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Abstract 
The American Society of Mechanical Engineers (ASME) hosts the annual Human 

Powered Vehicle Challenge (HPVC), in which student design teams from universities and 

colleges around the world design, build, and compete human powered vehicles. A human 

powered vehicle is just any vehicle whose motive power comes from the exertion of its 

driver(s). The University of Arizona’s (UA) entry in the 2016 HPVC West, Magnum, succeeds 

Blue Steel (2013), Le Tigre (2014), and Ferrari (2015). It is the most ambitious project 

undertaken by the UA human powered vehicle team, featuring a carbon fiber/aluminum 

hybrid frame and full fairing, and a custom built steering system. An onboard electronics 

suite includes turn signals, a traffic horn, and a novel Roll Alert System, an Android app 

developed by the team to alert everyone in the event of a vehicle rollover or crash. Both the 

mechanical and electronic systems were designed and built from the ground up by this year’s 

team. Magnum is also the best-performing UA human powered vehicle in recent history, 

earning Top 10 ranks in the 2016 HPVC West’s Design and Innovation categories, and 13th 

overall. 
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1 Introduction 
 

1.1 Scope of the Document 
This final report is a detailed write-up of the design method, final design concept, 

construction, testing, and performance of Team 15001’s design project, Magnum. This 
document demonstrates how the team planned to meet the project requirements and then 
how the team actually met those requirements. Summaries of the Preliminary Design Review 
(PDR) and Critical Design Review (CDR) are included to justify decisions made in regards to 
the final design concept. In addition, it documents the manufacturing and testing methods 
employed by the team over the past five months, and highlights any changes made to the 
design since the CDR. The status of all requirements will be reviewed. The rest of the 
document will cover a project management update, risk analysis, and budget. References and 
appendices are attached at the end of this document for reference. 
 

1.2 Scope of the Project 
For the 2016 Human Powered Vehicle Competition, Team 15001 designed and 

manufactured a human powered vehicle by the competition date. This design’s major 
components consist of three distinct parts which were integrated into a complete vehicle. 
Those parts are as follows: a frame, a drivetrain, and a full-body fairing. The frame had to 
meet or exceed appropriate factors of safety for the design. The frame also had to be 
lightweight and reasonably low cost. It was completed first, as it determined the critical 
loading points needed to integrate the drive train and fairing components. The drive train 
was designed to allow the minimum power input from the rider to achieve the maximum 
power output from the system. This can be done in several ways with different gearing 
methods. The final component is the fairing, which had to be sufficiently lightweight so as 
not to exceed the customer’s desired maximum weight of 60 lbs. There were no material 
restrictions; however, the rollover protection system (RPS) requirements assisted in 
material selection. The majority of the design, testing, and construction were completed by 
the senior design team. However, we would like to recognize the invaluable contributions of 
the rest of the club members in bringing the project to fruition. 

  

1.3 Project Expectations 

Team 15001 was expected to compete in the 2016 American Society of Mechanical 
Engineers’ Human Powered Vehicle Challenge at the end of April. This team was also 
expected to provide sufficient documentation to allow subsequent teams the ability to build 
upon their data and research. The completed vehicle and documentation will remain in the 
possession of the UA|ASME club. 
 

1.4 Customer Description 
The sponsor for this team’s entry in the 2015-2016 ASME Human Powered Vehicle 

Challenge is the UA|ASME student club. This chapter exists as a support network for students 
majoring in engineering and provides an introduction to the mechanical engineering 
industry. The club has participated in the competition the last few years and would like to 
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add an exciting final addition to the Zoolander series. The club would like to use this 
opportunity to help establish UA|ASME as a strong design among others on campus. 

 

The ultimate customer is viewed as the testing and grading criteria of the ASME 
competition. The team’s vehicle will not be mass produced for sale, but the global perspective 
on the needs of this vehicle is well reflected in the competition. 
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2 System Requirements 
 

The requirements listed in the first table shown were provided to us by the ASME 
HPVC competition rulebook. The status of this requirements will be reviewed after the 
design and construction are detailed. The requirement in bold at the bottom of this table was 
added on at a later date during the design process, due to a change in rules since the 2015 
competition. 

 

 
Table 2.1: Safety Requirements 

 

 The table of requirements shown below was constructed entirely by our sponsor’s 
guidelines and our team goals for competition. 
 

 
Table 2.2: Performance and Utility Requirements 
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3 Summary of PDR Results  
 

Unlike other projects, the human powered vehicle is a combination of several key 
systems. The team first had to construct the rolling chassis and then fabricate a fairing 
around it. Electronics and other subsystems were then installed inside the vehicle. Due to 
the nature of the project, the team could not easily predict which fairing and electrical 
systems would work best. This made selecting the “best” design difficult due to the 
compatibilities that had to be taken into account. To help guide the project in the direction 
the team felt would satisfy the system requirements and produce a worthy competitor at 
competition, different designs of each component underwent a preliminary trade study 
analysis. The results are tabulated below. 

 

 
Figure 3.1: Weighting Scale Used to Rate Each Component 
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Figure 3.2: Frame Configurations Trade Study 

 
Three wheel configurations beat out the two wheel recumbent due to its higher 

reliability during competition and not having to worry about balancing which helps with 
safety. It was a close decision between tadpoles and deltas, but having constructed tadpoles 
in the past and also seen how deltas fared at the competition, it was an obvious choice. There 
is a small penalty in aerodynamic profile but it makes up in safety due to our comfort driving 
similar vehicles in the past. 

 

 
Figure 3.3: Frame Material Trade Study 

 
Steel would have been very easy to fabricate, but would have increased the vehicle 

weight greatly. In order to satisfy the weight requirement of under 60 lbs, full carbon fiber 
would have been the ideal choice. Without experience in composite fabrication, the team was 
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not confident about relying purely on carbon fiber. In the past, before bicycle part companies 
like Shimano were comfortable in the carbon field, they made hybrid carbon-aluminum 
components. This would have the strength and low weight of carbon with the reliability of 
aluminum, which is the conclusion the team came to. 

 

 
Figure 3.4: Fairing Shape Trade Study 

 
Having not built a fairing in the last 3 years, this trade study may be a little biased and 

based solely on images and how common they appeared at the previous competitions. The 
“dolphin” won by a large margin because the team believes it is the most appealing and with 
the right manufacturing process, can serve us very well during the competition. 

 

 
Figure 3.5: Steering Control Trade Study 
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Tank steering was a configuration found on the 2015 human powered vehicle Ferrari. 
It was counter-intuitive and resulted in unstable driving. From the trade study, under-the-
seat steering came out on top. This style mimics steering similar to a regular bicycle so it was 
the ideal choice. 

 

 
Figure 3.6: Innovation Trade Study 

 
The idea for an innovation was discussed for some time, but the roll alert system or 

RAS really got the team talking. It was definitely something that hasn’t been showcased at 
competition before and its potential is endless. The ability to have this system in any vehicle 
with a smartphone was a big selling point.  RAS was the obvious winner in this category. 

 
To summarize the results: the 2015-16 Human Powered Vehicle Team at the 

University of Arizona was to design and build a tadpole recumbent made of a carbon-
aluminum material with underseat steering, a dolphin-like fairing, and include a roll-alert 
system via smartphone. Electronics would also be added to power and control vehicle lights. 
Between the PDR and CDR, several changes were made. After consulting with one of the 
project contributors, Ajo Bikes, the team opted for direct steering, which is an over-the-seat 
style steering system. Direct steering gives a lot more control at higher speeds, giving a 
crucial safety factor during max-speed tests. Another suggestion, from the project sponsor 
ASME, was an electric bicycle horn. This would be appealing to consumers who drive in 
urban areas and want to alert other automobiles or pedestrians of their presence. Initially, 
the team was going to commit with the standard wheel set up of two 20” wheels in the front 
and a road bike 700c in the rear. Having experienced torsional issues in the past and 
difficulties with efficient pedaling strength, the team has decided to go with 20” wheels all 
around. This dropped the required pedaling force to get the vehicle rolling, increasing 
comfort for the non-cycling driver. 
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4 Top-level Design of Final Design Concept 
 

The final selected design, which is a tadpole recumbent with a fully-enclosed fairing, 
will be discussed below. Later in this report each subsystem and subassembly design is 
discussed in greater detail. Each section includes design specifications and analysis. An 
overall system assembly diagram is provided in Figure 4.1. 

 
Figure 4.1:  System and Subsystem Assembly 

 

The 2015-16 University of Arizona Human Powered Vehicle draws inspiration from 
popular Australian-raced designs. Low center of gravity, small aerodynamic profile, and 
oversized drivetrains are characteristics of these vehicles. A trend seen in the recent years is 
the transition from two-wheel recumbents to three. By taking balance out of the equation, 
vehicle drivers can navigate the course safer and respond to obstacles—such as potholes and 
disabled vehicles—easier. 
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Figure 4.2:  Australian Human Powered Vehicle Super Series 

 
The critical components of the vehicle are the frame and the fairing, with the 

drivetrain and electronics as an additional subsystem. Both the frame and fairing design 
require extensive research and analysis to satisfy the requirements set by both the ASME 
competition and club sponsor. Before the fairing design could be completed, the frame had 
to be finalized and constructed to determine the necessary dimensions and mounting points 
for the fairing. The figures below are renderings of the concept the team initially settled on. 

  

 Figure 4.3: Fairing Concept     Figure 4.4: Frame Concept 
 
The following terms have been defined to assist in the explanation of the vehicle: 
 Recumbent : In a reclined position 
 Tadpole Configuration: Tricycle with two front wheels and one rear. 
 Fairing: Aerodynamic shell that encapsulates the frame and driver.  
 Roll Protection System (RPS): A system that protects the driver in the event of a 

rollover or crash. 
 Drivetrain: Refers to the gearing system that translates power from the human to 

the drive axle.  
 Rolling Chassis : The frame, seat, wheels and drivetrain of the vehicle 
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5 Subassembly and Interface Design 
 

5.1 Rolling Chassis 
A tadpole frame, an adjustable recumbent seat, and a bicycle drivetrain are 

components of the rolling chassis. The frame design is dictated by most of the drive 
components and can vary depending on the characteristics desired. Although the team was 
not yet sure how the seat would attach to the main body at this point, the general design and 
geometry were based off pre-existing models. Manufacturing of the drivetrain was simplified 
by utilizing the same drive components as a bicycle. 

 

 
Figure 5.1.1: Side View of Rolling Chassis 

Note the three 20 inch wheels, which allow for a very compact, low riding design. 
 

 
Figure 5.1.2: Top View of Rolling Chassis 
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Figure 5.1.3: Center of Mass with Driver (155lbs) 

The position of the center of mass distributes about two thirds of the vehicle and driver weight to the front 
wheels and one third to the back. This gives the optimal balance between handling--which improves with more weight 

toward the front--and drive traction--which improves with more weight toward the back. 

 

5.1.1 Frame 
The frame is the most significant component of a human powered vehicle. There 

are several common frame designs used in the bicycle industry. The most aerodynamic 
frame is the one with the smallest frontal area, and thus, recumbent style frames are often 
used for competitive human powered vehicles. The two most common types of three-
wheel recumbents are the delta and the tadpole. 
  

 
Figure 5.1.4: Delta                                                           Figure 5.1.5: Tadpole  

 
Figure 5.1.4 is an example of a delta-style recumbent. With one wheel in the front and 

two in the rear, the indirect-steering mechanism has a much closer feel to a regular bicycle. 
As shown in Figure 5.1.5, the tadpole recumbent can be configured with direct-steering for 
greater feedback. The design team opted for the tadpole due to its reliability and having prior 
experience building this configuration.  

 
During the initial sketches, the team set specific dimensions and parameters that 

mirror pre-existing frames such as the Catrike 700 [1] and the Trump Trike TX15 [2]. Due to 
some restrictions, such as ground clearance and the range of driver height and shoulder 
width, Magnum ended up a tad bit taller than the 700 and TX15 and had a larger turn circle. 
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Table 5.1.1: Market Dimension Comparison 

 

 
Figure 5.1.6: Preliminary Sketch - Side View - Main Beam 
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Figure 5.1.7: Preliminary Sketch - Front View - Cross Beam 
 
The shape of the vehicle is based on the mounting locations of the wheels, the amount 

of loading due to driver weight and road input, and clearances for the driver pedal stroke. 
The frame had to be able to accommodate a driver of 250lbs and a range of heights from 5’ 
to 6.5’. Since the entire frame assembly was encapsulated in an aerodynamic fairing, the team 
was not concerned about the large surface areas perpendicular to the ground. Angles such 
as the cross beam pitch will be discussed in much greater detail in the steering section. 

 
It is also critical to observe 

the necessary clearance for the heel 
at the bottom of the pedal stroke so 
that the foot does not intercept the 
cross beam. The handlebars also 
extend close to the operator’s legs. 
During a visit to one of the team’s 
sponsors, Ajo Bikes, the tallest and 
widest drivers were situated into a 
Catrike 700 and had an opportunity 
to take the vehicle out for a few 
laps. Neither driver experienced 
any issues steering the vehicle or 
feeling cramped. 

 
 

  Figure 5.1.8: Driver Model in Vehicle 

 

 
Figure 5.1.9: Cross-section of Frame 

 
After exploring several different options for the frame material, the team settled on a 

carbon fiber composite with an aluminum core. 1” square 6061 tubing was utilized as the 
skeleton of the frame. Aluminum has a tendency to shift while welding so notches were 
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machined in the tube to allow for accurate bending and 90° welding. The idea behind having 
an aluminum core instead of just carbon fiber and foam was to allow for a secondary support 
in the event the carbon fiber fails. Although the aluminum will deform over time, it will last 
long enough to drive safely back to the pit area. This also serves as one of the additional 
safety features the ASME organization has requested. 

 

 
Figure 5.1.10: 6061 Aluminum Frame 

 

 
Figure 5.1.11: Foam 
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Figure 5.1.12: Carbon Fiber 

 
A foam shell covered the aluminum and gave shape to the frame. Three layers of 

carbon fiber, all angled differently for strength, wrapped around the foam. Carbon fiber’s 
greatest strength is when it is in tension. By offsetting the angles at which each ply is set, we 
can maximize the strength of the frame in the different fiber directions in compression, 
tension, and torsion. Utilizing bi-directional carbon fiber weave can also double the range of 
angles covered. 
 

 
Figure 5.1.13: Without Aluminum Core 

 



UA|ASME 
Human Powered Vehicle 

 

21 
Spring 2016 Engineering 498B 

Cross-Disciplinary Design | Engineering Senior Capstone 

 
Figure 5.1.14: With Aluminum Core 

 

A preliminary study was done to analyze the benefits of having an aluminum core. A 
square beam structure is fixed at its ends and loaded at the center with 250lbs. Although it 
is not representative of our actual frame, it does give insight on how much stronger the frame 
can be with an aluminum core. The only trade off was additional weight, but the benefit of a 
rigid skeleton to start off was well worth it. 

 

5.1.2 Seat 
Comfort is a variable that can drastically impact the overall performance of the 

vehicle. Similar to the fitting on bicycles, having the correct posture and seat distance can 
help the driver maximize their potential. The team re-used the seat frame from several 
previous competitions, but added soft foam padding to increase comfort. 
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Figure 5.1.15: Carbon Fiber Seat Model 

 

 The team expected difficulties getting the correct fitting for our full range of drivers, 
but made an effort to fit as many people as possible. The seat angle was fixed at about 30° 
from the horizontal based on studies done on pre-existing designs. To adjust for different 
driver heights, a commercial quick-release mechanism was chosen to allow the seat to slide 
forward and back. The team explored several different methods for a quick-release system 
and have settled on one similarly used in automobiles as shown below. 

 

 
Figure 5.1.16: Seat Adjuster [4] 

 
This type of mechanism is bulky and adds significant weight to the vehicle, but 

would allow for fast seat adjustment. However, this system had too much play, allowing the 
seat to lean left and right with little resistance, so it had to be scrapped. 

 

5.1.3 Drivetrain 
A vehicle’s drivetrain transfers power from the engine--in this case, the driver--to the 

drive wheel. This section describes Magnum’s initial drivetrain design, starting at the driver’s 
feet and ending at the rear wheel. 
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Figure 5.1.17: Chain Route. 

The chain runs from the front chain ring to the rear cassette, held taut by four tensioners--two near the cross beam and 
two near the rear fork. A derailleur controlled by a lever on the left handlebar shifts the chain between the ten sprockets 

of the rear cassette. The chain ring shown has 52 teeth, standard for the largest ring on a road bike. The large yellow circle 
shows the size of a 100-tooth ring. 

 
The driver pushes with their feet on the pedals, turning a pair of 165 millimeter long 

crank arms. The cranks turn the single chainring, which has 80 to 100 teeth, depending on 
the fitness of the team’s drivers evaluated early in the spring semester. A larger chainring 
corresponds to a faster top speed, while a smaller chainring makes it easier to get the vehicle 
going. Though even 80 teeth might seem excessive to someone used to 52-tooth road bike 
chainrings, the small 20 inch rear wheel necessitates a larger chainring in order to reach an 
acceptable distance travelled per rotation of the crankset. 

 

 
Table 5.1.2: How Chainring Size Affects Speed. 

Source: http://www.bikecalc.com/speed_at_cadence with settings: 406 mm wheel, 1.25 tire. 
The chainring will have 80 to 100 teeth, depending on the fitness of the team’s drivers. 100 teeth will be used if 

at least one rider is fit enough to reach a pedaling cadence of 100 revolutions per minute, which corresponds to a speed of 
55 miles per hour. Otherwise, a 90 or 80 tooth chainring will be used. 

 
As shown in Figure 5.1.17, a set of four tensioners guide the chain above the cross 

beam and under the seat as it runs the length of the vehicle to the rear cassette. The cassette 
itself has ten sprockets ranging from 25 teeth for the lowest gear to 10 teeth for the highest. 

http://www.bikecalc.com/speed_at_cadence
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A derailleur serves as the mechanism for shifting gears. The rear cassette forces the 20 inch 
rear wheel to rotate, completing the transfer of power from the driver to the wheel. 

 
Overall, the drivetrain has to balance acceleration at low speeds with a high top speed. 

The ten speed rear cassette gives a good range of gear ratios, allowing the driver to shift the 
drivetrain toward one end of this balance or the other, depending on their current speed. 
Depending on the selection of the front chainring, the vehicle has a theoretical top speed of 
54 to 60 miles per hour. 
 

5.1.4 Brakes 
The vehicle is equipped with AVID BB7 disc brakes, which from the team’s past 

experience provide more than enough stopping power to bring the vehicle to a halt from 25 
kilometers per hour in a distance of 6 meters. The same brake system was used on both Le 
Tigre and Ferrari, both of which passed the stopping requirement. Both brake calipers are 
positioned so that the wheels can be removed by pulling out the quick-release axle and 
bringing the wheel upward, as shown in Figure 5.1.18. This allows the wheels to be taken 
out, serviced, and reinstalled without doing anything to the fairing or frame. 
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Figure 5.1.18: Right Wheel Assembly. 
Note that the brake caliper is located below the center of the wheel. The direct steering allows for a short, simple cable 

connecting the brake lever and the brakes. The left wheel’s brake caliper is similarly positioned. 
 
The two brake calipers are the same part, not mirror images of each other, requiring 

asymmetric designs for the left and right mounting points. This is covered in Section 5.2.1. 
 

5.2 Steering 
A vehicle’s steering system determines how well it handles, and a vehicle that does 

not handle well will not succeed on the road. Thus, the vehicle’s steering system is a critical 
aspect of the overall design, requiring a good deal of attention. This section describes the 
initial vehicle design from the perspective of steering. First, the steering geometry is 
overviewed, defining how the vehicle would theoretically handle. Second, the initial spindle 
and handlebar designs are each reviewed in more depth. 

 

 
Figure 5.2.1. Center Point Steering. 

Center point steering eliminates brake steering and road or bump steering. Some human powered vehicles, Magnum 
included, deviate slightly from center point steering in order to introduce a degree of tactile feedback to the steering 

system. 
 
Brake steering and bump steering share the same cause. If the force that the road 

applies on the tires has a significant moment arm about the steering axis, also called the 
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kingpin, then any sudden change in that force can jerk the steering unpredictably and cause 
the vehicle to veer off course. This can be very dangerous, especially at speed or in traffic. 
Center point steering is used to reduce the aforementioned moment arm to zero. However, 
a small nonzero moment arm transmits some “road feel” to the handlebars without any real 
risk of brake or bump steering. The team designed Magnum to deviate from center point 
steering by approximately 0.5 inches. 
 

 
Figure 5.2.2. Ackermann Steering Geometry. 

Ackermann steering geometry makes the inner wheel turn through a larger angle than the outer wheel during a turn so 
that all wheel axles intersect a common center. This allows all wheels to roll easily, where otherwise they would be 

pulling or pushing against each other. 
 
Ackermann steering geometry results in all wheel axes intersecting at the same point 

while the vehicle is turning, eliminating the tire scrub that would occur if the front wheels 
simply turned by the same amount. Perfect Ackermann geometry makes tight turns at low 
speeds smooth and easy, but causes oversteering due to tire deformation at higher speeds. 
Magnum was designed to have perfect Ackermann geometry at its minimum turn radius of 
5.5 meters. At larger turn radii, the wheels would be slightly closer to parallel. 

 

The steering linkage can be thought of as a four bar mechanism with the frame, the 
two spindles, and the tie rod. Such a mechanism cannot provide consistent Ackermann 
geometry for a range of turn radii, which is why the team selected a single turn radius at 
which Ackermann geometry is achieved. 
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Figure 5.2.3: Camber Angle. 

Camber determines tire traction during turns. The team decided that zero camber would be ideal. Magnum will have a 
negative camber of 2 degrees, largely to mitigate the risk that tolerance stackup could result in positive camber. 

 
Camber is the tilt of the wheels as seen from the front. If the tops of the wheels are 

tilted outward, the camber is positive; if the wheels are vertical, camber is zero; and if the 
tops of the wheels are tilted inward, the camber is negative. 

 

During a turn, a wheel that leans into the turn has better traction with the ground. 
Positive camber gives the wheel on the inside of the turn more traction while reducing the 
traction of the outer wheel. Negative camber does the opposite, and since a vehicle’s load 
shifts to the outer wheels during a turn, negative camber is preferred over positive. However, 
any camber increases rolling resistance and decreases tire traction during straight-line 
travel, effectively reducing the acceleration and top speed of the vehicle. For this reason, zero 
camber--i.e. vertical front wheels--would be ideal. To avoid the possibility of the finished 
vehicle having positive camber, the team designed Magnum with a small negative camber of 
2 degrees. 
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Figure 5.2.4: Caster Angle and Trail. 

Caster dampens the steering which helps increase control. Caster also influences trail, which returns the vehicle to a 
straight line when the driver provides no steering input. Magnum is designed with a caster angle of 15 degrees and a trail 

of 2.5 inches, both fairly standard for a recumbent tricycle.. 
 
When viewed from the side, the steering axis, or kingpin, points toward the ground a 

small distance in front of the tire’s contact patch. This distance is called trail, and the angle 
between the kingpin and vertical is called caster. 

 

Caster provides two main benefits. One, it dampens the steering system, reducing the 
likelihood of oversteering and the effect of minor jolts. Two, it provides camber gain during 
turns. Because of the angle of the kingpin, turning the wheels tilts them both in the direction 
of the turn, increasing turning traction without the hit to efficiency that static camber brings. 
The team designed Magnum to have a caster angle of 15 degrees. This will be tightly 
controlled by angling the main beam 15 degrees where the cross beam attaches to it, thus 
tilting the entire crossbeam back. 

 

Trail stabilizes the steering system. If the wheels are turned and the vehicle is moving 
forward, then the road’s backward force on the tires’ contact patches applies a moment 
about the steering axis that brings the wheels to a straight forward position unless the driver 
applies an opposing moment. 
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Figure 5.2.5: Steering Stability (Front View). 

Here the vehicle is turning to its left. The tire contact patches are each to the left (right from the driver’s perspective) of 
the point where the kingpin axis intersects the ground. Friction between the ground and the tires from the vehicle’s 

forward motion provides a restoring moment about the kingpin. The camber gain can also be seen by the slopes of the 
two wheel axles. 

 
The team decided after the PDR that direct steering--fixing the handlebars directly to 

the kingpins and linking the two wheels with a single tie rod--provided enough benefit to the 
vehicle’s performance to outweigh the cost of expanding the fairing to enclose the wheels. 
This necessitates cutouts in the fairing that give the front wheels enough room to turn. 
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Figure 5.2.6: 8 Meter Turn Radius. 

This image shows the angle of the wheels needed to turn with a radius of 8 meters. This is the turn radius required by 
ASME. 

 

 
Figure 5.2.7: 5.5 Meter Turn Radius. 

This shows the angle of the wheels needed to turn with a radius of 5.5 meters. This is the vehicle’s expected minimum 
turn radius. Any tighter, and the handlebars will start to interfere with the driver’s legs. The cutouts in the fairing only 

need to allow for this much turning of the wheels (in both directions). The fairing design is detailed in Section 5.3 Fairing. 
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The steering system exceeds the 8 meter turn radius requirement by a comfortable 
margin. Based on the specified steering geometry, the vehicle will meet the requirements for 
handling and stability at a full range of speeds as long as the construction is sound. 

 

5.2.1 Spindles 
The team manufactured the vehicle’s spindles out of 6061-T6 Aluminum. They were 

designed to mate with a standard 68 mm long shell and a set of bearings that hold the spindle 
to the frame while allowing it to rotate freely. They extend an inch above the bearings so that 
the handlebars can be clamped onto them. They also provide the mounting points for the 
brake calipers and the tie rod. Custom spindles were needed in order attain the steering 
geometry specified in the previous section. 

 

 
Figure 5.2.8. Left Side Spindle Components. 

Two pieces were machined for each spindle: the kingpin (right) and the bracket (left). The kingpin is the same for the left 
and right wheel, and were machined using a CNC lathe first, and then finished with a CNC mill with the help of precise 

fixturing. The left side and right side brackets are unique pieces, machined entirely on a CNC mill. Mechanical drawings 
are provided in Appendix C. 
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Figure 5.2.9. Spindles. 

After the pieces were machined, they were clamped as shown and welded along all external seams to maximize the 
strength of the bond. For each bracket, the plate with two holes secures the brake caliper while the tie rod connects to the 

single hole at the end of the long arm. 
 
The tie rod mounting holes are positioned at the ends of the long arms in order to 

approximate Ackermann steering as discussed in Section 5.2 Steering. 
 

5.2.2 Handlebars 
The handlebars provide the interface between the driver and three main parts of the 

vehicle: the brakes, steering, and gear shifter. The team decided to use a set of Catrike 
handlebars already on hand and integrate a pair of AVID brake levers, a Shimano 10-speed 
bar end shifter, and hand guards designed and manufactured by the team. 
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Figure 5.2.10. Left Side Handlebar. 

This handlebar has a brake lever, the single gear shifter, and a hand guard. The handguard consists of a carbon fiber plate 
screwed into three mounting pieces (two larger pieces and one smaller). The mounting pieces slide onto the handlebars 

and are tightened into place with two set screws apiece. 

 
Figure 5.2.11. Right Side Handlebar. 

This handlebar has the other brake lever and hand guard. The hand guard is made of all the same parts as the one on the 
left side of the vehicle, making construction simple. 
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Unfortunately the hand guards had to be scrapped due to time constraints. 
 

Mechanical drawings of the two distinct mounting pieces and the guard are provided 
in Appendix C. 
 

5.3 Fairing  
The 2015 bike Magnum features a carbon-fiber constructed fairing using sponsor-

donated materials. Only the first bike in the Zoolander series, Blue Steel (2012-2013), 
featured a fairing. However, Blue Steel’s fairing was constructed quickly and ended up being 
heavy and bulky due to the UA student’s inexperience in working with composites.  This 
year’s design team was concerned about their ability to produce a good quality fairing so in 
order to mitigate each team member’s inexperience with handling composites, 5/6 members 
of the HPVC senior design team participated in a composites lab course at the University of 
Arizona to give the team experience working with carbon fiber and other relevant composite 
materials. The past two bikes, Le Tigre and Ferrari, did not feature a fairing due to a lack of 
time and funding. Le Tigre’s only source of aerodynamic shell was a plastic front fairing 
bubble that probably hindered the bike’s maneuverability due to the weight it added to the 
front of the bike. Additionally, partial fairings provide an opportunity for large eddies to 
create turbulent flow and induce a significant amount of drag. 

 

5.3.1 Fairing Construction  
Magnum’s fairing was originally to be built in three phases, detailed here. Phase I 

includes the design of a male mold made using a CNC machine. The purpose of this male mold 
is to provide a cost-effective way to design a smooth female mold. Phase II consists of 
creating a female mold out of fiberglass using the male mold. This was to be done in the 
machine shop in the Aerospace and Mechanical Engineering (AME) building by team 
members or outsourced by Joe Hartley (AME machining specialist). Once the female mold is 
complete, the tedious task of building the fairing from the ground up begins. In order to build 
the strongest possible fairing, the grain orientation of the carbon fiber needs to vary 
throughout the fairing. Just like wood strength is dependent on grain orientation, so is 
carbon-fiber. This is because it is an anisotropic material, which means its properties are 
directionally dependent. Bob Perry is the professional responsible for the team’s 
introduction to and understanding of composites work and has been a mentor to the team 
thus far. Bob’s experience and additional research suggest that ideal fiber orientations would 
be 30, 45, and 60 from the horizontal. Due to the many curves in the fairing and the nature 
of working with molds, it is possible that the fairing would need to be built in three or more 
sections then sealed together once the carbon fiber was removed from the mold. 
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Figure 5.3.1: Female Mold 

 

The shape of Magnum’s fairing came about after the team discussed a number of 
factors. Fairings with rounded noses and tails are bulky and too heavy for the sleek vision 
the team had in mind for Magnum. The two figures below provide a visual reference of the 
fairing design-inclusive of the windows and decision to build the fairing external to the 
wheels. ASME provides a safety requirement for 180 visibility of the rider’s surroundings 
and an additional rearview or side mirror. There are two windows on each side of the fairing 
and a main window out the front. Hesitations with visibility came from the knowledge that 
depending on the window material, when bent to accommodate for the curve of the fairing, 
the view of the outside surroundings may become distorted. These effects would only 
magnify when looking through two lenses (the plastic and a mirror) to check behind the 
vehicle. For this reason, PETG was chosed as the clear plastic for the fairing windows. 
Another team requirement for Magnum’s fairing was to accommodate the wheel clearances. 
The design choice that would have been simplest would have been to design a fairing where 
the wheels were flush with the fairing so as the wheels turned, there wouldn’t be any concern 
with the wheels contacting the carbon fiber. However, because Magnum is a vehicle that is 
designed with speed in mind, aerodynamically it made the most sense to completely enclose 
the wheels with the fairing. This means that the shape of the fairing had to include wheel 
wells to accommodate the necessary wheel clearances. 

 

Lastly, the fairing needed to be able to mount and attach electrical equipment to it 
and needed to be able to attach to multiple positions on the frame. Mounting electrical 
equipment is an easy task. As long as any wiring is taped or tied off (using zip ties) out of the 
rider’s way, large electrical components can be stored in the compartment behind the rider’s 
head. Mounting the fairing to the frame proved to be more complicated. The final method is 
detailed in Section 7.3. 
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Figure 5.3.2: Side-view of Fairing Design 

Note: Parcel compartment is a separate piece 
 

 
Figure 5.3.3: Front-view of Fairing Design 

 
 

 

5.3.2 Roll Protection System (RPS)  
The roll protection system or RPS for short is the most important safety feature on 

the vehicle and a necessity to participate in the ASME competition. It protects the driver from 
contact with the ground in the event of a rollover. Some restrictions to the dimensions are 
that they have to be shoulder width and taller than the head with helmet on of the tallest 
driver. It must also resist a side load of 300lbs and 600lbs 12° from vertical at the top. An 
illustration has been provided by ASME in their HPVC Rule Book. 
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Figure 5.3.4: Example of Proper RPS Design and Side and Top Load Case 

Note: Loads shown should not be applied concurrently in analysis and/or testing 
 
The RPS must be structurally attached and braced to the vehicle frame or fairing and, 

with the vehicle in the upright position, must extend above the helmeted head(s) of the 
driver(s) such that no part of any driver will touch the ground in a rollover or fall over 
condition. The RPS may be incorporated into the fairing, providing that that part of the 
fairing is used in all events. Teams must demonstrate that the RPS meets both functional 
requirements and loading requirements.    

 
To reduce weight and simplify construction, the RPS was integrated into the fairing. 

Not only did this add rigidity to the fairing, it also served as an additional mounting point to 
the frame and was designed to act as a wall for the parcel compartment as  described in the 
next section. To increase the strength in the critical areas where the RPS needs to resist the 
described loads, a layer of high density foam was utilized as a spacer between the plies of the 
composite layup.  

 
To test the reliability of the RPS, a study was done on a model of a potential design. 

The RPS was modelled essentially as a hollow box with the general shape shown in Figure 
5.3.5. The walls are made of a composite sandwich:  

 3 plies of carbon fiber, set in 30°, 45°, and 60° offsets 
 0.25” of spacer 
 Another 3 plies of carbon fiber, in a similar fashion 

 
 The results can be viewed in Figure 5.3.6 and Figure 5.3.7. This study indicates that 
the designed RPS would be more than adequate to satisfy the requirements of no more than 
5.1cm deflection on top and 3.8cm on the sides. The study calculates that we would not 
experience more than 1mm of deflection in either direction. 
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Figure 5.3.5: Cross-section of RPS (BOX) 

 

 
Figure 5.3.6: 300lbf Side Load, 0.0251mm deflection 
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Figure 5.3.7: 600lbf Top Load at 12°, 0.988mm deflection 

 

5.3.3 Parcel Compartment  
 The ASME Human-Powered Vehicle Competition has an endurance race each year in 
which the team is required to pick up a parcel, store it with the rider throughout the duration 
of that lap, then drop it off and repeat three times. There are no specifications about how this 
must be accomplished, however a popular way to accommodate this extra load without 
interfering with the rider’s performance or efficiency is to include a basket or extra 
compartment to store the parcel in during the lap.  The compartment should be easy to 
access because time is an important factor in the endurance race and time should not be 
wasted with opening and closing the compartment during pickup and drop off. Additionally, 
the solution must be secure enough to withstand the weight and size of the parcel so as not 
to damage it. 
 

In previous years, the UA ASME HPVC team has not made this portion of design a 
priority and a basket has been attached to the bike via zip ties at the last minute.  In an effort 
to change that, this year a parcel compartment was designed into the fairing. ASME does not 
release the specific shape, size, or weight of the parcel, but based on past year’s competition 
experiences the parcel was expected to resemble that of a gallon of milk in size and/or 
weight. The parcel compartment was designed into Magnum’s fairing to accommodate those 
specifications with plenty of extra room in case the size assumption was not accurate.  
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Figure 5.3.8: Parcel Compartment Rendering with Milk Jug 

 

 Additionally, extra space in the compartment could be utilized for mounting and storing 

electrical wires and equipment to clean up the interior of the fairing.  The material of the 

compartment was specified as a carbon fiber shelf and walls due to the compartment’s location 

above the back wheel and inside the fairing. Carbon fiber is a strong material and is expected to 

easily hold the parcel no matter the weight. A hinged door was designed to allow for quick and easy 

access to whatever is stored within the compartment. The hinged door was omitted from the image 

of the Solidworks mockup above in order to provide a size reference of the compartment to a gallon 

container. 

 

 

 

 

5.4 Electronics 
 

5.4.1 Lights 
The vehicle’s lights were designed to be simple and unobtrusive. A standard bicycle 

headlight would be fixed to the front of the fairing. Amber and red LED strips would be 
fixed to the sides and rear of the fairing, respectively. The LED strips would be controlled 
with a 4 position USB hub, allowing the side lights to act as turn signals. The option to add a 
fourth strip of LEDs to the bottom of the fairing to provide underglow was left open. 
 

5.4.2 Electric Horn 
To satisfy the requirement for a functional horn or alert system, the team decided to 

equip Magnum with Hornit’s dB140 bicycle horn [3]. This particular model has been 
described as the loudest cycling horn in the market and is compatible in many different 
mounting configurations. This is perfect for the project due to its slim profile, which saves 
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weight, and remote trigger, which can be attached near the handlebars. This particular model 
has two settings, one that chirps at 140dB and the other “horn” type that beeps around 
120dB. In urban driving, the operator can alert oncoming traffic and pedestrians of their 
presence. During the competition, this system could be utilized to alert other competitors of 
the team’s intent to pass during the endurance event.  

 

With limitless surface area around the interior of the fairing, mounting this device 
would not be an issue. The team decided to dampen the output of the device to avoid damage 
to the rider’s ears.  
 

 
Figure 5.4.6: Hornit dB140 System 
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5.5 Innovation  
 

5.5.1 Summary 
In past years of the human powered vehicle competition, a folding design and a weld-

free frame were two of the innovative concepts that allowed for our team to place highly 
amongst the competition. Although both of these past concepts have led to high scores from 
the judges, we chose to approach this year's innovation from a different perspective. After a 
fairly severe incident took place in the Spring 2015 competition, it came to our attention that 
safety should be of the utmost importance this season. In order to address the various safety 
concerns that have been prevalent in past years, we chose to supplement our bike with an 
assemblage of features that would not only benefit the safety of our rider, but the safety of 
our fellow competitors as well.  

 

5.5.2 Innovation Platform 
In order to provide the most helpful safety features to our rider this year, we chose to 

develop a sort of “smart bike” in some respects. This would be done by placing an Android 
smartphone (an LG Nexus 5) within the cabin of the vehicle. By mounting this device, we are 
able to utilize both the onboard sensors along with the phone’s cellular capabilities, which 
would allow our team to be safer at all times and more competitive during each event. Using 
this platform for our innovation leaves room for endless possibilities, as opposed to physical 
safety features which would inevitably complicate our assembly and add weight to our 
vehicle. 

 

The concept of operator safety can be broken down into two distinct categories: 
prevention and intervention. Prevention meaning, that by using the app, the number of 
accidents or mishaps should be significantly reduced. Although, in the case of a collision or 
rollover, our team will at the very least, be better prepared to intervene and provide 
assistance.  

 

The ultimate goal for our innovative feature this year was to develop an Android app 
that would both improve our safety and give us an edge at competition.  Depending upon the 
level of complexity that our team would be able to achieve, the application would provide a 
variety of purposes, which will be described in more detail in the next section. 

 

5.5.3 Specifications 
When beginning the app development process, at the very least we hoped to make 

the mounted phone useful to the vehicle operator. At the individual level, we hoped to make 
the phone an assistive device, including a speedometer, a cadence readout and voice 
commands for hands-free interaction. This sort of app would be able to provide the driver 
with important information without distraction. 

The next step of the app development process focused entirely upon improvements 
at the team level. Specifically, by utilizing SMS and calling capabilities of the cell phone, our 
team would be able to stay in touch more easily. More importantly though, being able to 
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monitor the sensors associated with the vehicle during competition would be extremely 
useful to team members on the ground. For instance, the accelerometer and gyroscope inside 
the Nexus 5 would allow for team members to be notified whenever a possible collision or 
rollover has occurred. Assuming these events could be predicted accurately, the app could 
even be programmed to share GPS coordinates in order to accurately map the location of the 
incident.  

 

The last level of app development is far more complex and pertains to the social 
aspect of phone applications. Ideally, if we were able to publish the app to the Android Play 
Store, teams could theoretically chat in one large group, share GPS locations and even 
collaborate on a competition leaderboard. Developing an app of this caliber would likely 
require a higher level of coding knowledge than we currently possess.  
 
 Below is a diagram detailing each of the levels of complexity we hoped to achieve. 
 

 
Figure 5.5.1: App Complexity Levels 

 

5.5.4 Mockup 
 The following image is an example of what we hoped to use as an app interface. 
 
 Note: this mockup pertains to the “individual” level on the chart above 
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Figure 5.5.4: Potential App Interface 
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6 Requirements Review and Acceptance Test Plan 
 

The following testing methods and procedures were used in order to verify whether 
or not our vehicle met its requirements. The methods of testing, analysis and inspection were 
each used where applicable. Listed on the right side of the table is a set of metrics that define 
what a “pass” and “fail” consist of. Due to the fact that many of the requirements provided by 
ASME pertain to the safety of the rider, it is crucial that these requirements are both testable 
and repeatable each time a new driver is behind the wheel. 
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Table 6.1 Acceptance Test Plan 
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7 Construction  
 

7.1 Frame Construction 
Construction of the vehicle began over Winter break, starting with the frame. Square 

aluminum tubes were machined, bent, and welded into the frame’s skeleton, with three 
bottom brackets welded on to serve as mounting points for the crankset and two front 
wheels. 

 

 
Figure 7.1.1: Aluminum core crossbeam. This fixture was used to hold the bottom brackets precisely in place during 

welding. Accurate placement of all three bottom brackets was critical to the vehicle’s dynamic performance. 

 
Insulation foam was then cut into the shape of the frame, with troughs running the 

length of each piece so that two pieces would sandwich each beam of the aluminum core. 
Epoxy and microballoons were used to bond the foam pieces to the aluminum. After this 
assembly cured, the foam was sanded and shaped, and then microballoons were applied to 
fillet interior corners. 
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Figure 7.1.2: Aluminum-foam core with mircoballoon fillets. Fiber-reinforced composites have a difficult time with sharp 
corners. They tend to make the layers of fiber sheets delaminate from one another, greatly reducing structural integrity. 

 
After a coat of microballoons to bond the carbon fiber to the foam, the final layup for 

the frame consisted of the following: 
1. Strips of uni-weave carbon fiber along the belly of each beam (the regions that 

would experience the most tensile loading). 
2. Strips of uni-weave carbon fiber wrapped around the beams for strength 

against dynamic, unpredictable loading. 
3. Tubes of 45/-45 weave carbon fiber to add resistance to torsion and 

compression. 
 
Joints between the frame’s beams were wrapped in additional strips of uni-weave 

carbon fiber to ensure a strong bond between the various pieces of the frame. The three 
bottom brackets were held on with strips of uni-weave carbon fiber applied between layers 
1 and 2 in the list above, reinforced with a Kevlar-carbon weave on top to add impact 
resistance. 
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Figure 7.1.3: Nearly complete composite frame. The only thing left to do in this picture is to reinforce the joints between 
the main beam and the rear forks. The distinctive yellow on the bottom brackets is the Kevlar-carbon weave. 

 
The geometry of the rear forks was too complex for the 45/-45 weave tubes, so their 

3rd lamina was simply a second wrap of uni-weave strips. Aluminum rear dropouts were 
milled from aluminum and fixed to the rear forks with fiberglass before the carbon fiber 
layup was applied. 

 

7.2 Other Components of the Rolling Chassis 
As the frame neared completion, aluminum spindles were manufactured using a 

combination of the CNC lathe, the CNC mill, and welding. Due to a limited end mill selection, 
the spindle design detailed in Section 5.2.1 had to be modified to have a shorter tie rod 
control arm, as shown below. 

 

 
Figure 7.2.1: New spindle bracket. Since no end mills of sufficient length were available, the tie rod arms had to be 

shortened significantly. 

 
Finally, with all the frame components manufactured, the rolling chassis was 

assembled so that the team could start testing. At this point, the seat mounting design was 
incomplete, so the team made do with a simple clamp. While this clamp was not fully 
effective, letting the seat to twist from side to side, it allowed the team to perform necessary 
dynamic testing to ensure the soundness of the rolling chassis’ design and construction 
before it was too late to redo. 
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Figure 7.2.2: The rolling chassis. At this point the team had to scrap the idea of an 80 tooth front chainring due to time 

constraints. The chainring shown is instead a readily available 60 tooth. 

 
Afterward, the seat was rigidly attached to the frame by epoxying C-beams to the top 

and bottom of the frame’s main beam, drilling through, and bolting the seat on. While this 
made seat adjustment for multiple riders impossible, the team deemed it necessary to ensure 
vehicle stability and rider safety. 

 
<pic> 
 

7.3 Fairing Construction 
As soon as the chassis was rolling, fairing construction began. 216 pieces of ½ inch 

insulation foam were glued into 3 inch stacks, which were cut into a total of 36 cross sections. 
These were glued together to form a rough male mold, which was then sanded by hand into 
the final shape. Troughs were also added by hand to provide room for the fairing’s structural 
ribs, and recesses to mark window positions. 
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Figure 7.3.1: The male mold. The mold is shown here with the nose pointing upward and the tail removed, but its full 

length is 9 feet. The wide trough near the floor was for the roll bar, the most critical part of the fairing. 

 
The layup for the fairing was as follows: 

1. Bidirectional fiberglass weave. 
2. Structural foam fixed with microballoons into the mold’s troughs. 
3. Two layers of ultralight bidirectional carbon fiber weave. 

 
After the layup cured under vacuum bag, the foam mold was sawn and scraped from 

the inside of the carbon fiber shell. The result was underwhelming aesthetically and 
structurally. Plentiful wrinkles were caused by inexpert fiber layup, and the ultralight carbon 
weave proved inadequate to hold up its own weight for unknown reasons. 
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Figure 7.3.2: Wrinkled surface of the fairing. 

 
Without the time or resources to construct another fairing, the team set to work 

improving the existing one to meet its requirements. Additional foam and carbon fiber ribs 
were laid along the fairing’s belly to help it maintain its shape, and bands of aluminum sheet 
metal were riveted into the roof and side walls to increase rider safety in the event of a 
rollover or crash. 

 

 
Figure 7.3.3: Aluminum reinforcement of the roll cage. 

 

7.4 Component Integration and Additional Subsystems 
With a chassis rolling around and a now-sturdy fairing, the final step to completing 

Magnum was to put the two together and add the remaining subsystems, such as lights, horn, 
safety harness, etc. 
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The fairing was secured to the frame in the front by bolting two U-shaped pipe 

clamps—one over each side of the cross beam—into the floor of the fairing. The nose was 
lifted further by clamping a U-bolt into the floor of the fairing and tying it to the front beam. 
Windows were fixed to the fairing with a combination of rivets and tape. 

 
In the back, two pieces of aluminum square tubing were fixed to the chassis—one 

bolted to the back of the seat and the other secured to the rear section of the frame with a 
uni-weave carbon fiber wrap. Both of these cross braces were riveted to the roll bar to 
prevent excessive deflection caused by bending forces. 

 
The bike horn was fixed to the right handlebar, the headlight inserted into a hole 

drilled in the front of the fairing, and tail lights and turn signals taped to the trailing edge and 
sides of the fairing, respectively. A 4-point safety harness was secured to the seat to prevent 
rider injury in the event of an accident, and a phone running the team’s Roll Alert System 
was mounted to the frame. Thus was the construction of Magnum completed. 

 

 
Figure 7.4.1: Completed vehicle. 
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8 Testing  
 

8.1 Component Testing 
As each subsystem of the vehicle was completed, it was tested to ensure that the final 

vehicle would meet its requirements. The first component finished was the frame, which was 

tested with a static load of 400 lbs and supports at the mounting points of the three wheels. 

No significant deflection occurred, indicating that the frame was sufficiently strong for the 

vehicle’s needs. 

 

Next, the rolling chassis was ridden to determine preliminary braking ability, turning 

radius, and handling characteristics. The braking and turning requirements were easily met, 

but at this point the vehicle did not handle very well, especially at speed. The team 

determined the root cause of the vehicle’s instability to be the insecure seat mounting in use 

at the time. This led to the much more rigid mounting system now used, and the handling 

problems were resolved. 

 

The fairing did not pass its initial inspection, so the team observed it to determine its 

areas of weakness and reinforced those areas. Afterward, in order to test the roll protection 

system, the team mounted the fairing to the rolling chassis since the entire RPS encompassed 

the seat, safety harness, frame, and roll cage. First, the vehicle was rolled on its side so that 

team members could bounce up and down on the roll bar. When the roll bar proved it could 

withstand that load with no signs of failure, the team moved on to the second round of 

testing. One team member at a time buckled into the seat and then the rest of the team rolled 

the vehicle onto its roof and added more downward force to the vehicle. After this test, the 

team felt confident that the vehicle’s rider would be completely safe in the event of a crash. 
 

8.2 Performance Testing 
Magnum was tested as a complete vehicle at the 2016 ASME Human Powered 

Vehicle Competition. In order proceed to the speed and endurance event, the vehicle had to 
pass the safety tests set by ASME. Tests included the ability to break within 6 m from 25 
kph and be able to turn within an 8 m radius. These tests have also been described as 
project requirements earlier in this report. The team successfully completed all safety test 
in the first attempt. 

 
Due to an unfortunate chain failure, Magnum did not qualify for the speed event, 

which took the form of a drag race tournament. The drivers for the qualifying sprint still 
earned ranks in the speed event by running the vehicle across the finish line after the chain 
broke. After the chain was repaired, the vehicle withstood the 2.5 hour endurance event 
without any major failures. 

 
Post-competition, the team took the vehicle out for a high speed test and maxed out 

at 35 mph, which meets the vehicle’s speed requirement. Not only were we able to 
demonstrate the ability to hit high speeds, but the vehicle was also stable at these levels. 
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The vehicle has proven to be road-worthy and with some modifications to the drivetrain, 
could pace with automobile traffic. 
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9 Project Management Update  
 

The human powered vehicle project had many different moving parts that 
complemented each other heavily. All team members were key players in keeping the project 
moving forward. The variety of sections that needed to be overviewed throughout the 
process of the design and construction of the vehicle were frame, fairing, composites, 
electronics, and sponsorship/funding. 

 

9.1 Development Plan  
 

 
Figure 9.1.1: Gantt chart of Human powered vehicle project 

 

 Looking at figure 9.1.1 we can see that the project team had a very accelerated 
schedule in this project meeting all expectations outlined by the senior design guidelines, 
however the accelerated schedule is due to the competition that commenced a couple weeks 
before the senior design day that makes our project more critical than other projects that 
have a couple of weeks to work out the flaws that might hinder the product from working. 
 

 The uniqueness to this senior design project is that we are self-funded, with this 
notion we also have tasks that consist of searching for donations from outside entities, 
crowd-funding sources and using campus resources to help reduce the cost burden on the 
sponsor. The final calculation of how much donations were given toward the project was 
about $2,100 or 60% of the $3,500 the project team was shooting for. The sources of funding 
that helped out the project mostly came from University grants, Engineering companies, 
retired engineering professionals, donated material from university labs as well as generous 
donations from family and friends. Since we also competed the bike at the ASME Human 
Powered Vehicle West competition in San Jose, Ca finding the funding for traveling was also 
another issue that needed to be resolved. 
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Figure 9.1.2a: Construction phase of project-frame 

 

 
Figure 9.1.2b: Construction phase of project-fairing 

  

Looking at what was needed for the construction phase of the project in figure 9.1.2a 
and 9.1.2b it can be seen that the construction of the vehicle was originally scheduled to 
begin on November 2, 2015. While looking back at the progress of the project a lot of the 
issues were with figuring out the best way to work with the carbon fiber and how we could 
place such things as a seat mount, chain tensioners, and other systems to make the bike road 
ready. The reason behind this delay is due to the in depth collaboration and further analysis 
of how the frame, fairing and the many parts could be secured to each other Since this bike 
incorporated multiple parts that needed to fit together like a puzzle, it became difficult to fit 
everything in such a small area. After collaborating on what the final design of the vehicle 
would look like the choices were then made around late November. Even though we put 
contingencies into our schedule, the inexperience of the team working with carbon fiber 
made it difficult to accurately judge the necessary layup and curing time. Meeting our 
deadlines for construction milestones became more difficult throughout the Spring semester 
as the effects of several delays snowballed. However, the team was able to finish a functional 
bike just in time for competition. 
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9.2 Cost and Budget  
 With such a large and complicated project, tracking materials, parts, tools, and the 
teams budget was similarly complicated. The bills of materials in tables 9.2.1 through 9.2.4 
are a very detailed accounting of what was needed in the vehicle. Even though these 
materials or components are listed with a unit price, the team reduced or eliminated the cost 
of many components by manufacturing parts in the AME machine shop and by soliciting 
material donations from our sponsors. The colors that are outlined through the tables in 9.2 
are as follows. Dark green is that the sponsor has found a cheaper option, obtained, or 
contributed this particular component to the team and will later be deducted from the bill of 
materials contributing in cost savings. The significance of an orange color is that we have 
obtained this material and is a major expense that was avoided and would have cost the team 
significant financial hardship. The process of finding sponsors, partnerships and donations 
of money, components and material went on from project conception right up through 
competition, and played a huge role in bringing down the cost of the project. 
 

Frame Unit price Amount Purchasing Unit of Measurement Grand Total 

     

6061 Alum Tube 23.38 2 1inx1inx1/16inx6ft 46.76 

Bottom Bracket (x3) 8.25 3  24.75 

Chain 44.99 1 ea 44.99 

Crankset 279.99 1 ea 279.99 

Pedal 29.99 1 ea 29.99 

Tierod 15 2 20" 30 

Spindle Assembly 100 2  200 

Disk Brake Assembly (x2) 78.99 1  78.99 

20" Wheels (x3) 170 1  170 

Cassette 89.99 1  89.99 

Derailleur 89.99 1  89.99 

Seat Assembly 8.99 1 ea 8.99 

Handlebars (x2) 99 1 pair 99 

Shifter 106.94 1  106.94 

Seatbelt 31.95 1 ea 31.95 

Mounting Accessories 50 1  50 

   Total 1382.33 

Table 9.2.1: Frame Bill of Materials 
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The frame bill of materials in table 9.2.1 was established based on several prior years 
of competition, experience with previous University of Arizona human powered vehicles, 
and looking at the pros and cons that contributed to the success and failures of past vehicles. 
As discussed previously the dark green prices have been either obtained or can be found for 
a cheaper price. 

 

Fairing Unit price Amount Purchasing Unit of Measurement Grand Total 

Male Mold (Rigid Foam) 79.95 30  2398.5 

Female Mold (S. Glass) 49.45 4  197.8 

Windscreen 200 1  200 

Mirrors 20 1 ea 20 

Lights 20 1 ea 20 

   Total 437.8 

Figure 9.2.2: Fairing Bill of Materials 

 

Looking into the fairing bill of materials this particular section Figure 9.2.2 can be 
combined with Figure 9.2.3 as they both were needed to make the fairing. In order to 
distinguish the two sections we need to separate these out in order to see what is used for 
composites portion and what is used in the fairing build portion. What distinguishes the 
fairing section is that we are looking at what the fairing will consist of, such as mirrors, lights, 
windscreen and mold to shape the composites. The fairing will be the sole part that will keep 
this vehicle aerodynamic and the crucial portions are to have solid molds and portions where 
air can seep into the cabin, such as the windscreen and lights as well as door and 
compartment areas need to be sealed to avoid aerodynamic disruption.  
 

Composites Unit price Amount Purchasing Unit of Measurement Grand Total 

Epoxy 2000-A 44.95 2 quart 89.9 

Hardener 2120-B 44.95 2 quart 89.9 

PVA 24.75 1 gallon 24.75 

Wax 19.95 2 11oz tin 39.9 

Fiberglass 131.95 2 5yd x 50" 263.9 

Carbon Fiber 249.95 4 5yd x 50" 999.8 

Foam/Spacer    0 

Peel Ply 54.95 2 60" x 5yd 109.9 

Breather 24.95 2 60" x 5yd 49.9 

Vacuum Bag 19.95 5 60" x 5yd 99.75 

Pump Assembly 449.95 1 ea 449.95 

Sticky tape 7.95 3 25' roll 23.85 
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Brushes 1.15 10 ea 11.5 

Masks 30 5 ea 150 

Cups 8.55 3 set 25.65 

   Total 1428.85 

Figure 9.2.3: Composites Bill of Materials 

 

Composites bill of materials as seen in Figure 9.2.3 are an essential part of this bike 
as this is what makes up the fairing as well as some components of the frame. Composites 
are an essential cost to our design not only because of our fairing that consists of epoxy, foam 
and other materials but also since this will be a crucial part to our safety features of the 
vehicle such as providing a roll protection system that is integrated within the fairing itself. 
The roll protection system for the vehicle will keep the operator safe in the vehicle. 

 

Seeing that the composites is the most important part as well as the most expensive 
part of the vehicle we need to see how to use the composites in the most efficient and cost 
effective way possible.  
 

Electronics Unit price Amount Purchasing Unit of Measurement Grand Total 

LEDS 8 1 box (50ea) 8 

Electric Horn 30 1 ea 30 

Cables 24 1 8" 24 

Power Supply 5.95 1 ea 5.95 

   Total 67.95 

Figure 9.2.4: Electronics Bill of Materials 

 

Electronics are a small stake holder in our bill of materials seen in Figure 9.2.4, in 
order to minimize cost, our team has been tracking sponsors to help us and has been very 
successful. Another way that we are getting help is through the ECE department and using 
components that can be used at no cost that can be found through the university resources. 
As seen in table 9.2.5 our project cost has a total of around $2,000 instead of $3316.93 this 
cost is still under the threshold of the $3500 limit this can be significantly reduced due to the 
sponsorships and partnerships from contributors. The plan going ahead is to keep searching 
for sponsors and money to keep helping us fund this project. The goal is to not only get 
donations but to collaborate and ask for input on how to better the vehicle.   
 

Grand Total $2000.93 

Figure 9.2.5: Grand Total of BOM 
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9.3 Risk Analysis and Mitigation Plan  
 The risk severity matrix seen below in Figures 9.3.1 and 9.3.2 outline the risks 
predicted by the team at the beginning of the construction phase and the team’s mitigation 
plans for those risks. The first two risk items were seen to be the most critical to our project. 
The first risk was the lack of funding from sponsors or getting donations. The reason this 
was a risk for us was due to our self-funding initiative of raising money for our own project. 
In order to mitigate this risk we decided to just constantly look for sponsors in the local 
community, as well as going out to the national populations such as companies that have an 
influence in either green initiatives or work on bikes, composites or innovative technology 
to better safety on the roadway. The second biggest risk that caused disruption to decisions 
in a design that would work the best for vehicle was the location of venue. The consideration 
of where the competition would be held was a crucial factor in our decision on what type of 
vehicle we would go with. Since the venue was announced in late October, the risk was 
mitigated by designing a vehicle that would perform well and be safe on an urban course 
with many turns, stops, etc. 
 
 Short term planning was another big risk, one that has repeatedly threatened to derail 
past human powered vehicle projects. Mitigation included building a year-long schedule 
early on and holding regular meetings during which action items were assigned to team 
members. The risk of losing a vehicle component was mitigated by simply putting all parts 
in a secure place and organizing everything in the right place. Since this was an accelerated 
project that needed to be finished ahead of the senior design schedule, it was crucial to 
prioritize and schedule meetings, times for fabricating as well as ordering parts on time or 
ahead of schedule in order to get the components on time or beat the rush of students that 
will be swarming the shops in the spring semester. 
 

 
Figure 9.3.1: Risk Severity matrix 
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Figure 9.3.2: Risk Mitigation Plan 

 

9.4 System Requirements Status 
To evaluate how well the vehicle met its requirements, the team tabulated the status 

of each requirement at the end of the project. 
    

# Type Description Status 

1 Safety The vehicle shall be able to turn 180 degrees within an 8m radius. Met 

2 Safety The vehicle shall be able to stop within 6m from 25 kph. Met 

3 Safety The vehicle shall include an RPS that extends around the driver and 

satisfies ASME’s specified strength requirements. 
Met 
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4 Safety The vehicle shall maintain a straight course of travel for 30 meters 

at 5 kph. 
Met 

5* Safety The drivers shall practice riding the vehicle for a minimum of 30 

minutes each. 
Met 

6 Safety The vehicle shall have no sharp edges or protrusions. Met 

7 Safety The vehicle shall include a safety harness. Met 

8* Safety All vehicle drivers must wear appropriate clothing and helmets. Met 

9 Safety The vehicle must provide the driver with a field of view of at least 

90 degrees to right and left of vehicle front and center. 
Met 

10 Competition The vehicle shall provide enough surface area to place the ASME 

and University decals. 
Met 

11 Performance The vehicle shall reach a minimum speed of 35mph Met 

12* Utilization The driver's roster should include at least one male driver and at 

least one female driver. 
Met 

13 Utilization The vehicle should be easy to get in and out of. Met 

14 Utilization The vehicle should weigh no more than 60 lbs. Met 

15 Utilization The vehicle must withstand the stress and wear of training and 

competition and last through design day 2016. 
Met 

16 Technology The vehicle should include an airflow unit inside the fairing. Not Met 

17 Performance The vehicle should be stable around turns at a range of speeds. Met 

18 Technology The vehicle shall incorporate an innovative system. Met 

19 Utilization The vehicle shall be operated and maintained by one individual at a 

time. 
Met 

Figure 9.4.1: Final Requirements Status Table 

 
Based on Figure 9.4.1, the vehicle met 18 out of 19 of the requirements set at the 

beginning of the year, and met all critical requirements for the project. The one 
requirement not met, to include an airflow unit inside the fairing, was not critical to the 
success of the project. 
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10 Conclusion  
 

In this report, the design, construction, and performance of Magnum were described 
in detail. Requirements set forth by the ASME rulebook and UA|ASME were addressed in the 
design of the vehicle and their status evaluated at the end of the project timeline. The project 
budget and schedule was also detailed and a full bill of materials has been included. 

 
Magnum is the University of Arizona’s most ambitious human-powered vehicle 

design. Some of the difficulties during the manufacturing process included maintaining the 
correct angles after welding and consistent foam shaping. Frame fixtures and drawing 
templates would have produced a more symmetric and true-to-drawing vehicle. The team 
was also new to composite construction and there were obvious flaws throughout the frame 
and fairing that could have been avoided with proper planning and techniques. 

 
Despite the many challenges the team faced throughout the year, from project 

inception right through competition, Magnum is the best vehicle that the University of 
Arizona has brought to ASME’s Human Powered Vehicle Competition in recent memory. Out 
of 32 vehicles, it ranked in the top ten in both design and innovation, and it performed 
consistently with no major breakdowns during the endurance race. 

 

Category Rank 

Design 9 

Innovation 10 

Women’s Speed 20 

Men’s Speed 21 

Endurance 16 

Overall 13 

Figure 10.1: Placement at Competition [7] 

 
Given the fierceness of competition, 13th place overall is a very good ranking. The 

team is proud of both the work we put into this project and the performance of the final 
vehicle. As the project comes to a close, the team hopes that Magnum can provide a strong 
foundation for future UA Human Powered Vehicle teams to build upon. 
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12 Appendices 

 

Appendix A - Authorship and Contribution of Work 
Dustin Huynh – Project Lead 
Dustin designed the majority of the frame and took the lead role in fairing design and vehicle 
construction. He also rode for the team at competition. 
 3 Summary of PDR Results  
 4 Top-level Design of Final Design Concept 
 5.1 Rolling Chassis 
 5.1.1 Frame  
 5.1.2 Seat 
 5.3.2 Roll Protection System (RPS)  
 5.4.2 Electric Horn 
 8.2 Performance Testing 
 

Christian Brown – Organization Lead 
Christian organized the project timeline, kept track of our budget and paperwork, and helped construct 
the vehicle. 
 9 Project Management Update  
 9.1 Development Plan  
 9.2 Cost and Budget  
 9.3 Risk Analysis and Mitigation Plan  
 

Kyle Daughenbaugh – Innovation Lead 
Kyle focused on developing the Roll Alert System and helped construct the vehicle. 
 2 System Requirements  
 5.5 Innovation  
 5.5.1 Summary 
 5.5.2 Specifications 
 5.5.3 Mockup 
 6 Requirements Review and Acceptance Test Plan  
 

David Leister – Mechanical Lead 
David designed mechanical subsystems, such as steering and brakes, helped design the fairing, took the 
lead role in aerodynamic analyses, and helped construct the vehicle. 
 5.1.3 Drivetrain 
 5.1.4 Brakes 
 5.2 Steering 
 5.2.1. Spindles 
 5.2.2. Handlebars 
 7 Construction (all sections) 
 8.1 Component Testing 
 9.4 System Requirements Status 
 10 Conclusion 
 

Maurissa Wortham – Aerodynamics Lead 
Maurissa took the lead role in researching fairing design and helped construct the vehicle. She also 
rode for the team at competition. 
 1 Introduction  
 1.1 Scope of the Document 
 1.2 Scope of the Project 
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 1.3 Project Expectations 
 1.4 Customer Description 
 5.3 Fairing  
 5.3.1 Construction  
 5.3.3 Parcel Compartment 
 
Ling Bin Lu – Club Member 

Ling helped construct the vehicle. 

 

Davis McGregor – Club Member 
Davis helped construct the vehicle. He also rode for the team at competition. 

 

Alondra Moreno – Club Member 
Alondra helped construct the vehicle. 

 

Steven Pack – Club Member 

Steven helped construct the vehicle. 
 

Kaishen Xu – Senior Design Team Member 
Kaishen was absent for most of the project and did not contribute any substantial work. 
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Appendix B - ASME Documents 
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Figure 10.C.1: Scoring For Innovation Category 
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Figure 10.C.2: Scoring For Design Category 

 

The document for rules and competition description can be located at the following 
link: 
https://community.asme.org/hpvc/m/default.aspx#_ga=1.71019600.1169728824.144323
6375 
  

https://community.asme.org/hpvc/m/default.aspx#_ga=1.71019600.1169728824.1443236375
https://community.asme.org/hpvc/m/default.aspx#_ga=1.71019600.1169728824.1443236375


UA|ASME 
Human Powered Vehicle 

 

71 
Spring 2016 Engineering 498B 

Cross-Disciplinary Design | Engineering Senior Capstone 

Appendix C – Initial Design Engineering Drawings  
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