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Vehicle Description 

School name:  University of Central Florida      

Vehicle name:  Knightrike        

Vehicle number 51  

  

Vehicle configuration 

  Upright   Semi-recumbent  x   

  Prone   Other (specify)     

 Frame material 7005 Aluminum       

 Fairing material(s) Carbon Fiber, Sworic     

 Number of wheels 3  

 Vehicle Dimensions (please use in, in3, lbf) 

   Length 109 in  Width 29 in  

   Height  37.5 in  Wheelbase 46.5 in 

 Weight Distribution Front 70%  Rear 30%       Total Weight 61.4 lb 

 Wheel Size Front 406 mm Rear 700c  

 Frontal area 851.0 in2 

 Steering Front x   Rear   

 Braking  Front 2x  Rear   Both   

 Estimated Cd 0.122  
 

Vehicle history (e.g., has it competed before?  where?  when?)__ Knightrike was 

designed, tested, and constructed in the fall of 2013 and the spring of 2014 for the 

2014 competition by the University of Central Florida Human Powered Vehicle Team. 

This vehicle has not yet competed. 
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Abstract 

For the 2014 ASME East Coast competition, the University of Central Florida Human Powered 

Vehicle Team designed and constructed Knightrike in the 2013-2014 competition season. 

Knightrike is a three-wheeled, semi-recumbent human-powered vehicle that was created using 

the team’s existing bicycle and engineering knowledge, along with help from experts in the 

recumbent bicycle and composites industries. The scope of the project included the complete 

design and construction of the vehicle. To verify that Knightrike met both the safety and 

innovation requirements set forth by the team and ASME, the team used computational modeling 

and analysis, as well as physical tests. 

Along with the top priority of safety, the team determined objectives for the design that included: 

exceptional stability, practicality, and overall performance. The three-wheel design with two 

wheels in front was chosen since it provides the best stability, especially at slower speeds, due to 

a low center of gravity. This also helped to make Knightrike a more practical vehicle for 

commuting, since it often entails a large amount of turning and stopping at slower speeds. 

Standard bicycle components were implemented so that parts on the vehicle would be easier to 

replace and repair.  

Even though Knightrike has 190 degrees for the forward field of vision and a rear-facing mirror, 

a Blind Spot System (BSS) was designed and constructed to help the rider drive the vehicle more 

safely since rear visibility in this type of vehicle is limited. Through this innovation, the state-of-

the-art of human-powered vehicles is advanced. Knightrike is fully-faired and offers many safety 

and performance features that enable it to perform as a strong alternative form of transportation. 

  



ii 
 

Table of Contents 

1. Design ................................................................................................................................................................... 1 

a. Objective .......................................................................................................................................................... 1 

b. Background ..................................................................................................................................................... 1 

c. Prior Work ...................................................................................................................................................... 1 

d. Design Specifications ...................................................................................................................................... 1 

e. Concept Development and Selection Methods ............................................................................................. 2 

f. Innovation ....................................................................................................................................................... 4 

g. Description ...................................................................................................................................................... 4 

h. Organizational Timeline ................................................................................................................................ 5 

2. Analysis ................................................................................................................................................................ 5 

a. Roll-over Protection System Analyses .......................................................................................................... 5 

b. Structural Analyses ........................................................................................................................................ 6 

c. Aerodynamic Analyses ................................................................................................................................... 7 

d. Cost Analyses .................................................................................................................................................. 9 

e. Other Analyses .............................................................................................................................................. 10 

i. Blind Spot System .................................................................................................................................... 10 

ii. Kinematics ................................................................................................................................................ 11 

iii. Air Flow ................................................................................................................................................ 12 

iv. Drivetrain ............................................................................................................................................. 12 

v. Velocity ...................................................................................................................................................... 14 

vi. Wheels ................................................................................................................................................... 16 

vii. Brakes ................................................................................................................................................... 17 

viii. Steering ................................................................................................................................................. 19 

ix. Stability ................................................................................................................................................. 20 

3. Testing ................................................................................................................................................................ 21 

a. RPS Testing ................................................................................................................................................... 21 

b. Developmental Testing ................................................................................................................................. 22 

c. Performance Testing .................................................................................................................................... 23 

i. Brakes ........................................................................................................................................................ 23 

ii. Top Speed.................................................................................................................................................. 23 

iii. Weight ................................................................................................................................................... 23 

iv. Turning Radius .................................................................................................................................... 23 

v. Stability ..................................................................................................................................................... 23 

vi. Visibility ................................................................................................................................................ 24 

4. Safety .................................................................................................................................................................. 24 

a. Design for Safety ........................................................................................................................................... 24 

b. Hazard Analyses ........................................................................................................................................... 24 

5. Aesthetics ........................................................................................................................................................... 25 

6. Conclusion ......................................................................................................................................................... 25 

a. Comparison – Design goals, analysis, and testing ...................................................................................... 25 

b. Evaluation ..................................................................................................................................................... 26 

c. Recommendations ......................................................................................................................................... 26 

d. Conclusion ..................................................................................................................................................... 27 

7. References .......................................................................................................................................................... 27 

  



1 

 

1. Design 

 

a. Objective 
The objective of the HPV is to perform as a safe and efficient alternate means of everyday urban 

and suburban transportation for the average person. The HPV aims to improve certain aspects of 

human-powered transportation such as comfort, speed and protection from crashing and the 

elements. It should also meet or exceed the requirements for turning, braking, stability, and 

structural safety set forth by ASME for the HPV competition.  

The design mission of the HPV is to increase the knowledge in the field of human-powered 

transportation vehicles, improve the standard through innovation, practice design methods, and 

to serve as a learning experience for students. 

b. Background 
There are several advantages offered by human-powered vehicles over conventional 

transportation methods such as cars. The bicycle is the most efficient human-powered land 

vehicle [1]. It also is environmentally friendly as it has zero emissions, unlike conventional 

vehicles. Some disadvantages of bicycles are that they offer no protection to the rider, and have 

little storage space. To combat these problems, several improvements can be made. Recumbent 

bicycles have similar power transfer and are lower to the ground, improving aerodynamics. 

Addition of a fairing to a recumbent bicycle design further improves aerodynamics, speed, 

provides protection to the rider from crashes and the environment, and offers storage space. 

While a vehicle with these design elements is more expensive than the average bicycle, it is still 

more affordable than a new car and can be similarly used for urban and suburban transportation. 

By incorporating these elements into a bicycle design, the team sought to design a vehicle that 

would be faster, safer, and more efficient than the average upright bicycle. There is definite 

market potential for such a vehicle in today’s push for sustainability and green processes. 

c. Prior Work 
All design, fabrication, and testing has been completed in the current academic year. 

 

d. Design Specifications 
Constraints were defined for the design based on rules for the ASME HPVC and a set of team 

goals that had to do with placing well in the competition and consideration for the rider of the 

HPV. The minimum top speed constraint was implemented to ensure a decent speed during the 

competition. The weight limit was added to keep the HPV light and thereby increasing speed. 

The drag coefficient limit was also incorporated to reduce drag effects and achieve quality 

aerodynamics for the HPV. In order to keep the rider more comfortable and decrease the 

temperature inside the HPV while riding, it was made mandatory that it would have air flow 

ducts.  
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Table 1: Constraints for HPV Design 

ASME HPVC Team 

Turning radius less than 8 m Achieve minimum top speed of 40 km/hr 

Stop in 6 m from a speed of 25 km/hr Weigh no more than 30 kg 

RPS that can support 600 lbf top load 

applied at 12 degrees from vertical with 

elastic deflection less than 5.1 cm 

Drag coefficient less than 0.3 

RPS that can support 300 lbf side load with 

elastic deflection less than 3.8 cm 
Incorporate air flow ducts 

Demonstrate vehicle stability 
 

 

e. Concept Development and Selection Methods 

A House of Quality (HoQ) was used by the team to help design Knightrike. A HoQ allowed the 

team to understand which characteristics desired in a competition are linked to each other and 

compare their expectations of the team’s bike to their competition. It was determined that one of 

the most crucial characteristics that affects the bike’s performance in a negative way was its 

weight. To make sure the weight was low, aluminum was used for the frame and carbon fiber for 

the fairing. Designing an aerodynamic fairing, but roomy interior, benefits speed and overall 

comfort. 
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Figure 1: House of Quality 
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After completing the HoQ, it was determined that the team was not going to outperform their 

competitors because the three-wheeled design could potentially not be as fast as the two-wheeled 

design, but the team could outperform them in respect to better turning, visibility, and overall 

comfort. 

 

f. Innovation 
A Blind Spot System (BSS) was devised to combat the problem of limited rider vision while 

inside the faired HPV. The system is powered by a battery that is charged using a solar panel. A 

microcontroller controls signal output from the ultrasonic sensors and detects obstacles in a 

region towards the rear and side of the HPV. If an object exists in this region, an LED indicator 

lights up alerting the rider of the object’s existence. The system and circuitry is further described 

in the Analysis Section e. 

 

g. Description 

Knightrike is a three-wheeled, semi-recumbent tricycle that is enclosed in a carbon fiber fairing. 

To be as stable as possible with three wheels, the trike is a tadpole (or reverse trike design), 

which means that it has two wheels in front that steer the trike and the rear wheel follows. The 

rear wheel provides the power for the HPV. The front wheels are not enclosed in the fairing, but 

are flush with the sides.  

To keep the rider as safe as possible in the event of a crash, Knightrike has a Rollover Protection 

System (RPS) built-in to the frame. A carbon fiber seat is riveted directly to the frame to keep it 

secure and a four-point harness is also used to keep the rider safe in the event of a crash. 

To make the vehicle more practical and easily repairable, the vehicle employs standard bicycle 

components: including the crankset, bottom bracket, pedals, cassette, chain, shifters, derailleurs, 

disc brakes, tires, and wheels. The chain is almost three times the length of a chain for a standard 

bicycle, and it is routed with an idler pulley under the seat all the way from the cassette on the 

rear wheel of the vehicle to the crankset at the very front of the frame. The gearing setup is 2x10 

meaning that it has 2 gears in the front and 10 in the rear. The HPV uses two 406 mm (20”) front 

wheels and one 700c rear wheel. 

The HPV is intended to only be ridden on paved surfaces, primarily asphalt and concrete. It is 

designed to be ridden like a standard bicycle on the roads, following standard bicycle and road 

laws. It is not intended for any off-road use. Knightrike is intended to be used as vehicle for 

commuting. So, a Blind Spot System (BSS) was designed to help aid the rider’s awareness, 

especially in traffic. A head light and tail light were installed to help the rider’s visibility in low 

light situations and at night and a cargo space was included to aid in the utility of the vehicle.  

As a standard bicycle, the HPV can be operated safely in a wide range of temperatures, climates, 

and weather. A rough estimate for the operating temperature range is 0 °F (-17.8 °C) to 110 °F 

(37.8 °C); however it would be more comfortably operated below 90 °F since the fairing greatly 

reduces the cooling that a rider would normally experience on a standard bicycle. The HPV 

could be more comfortably ridden in colder temperatures than a standard bicycle since the fairing 

creates more protection from cold wind. Knightrike should not be operated in snowy or icy 

conditions since it would easily lose traction due to the narrow and slick tires. The HPV could be 

operated in wet/rainy conditions; however it is not recommended and discretion must be used 
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depending on the magnitude of precipitation since the windows do not have a wiping system and 

the tires provide limited traction when wet. 

h. Organizational Timeline 
A Gantt chart was created to assist with time management and planning for the design and 

building of the HPV. The first semester involved mainly development of specifications, design 

ideas, and optimization. All of the fabrication was completed in the second semester. 

 
Figure 2: Gantt Chart 

 

2. Analysis 

 

a. Roll-over Protection System Analyses 

Table 2: Summary of Rollover Protection System Analyses 

Objective Method Results 

Prove the RPS meets the ASME 

load requirements 

SolidWorks finite element analysis 

was used to determine deflection 

RPS met the deflection requirements 

with a top load deflection of 1.68 

mm and a side load deflection of 0.8 

mm 
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The frame had to meet two different ASME standards to compete in the competition. The first 

was to support a top load of 600 lbf (2670 N) at a 12° angle with a deflection of less than 5.1 cm, 

and the second was it must support a 300 lbf (1330 N) force applied sideways to the Rollover 

Protection System with a deflection of less than 3.8 cm. SolidWorks finite element analysis was 

utilized to perform the load test on the frame model. It was assumed for the model that there 

were no welds since welds are irregular and difficult to model in software. The resulting 

deflection for the 600 lbf top load test was 1.68 mm and the deflection for the 300 lbf side load 

test was 0.8 mm, both well under the requirements. Top and side load tests are shown below in 

Figure 3. A previous design with no curves on the rollbar was initially analyzed, but it was found 

that the number of welds had to be reduced. The curved joints were implemented and the seat 

stay tubes were moved further up on the rollbar. Reducing the amount of welds decreases 

weakening of the material and moving the seat stays higher up on the rollbar better transfers 

vertical force to the dropouts which are well supported. This provided for a sturdier frame design 

which was then manufactured. 

 
Figure 3: Top Load Deflection Simulation (left) and Side Load Deflection Simulation (right) 

b. Structural Analyses 

Table 3: Summary of Structural Analyses 

Objective Method Results 

Demonstrate structural rigidity and 

robustness of frame 

SolidWorks finite element analysis 

was used to simulate loads and 

deflection 

High torsional rigidity with 

deflection of 1.01 mm. Very low 

deflection—0.984 mm—with heavy 

rider. 

 

To demonstrate structural rigidity and robustness, two tests were devised. One test was a 

torsional test of 200 lbf applied to one of the front head-tubes to test how well the frame will 

handle turning under a heavy load. The other test was a rider weight test with the weight of the 

heaviest member on the team—200 lbf. Both of these tests were modeled in SolidWorks using 

finite element analysis. Again the main assumption made was that of having no welds due to the 

difficulty of modeling them. The torsion test can be seen below in Figure 4, and the rider weight 

test can be seen in Figure 4 below. For the torsion test, the maximum deflection was 1.01 mm 

which indicates the frame is quite rigid. This is desirable for a racing vehicle as higher power 

transfer is possible and there is less power loss through turns. For the rider weight test, the 

maximum deflection was 0.984 mm which demonstrates the robustness of the frame design to 
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withstand even heavyset riders. These tests showed that there was little improvement to be made 

in rigidity and weight capacity.  

 
Figure 4: Torsion Test – 200 lbf Upward on Head Tube (left) and Rider Weight Test – 200 lbf at Center of 

Gravity (right) 

c. Aerodynamic Analyses 

Table 4: Summary of Aerodynamic Analyses 

Objective Method Results 

Achieve a fairing design with a drag 

coefficient lower than 0.3 

ANSYS Fluent Computational Flow 

Dynamics 

Fairing was designed with wheels 

flush to the sides. Drag coefficient 

and drag force with NACA ducts 

shown in Table 6 

 

The 2012 design team’s bike, the Windbreaker, was designed with having only two wheels and 

tight fairing design with a head pod. Although this led to a small frontal surface area and 

coefficient of drag, the vehicle tended to fall over during riding causing injuries. The head-pod 

also reduced visibility. The current fairing was designed to accommodate three wheels and 

improve visibility by adding more openings and avoiding the head-pod design. The fairing 

geometry resembles a tear drop in the fact that it consists of smaller cross-sections at the very 

front, larger ones toward the middle, and then the fairing slowly thins down towards the rear end 

of the vehicle; this leads to optimal performance [2].  Preliminary computational fluid dynamics 

(CFD) was done to test whether the bike should have the wheels inside the fairing or flush to the 

fairing. 

 
Figure 5: Design Shapes 

(From left to right: Flush Wheels, Enclosed Wheel, Windbreaker (2012)) 
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The CFD simulation using ANSYS Fluent and the coefficient of drag (  ) for the flush wheels 

design was found to be 0.109 with a total drag force (  ) at 18 m/s of 14.262 N. The enclosed 

wheel design resulted in higher values; a CD of 0.155 and a drag force of 20.60 N. The reason for 

the increase was because of the wider shape of the fairing due to the enclosed wheels. This 

created drag on the backside of the fairing behind the wheels and the increased frontal surface 

area. Compared to the slimmer two wheeled Windbreaker, both designs were less aerodynamic 

than expected, but the increased visibility and safety was determined to be worth the slight 

increase in drag (Table 5). None of these CFD analyses included any holes in the fairing. The 

design with the lowest drag coefficient and drag force was selected for manufacturing. 

 
Table 5: Design Shape Comparison 

Design CD FD (N) 

Flush Wheels 0.109 14.26 

Enclosed Wheels 0.155 20.60 

Windbreaker (2012) [3] 0.096 5.98 

 

Another CFD was performed after incorporating the NACA ducts (see section e, part ii), the 

wheels, and other gaps in the fairing needed for the wheels to turn their full range. The 

coefficient of drag increased by 40% to 0.1525 and the force acting on the vehicle was 19.786 N; 

this increase is due to the gap around the wheel creating turbulence and the turbulence around the 

duct locations (Figure 14). 

 

 
Figure 6: Pressure Profile from CFD 

Due to the short time spent riding, in the drag race event the NACA ducts will be sealed with 

foam plugs to reduce the coefficient of drag. Running the simulation with the NACA ducts 

sealed resulted in a reduced coefficient of drag of 0.122 and reduced total force of 15.766 N 

(Table 6).  The endurance event will not have the plugs installed in order to keep the riders from 

getting overheated. 
Table 6: CFD with NACA Ducts Added 

Parameter Open Ducts Closed Ducts 

CD 0.152 0.122 

FD (N) 19.786 15.766 
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d. Cost Analyses 
Table 7: Summary of Cost Analyses 

Objective Method Results 

To determine the cost of producing 

a single HPV and the cost of a three 

year production run of 10 HPVs per 

month 

Broke down costs into capital 

investment, parts and materials, 

labor, and overhead 

The HPV cost the team $4736.50 to 

build as some items were donated. 

A single full-cost HPV would cost 

$11318.17 and a three year 

production run would cost 

$3192572.36. 

 

There were several costs associated with the production of the HPV. These included capital 

investments, tooling, parts and materials, labor, and overhead. Table 8 shows each of these costs 

for the HPV as built by the team, a production run of a single vehicle, and a three year 

production run with ten vehicles per month. 

 
Table 8: Cost Analyses 

Cost Type As Built 
Production Run 

(Single Vehicle) 

Production Run 

(360 Vehicles) 

Capital Investment $1,117.23 $112.48 $40,493.18 

Tooling $83.00 $83.00 $249.00 

Parts & Materials $3,619.27 $8,301.90 $2,106,716.18 

Labor $0.00 $592.68 $213,363.00 

Overhead $0.00 $2,311.11 $832,000.00 

Total $4,736.50 $11,318.17 $3,192,572.36 

 

The team received many donations for items such as composites, resins, and aluminum pipe. 

Also, several services like the milling of the foam for the fairing and the welding of the frame 

were provided for free. This made the vehicle as built by the team significantly cheaper than the 

estimate for the production of a single HPV. Capital investment included costs associated with 

acquiring the appropriate machines to perform processes such as welding and annealing. Tooling 

included the cost of tools needed such as wrenches and C-clamps and it is assumed these are 

replaced on a yearly basis. Parts and materials included costs for things like components, 

composites, the BSS, and the seat. Labor costs consisted of hourly pay for services like welding, 

bending, painting, and fabrication. Overhead costs consisted of things like warehouse rent, 

utilities, insurance, and staff. It was assumed that overall fabrication of an HPV excluding the 

fairing would take about 5 hours. The mold and fairing were estimated to be completed in about 

30 hours. Most information regarding prices for machines, hourly wages, and overhead was 

obtained from the industry partner and recumbent bicycle producer Catrike. A very in depth cost 

analysis was done but not shown in order to save space. 
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e. Other Analyses 

 

i. Blind Spot System 
 

 

Table 9: Summary of Blind Spot System Analysis 

Objective Method Results 

Verify that the BSS has enough 

power and determine the length of 

time the system is operational 

Electrical theory: Ohm’s Law 

It was determined a solar panel 

should be used to allow the system 

indefinite power on sunny days and 

an active time of 15.6 hours in non-

optimal weather conditions. 

 

For this analysis, simple electrical theory was used and it was assumed that there were no effects 

from temperature on the performance of the components. The lithium-polymer battery has 15984 

J of energy when fully charged. There are components in the Blind Spot System that consume 

and provide power. The total power consumption is 0.5681 W assuming full power consumption 

with the microcontroller operating at 100%; however, in reality it will most likely operate at 40-

60% maximum. The battery life for the system was found to be only 15.6 hours. This would 

provide for some days of riding but would require regular recharging. A solar cell was 

introduced to the design to prevent this maintenance. If the solar cell operates at 100% there is 

more than enough power to power the entire system. Table 10 below shows which components 

provide power and which consume power. It is evident that on a sunny day, more than ample 

power is being provided to the consuming components. However, assuming a cloudy day with 

the sensor operating at only 25% the battery will be needed to supplement the solar cell. The 

runtime on a cloudy day is 43 hours. 

 
Table 10: Power Provided and Consumed for Two Cases 

Providing Power (2 cases) Power Consuming 

1) Solar Cell Sunny Day  1.440 W Microcontroller 0.5 W 

2) Solar Cell on Cloudy Day (25%) 0.36 W Sensors 0.068 W 

 Total 0.5681 W 

 

In the original design there was no solar cell. Due to preliminary calculations of the battery life, 

the idea of the solar cell was introduced to solve the problem of limited battery life and to also 

allow the system to operate indefinitely with optimal weather conditions. It is clear that the BSS 

system has enough power on a sunny day to run indefinitely. On days with non-optimal weather, 

the BSS could be active for an entire day of riding. This reduces the chances of having to stop 

and charge the battery. The HPV could be ridden for very long distances with the BSS fully 

functional, limited only by continually poor sun conditions.  
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ii. Kinematics 
Table 11: Summary of Kinematics Analysis 

Objective Method Results 

Ensure that the chain line, foot 

circle, and knee circle are free of 

obstacles 

A 3-D model of the HPV with 

approximated chain line and foot 

and knee circles 

Chain line, foot circle, and knee 

circle all free of obstacles. No 

further adjustment necessary 

 

Some significant design considerations for the frame are chain line, foot circle, and knee circle. 

Not only does the chain have to route around the front cross brace, but it has to miss the steering 

linkage as well, along with the seat and rider’s legs. The chain line, along with foot and knee 

circles, can be seen below in Figures Figure 7 and Figure 8. As it can be seen in the figures, the 

chain line misses all major components and the foot and knee circles clear all parts of the frame 

and fairing. As a result, no further adjustment was made to the chain line, foot circle, or knee 

circle. 

 

 
Figure 7: Foot Circle and Chain Line 

 
Figure 8: Front View Knee and Foot Circle 
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iii. Air Flow 
Table 12: Summary of Air Flow Analysis 

Objective Method Results 

Determine required duct area to 

keep rider comfortable 
HVAC theory and energy balance 

Two NACA ducts with an area of 

15 in
2
 each are required to keep the 

rider cool 

 

The fairing features two NACA ducts to provide ventilation.  The ducts are placed on both sides 

of the rider near the rider’s legs (Figure 17).  There are two small exhaust vents placed at the 

very end of the fairing to allow air to leave. 

 

  
Figure 9: An Example of NACA Duct (left) and NACA Ducts on the Fairing Model (right) 

The number of the NACA ducts was determined by the heat calculations shown below in 

Equations 1 and 2. In the equations,    is the heat flow, CFM is the cubic feet per minute,    is 

the change in temperature,  ̇ is the volumetric flow rate, V is the velocity, and A is the cross-

sectional area of the HPV [4]. Assuming that the heat created by the rider is 2050 BTU/h and the 

temperature outside was 85 °F and the desired maximum internal temperature was 90 °F, the 

outdoor air needs to come into the vehicle at 375 ft
3
/min [4]. Assuming the HPV is going 20 

mph, it was determined that it would need an area of 30 in
2
 to allow air in.  The two NACA ducts 

have an area of 15 in
2
 which should be sufficient to cool down the rider of the HPV. 

               (1) 

  ̇      (2) 

 

iv. Drivetrain 
Table 13: Summary of Drivetrain Analysis 

Objective Method Results 

To determine the best gearing range 

and ratios, with standard bike 

components 

Comparison using gear inches, 

which takes into account front and 

rear gear sizes, crank length, and 

drive wheel diameter 

Standard road bike chainrings and 

cassette were found to be optimal 

for this application, as shown in 

Figure 10 

 

For the drivetrain, there were just about countless gearing setups that could be chosen due to the 

combination of chainring (front gear) sizes and cassette (rear gears) sizes. Originally, it was 

planned to use a custom-machined 70-tooth chainring to compensate for a smaller rear wheel. 

However, this was eliminated and the drivetrain design was narrowed down to two main options: 
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a common road bike double chainring setup with a standard road bike cassette, or a common 

road bike single chainring with standard mountain bike cassette. Both of these designs are easily 

physically realizable and profitable because they simply involve already existing, standard 

bicycle parts that are fairly cheap in comparison to having to make a custom chainring. 

To compare the two gearing options mentioned above, gear inches were calculated for the two 

different options (gear inches take into account the diameter of the drive wheel and the diameters 

of the front and rear gears) and a graph was made which is shown in Figure 10 below.  

 

 
Figure 10: Gear Inch Comparison of Two Drivetrain Options 

 

The two blue lines represent the double-chainring with road bike cassette option, whereas the 

green line represents the single-chainring with mountain bike cassette option. As can be seen, the 

road bike cassette option provides far more gear combinations, and the gearing is spaced closer 

together. It also has about the same maximum and minimum gear inches as the mountain cassette 

option. A mountain bike cassette has much bigger jumps in gear teeth than a road bike cassette 

because it will be ridden on many, quick changes in grade, while climbing and descending 

frequently. However, a road bike cassette is designed with closer gear teeth jumps since it will be 

ridden on much smoother, paved terrain transitions. The closer gear teeth spacing is crucial for 

finer adjustments in speed when pedaling the HPV at higher speeds since it allows the rider to 

keep about the same cadence while producing greater speeds with each movement to a higher 

gear. Since the gear teeth spacing is closer, it also helps produce smoother shifting and allows the 

rider to be more efficient, which can be especially advantageous when racing. For these reasons, 

and since the HPV will only be ridden on paved terrain with little grade-change, the double-

chainring with road bike cassette option was chosen. 
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v. Velocity 

Table 14: Summary of Velocity Analysis 

Objective Method Results 

To estimate the highest velocity that 

could be reached, taking into 

account the drag and human power 

for an average cyclist 

Derived an equation for velocity 

using the force of drag equation 

from fluid mechanics and a power 

equation from Bicycling Science [1]   

At 200 W, which is achievable even 

for an untrained cyclist, estimated 

top speed is 34 mph with closed 

vents, and 32 mph with open vents. 

These both meet the 25 mph 

requirement 

 

After deciding upon the gearing setup, it needed to be shown that the drivetrain will produce at 

least the required speed of 40 km/hr (about 25 mph) set forth by the group. To do so, the gearing 

and drag relation to the overall speed of the HPV was researched. In the Bicycling Science book, 

Equation 3 was found that relates the human power to the desired velocity, taking into account 

the force of drag [1]. In it  ̇  represents the power output, FD the force of drag,   the velocity, 

and   the efficiency. 

 
 ̇  

   

 
 

(3) 

The force of drag equation increases parabolically as the velocity of the vehicle increases. 

According to Fox and McDonald’s Introduction to Fluid Mechanics [2], the force of drag is 

given by Equation 4 shown below, where    is the coefficient of drag found in the CFD analysis, 

     is the density of air, and   is the largest cross-sectional area of the HPV found in 

SolidWorks. 

 
   

 

 
        

  (4) 

Combining these two equations, the velocity for the HPV was able to be found in terms of the 

power produced by the rider. Equation 5 shows the result below. 

 

  √
  ̇  

       

 

 

 

(5) 

 

This formula was then used to create Figure 11 below, which shows the velocities that will result 

from the different power inputs. The plot shows curves for the HPV with open NACA vents, and 

with the NACA vents closed. From Bicycling Science it was found that around 10% of the 

human power output can be lost to just the drivetrain [1]. So, to be on the safe side and to try to 

account for other power loss through the bearings, tires on the ground, and other unforeseen 

causes, an efficiency of 70% was chosen for the velocity equation. A density of 1.178 kg/m
3
 for 

air at 80 °F was chosen since it is a reasonable estimate for the temperature when the HPV will 

be operated.  The largest cross-sectional area of the HPV of 0.549 m
2
 computed in SolidWorks 

was also used. 
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Figure 11: Vehicle Velocity Based on Human Power with Drag 

As can be seen in the figure, to produce the minimum required speed of about 25 mph, a human 

power output of about 75 to 100 W is needed, depending on if the NACA ducts are open or 

closed. This range should be very easily achievable based on research and testing of the group 

members as will be explained more below.  

The background of the plot shown in green, yellow, and red represents power outputs achievable 

for long periods of time for untrained, intermediate and advanced cyclists, respectively, based on 

information from CyclingTips.com. According to CyclingTips.com, an untrained cyclist produces 

between 2.33 and 3.15 W/kg for 5 minutes [5]. For a 70 kg person, this means an untrained 

cyclist would put out between 163.1 to 220.5 W in 5 minutes.  Even the lower number is much 

greater than the needed 75-100 W, so this required power for 25 mph will be achievable even for 

an untrained cyclist.  

To further prove the speed requirement for the team, each of the male group members that will 

ride the HPV in the competition went to a gym with cycling equipment to test their maximum 

power outputs for a 30 second test. The average power output was found to be 538 W, which is 

surprisingly high. A 30 second test was chosen because it should provide a long enough test to 

accommodate the time needed for the HPV to accelerate when trying to reach top speeds. Also, 

one member was able to produce an average power output of 297 W for a 2 minute test. This 

data shows that the group should easily be able to make the HPV reach and surpass the 25 mph 

(40 km/hr) requirement set by the team. 

The maximum speed that can be produced is not only dictated by human power output, but also 

by the crank rotation speed. A human has limits on how fast they can rotate the cranks and 

produce high speed. Pedaling cadence (crank angular velocity) ranges mainly from around 40 to 

120 rpm. Any slower than 40 rpm and the pedaling becomes very inefficient, and any faster than 

120 rpm is very hard to produce. A desirable cadence range is about 60 to 90 rpm. So, the gear 

ratios must accommodate this range of rotation speed and the human power output. 

It is important that the gearing will be high enough to achieve the 25 mph requirement as well as 

higher speeds potentially up to 30-35 mph without letting the rider “spin-out.” Spinning out is a 

term used to represent the cyclist not being able to pedal the bike any faster due to the gearing 

combination being too low. So, at the minimum required power of 75-100 W, a crank rotation of 
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about 50 rpm would produce 25 mph. Since this can be produced in even in a mid-range gear, the 

higher gears on the cassette (11t – 15t) will allow the rider to go faster than the 25 mph 

requirement depending on the rider’s power output. 

 

vi. Wheels 

Table 15: Summary of Wheels Analysis 

Objective Method Results 

To determine the optimal wheel 

sizes for the HPV, taking into 

account stability, top speed, and 

fairing space 

 

The radial velocities and tangential 

hub bearing velocities of the wheels 

were calculated using rotational 

physics 

 

700c rear wheel was chosen since it 

provides better stability at top speed 

and standard road bike gearing is 

designed for this wheel size. 406 

mm front wheels were chosen since 

they produce the best trade-off for 

stability at higher speeds and space 

for the fairing cabin 

 

For the wheels, there were several options for sizes for the front and rear. Originally, it was 

planned to use a 650c wheel or 26” wheel in the rear. However, this option was eliminated since 

it was found that the smaller wheels would be harder on the hub bearings; it would adversely 

affect stability at top speed, as well as maintaining higher speeds. It was found that the frame 

geometry and the fairing could easily accommodate the larger 700c wheel, so it was picked since 

it would be more profitable. The 700c wheels are much more common on road bicycles, so it 

will make it easily physically realizable due to the large selection of brands for the wheel. For the 

front wheels, there were two plausible options, 16” or 406 mm (20”). The larger 406 mm wheels 

were chosen for the same reason as the larger 700c rear wheel, despite the fact that the larger 

wheels would somewhat adversely affect the turning radius. 

To compare the smaller wheels to the larger wheel options, several calculations were made. The 

radial and the hub bearing velocities of each of the 650c and the 700c options were calculated 

and are shown below in Table 16.  

Table 16: Comparison of 700c and 650c Rear Wheel at 20 mph 

 700c Rear Wheel 650c Rear Wheel 
Radial Velocity 137.3 rpm 149.5 rpm 

Hub Bearing Velocity 0.643 mph 0.701 mph 

As can be seen, the larger wheel rotates quite a bit slower than the smaller wheel, which means 

that it will be more stable at higher speeds, and since the hub rotates slower, as shown, it will be 

easier on the hub bearings. Due to these reasons, the larger 700c wheel was chosen. Using this 

same knowledge, the larger 406 mm wheels were chosen for the front instead of the smaller 16” 

wheels. Even though the wheels chosen are larger, their size is appropriate enough that they are 

easily incorporated into the frame and fairing design, with very little adverse effects on them. 

 

 

 



17 

 

vii. Brakes 

Table 17: Summary of Brakes Analysis 

Objective Method Results 

To evaluate that the brakes 

would be able to produce the 

deceleration needed to meet the 

ASME requirement 

Tested a bike with the same 

brakes, found the force of the brake 

using torque relation and physics. 

Then from this, calculated the 

braking force and deceleration for 

the HPV 

The brakes chosen should 

produce a deceleration of 7.89 m/s
2
, 

which easily meets the ASME 

requirement of 4.019 m/s
2
 for the 

stopping distance of 6 m from 25 

km/hr 

For the brakes, there were three main types that could be chosen, rim, disc, or drum brakes. The 

rim brake type could only be used for the rear wheel due to the open front wheel design—there is 

no frame tubing near the front rims. This option was eliminated since front-wheel brakes result in 

the best braking, especially due to a trike having a center of gravity weight distribution of about 

2/3 front, and 1/3 rear. So, it was narrowed down to disc or drum brakes for both of the front 

wheels. Drum brakes are not very common in the bicycle industry and can be very expensive, 

whereas disc brakes are very common in the mountain bike industry, so disc brakes were chosen 

since they would be more profitable. 

For the brakes, after the disc brakes were chosen, it needed to be shown that they would provide 

the stopping power necessary to stop the HPV in the ASME requirement of 6 m from a speed of 

25 km/hr. (15.5 mph). The deceleration needed was calculated to be 4.019 m/s
2
. Upon 

researching, the following chart shown below in Figure 12 created by Bikeradar.com was found, 

which relates the deceleration to the braking force on the lever of the brake [6]. 

  
Figure 12: Brake Lever Pull Force vs. Deceleration [6] 

The average pull force of the members of the group was measured for both one finger and two 

fingers. It was found to be 113 N for one finger, and 176 N for two fingers. As can be seen in the 

figure above, at the range of these forces, an average hydraulic disc brake will provide around 5 

to 7 m/s
2
, which would easily meet the deceleration requirement of 4.019 m/s

2
. The Shimano 

SLX brakes were chosen since they provide reliability and good power at a reasonable price. 
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To prove more specifically that the Shimano SLX brakes will achieve the stopping requirement, 

a series of tests were performed by the group members on a mountain bike with Shimano XT 

brakes. Shimano XT brakes are the same model of brake as the SLX version, except they have an 

extra “free-stroke” feature that allows greater adjustability in how the pads contact the rotors [7]. 

For 10 tests, the rider brought the mountain bike up to 15.5 mph (measured by a speedometer on 

the bike), and then stopped the bike as quickly and as safely possible using only the front brake. 

The stopping distance was measured for each of the tests and averaged. 

To find the deceleration that resulted from the tests, Equation 6 from basic physics was used: 

   
    

      (6) 

In the equation,    is the final velocity,    is the initial velocity,   is the acceleration (or 

deceleration in this case), and   is the distance that it took to stop the bike. Simplifying the 

equation for this case, Equation 7 for the deceleration was derived: 

 
  

   
 

  
 

(7) 

From this, the net stopping force,   that was acting on the bike and the rider was able to be found 

in terms of the deceleration,   and the total mass of the mountain bike and rider,  , using 

Equation 8 from Newton’s Second Law: 

      (8) 

 

Then, the braking force was able to be found using the torque relation of the front wheel of the 

mountain bike. To make this relation clearer, a diagram was created, which is shown in Figure 

13 below. 

 
Figure 13: Diagram of the Torque Relation for the Front Wheel 

As can be seen in the diagram, the net stopping force,   can be assumed acting only on the 

wheel, in the opposite direction of the rotational velocity,  . The net force can be directly related 

to the brake force,       , since it is causing the net force by acting on the brake rotor. Equation 

9 shows the brake force relation, in which,        is the radius of the wheel, and        is the 

radius of the rotor. 

         
      
      

 
(9) 

 Using these equations, an average speed of 15.5 mph, an average stopping distance of 3.09 m 

for the 10 tests, and a total mass of 92.15 kg for the bike and rider, the deceleration, net force, 

and brake force were found. They are shown in Table 18 below: 
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Table 18: Values Found from the Ten Mountain Bike Brake Tests 

Deceleration,   (m/s
2
) Net Stopping Force,   (N) Brake Force,        (N) 

7.89 726.7 2868.2 

Once the brake force was found, it could then be used to calculate the net force, deceleration, and 

stopping distance for the HPV using the same equations, but in reverse order and with different 

radii than for the mountain bike since the HPV will have different sized front wheels and rotors. 

The total mass used for the HPV was calculated by adding the group’s heaviest rider’s mass of 

88.45 kg to the projected mass of 26.86 kg for the HPV that was calculated from the CAD model 

and the weight of the components. This total mass of 115.3 kg, along with the respective radii for 

HPV’s front wheels and rotors, as well as the speed for the requirement of 25 km/hr. (15.5 mph), 

were used to calculate the net force, deceleration, and stopping distance for the HPV, which are 

shown in Table 19 below: 

 
Table 19: Brake Values Found for the HPV 

Net Stopping Force,   (N) Deceleration,   (m/s
2
) Stopping Distance,   (m) 

900.2 7.66 3.20 

From this table, the calculated deceleration for the HPV is 7.66 m/s
2
 and the stopping distance is 

3.20 m. These values more than meet the required values of 4.019 m/s
2
 and 6 m stated by ASME. 

Also, these calculations are for only one brake; whereas, the HPV will have two front brakes, so 

the Shimano SLX hydraulic disc brakes chosen for the HPV will easily meet the ASME 

requirement. 

After using these brakes on the prototype, it was found that this model of brake was impractical 

due to the lever body design. So, a different model disc brake set was used, and was tested. The 

different brakes met the ASME specifications, as shown in the performance testing section. 

viii. Steering 

Table 20: Summary of Steering 

Objective Method Results 

Verify steering system meets 

turning radius requirement 

Trigonometry and geometry was 

used to calculate the turning radius 

Minimum turning radius of 2.965 m. 

Steering system will understeer 

slightly which increases safety. 

 

Per ASME requirements, the HPV must have a minimum turning radius of 8 meters. Typical 

Ackermann steering geometry was used to calculate the turning radius of the HPV [8]. The 

camber angle was ignored as it became difficult to perform the calculation in three dimensions. It 

was found after measuring the limits of componentry being used in the steering system—the 

frame, the handlebars, the head tube braces, and the fairing—that the wheel can turn at least 4 

inches. This provides the maximum turning angle of the inner wheel as 25°. It was determined 

that a turning radius of 2.965 meters is readily achievable.  

A trapezoidal steering mechanism is being used to steer the HPV since it is the most common 

steering mechanism. The setup for a typical trapezoidal steering mechanism can be seen in 

Figure 14 on the following page. The β angle for the HPV is 44.48° and is not subject to change 
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as it is defined by the geometry of the parts provided by the industry sponsor, Catrike. 

Ackermann steering is theoretical and vehicles that use “Ackermann” steering simply attempt to 

mimic the ideal condition as best as possible. Perfect Ackermann steering is not achievable with 

a trapezoidal steering mechanism even though it is widely used.  

To quantify how well the HPV will mimic the Ackermann condition, a comparison was made in 

MATLAB between the two for the dimensions of the HPV. It can be seen in Figure 14 on the 

following page that the HPV will not demonstrate Ackermann-like steering in high angle turns, 

but will at low-angle turns. The inner wheel will only have to turn at an angle of 8.75° to stay 

within the 8 meter turning radius required by ASME. In this range the HPV trapezoidal steering 

mechanism will closely match a true Ackermann mechanism. The fact that the trapezoidal 

steering mechanism will not match the Ackermann condition at high-angle turns is acceptable 

due to the fact that there will be no high-angle cornering necessary in the ASME competition. 

Also noticeable in Figure 14 is that the HPV steering mechanism will understeer, meaning that it 

will steer less than the amount commanded by the driver and will follow a path with a radius 

larger than intended. Catrike’s steering hardware was designed this way intentionally as 

understeer is much safer than its converse, oversteer. Oversteer becomes unstable when the 

vehicle is taken to its frictional limits with a tendency to spin out. It is therefore an advantage for 

the HPV’s trapezoidal steering mechanism to be close to the true Ackermann condition while 

avoiding oversteer. The results of the analysis demonstrated that the steering system would meet 

all functional requirements adequately. 

 
 

Figure 14: Typical Trapezoidal Steering Mechanism (left) [6] Ackermann vs. Trapezoidal (right) 

 

ix. Stability 
Table 21: Summary of Stability Analysis 

Objective Method Results 

Determine limit of stability for 

the HPV 

Physics was used to sum the 

forces at the center of gravity 

Highly stable when cornering, as 

seen in  

Table 22 

In order to ensure a level of safety for the HPV when in use, a stability analysis was performed to 

determine how the HPV behaves while in motion. The three wheel design inherently gives the 

HPV an increased level of stability over two wheel designs. Stability of the HPV can be analyzed 

by summing forces generated at the center of gravity. There are two situations in which rollover 

is possible due to forces generated at the center of gravity: circular motion (turning) and when a 

vehicle is sliding sideways and strikes an object, creating a pivot point for possible rollover. For 
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both situations it was assumed that the rider would not lean into the turn. For the first situation, 

the stability could be analyzed by summing the gravity and centripetal acceleration force vectors 

at the center of gravity. If the resultant vector is directed outside of the wheelbase then rollover 

would occur. The vector relation was used to solve for the maximum velocity for various turning 

radii. The results are shown below in  

Table 22. At the minimum required turning radius of 8 meters, it was found that the HPV could 

go a maximum of 6.378 m/s without flipping over. At the smallest turning radius that the HPV 

can achieve, 2.965 m, the HPV could travel up to 3.883 m/s without a rollover occurring. These 

values demonstrate that the HPV will be stable when cornering except at very high speeds. For 

the second situation, consider the HPV spinning out on a wet surface; the HPV could slide 

sideways and strike an object at a maximum of 3.46 mph before rollover occurred. This situation 

is rare and the RPS and fairing would protect the rider in such an event. The results show that the 

HPV is relatively safe while turning and would be able to sustain even higher speeds through 

turns if the rider was to shift the center of gravity by leaning into the turn. 

Table 22: Turning Radius vs. Maximum Velocity 

Radius of Turn (m) Maximum Velocity (m/s) 

8.000 6.378 

7.000 5.966 

6.000 5.524 

5.000 5.042 

4.000 4.510 

2.965 3.883 

3. Testing 

a. RPS Testing 
To test the frame and make sure that the Rollover Protection System (RPS) meets the ASME 

safety requirements, a compression testing machine was used. The machine had a certificate of 

calibration and was operated by an experienced user. The side load test was first applied as 

shown below on the left in Figure 15. Using appropriate wood blocks, the frame was positioned 

at 12° from horizontal for the top load test and then clamped in place. A picture of the top load 

test is shown below in Figure 15.  
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Figure 15: Picture of the Side Load Test (left) and Top Load Test (right) 

The load and displacement data from the machine were recorded and plots were created which 

are shown below in Figure 16.  

 
Figure 16: Load vs. Displacement Plots for the Side and Top Load Tests 

As shown in the graph, the RPS supported a maximum side load of 481 lbf (2139.6 N) and a 

maximum top load of 624 lbf (2775.7 N), which resulted in displacements of 0.1042 in and 

0.1595 in, respectively. This shows that the RPS more than meets the ASME requirements for 

the side load of 1330 N and top load of 2670 N. 

The safety harness plays an extremely important role in the RPS, as well. A four-point harness 

was selected for use, as in the event of a crash, the harness will have enough anchor points to 

securely hold the rider in place. This safety harness is attached by strapping it around the frame 

tubes. The harness chosen is DOT compliant, ensuring that it will be strong enough to protect the 

rider in a crash [9]. 

Furthermore, the seat itself is attached to the frame through four rivets, two at the top and two at 

the bottom. Each rivet has a nominal diameter of 3/16 in, and can withstand ultimate shear and 

tensile loads of 260 lbf and 320 lbf, respectively [10]. This seat is made of standard carbon fiber, 

possessing a tensile strength of 110 MPa [11]. A 50 G impact was considered since it would be 

close to the point of death for a person wearing a chest harness. Taking into account the 50 G 

impact for a frontal collision and only the mass of the seat (since almost all of the rider’s weight 

would be transmitted to the harness and therefore frame) the seat would experience 

approximately 18.75 lbf on each rivet, which means that the rivets would not fail. This seat has 

an attachable cushion made of a several layer mesh material, which provides dampening for 

comfort, as well greater protection in a crash; although, most of the force will be transmitted to 

the safety harness, rather than the seat.  

b. Developmental Testing 
In order to satisfy the ASME braking requirement, physical tests were performed early in the 

design process in order to optimize the design. Since the vehicle must be able to come to a 

complete stop from 25 km/hr in 6 meters, team members tested their grip strength using a scale, 

in order to find the average pull strength for the group members’ fingers. This was done to get a 

better idea of how sensitive the brakes need to be. With the model of brake being used and the 
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pull force measured, it was found that the brakes would be able to meet the stopping 

requirement. This test also brought to the team’s attention the importance of careful braking: a 

brake that is too sensitive will cause the vehicle to slow down extremely through a light touch of 

the brake, leading to a slower lap time or race position, while a brake that is not sensitive enough 

can cause a safety hazard. 

c. Performance Testing 

 

i. Brakes 
The braking system installed on the prototype was tested to comply with the ASME competition 

set requirements which required the vehicle to stop safely in a distance of 6 m from speed of 25 

km/hr. To test the prototype a starting line for braking was marked and a series of five tests were 

made from 25 km/hr to a dead stop. The average stopping distance, while maintaining a safe and 

controlled stop, was 3.06 m. With the vehicle coming to a safe stop in slightly over half the 

allowed distance, it was deemed compliant with the requirement.  

 

ii. Top Speed 
There was no set top speed requirement per ASME specifications. A group goal was set of 40 

km/hr. To test the top speed of the vehicle each team member took it out for an all-out sprint. A 

bicycle computer was used to measure the achieved speeds, returning a maximum speed of 62.9 

km/hr. This speed exceeded the team goal and provided a competitive speed for competition.  

 

iii. Weight 
There was no set weight requirement per ASME specifications. However, the team defined a 

constraint to limit the weight to 30 kg. To verify that this specification was met, a handheld 

luggage scale that held the vehicle by a strap and measured the suspended weight was used. 

After assembly, the total vehicle weighed in at 27.84 kg. This was over the expected weight from 

SolidWorks, estimated for the total vehicle at 26.86 kg, but only by a small amount deeming it 

acceptable.  

 

iv. Turning Radius 
ASME required a turning radius of 8 m. To fully test the minimum turning radius of the vehicle a 

tape measure was placed across the ground and used to measure the circle in which it took the 

vehicle to move 180 degrees. The minimum turning radius measured was 2.83 m. This turning 

radius was nearly half of the estimated radius due to differences in steering limits between the 

estimated design and manufactured product. The HPV far exceeds ASME’s requirement for 

turning.  

 

v. Stability 
To demonstrate vehicle stability at the minimum ASME turning requirement of 8 m, the HPV 

was safely ridden as fast as possible to determine the stability and control experienced when 

operating. A circular course was set up with a radius of 8 m and the vehicle was taken to the 

maximum speed possible without inducing tipping; the speed recorded by the bicycle computer 

was 21.89 km/hr. This was slightly under the calculated speed that could be reached at the 

specified turning radius of 22.96 km/hr. This slight discrepancy is due to the simplification of the 
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geometry and force vectors summed in the analysis. The values are close enough to demonstrate 

vehicle stability. 

 

vi. Visibility 
ASME required a minimum of 180 degrees for a field of vision. To accommodate this, holes for 

windows were cut in the fairing to give a minimum field of view of 190 degrees. With over 180 

degrees of vision and a Blind Spot System the vehicle provides enough awareness of the 

surrounding environment to the rider.  

 

4. Safety 

As engineers with an ethical responsibility for their design, the team designed and constructed 

the HPV with safety of the riders, workers, and bystanders as the top priority. 

a. Design for Safety 
Safety for the rider was ensured through many aspects of the vehicle design. The RPS, harness, 

fairing, BSS, and other accessories provided numerous safety features. In the event of a crash the 

RPS, fairing, and harness will protect the rider from major injury. The rollbar was fashioned 

around the seat to protect the rider in the event of a rollover or lateral impact. It is wide enough 

and tall enough to prevent the rider from contacting the ground in the event of a crash. The 

fairing is made of high strength carbon fiber which further ensures rider safety in the event of 

skidding on the road surface during a rollover. The harness is a four-point harness with shoulder 

and waist straps and is DOT compliant. To save weight, it was attached to the frame using an 

approved climbing knot called the Blake’s Hitch. The steering system has no excessive play or 

looseness and is very responsive to steering input. The BSS also increases safety for the rider and 

bystanders by providing the rider with an indicator as to whether an object exists in the rider’s 

blind spot. Lights located on the front and rear of the vehicle further increase safety for the rider 

and bystanders by increasing visibility of the HPV. Side reflectors, an audible horn, and a rear-

view mirror were also incorporated into the HPV. 

Throughout the construction of the HPV, when team members were required to use tools or put 

themselves in any kind of danger to manufacture a part they were first familiarized with the tool 

or process. Protective gear was then used, such as safety glasses, earplugs, and gloves to prevent 

injury. A minimum of two team members were allowed to utilize power tools or to perform 

possibly harmful manufacturing processes. When possible, industry experts performed the work 

needed for the vehicle construction. This included situations like welding and bending. Creating 

the welding jig out of industry-grade aluminum instead of cheap materials and using secure 

fasteners greatly improved safety for the worker during welding. 

b. Hazard Analyses 
The previously discussed safety systems such as the rollbar, harness, and BSS all serve to protect 

the rider from hazards. The three wheel design also greatly improves stability as opposed to a 

two wheel design and decreases chances of harm occurring to the rider. The four-point safety 

harness is used to secure the rider in place if a crash or flip occurs. This harness is adjustable, 

ensuring that the rider is securely fastened into the vehicle. This will keep the rider’s upper body 

from contacting the ground in case of a crash. Furthermore, the rider will be wearing a helmet; 

which has an expanded polystyrene foam liner, with a polycarbonate plastic shell over top. This 
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will ensure the maximum safety for the rider. Also, the rider will be wearing goggles or 

sunglasses, in case of debris coming through the ducts and into the eyes, or any other foreign 

objects in the event of crash. Additionally, other accessories such as lights, a horn, and a mirror 

further increase the rider’s awareness of potential hazards and also increases visibility of the 

vehicle for others. 

 

5. Aesthetics 

Above everything else, the vehicle needs to be pleasing to the eye as a whole, and needs to 

attract customers. The fairing presents the team logo, as well as logos of companies that 

contributed to the project. Some of the companies include: Catrike, American Society of 

Mechanical Engineers (ASME at UCF), and Vectorworks Marine, LLC. All of these logos are in 

a shiny, metallic gold. The team logo has an area of 35 x 30 cm, with the sponsors located 

around it. The mold was then given a clear finish, producing a clean, carbon fiber display with 

the logo and all of the sponsors presented.  

The fairing possesses a top hatch door with a hinge on one side, where a section of the top of the 

fairing comes off, allowing the riders to easily step in and out of the vehicle. When the top hatch 

is closed, it is completely locked by a latching mechanism. This type of door was chosen based 

on the compatibility of the riders bodies and the vehicle, as well as the amount of time it took to 

get in and out.  

With the fairing being the charcoal-like color that carbon fiber is, it was decided to use disc 

covers with a black finish on the wheels. Therefore, the overall cover of the outside of the 

vehicle is dark, with a contrasting gold vinyl for the team and company logos. As black and gold 

are the school colors for the University of Central Florida, this was the desired effect. 

6. Conclusion 

 

a. Comparison – Design goals, analysis, and testing 
Table 23 below shows the overall results for the analysis and testing of the design goals set forth 

for the HPV. All requirements except for the stability constraint were met and exceeded. The 

stability calculation was a simple sum of force vectors and left several variables out of the 

calculation. This left room for error in the calculations. Furthermore, the maximum stable speed 

was only one km/hr lower than the estimated and this is a very slight discrepancy.  
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Table 23: Summary of Constraints, Analytical Results, and Test Results 

Constraint Analytical Result Test Result 

Turning radius less than 8 m Minimum turning radius of 2.965 m Minimum turning radius of 2.83 m 

Stop in 6 m from a speed of 25 

km/hr 

4.019 m/s
2
 deceleration needed to 

meet requirement. Brakes provide 

7.89 m/s
2
 deceleration. Model 

determined to be impractical, 

implemented a different model 

With implemented brakes—from 25 

km/hr, average stopping distance of 

3.06 m 

RPS that can support 600 lbf top 

load applied 12 degrees from 

vertical with elastic deflection less 

than 5.1 cm 

Deflection of 1.68 mm Deflection of 4.05 mm 

RPS that can support 300 lbf side 

load with elastic deflection less than 

3.8 cm 

Deflection of 0.8 mm Deflection of 2.65 mm 

Demonstrate vehicle stability 
Stable through 8 m turn at 

maximum speed of 22.96 km/hr 

Stable through 8 m turn at 

maximum speed of 21.89 km/hr 

Achieve minimum top speed of 40 

km/hr 
Estimated top speed of 54.7 km/hr Top speed measured at 62.9 km/hr 

Weigh no more than 30 kg Estimated weight 26.86 kg Weight of 27.84 kg 

Incorporate air flow ducts Two ducts of 15 in
2
 each needed Rider comfort level acceptable 

b. Evaluation 
The HPV met or exceeded all major objectives and specifications defined by the team. The 

semi-recumbent design and addition of the aerodynamic fairing greatly reduced the effect of drag 

on the vehicle and provided for a faster and more efficient form of transportation than a regular 

upright bicycle. The RPS provided added safety to the rider and withstood significant loads with 

minimal and non-permanent deflection.  

The HPV can be safely ridden in a variety of weather conditions and the fairing protects the 

rider from wind and the sun. The state-of-the-art BSS provides a great increase in safety during 

urban transportation as it detects objects of which the rider may not be aware. Additionally, other 

safety accessories such as the seatbelt, lights, horn, and rearview mirror further increase rider 

protection. With respect to the objectives and design specifications, the HPV was considered 

highly successful. 

c. Recommendations 
Though the vehicle proved to be a success, several aspects of the design and production 

could stand to be improved. As far as improving the design, clearances for the tie rod and chain 

line should be increased to provide more room for assembly. These two components were a very 

tight fit in the final assembly due to the frame not matching exactly to the computer model. In 

order to increase efficiency and performance, weight and overall dimensions should be 

optimized to produce the lightest and smallest vehicle possible. The manufacturing process had 

the most room for optimization and improvement. For example, C-clamps were used to hold the 

frame pipes in the welding jig because they were cheap, but accuracy could have been increased 

if more expensive, but permanent, clamps attached to the jig had been used. Also, constructing a 
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frame for the jig so it was able to rotate would have made it easier for the welder to access all of 

the joints. The addition of turn signals would have better improved display of rider’s intentions 

during urban travel. 

d. Conclusion 
A safe, efficient, aerodynamic, and utilitarian human-powered vehicle was produced by the team 

that would effectively serve as an alternative form of urban transportation. The HPV is much 

more efficient than a regular upright bicycle and provides weather protection and storage 

capacity. Compared to modern cars, it is cheaper and more environmentally friendly. The fairing 

reduces drag and allows the vehicle to approach speeds of 60 km/hr and higher. The rider is 

protected by a series of safety features and an innovative blind spot system. The design 

objectives for speed, handling, safety, and rider comfort were all met or exceeded, demonstrating 

the quality of the finished product. 
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