biomechanics Analysis X X X X X X X X DX X X X X X X XX X XXX X X X X X X X
2.5.2 Gear Analysis PX X X X XXX XXX XXXPOPPX XX XXX XXX XXXXXXX
2.5.3 Steering AnalysisP X X X X X X X X X X X PP X X X X X X X X X X X X X X X X X X
Conclusion PX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXX:
3.1Evaluation PXXXXXXXXXXXXXXXXPPXXXXXXXXXXXXXXXXX
3.2 Comparison PXXXXXXXXXXXXXXXXPOXXXXXXXXXXXXXXX)
3.3 Recommendations PX XX XXX XXX XXXXBHXXXXXXXXXXDPX XXX X (

References X X X X X XXX XXX XXX XXXPPOPX XXX XXX XXX XXXXXXXXXX



1. Design
1.1 Objective

The initial objective of the team was to design, develop, and manufacture a competitive
vehicle to compete in the annual HPVC competition with a focus on requirements set by ASME.
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transitioned to an onlinenly format with a focus on design and innovation. The team then
pivoted to focus on developing a humg@owered vehicle that could act as an attractive
alternative to traditional combustion methods for shatistance commtes. From this

objective, the following design objectives were developed.

The design needed to provide a safe, reliable, and comfortable environment for the
rider. The frame was optimized to minimize weight while exceeding the load requirements set
by ASME for the Rollover Protection System (RPS) when tested using Finite Element Analysis
(FEA) in SolidWorks. Pugh design matrices were used when designing the vehicle subsystems to
optimize vehicle performance without sacrificing rider safety. This wasgarerpeace of mind
for commuters looking to adopt alternative transportation methods.

Second, the design must seek to optimize the performance of the rider such that it can
effectively act as a transportation method. Biomechanics research was conducted to maximize
the power generation of the rider. Steering and braking were optimized teexkthe
requirements set by ASME for each vehicle concerning turning radius, stliaiglstability, and
braking. The utilization of an internal hub allows the vehicle to accelerate efficiently from a stop
and perform at a high level throughout a rangegefaring ratios with minimal losses due to
wear and tear associated with external gearing mechanisms. Drivetrain and ergonomic design
were developed in parallel to exceed ASME requirements for speed and acceleration. These
design objectives contributed tihe goal of providing a humapmowered vehicle that is feasible
for use by shortistance commuters.

Lastly, the team sought to improve the manufacturing skills of the entire team by
engaging in handen training in welding, turning, and various other gesdananufacturing
techniques. Additionally, HPVC offered an opportunity for students to collaborate, develop, and
manufacture a complicated design from scratch while having to adapt to the challenges
associated with the ongoing pandemic.

1.2Background

Ou team focused on creating a recumbent vehicle for the competition that can perform
as a commuter vehicle. To address the comfort and difficulty issues of biking, our team
02y RdzOGSR SEGSyardsS NBaSINOK NBftSgryid (G2 GKS
subsystems are frame, fairing, drivetrain, steering, brakes, and wheels.

A review of the drivetrains of humgmowered vehicles created by Cote et. al in 2019 and
Fisher et. al in 2015 was conducted to determine common designs. Most recumbent human
poweredvehicles were found to be in a delta or tadpole design in which two wheels are in the
back or front respectively. Driving a single wheel is the most common way to power the bikes.



The position of the driver is important because it can affect weight tigtion.
Recumbent or more reclined positions are preferred when retracting your leg towards your
body while pedaling because gravity is helping to move the leg along its path. However, one
issue with a more reclined or recumbent position is that it isoytimal for hills because most
of the weight is shifted to the back of the vehicle (Jong, 2006).

The cadence of the driver is also important to conserve energy based on the gear and
the type of cycling being performed, e.g. sprint versus endurance. Rareaspeed
competition, the highest gear and the fastest pace would be optimal. In an endurance
challenge, it is expected that 88 rpm is the ideal cadence. This is based on a study conducted
by Jong showing the most economical cadence to be that whesdtes minimized metabolic
demand, especially in the gluteus maximus (2006).

Warren Beauchamp is a lifelong recumbent huapanvered vehicle competitor and
expert who runs recumbents.com, an informative recumbent vehicle website/publication.
Recumbents.conyitt N2 RdzOSR Yl yeé (1Se& 02yOoSLJia F2-NJ G4KS
powered vehicle including but not limited to caster angles, kingpin inclination, and the location
of the steering wheel or the handlebars. The caster angle is the slope of the verticatbea
with respect to the vertical as shown in Figure 1, and a positive caster decreases the prevalence
of the car drifting from a straight line when not actively steering. This angle was highlighted by
both recumbents.com and in an interview with Basycl€s, a local bike shop. The kingpin
AYOtAYILGA2Y A& GKS y3aftsS 2F (KS KdzoQa |EAE 2F
Kingpin inclination is used to control the scrub radius, a lower scrub radius decreases the effort
required to steeithe vehicle, especially at low speeds (Beauchamp 2018).
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Figure 1: Example of positive caster on a vehicle Figure 2: Exploded view of the steering assembly
(LaFranc 2019) illustrating how the kingpin inclination impacts the
design of the wheel assembly

Multiple sources including a professor from the University of Alabama and
recumbents.com both highlight Ackermann geometsytlae most effective practice when
designing common vehicle steering. This is a geometric arrangement of linkages in the steering
of a car or other vehicle designed to solve the problem of wheels on the inside and outside of a
turn needing to trace out adtes of different radii as shown in Figure 3. This is done by having
linkages attached to the wheel assembly that traces to the center of the rear axle as shown in



Figure 4. The geometry of the frame determines the Ackermann angles and the lengths of
linkages and the relevant geometry can be seen in Figure 4.
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Figure 3. Variable wheel turning radius when roundir Figure 4. Ackermann angles determined via the leng
turn and width of the vehicle

A review of similarhdesigned, commercially available recumbent bikes and trikes
showed a prevalence of two main types of braking mechanisms: caliper brakes and disc brakes.
Caliper brake systems consist of a pair of pads connected by lever arms. Ttertesetraddle
the wheel and apply pressure to the wheel rim in order to stop the bike. Disc brakes, on the
other hand, require a thin metal disc on the wheel hub that the brake assembly squeezes to
stop the vehicle.

As the competition requires asetofNJ { Sa 2y Sl OK FTNRByYyd 6KSSt X
requires two sets of brakes. One problem with using separate brakes on two wheels is uneven
and therefore unpredictable braking; there is a chance the driver applies uneven pressure
across the two systems. Comercial solutions to this potential problem involve controlling two
brakes with a single lever by splitting the brake line.

1.3 Prior Work

Smithinator 2.0 is a new design but previously established manufacturing techniques,
generic steering methodology, dmmaterials were reused. Chromoly 4130 steel was used in the
design, 4130 is widely accepted as optimal for the intended use and is not seen as a carryover
from previous designs. Accepted steering geometries like utilizing a kingpin inclination or
camber agles that impact steering performance are general knowledge in vehicle
RSOSt2LIYSYyd IyR RAFFSNBR FTNRBY LINBQGA2dza &SI NRa
previous teams guided the design process and potential complications the team could face
duringthe design and manufacturing stages. These documents informed strategy and planning
but the design remains completely original to this year's team.
1.4 Organizational Timeline

The team began work on the preliminary designs at the beginning of Septer@d@r 2
The team chose to work with a design that had a strong spine and web. The team then split up
into groups to work on frame, biomechanics, fairing, drivetrain, steering, and brakes. The frame
team worked from late September until November 2020 on thet&Element Analysis (FEA).
FEA was completed for the competition safety loads, the force from pedaling, and the load



from the weight of the driver. The FEA demonstrated that the design had sufficient structural
integrity in all locations except for theont crossbeam. This problem was easily solved since
the rack and pinion system needed to be moved under the frame, so the design naturally
changed. The design shifted again when the tubing sizes were altered, and the FEA again
demonstrated that the desigwas structurally sufficient.

The biomechanics team worked from late September until November 2020 to

determine the best angles for the seat, and the distance the pedals should be away from the
asSrkrd olFlasSR 2y
the frame was being developed. However, the fairing was not designed in SolidWorks until
January because its design was not essential to the designs of the other components.
Preliminary decisions for the drivetrain such as using feet and not handsitd ped front

versus reawheel drive were made when the basic design of the frame was chosen. The more
specific aspects of the drivetrain were finalized by the end of October 2020. The brake team
chose disc brakes over rim brakes and chose specific whignts spokes, and hubs in late
October. All of the component design teams had their ideas implemented into the final design
by the end of November 2020. The teams then got together to work on the final design report

which was completed in January 2021.
Table 1: Timeline
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Frame

Biomechanics

Fairing

Drivetrain

Steering

Brakes

Final Implementation

September|October

November December‘]anuary

1.5 Design Specifications
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requirements for entrance into the ASME Hurrf@owered Vehicle Challenge. The subsystems
governed most heavily by the sayetequirements include the frame, the brakes, and the
steering. The maximum acceptable frame deflection was reduced from the ASME required
value of 5.1cm to 4cm to minimize the risk of rider injury from a collapsing frame during a
crash. A similar approaatias also taken for the brake specifications, where the braking
distance was shortened to 5m to allow for slower rider reaction times if emergency braking is
necessary. The steering turning radius specification was reduced from 8m to less than 6m to
allowfor increased maneuverability. The team chose design specifications that outperform the
competition specifications by an average of2@% to increase the factor of safety of the
vehicle to account for unforeseen circumstances the vehicle could enco@tieer system
specifications were derived from the competition rules. The drivetrain had no specific
competition requirements, so the speed from the braking test was adopted as a target low
effort cruising speed. The size of the vehicle was determined themange of heights of the
team members who will pilot the vehicle. The final set of design parameters came from



usability and competitive concerns. For example, the weight of the vehicle was not specified by
any competition rules, but the team decided argoal weight of less than 100 Ibs to keep the
vehicle lightweight. A lightweight vehicle is ideal for commuters because it decreases the
amount of work the rider has to do. The quantitative values for the design specifications are
summarized in Table Z2ow.

Table 2: Design Specifications

Competition Parameter Value ¢SFYQa 5Sarady {
Parameter
Braking Distance [c  YS G SNBA T NRY xH p|5metersfrom 25 km/h
Stability Travels straight 30 meters at&km/h |Same as competition requiremen
Rollover <5.1 cm of deflection for the top load (<4 cm deflection for top load cas
Protection 5340N, <3.8 cm of deflection for the (<3 cm for side load case
side load of 2670 N
Turning Radius |8 meters <6 meters
Weight N/A <100 Ibs.
Size CAda GrttSad yR |CAGA NARSNB o0Si
clearance between helmetandrollca{g A G K BHé Of SI NI

Furthermore, some qualitative design specifications were also developed to better
enable the use of the vehicle as a commuter vehicle. These specifications mostly centered
around comfort and eliminating typical sticking points in hurpanvered vehicles. Taddress
rider comfort, the team decided the vehicle should be able to be ridden for two-tomg rides
with minimal discomfort. A common sticking point for huraaowered vehicle users is shifting
and getting stuck in an undesirable gear while startingedal. The team wanted to ease
shifting concerns for the driver by enabling shifting while the vehicle is not in motion.

1.6 Concept Development and Selection

A decision matrix or Pugh matrix is a visual and quantitative methodology to compare
possible slutions on key characteristics of the subsystem. The importance column rates the
desired characteristic for the subsystem frord1Then the characteristics of potential
solutions are rated -b on their ability to successfully meet the key characterigtie scores
are multiplied and summed to create a weighted average and the highest weighted average
was the solution. These were utilized throughout the concept development and selection
process to compare and contrast different concepts for each subsyste

1.6.1 Frame

The biggest consideration for the concept development of the frame was whether to
implement a central spine or a web design. The central spine design has a primary backbone
that supports most of the weight. The web design does not haveénagoy backbone, and its
weight is more evenly distributed. The team considered factors such as ease of
implementation, availability of prior work, and weight. The central spine may be easier to
implement because the central spine could be bent so fewetspaould have to be welded

10



together. The team found that there was more prior work available for the web design than the
central spine. Finally, both the web design and the central spine design came out to be similar
weights. As shown by the decision majrihe central spine design is the better choice given the

criteria the team chose to look at.
Table 3: Frame Decision Matrix

Importance (15) Web (15) Central Spine ¢b)
Ease of Implementation|4 3 5
Lightweight 2 3 3
Availability of Prior Worl3 4 3
Overall Score 30 35

1.6.2 Fairing

The vehicle's fairing helps both the overall aerodynamics of the vehicle and an added
layer of safety for the driver. Aerodynamics is a vital component of vehicle design, as it allows
the vehicle to reach higher speeds and achieve higher acceleratiorlesgtpower. This is
especially important in humapowered vehicle design, as the primary power supply to the
GSKAOES 0O02YSa RANBOGEE FTNRY (KS RNAGSNDa tS3a
shell of the venhicle that reduces the drag forcéirag on the vehicle, while also keeping the
fairing as light and functional as possible. As well as this, the fairing design must protect the
driver from minor crashes and possible flying debris from other vehicles on the road. Shape
type and material wer@analyzed to design and create a fairing that prioritized aerodynamics,
safety, and functionality.

The fairing shape was the first decision made in the overall fairing design. The fairing
shape would ultimately influence the overall aerodynamics, coxt,vaeight of the fairing as a
whole. Three shapes were considered for the fairing design:duaityosed, seménclosed, and
a windscreen. These fairing types were assessed by aerodynamic advantage, cost and material
use, protection of the driver, and easé access to the inside of the vehicle. Below is a Pugh

Matrix accessing these factors.
Table 4: Fairing Type Decision Matrix

Importance (15) |FullyEnclosed |SemiEnclosed |Windscreen (45)
(2-5) (2-5)
Aerodynamic Advantagq4 5 4 2
Cost 2 1 2 4
Protection of Driver 5 5 4 2
Accessibility 5 1 4 5
Overall Score 52 60 51

Ultimately, the semenclosed fairing was chosen for best suiting the criteria stated
above. The sernenclosed fairing provided the best traadf between a small aerodynamic
advantage loss compared to the fully enclosed model while providing good adligystsitihe

11



vehicle. Aerodynamics, safety, and accessibility were the biggest factors during the decision

process, seménclosed far outweighed the other options as it also provides ample accessibility.
Fairing material was also a key decision duringféiieng design process. Materials such

as carbon fiber, plexiglass, and fiberglass were assessed. Material use was decided based on

cost, weight, and ease of use when molding. Below is a Pugh Matrix assessing these factors.

Based on the factors consideredrbon fiber was chosen as the best material to use for the

GSKAOf SQa FIANAY3Id ! f GK2dzZAK OF Nb2y FAOSNI Aa @

outweighs the losses from the cost.

Table 5: Fairing Material Decision Matrix

Importance (15) |Carbon Hier (1-5)|Plexiglass (b) |Fiberglass (b)
Cost 3 2 4 3
Weight 5 5 2 3
Molding Ease |4 3 3 2
Overall Score 43 34 32

1.6.3 Drivetrain

Preliminary decisions were made as to how power is to be generated as well as how it is
transmitted to the mechanical drivetrain. The decision as to whether legs or arms would be
used to power the vehicle was fairly obvious because the human leg is typicaie powerful
than the arms. This led to the decision to use pedals because they enable the full extension of
the human leg to generate the most power. In a biomechanics paper by Too in 1993, it was
found that the pedals should be located at a distagc&€ cdn (2 wmmn LISNOSyid 27
their hip angle should be 100 to 110 degrees from their torso, and the driver should be in the
most comfortable position to not waste muscle energy. Driving from the front wheel would
require a delta tricycle framer a mechanism to drive a front axle. Driving a single front axle
was deemed more difficult than adapting biking equipment for a single wheel drive. Not only
were there driver concerns, but there were concerns over how much the chain system might
have tomove during a fronwvheel turn. Ultimately, the reawheeldrive was chosen as the
final drivetrain implementation.

Rearwheel drive raises issues due to how the chain must be routed from the front
pedals all the way to the back. Discussiont wike maintenance experts resulted in a two
chain design system. The pedals connect to an intermediate gearset through one chain and a
second chain routes from there to the rear wheel.

The three main gearing systems considered were mechanical, elécamchinternal
hub gearing systems. Mechanical derailleurs are one of the most common gearing systems used
on bikes and they are widely available for purchase. Adgzd cassette is leftover from last
& S| NI a-pokeled Vekficle team, thus making thigsssem free for our team. The electrical
system is another seriommon gearing system. Electrical systems still rely on mechanical
aspects, but the derailleur, the mechanism responsible for shifting gears, is electronic. The
simpler mechanical derailleur msuch easier to fix compared to the electrical system, in the
case of circuit failure. If the electrical aspect were to fail in a race situation, then the driver

12



would be stuck because it would be too difficult to repair circuitry. This scenario is unaommo
but it must be considered. Furthermore, electrical gearing systems are more expensive than
mechanical systems. A decision matrix is shown in Table 6 below to better illustrate the process
that went into picking the final gearing system for the drivetrai

The internal hub system is a closedelectrical system that resides on the whole wheel
that drives the vehicle. Internal hubs resist wear to shifting mechanisms better than traditional
mechanical and electrical systems because the moving parts regpois shifting are
enclosed in a sealed unit. Neither the electrical or mechanical systems can shift gears while
stopped, but that is a key feature of internal hubs. The internal hub does make it more difficult
to change tires since the whole wheel @rpof the hub. The internal hub can be the most
expensive system, but it is also the most reliable. The internal hub system was chosen because
of its reliability and its ability to shift gears while the vehicle is stationary, which will make it
much easiefor the driver to get the vehicle moving. Furthermore, a gearing analysis was
conducted in section 2.5.1 on the internal hub, sprocket, and chainring setup to determine if
the vehicle would meet speed standards.

Table 6: Decision Matrix for Drivetraind@i@g System

Importance [Mechanical DerailleuElectrical (15) |Internal Hub (1
(1-5) (1-5) 5)

Ease of Use for Driver |4 2 3 4

Reliability 5 2 4 5

Cost 3 5 3 3

Maintenance 2 3 4 4

Integration 3 4 4 3

Overall Score 51 61 67

1.6.4 Steering

Steering choices that were considered were eseat steering or traditional steering
GKIG ¢2dz R L2 3G Sy GlAHNIfée 20N O 2NdkyoRK SANGS |G Ko 2K |
chest on a steering wheel with a steering shaft betweed thNA RSN &a f S3a 02y
pinion assembly. Turning the steering wheel would yield a linear movement of the rack and
pinion assembly that would turn the two front wheels. The alternative is bedeat steering
where a rider's hands would be ptened near the hip. The steering would utilize a series of
tracks and levers to translate a push and pull motion by the rider into the movement of the
wheels. Theoved SI 0 a0SSNAYy3I ¢g2dZ R 6S SIFAASNI (2 AYLIX S
forapdi SY G Al f NARSNIhe-NIRO d& ANJIAD A vy R YLIMRHEZFY | 84SY
chance of failure of the system and increases the attractiveness of such a system for the casual
user.
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Table 7: Decision Matrix for Steering System

Importance (15)

Underseat steering($5)

Overseat steering (b)

Integration 2 4 4
Ease of Use 4 2 4
Safety 4 4 3
Reliability 5 3 5
Overall Score 50 61

To incorporate the various necessary steering angles, Ackermann geometry, and the
rack and pinion assembly a front split axle was the optimal solution. A split axle is where the
two front wheels are not on the same axle but two independent axles for edaelwThis
enables the wheels to move freely from the other which is necessary for Ackermann geometry
but makes braking more difficult which will be discussed later in this paper.

Each front wheel needs to include the head tube that the wheels pivothenaxkle for

the wheel, the Ackermann linkage that pivots the wheels, and the attachment point for the
brakes. When designing this wheel assembly, the team needed the geometries that affect

performance. These include the toe angles and the caster anglelaasthe use of a kingpin
1TAYALAY AyOfAYylFGAZ2Y A&
vertical as shown in Figure 7. Kingpin inclination is used to control the scrub radius, which is the
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lower scrub radius decreases the effort required to steer the vehicle, especially at low speeds.
The competition required a turning radius of >8 meters and the inclusion of a kingpin
inclination would decrease the effort required by the driver to turn the rack and pinion
assembly and achieve the stated design specifications. The caster is integrated with the frame
and improves stralghlnne performance. The design specifications requireightline stability

Fd & ONHzA a8kyi/E and duSdased @ster would decrease the drift of the

vehicle.

1.6.5 Brakes and Wheels
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powered Vehicle Challengpecified a braking distance of six meters from a speed of at least 25
kilometers per hour as a requirement for entering the vehicle in the competition. This

specification served as the initial design goal for the team, but to ensure the vehicle would

meet the competition specifications, the team reduced the braking distance to a more stringent
five meters from the same speed.

Disc brakes were chosen over rim brakes for their more consistent braking experience
across a wider variety of conditions, a vdileafeature for a potential commuter vehicle.
Additionally, disc brakes are easier to install on the front wheels because the brake clamps can

be attached directly to the bottom of the wheel assembly allowing the brake clamps to stay

aligned with the discand the wheels during steering.

14

A

S a

R



Another consideration for the design of the brake system was the brake controls.
Because the vehicle has two front wheels, equal braking force must be applied to both to

provide the driver with a predictable braking feelS OF dza S 2F (G KS O2YLISGAGA 2
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mechanisms must be used. Traditionally, two separate brake systems require two separate
brake levers, but brake splitters alldar one lever to control two brakes and apply an equal
braking force to each. Two potential brake splitters were assessed: a hydraulic brake line
splitter and a mechanical brake cable doubler. The benefits of the hydraulic splitter include
reduced weightless frequent mechanical maintenance, and-sejfialized brake pressure;
however, the hydraulic brake lines can develop air bubbles which lessens their braking ability.
Conversely, the mechanical cable splitter allows for easier maintenance, easieatimsiakhnd

a lower overall cost. After consulting bike repair shop owners, the mechanical splitter was
selected, primarily for easier installation and maintenance. In order to perform optimally, the
mechanical cable splitter only requires the brake calbddse wellubricated, a task much

easier than removing air bubbles from the hydraulic lines. The final cable splitter choice can be
seen below. The brake system components were selected based on the design matrix below.

Table 8: Decision Matrix for Brakgstem

Importance|Caliper Mechanical DigHydraulic Disc
(2-5) Brakes (35) |Brakes (15) Brakes (15)

Ease of Installation on Turning Whel4 1 4 4

Braking ability 5 3 5 5

Ease of Maintenance 2 5 4 2

Reliability 5 3 5 4

Cable Splitter usage 3 2 4 3

Overall Score 50 86 74

The wheel system consists of the tires, rims, spokes, and hubs of each wheel, and is
significantly tied to the brake system, the steering system, and the drivetrain system. A larger
GKSSt owmné F2NJ GKS FTNRY(G | yR HhedinbdrdeFtd NJ (0 KS
provide better traction during acceleration. Commuter tires were chosen for this vehicle
because they offer a good tradeoff between cushion, traction, and weight, and are therefore
ideal for urban HPVs. Because this vehicle is meant piyriar road travel, extra traction to
the degree that would be afforded by a mountain bike tire is not needed. However, the tires
should be able to handle well in all weather conditions, unlike road bike tires. The thin tires
seen on road bikes also pra little to no protection from uneven terrain that might be
encountered during travel. The wheel type decision was aided by the design matrix seen in
Table 9. The frortvheel hubs, spokes, and rims were selected to fit with the decision to use
disc brakesThe rear wheel initially was chosen based on the desired gear ratio specified by the
drivetrain subsystem team, but it has since been replaced by a wheel with an internal shifting
hub, described in the Subsystem Drivetrain section. The front wheel agg@itb the disc
brake assembly can be seen below.
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Figure 5. The fronwvheel brake assembly mounted on the steering head.

Table 9: Decision Matrix for Wheel and Tire Type

Importance (15) |Mountain (£5) [Road (35) Commuter (15)
Traction 3 4 1 3
Weight 2 1 4 4
Toughness (3 3 1 3

Overall Score 23 14 ;

1.7 Description
1.7.1 Frame
The frame for the Smithinator 2.0, as shown in Figure 6, is designed with a central spine
that runs the length of the vehicle, and wraps around over the top to form the roll cage. The
crossbar assembly in the front sits below the central spine to avtedf@rence with the
pedaling. The seat is adjustable and slides along an angled flange, optimized for riders of
KSAIKOGa pQcé (02 cQcéd Ly || Ot AYyAOlIft 0A2YSOKILY
power generation, it is important to have tltiver seated around 75 degrees from the pedals
at a length from 90 to 110 percent of their leg. Biomechanics and frame subsystem teams
worked to ensure the adjustable seat could be adjusted for optimal power generation.

Figure 6. Final frame design

1.7 2 Fairing
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The fairing is a full carbon fiber design to improve vehicle performance and efficiency
and allow for clear visibility. The fairing is enclosed around the bottom of the frame of the
vehicle with an opening on the top side for accessibility. TheA NA y 3Qa NP dzy RSR
maximum aerodynamic advantage to reduce drag without compromising accessibility and
visibility. The seménclosed design also helps protect the driver from most debris on the
roadways while still providing easy acces#hte inside of the vehicle. The fairing was designed
to fit around the frame bottom to provide maximum coverage. The fairing was also designed in
a rounded and flowing shape to reduce higlessure areas. These highessure areas caused
the most significat increase in drag when examining alternate fairing designs. The design
prioritized the comfort of the rider by allowing ample space for limb movements. Ultimately,
the fairing was prioritized to fit the frame while minimizing material use and optimthiag
aerodynamic advantage for the system.

1.7.3 Drivetrain
The vehicle will be driven by a single rear wheel that is powered by the legs of the
driver. The drivetrain will use a twchain connection system to route the chain from the front
chainring to the 27.5 inch rear wheelspeed internal hub. The chosen imal hub is a
Shimano SG001-8 Alfine 8 Speed Rear Hub. This hub can be equipped with a sprocket size of
Mmc¢ Fd I YAYAYdzY FYR GKFG KFa 0SSy aStSOGSR 7
usable sizes for this sprocket, so it was chosen becaisa fiairly common spacing and there
was a good deal left over from previous bikes. A chain will be routed straight down from the
pedals to the first step in a gear train. A second chain would be connected to this first chain
through a bracketed set of ges and then connected to the back wheel. The hain system
allows for straight paths through which the chains will travel, which results in easier modes of
maintaining chain tension. The chainring will be a 38T size based on the gearing analysis done
be¢ GKS GSIY yR GKS FFEOG dGKFG fFad &SFNRa GSKA
detailed gearing and power analysis can be found below in section 2.5.2. Furthermore, The
LISREE T N¥Ya F2NJ GKS OKFAYNRARY3I ildNdssigmtn YY Ay S
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Figure 7. Crankshaft and twehain assembly junction point for the drivetrain. Some parts are not finalized in the
model, but the sizing is accurate.

1.7.4 Steering

An overseat steering method will be utilized for its easkuse for a firs-time rider.
¢KS ther KBt T¢ NIFYO1l YR LIAYA2Y |aaSvyofte gAfft oS
reliable solution for steering that will be able to withstand rain, mud, or dirt. Ackermann
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steering geometry will be utilized by the team to peen tire slip when turning. A kingpin

inclination (18), as shown in Figure 8(b), helps to reduce the scrub radius making turning easier
for the rider. The wheels will have a positive caster of,250f camber, and a PXingpin

inclination as shown ifigures 8. Caster promotes straigime direction by promoting steering
wheel selfcentering.

The axle that the front wheels will turn about will be machined from stock 4140 steel rods
down to the necessary thickness that passes the FEA conducted lgatimebut is also easily
AYOGSIANIGSR Ayi(i2 GREKEASTY QaKOERASYKNRYFIE nwmn
structural tubing, Baja SAE racing, and bicycles for its toughness, high fatigue strength, and
impact resistance making it highly suitabbe &n HPV application. The steering design choices all
stem from the objective to make a reliable and accessible hupwamered alternative to
traditional transportation methods.

Bof Vertical —» _ 5658
UV‘ - Axis Vertical /v \Positive
Ackermann <—— Steering Shaft
Geometr .
y 73*“{7-1_”0 ~——
/ 15°
R'ac':k and Kingpin
zlnlon bl Inclination
ssembly

Figure 8: (from left to right) (a) Top down view of the complete steering assembly and the Ackermann geometry
that is used for steering. The remainder of the vehicle/frame is not pictured and would be above the cutoff of th
(b) Front view teshow kingpin inclination, (c) Side view of the wheel to show the positive caster of the wheel ass

1.7.5 Brakes and Wheels

The vehicle utilizes disc brakes on each of the front wheels that are controlled by a cable
splitter. Disc brakes were chosen to maximize braking ability and reliability. Disc brakes are also
relatively easy to maintain and repair, and replacement pantsraore widely available than
those of other brake types. The mechanical brake cable splitter was selected to simplify the
user interface by reducing the number of levers on the steering wheel. A mechanical system
was chosen of similar hydraulic systemsifatallation and maintenance concerns, as the
lubrication of a cable was deemed easier than repairing hydraulic lines.

The vehicle is equipped with three commuter bike tires. These tires afford substantial
traction on roads in most conditions while nadding excessive weight to the overall vehicle.
¢tKS FTNRYyUG 6KSSfta NS wné AY RAFYSGSNIFYR GKS
wheel was chosen to provide more traction, which is helpful when the vehicle is accelerating.
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1.8 Manufacturing
1.8.1 Frame Manufacturing

The manufacturing process of the frame led to some changes in the design that were
not anticipated earlier on. We found that the availability of metal tubing in the shop drove the
final selection of sizing for the frame. Wehad NBS ljdzt yGAGASE 2F MOPHupé
RSALIAGS 2NARAIAYyIFfte RSaAaIyAy3ad F2NI mé hb5 (dzoSa
pipe, as it barely changed the weight and was more convenient. We found that small changes in
the design in order toninimize costs and time of manufacturing were usually considered worth
it. Additionally, ease of welding was very important during manufacturing, and as a result a few
aspects of the design were changed in order to accommodate for easier and stronger Aaid
SEFYLX S GKS LXIFiSa 6StRSR 2y G2 G4KS o6l 01 SyR
were originally designed to slot into the ends of the tubes. However, we found that it was much
easier to weld and much more secure to weld the plateshigide of the tubes, with a gap to
allow for solder to form.

The manufacturing process involved utilizing machines such as a pipe bender, a
bandsaw, Metal Inert Gas (MIG) and Tungsten Inert Gas (TIG) welding machines, a pipe notcher,
and a water jet. Théeam began by manufacturing the central spine and then building
outwards starting with the roll cage. This was for convenience and to ensure that the design for
the most central parts of the vehicle would not need to be altered at any point. The frame was
welded mainly using TIG welding with MIG welding used for some of the tacking. Medium
density fibreboard (MDF) was cut using a water jet and was used to hold the pipe steady so that
there would not be warping due to welding. A pipe notcher was used tomtite pipes at the
correct angles and a bandsaw was used for all flat cuts. The roll cage consisted of several pipe
bends which allowed for fewer welds. However, the pipe bender was not as precise as the team
had anticipated and therefore a few frame adjments had to be made. The manufacturing of
the frame also included working with other subsystems such as wheels and brakes, drivetrain,
and biomechanics. For example, the frame team cut and welded a steering shaft and pipes to
hold up the pedals and woekl with the other subsystem teams to verify their placement
before fully welding them on.

1.8.2 Fairing Manufacturing

The manufacturing of the fairing added changes to the overall design of the original
fairing more than what was originally expected. @efthe manufacturing process, the fairing
was designed to optimize the aerodynamic advantage of the vehicle. Very little was considered
about the feasibility of manufacturing. Since there was little time at the end of the semester
and little expertise irthe molding process, the fairing design was simplified. The new design still
optimized aerodynamic advantage, but is much smaller and more feasible to create. The design
still prioritized the safety of the user and made the overall fairing a lot lighter.

The overall manufacturing process is still occurring at the moment. First, a male mold
was designed inside the fairing using solidworks. Originally, the team planned to create a male
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mold to create a female mold to then mold the carbon fiber for betteustural support of the

mold. After further research and expert advice, it was determined that because of the shape we
were molding, this would be another unnecessary step. The mold was split into two inch thick
slices and cut down the middle for sectiogipurposes. Rigid insulation foam was purchased

and brought to the Architecture School at UVa to be cut by precision cutting and drilling
machinery. The cut foam is then glued together into its two separate halves. The separated
halves are then cut down a@msanded into a smooth curve that fits the exact fairing design.

After the male mold has been left to dry, the molding process is ready. A vacuum bag, rope (for
air and epoxy flow), peally, carbon fiber layers, shrink wrap, and the male mold are layered
that specific order. Epoxy is injected into the vacuum bag and rope. The system is placed under
a constant vacuum until dry and solid. This process is repeated until the fairing is rigid and
sturdy. After being left to cure, the fairing is ready for asel testing.

Multiple lessons were learned during the design and manufacturing processes. The most
vital lesson learned came from the consequences of not designing the fairing in parallel with
the frame design. A suggestion for future teams would bérgh come with a set and feasible
fairing type. After this, design the fairing with parameters and dimensions that can be easily
edited with the adjustment of the frame. The frame was an ever changing entity. Our team
waited until the frame design was #fized to design the fairing. Future teams should design
then both in tandem to create the most effective design in a safe timeline.

Figure 9: Fairing design over the male mold model
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Figure 10: Layered materials in correct order during the molding process
1.8.3 Drivetrain Manufacturing

Manufacturing added changes to the drivetrain beyond what the design process
expected. The creation of the interstitial gear to route the chain to #e wheel required
several innovative ideas. The rest of the parts were straightforward and could be bought and
applied as they were. The interstitial gear was created using a sealed cartridge bottom bracket
that was suggested by Peloton as the easiest twwayeet our needs. The original plan was to
weld sprockets onto the bottom bracket but Sebring advised against that method because it
may damage the bearings. This was remedied through a series of spacers, washers, and bolts
that could hold the sprockets place. Furthermore, a frame piece was purchased to hold the
gear completely still and that piece was welded to the bike for the best connection to the bike.
The frame piece works by threading the outside of the bottom bracket into the inside of the
frame tubing. From there, the entire gear was fitted into holders that were made by the water
jet, and then welded to the vehicle.

Another aspect of the chain system that had to be adjusted was the second half of the
chain system. The length of the secondioha much longer than a normal bike chain, thus it
requires a tensioner to keep the chain as tight as possible. This was not planned for, but the
tensioner is necessary to ensure the chain does not rub or slip on its path to the rear wheel.

Beyond these @ditions, the internal hub was purchased and put together on the rear
wheel with the help of Peloton. The hub came with both a 16T and a 22T sprocket, the latter
being on the wheel currently. Furthermore, two 22T sprockets are in place on each side of the
interstitial gear. The chainring is a size 32T, but there is also a 38T that can be implemented
with a few tweaks to the chain size. The current gear ratios will work based on the detailed gear
analysis.
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Figure 12: Front half of twohain system and the 32T chainring.

1.8.4 Steering Manufacturing
Manufacturing of the steering involved two critical areas of design, the head tube

assembly the wheels and brakes rest on and the steering shaft that translates the movement of
the steering wheel to the rack and pinion.
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Manufacturing of the head tube asmsbly stayed true to a majority of the design
choices including the utilization of a kingpin inclination, positive caster, and Ackermann
steering. The manufacturing however proved to be a difficult process due to the specificity
needed when pipaotching hese sections. The cantilevered axle that the wheel rests on was
from a solid stock tube of steel turned down on a lathe to fit in the wheels bearing. The stock
aiSSt UKSy KIR CGF nmon LI GSa ¢gStRSR (2 Ad GK
ackermann angles and the attachment point for the disc brakes. The use of solid stock steel and
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weight for excessive strength. FEA analysis should be performed baseghicle weight and
forces experienced to potentially reduce the weight of this assembly. When welding the head
tube assembly the metal is prone to expansion and consequently changing the angles you have
used for the steering geometries. To combat thikS was used to get an initial tack before
exposing to lots of heat when doing the final TIG weld.

There were concerns prior to manufacturing that the steering shaft would have a
periodic nature of rotation translation due to the use ofaints. Howevethe support for the
steering enables the-joints to be within their working angles laid out by the manufacturer and
thus the translation of the rack and pinion was linear and predictable. The rack and pinion used
by the team to turn the wheels performedantended when the steel tie rods were connected
to the Ackermann geometry.

Steering manufacturing required close collaboration with the brakes and wheels,
biomechanics, frame, and drivetrain systems in order to function properly. Collaboration, open
commnunication, and online video conferencing to effectively manufacture the system in a
COVID safe manner.

1.8.5 Brakes and Wheels Manufacturing
Many of the lessons learned in designing and implementing the brake system revolved

around the integration of the brakes with the vehicle. One such lesson was that disc brakes are
really only designed to be mounted on one side of a bike wheel, typicalieth This means
that for a tadpole trike (two wheels in the front and one in the back), both the brake caliper
mounting and cable routing for the other disc brake can quickly get complicated. In a tadpole
trike configuration, both front wheels are reqaed by the ASME HPVC to be equipped with
brakes, so this problem is only avoidable by using a different vehicle configuration or braking
system. Another lesson came in developing the interface for controlling the brakes. The biggest
challenge for this pardf the design came in finding or creating a steering wheel or handlebars
that would both fit the brake lever and not obstruct the rider entering and exiting the vehicle.
This requires close collaboration with the steering and drivetrain subsystem teaemstoe a
design is reached that satisfies the requirements of all three subsystems.

Design and manufacturing of the brakes and wheels subsystem required a great amount
of collaboration with the steering team. Because the vehicle is steered by its florglsrand
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the necessity of frontvheel braking, the brakes had to be mounted in such a way that they
would stay aligned with the wheels while the vehicle turns. Ultimately for this vehicle, this was
accomplished by mounting the brakes to the steering hé&zare was taken to ensure that the
brake mounts did not affect the steering. Another area of collaboration with the steering team
was the user controls. The brake lever or levers chosen needed to fit the steering wheel or
handlebars selected by the steegisubsystem team. Work with the drivetrain team was also
necessary to select a rear wheel that could accommodate the internal hub.

1.8.6 Biomechanics/Seat Manufacturing

During manufacturing, the height and leg length measurements taken at the beginning
of the design process were crucial for seat placement and installation. In addition, design
choices such as a rotatable seat and telescoping piping had to be altered for practicality
NElFazyad ¢KS aSkdiQa | Radzadl oA fasflughshediindtal y 245 Ay
plates as the adjustable mechanism.

2. Analysis

2.1 RPS Analysis

The goal of the RPS analysis was to verify the safety of the rider in the case of a vehicle
rollover, and optimize the strength/weight of the vehicle. Other factoughsas debris from a
ON} aK> OFy FFF¥FSOG GKS NXRSNIéagesslthe frinargfactorz 6 S 3S N.
in protecting the rider. The team used SolidWorks FEA to analyze the effect of the two RPS load
cases described in the rules. The framedel was designed with the SolidWorks weldments
feature, which allowed the elements to be analyzed as beams. When meshing, beams are
broken up into a straight line of elements evenly distributed, then results are calculated using
the moments of inertia ofhe crosssection.

For these simulations, the mesh contained 426 beam elements. The fixtures holding the
frame were held at the beam joints closest to where the seat would be mounted on the frame.
The first load case consisted of a 2670N force applieche@sd and back 12 degrees from the
vertical to the top of the roll cage. The second load case consisted of a compressive side load of
1330N. In order to satisfy the safety requirements of the competition, these loads were not to
induce elastic deformationsf 51mm and 38mm, respectively, or inelastic deformation
anywhere on the vehicle.

¢KS FTANRG RSA&AAIY AUGSNIGA2Yy dzaSR nmon &GSSt
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model weighed over 160Ibs, so it had to be reduced to meet the design specification of
weighing <100lbs. After conducting FEA, it was found that the largest displacements were less
than 20% of the allowed maximum, confirming that the franteicture could be safely
GKAYYSR® ¢KS ySEG RS&aA3IYy dzaSR GKS alyY$S YI GSNA
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keeping the overall weight under 100WMjth the frame coming in at a weight of 70lbs. The
maximum displacements of this design remained well below the allowed elastic deformations
of 51mm and 38mm, respectively. Additionally, both load cases kept the upper bound of the
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stresses significantly b@awv the yield strength of the material. However, in the early planning
stages of manufacturing, we found that this design was still much heavier and stronger than we

YSSRSR® !'a | NBadzZ G ¢S | 3IFAYy NBRdIdzOSR GKS OSy
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the displacement and stress plots of the top load and sidé loases for the final design.

Factors of safety were calculated for both load cases by dividing the yield strength by the

maximum axial and bending stress. These came out to 3.28 and 2.96, respectively. This led the
team to conclude that the vehicle waafe enough.
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Figure 13. Top load case resultant displacement and upper bound stress plots (final design)
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Figure 14. Side load case resultant displacement and upper bound stress plots (final design)

2.2 Structural Analysis

For the other structural analysis conducted on the frame, the team used FEA again to
analyze the pedaling force and the load from the weight of the driver. For the purpose of this
analysis, a pedaling force of 2000N was used which was derived from thietwetbe driver.
This assumes the rider is not accelerating upwards or downwards. If the average force of an
80kg rider is 800N, then the maximum can be described by twice that, 1600N. However, a
cyclist can pull down on the handlebars, or in the case &cumbent tricycle, push on the back
of the seat. This can increase the maximum force. The estimated maximum pedaling force on
one pedal was thus estimated to be 2000N. The setup for this FEA was similar to the RPS
analysis, except the mesh was refinddhae crankshaft and the crankshaft support. This
increased the number of elements to 473. Additionally, the 2000N pedaling force was directed
at the end of one side of the crankshaft, pointing towards the front of the vehicle. A
displacement of 6.00 mm vgafound at the front crossbar of the vehicle and a stress of about
39.1 ksi was found on the beam holding the pedals (Figure 11). This is significantly under the
yield strength of 66.7 ksi. The effect of the force of gravity and the weight of the rider
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(estimated 800N) were analyzed next. The FEA was set up similarly to the RPS analysis here as
well, except the weight force was directed downward at the base of the seat, gravity was

applied to the whole simulation, and the model fixtures were placed awtheel axes. The

maximum displacement was at the top of the vehicle at about 2.66 mm, and the maximum
stress was found at the ends of the front crossbar near the wheels at 11.4 ksi (Figure 12). Again,
this is significantly less than the yield strength of/6ksi. Factors of safety were calculated for

this analysis in the same manner as the RPS analysis. These came out to 1.71 and 5.85,
respectively. This led the team to conclude that the vehicle was safe regarding pedaling force
and weight load.
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Figure B. Pedaling force resultant displacement and upper bound stress plots
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Figure 16. Gravity and rider weight resultant displacement and upper bound stress plots

2.3 Aerodynamic Analyses

For aerodynamic analysis, Computational Fluid Dynamics (CFD) waS€Ek8edas used
to assess the preliminary design of the fairing. Using 3D computer software, airstreams were
simulated on both the vehicle with and without a fairing to determine the drag force on the
vehicle. Air properties such as temperature and pressuges held constant in both scenarios
to get an accurate comparison. A moving velocity of 15 m/s was also set as an initial condition
for both scenarios. Flow trajectories over the vehicle with and without a fairing under these
initial conditions and velaty vectors can be seen in figure 13.
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Figure 17. Air streamlines without (left) and with (right) the preliminary design of the fairing

Through CFD analysis, it was discovered that preliminary fairing concept designs had
high-pressure areas around sharp edges and abrupt curves. Thespieiggure areas greatly
contributed to the amount of drag force on the vehicle during forward movemeatmitigate
these highpressure points, edges were made were rounded and curves were made more
gradual. After CFD analysis, it was determined that the drag force on the vehicle without the
fairing is 55.3 N, while the drag force on the vehicle with therfg is 31.8 N. The fairing
reduced the drag on the vehicle by 42.5% at a constant velocity of 15 m/s. Because of this large
reduction in drag and the little weight the fairing adds to the vehicle, the fairing was decided to
be a necessary asset to the P

However, in the preliminary stages of the manufacturing process, it was found that the
fairing design shown in Figure 13 was going to be too difficult to manufacture, given the current
resources and timeline. A simpler, less enclosed fairing was gealas shown in the drawing
view on page 2. Although no CFD was conducted on this new design, the team still believes that
GKA& FEANAYIQa STFSOUAGSYSaa o6l NNFYyida (GKS LINE
2.4 Cost Analysis
Funding was requested from the University of Virginea a SOKI yA Ol f 9y 3aAyS
Department, the Experiential Fund, and the Parents Fund at UVA. A total of $4218 was
allocated to the team. Because of the ASME HP\erson cancellation due to COVID, all
costs such as transportation and travel expenses e cut from the initial budget. All
funding received will be allocated solely to the material cost and fabrication of the HPV. The
University of Virginia will provide all tools and machining equipment necessary to complete the
fabrication and researchfahe HPV. No third party labor costs were necessary as all labor will
0S LISNF2NX¥YSR o0& (KS addzRSyida Ay (GKS ! yADBSNEAID
A large portion of the budget will be allocated solely to raw material costs. Steel tubing,
steel plating, and carbon fiber sheeting will be the most significant raw material costs.
Assembled bike parts are also estimated to consume a large portion of the budget and will be
purchased through local bicycle shops. Overall the vehicle is estimatedtamund $2,469.
This estimation is well under the funding that was received. A summarized breakdown of
estimated costs based on current market prices for parts is displayed in Table 10 below.
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