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3. TESTING 

a. Developmental Testing 

Some of the iterative testing of the vehicle’s design was completed through analysis with 

online modeling and CAD development. A few of the aspects of the design could not be tested 

online or conceptually and required developmental testing to ensure that the vehicle can fulfill all 

of the contest’s requirements. All operational requirements have been tested and the assembly 

was completed, but a few specific operations had to be tested several times as adjustments were 

made to solve issues that arose during assembly. 

The proposed design had a single chain that looped from the crank gear to the gear 

located on the pedal going under the frame. Unfortunately, the students could not find a chain 

that fit the exact dimensional needs of the frame, so three separate chains were cut to correct size 

and then fit together in order to ensure that the chain could hook on both gear sprockets without 

too much slack. With each change to the length, the students tested the function of the power 

system to make sure that the length would properly power the rear wheel. 

 

 
Figure 18: Chain stretching under between sprockets under the main frame. 

The system had its setbacks when assembly began. The planned caliper brake set was 

supposed to be perfectly distanced to fit the frame and wheel setup so that it would sit right on 

the disc attached to the wheel and screw into the mount on the frame. When the students noticed 

a sizeable gap between the caliper and the frame, adjustments had to be made. A couple of 

caliper mount extensions were purchased and applied to the frame. Given the introduction of two 

new parts, the brakes did not function as intended at first and the students had to continually 

adjust the positioning of these new parts to make sure the caliper would not apply friction unless 

triggered. 

 



  19 
 

 

Human Powered Vehicle Capstone 19 

 
Figure 19: Caliper gap adjustments and final positioning. 

The third significant unplanned adjustment made to the vehicle was a makeshift chain 

guide. Due to the fact that the top of the chain undergoes tension during vehicle acceleration, a 

guide was required to make sure that premature wear is not experienced by the frame due to 

chain-frame interference. Time constraints limited the student’s ability to procure a proper chain 

guide utilizing a compatible sprocket at any bicycle shops, so a unique guide was fashioned out 

of items purchased at Home Depot. The guide functioned as intended and consists of two right 

angle brackets bolted to the frame with two small steel wheels rolling on bolts placed in between 

the brackets. Positional adjustments were made and the brackets were bent as students tested the 

functionality. These adjustments were made to ensure that the chain did not interfere with the 

two right angle brackets which hold the sliding door rollers in place. 

 

 
Figure 20: Custom built chain guide. 
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Once preliminary testing was conducted, it was determined that the original placement of 

the handlebar was too low on the frame and interfered with the occupant’s ability to steer and 

accelerate. Therefore, one steel tube was cut to the needed size and bolts were added to properly 

increase the height of the handlebar and clearance the movement of the legs during the act of 

pedaling the vehicle. This handlebar extension effectively resolved the interference problem. 

Preliminary testing also revealed that the occupant was unable to effectively balance the 

vehicle due to its excessive weight. Therefore, one time-constrained solution was to purchase 

and install two 26” metal training wheels. While this did allow for easier ingress and egress due 

to assistance in balancing, the forces experienced by the training wheels when the vehicle was in 

motion resulted in the metal training wheel brackets yielding, rendering them ineffective for 

dynamic stability. 

 

b. Performance Testing 

Table 7: Verification cross-reference matrix. 

Design Specification D.S. Cross Reference Number Verification Method(s) Test Conductor Compliance 

100 lb max HPV weight (w/o occupant) 1 I Jack  

350 lb max HPV weight (w/ occupant) 2 I Jack  

6.2 mph minimum HPV speed 3 T Marc  

26.25 ft turning radius 4 T Marc  

19.685 ft stop (adjusted) 5 T Marc  

98.5 ft straight travel 6 T Marc  

RPS hoop continuity 7 I Marc  

RPS harness 8 I Jack  

600.24 lbf (2670 N) Top Load 9 S Marc  

299 lbf (1330 N) Side Load  10 S Marc  

Seat belt mount 11 S Jack  

 

Legend 

S - Simulation 

T - In-person Experimental Testing 

I - In-person Inspection 

 

 The performance tests were conducted the weekend of April 23, 2021. Videos and 

written evidence for the tests exist but were not included in this report due to the large export 

size and clarity of test result summary. Final values for the vehicle’s performance on empirical 

standard tests are included in the Conclusions section under Comparison. 
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c. Standards Testing 

 Three of the five ASTM standards in the standards section (F2273-11, F2680-17, and 

F2711-19) also outline testing methods. Unfortunately, these tests are specific to traditional 

bicycle frames and were not considered to be applicable due to the unique design of the 

recumbent bicycle with the RPS. However, standards testing research was an important part of 

the design process.  In the compression load test described in F2273-11 and as shown in Figure 

21, the bicycle fork is compressed parallel to the steerer tube, while the distance is measured 

between the center of the axle and the crown (the part that connects the steerer tube and the fork 

upper tubes) [10]. 

  
Figure 21: Compression load test setup [10]. 

The bending load test (Figure 22) is intended to measure the bearing separation when a 

load is applied to the horizontal bicycle fork and specifies that the separation should be 150 mm. 

The impact resistance test is similar in that the steerer tube axis is horizontal and that the bearing 

separation is 150 mm. In this test, the impact was applied perpendicular to the steerer tube axis. 

The following diagram shows the setup for both the bending load and impact tests [10]. The 

fatigue test setup is also presented in Figure 23 [10].  
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Figure 22: Bending load and impact test setup [10]. 

 

 
Figure 23: Fatigue test setup [10]. 

 F2680-17 has test methods for both the primary and secondary retention systems. The 

primary tension system in Figure 24 shall have a force of 2300 N evenly applied on the axle for 

one minute [11]. The secondary retention system in Figure 25 shall have a force of 200 N evenly 

applied. Both of these forces are applied in the opposite direction of the fork. For the secondary 

retention test, a separate force of 100 N is applied on the wheel rim [11]. F2711-19 includes 

horizontal and vertical fatigue tests (Figures 26 and 27, respectively) to verify the strength of the 

frame, which would have needed to be adapted due to the uniqueness of the recumbent tricycle 

frame and RPS. This standard also includes a deflection ratio calculation. According to both the 

horizontal and vertical tests, the deflection ratio cannot exceed 1.0: 

 

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =  (𝐾 ×  10000 ×  𝛿 ) ÷ 𝐿3 

 

 In this equation, K is a constant equal to 1417 and all values are in millimeters [12]. 

 

 
Figure 24:  Primary retention test setup [11]. 

 
Figure 25: Secondary retention test setup [11]. 
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Figure 26: Horizontal fatigue test setup [12]. 

 
Figure 27: Vertical fatigue test setup [12]. 

 The tests explained above are specifically designed for a two-wheeled bicycle with a 

typical triangular frame. While these tests were not conducted due to the specialized equipment 

required and due to time constraints, they did offer insight into how the team’s frame ought to be 

designed. 

 

 

d. Testing Design 

Testing was intended to be conducted by the entirety of the team based on the availability 

of testing equipment. Due to the COVD-19 pandemic, only two members were able to conduct 

the tests. Load testing for the occupant, top, and side loads within the design specifications was 

intended to be conducted in the Engineering Design Center (EDC). However, time constraints 

due to the longer-than-expected time frame for acquiring and contacting a welding company, in 

addition to the process of cutting, notching, and welding the frame of the vehicle, limited the 

students to conducting tests without the equipment that LMU or the EDC could provide. The 

initial testing design involved testing the vehicle by applying forces at specific points on the 

frame where the forces would act upon using free weights. Due to the aforementioned time 

constraints, approximate load testing was done in a different fashion, which will be explained in 

the Conclusion section of this report. Tests for braking, acceleration, and turning radius were 
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also intended to be conducted on campus, but time constraints limited the student’s testing 

location to the site of construction, which was an empty street a few blocks from LMU’s main 

campus. 

 

4.  SAFETY AND ETHICS 

 The safety and ethics of any engineering design, especially those which directly involve 

human interaction, are of high importance. The purpose of this engineering project is to meet or 

exceed the objectives and design specifications set forth by the HPVC. Many of the design 

specifications set by the HPVC take into account the safety of the vehicle, including, most 

notably, the RPS, which was tasked to withstand a significant amount of stress in the event of a 

rollover accident. While the HPVC guidelines have a variety of set standards, it is important as 

aspiring engineers to look beyond the design specifications. This is to ensure that the resulting 

design and completed build will not only function as intended, but also keep occupant safety as 

the priority. It is the ethical responsibility of the human-powered vehicle designers to ensure that 

the vehicle meets or exceeds the safety standards set by the ASTM and ASME standards. The 

HPVC design specifications set by the HPVC guidelines and modified by the project’s designers 

with respect to safety must be met or exceeded analytically before any physical prototypes can 

be human-tested. Failure to do so would significantly increase the risk of injury or worse.  

 

Table 8: RPS elastic deformation matrix. 

Applied Loads Maximum Allowable Deformation (cm) FEA Deformation Analysis (cm) 

Top Load  5.1 0.03990 

Side Load 1 3.8 0.1817 

Side Load 2 3.8 0.1972 

 

 As shown in Table 7, the RPS would experience a negligible amount of elastic 

deformation under the loads used in the FEA analysis to simulate an inverted crash scenario as 

well as crashing onto the vehicle’s side. Additionally, as seen in Figures 14 to 16, there was no 

indication of permanent deformation, delamination, or fracture throughout the vehicle frame and 

the RPS. This was accomplished by liberal use of triangular trusses to ensure that the design 

would be stable and capable of absorbing large amounts of pressure in a general rollover 

scenario, protecting the driver while keeping the ground a reasonable distance away from their 

body, head, and helmet. Furthermore, these trusses helped distribute the forces of the crash 

scenarios across a greater surface area and thus reduced their effect on the overall design. The 

RPS was designed to be structurally attached to the vehicle frame such that no part of the driver 

would touch the ground in a rollover condition and that it would not touch the helmeted head of 

the driver. The sloped shape of the upper half of the RPS was made so that the vehicle would be 

more likely to come to rest on its side rather than remain inverted.  
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 The goal of creating a robust human-powered vehicle would be more than achieved with 

the current design and its simple RPS and frame, although improvements could be applied in a 

transition to mass manufacturing for reducing costs. Additionally, different materials and pipe 

sizes could be tested with this design to determine the best combination of a low price and 

vehicle weight, the latter of which would increase ease of transportation and make the vehicle 

easier to turn right side up in a crash scenario. With that said, the robustness of the design could 

potentially cause issues in a crash scenario other than those related to deformation. The minimal 

crumple zone in the RPS could lead to passenger whiplash from crashes at higher speeds, so 

padding could be added to alleviate this. Also, while the legs and feet are more exposed to 

potential injury compared to the rest of the body due to the open front, additional materials could 

be added in front of the pedal crank section of the vehicle for more effective full-body 

protection. Overall, the RPS is capable of protecting the most vulnerable part of the driver and 

keeps the vehicle within safety standards. 

 

5. CONCLUSION 

a. Comparison 

Each of the tests for the vehicle determine whether it would qualify for the competition 

for a typical, unaltered competition (years prior to the COVID-19 pandemic). The performance 

of this vehicle was underwhelming in some senses and encouraging in others. First, the vehicle 

met all of the safety standards that were tested. A four-point harness, continuous RPS hoop, and 

mount for a seat belt were all effectively implemented into the design. In terms of the vehicle’s 

capability to withstand weight and forces, its performance was inconsistent. The weight of the 

vehicle was far greater than designed or expected, which means it did not meet the 100-lb 

maximum weight specification. On the other hand, the vehicle was able to adequately support 

over 350 lb on its frame. Both assemblers, Marc Sunga and Jack Rettenmier, whose combined 

weight totals 375 pounds, were able to sit on the frame in unison without any difficulty.  

Unfortunately, the load testing designed to ensure the RPS can withstand heavy forces 

was not able to be completed by the time of this report. FEA shows that the frame would be able 

to support the forces with its design, but this is largely dependent on the quality of the welds. In 

terms of ride performance, the vehicle met a few of its requirements but failed to operate as 

intended. Its turning radius, stopping distance, and speed were all tested and confirmed 

successful by riding the vehicle with stability assistance provided by another individual not 

driving the vehicle. The main failure of the vehicle is its inability to maintain an upright position 

while riding without assistance. At high enough speeds, which could most likely be achieved, the 

vehicle would stay upright without assistance. Reaching these speeds would have been 

dangerous, so it was decided to not push the vehicle to reduce the risk of danger to the driver and 

to others. 
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Table 9: Modified verification cross-reference matrix. 

Design Specification D.S. Cross 

Reference Number 

Verification Method(s) Test Conductor Compliance 

100 lb max HPV weight (w/o 

occupant) 

1 I Jack N 

350 lb max HPV weight (w/ occupant) 2 I Jack Y 

6.2 mph minimum HPV speed 3 T Marc Y 

26.25 ft turning radius 4 T Marc Y 

19.685 ft stop (adjusted) 5 T Marc Y 

98.5 ft straight travel 6 T Marc N 

RPS hoop continuity 7 I Marc Y 

RPS harness 8 I Jack Y 

600.24 lbf (2670 N) Top Load 9 S Marc NT 

299 lbf (1330 N) Side Load  10 S Marc NT 

Seat belt mount 11 S Jack Y 

 

Table 

Y – Yes 

N – No 

NT – Not Tested 

 

Table 10: Results Table. 

Overall Assisted Speed 9 mph 

Braking Distance ~ 9 feet 

Turning Radius 75 inches 

Weight of Vehicle 106.2 lbs 
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Figure 28: Recorded stopping distance of the vehicle when traveling 10 mph. 

The braking requirement was not exactly the same as the requirement outlined by the 

HPVC. Due to the size of the vehicle and despite its ability to travel at this speed, it was decided 

wise not to push it to 15.5 mph to test the braking at that speed. For this reason, the braking was 

tested at 10 mph where the vehicle could be guided with another individual holding onto the 

frame for safety reasons. Braking in 9 feet from 10 mph shows a successful trajectory for braking 

in 19.685 ft at 15.5 mph. 

 

b. Evaluation 

The performance of the vehicle was inconsistent. There were major successes, including 

a very comfortable ride for the occupant, but a few important design improvements would need 

to be made for the vehicle to fully function. Notably, the root of most of the issues with the 

vehicle’s instability and weight was a frame design that focused too specifically on structural 

rigidity at the expense of balancing capability. When making the transition from a three-wheeled 

design to a two-wheeled design, the students did not adequately prioritize the center of mass’ 

effect on balance. With a three-wheeled vehicle, stability can almost be assumed because of the 

three points of contact with the ground. For a typical bicycle, the weight of the vehicle has to 

remain low in order to maintain balance. Due to the focus on the RPS, the students designed the 

vehicle with some excess weight on the upper half of the vehicle to ensure that the RPS would 

withstand the required load testing. This excess weight was what caused multiple issues with the 

performance. Near the rear of the vehicle, there is a pair of poles that connects the rear steering 

to the back of the rider somewhat unnecessarily. 

There are a couple of main reasons the vehicle underperformed. The first was that the 

team failed to follow the self-determined schedule that was created towards the end of the first 

semester and adapted throughout the second semester. Assembly was intended to begin around 

the middle of March, but setbacks and redesigns delayed the dates. Redesigns from the three-

wheeled approach to the two-wheeled approach also resulted in expedited analysis and 

preparation. The design was not finalized until February, and this delay forced the rest of the 

schedule into a smaller window. 
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A proper understanding of the welding process would have greatly assisted in preparing 

the vehicle. The time it takes to cut and notch the pieces was underestimated, which led the 

students to assist the welder with aspects of the welding process. This was beneficial for the 

students as they received hands-on experience and gained a deeper understanding of the practical 

side of the design. Without the students’ assistance, there would not have been any results or 

assembly prepared in time for this report. The translation from conceptual to practical was a 

steep learning curve for the students. It was not what ultimately led to the vehicle’s 

insufficiencies, but it did cause several assembly processes to take longer to complete and further 

congested the already shortened timeline. 

 

c. Recommendations 

To match the final design with the desired specifications, potential future modifications 

would involve welding two extra supporting beams at the back and bottom of the frame. These 

beams would be used for mounting training wheels that are further from the rear wheel, which 

would help provide greater stability while traveling in a straight line and avoid the yielding of the 

training wheel bracket. Additionally, the front of the vehicle could also be reconfigured for the 

use of two connected and adequately spaced steering forks to return to a three-wheeled design 

for further stability. The two side bars of the RPS could also be removed while the triangular 

pyramid at the top could be redesigned to be similar to a hoop for protection. This would still 

maintain the requirements for the RPS while reducing the overall weight of the vehicle and 

lowering the center of gravity. Finally, the arrangement of bars holding the back wheel could be 

redesigned to be closer to the center of the frame. This would further reduce the weight of the 

entire vehicle by shortening the lengths of the bars involved. 

 

 

 

 



29 
 

Human Powered Vehicle Capstone 29 
 

References 

[1] Palermo, Elizabeth. “Who Invented the Bicycle?” LiveScience, Purch, 30 Aug. 2017, 

www.livescience.com/44765-who-invented-the-bicycle.html.  

[2] Healthline Editorial Team. “Leg Muscles Anatomy, Function & Diagram | Body Maps.” 

Healthline, Healthline Media, 22 Jan. 2018, www.healthline.com/human-body-maps/leg-

muscles.  

[3] “Cycling Biomechanics.” Physiopedia, www.physio-pedia.com/Cycling_Biomechanics.  

[4] “What Is Tire Rolling Resistance?” Bridgestone Tires, www.bridgestonetire.com/tread-and-

trend/tire-talk/tire-rolling-resistance. 

[5] Vastbinder, Olle. “Belt Drive Bikes - The Advantages of a Bike without a Chain.” Mantel, 3 

Apr. 2019, www.mantel.com/blog/en/belt-drive-bike-advantages.  

[6] Horowitz, Rickey M. “Recumbent Trike Design Primer - Hellbent Cycle Works.” 

Yumpu.com, 2010, www.yumpu.com/en/document/read/20105491/recumbent-trike-design-

primer-hellbent-cycle-works. 

[7] “HPVC: Human Powered Vehicle Challenge.” ASME E-Fests, American Society of 

Mechanical Engineers, efests.asme.org/competitions/human-powered-vehicle-challenge-(hpvc).  

[8] ASTM International. F2043-13(2018) Standard Classification for Bicycle Usage. West 

Conshohocken, PA; ASTM International, 2018. doi: https://doi-

org.electra.lmu.edu/10.1520/F2043-13R18 

[9] ASTM International. F2215-15 Standard Specification for Balls, Bearings, Ferrous and 

Nonferrous for Use in Bearings, Valves, and Bearing Applications. West Conshohocken, PA; 

ASTM International, 2015. doi: https://doi-org.electra.lmu.edu/10.1520/F2215-15 

[10] ASTM International. F2273-11(2016) Standard Test Methods for Bicycle Forks. West 

Conshohocken, PA; ASTM International, 2016. doi: https://doi-

org.electra.lmu.edu/10.1520/F2273-11R16 

[11] ASTM International. F2680-17 Standard Test Methods and Specifications for Bicycle 

Manually Operated Front Wheel Retention Systems. West Conshohocken, PA; ASTM 

International, 2017. doi: https://doi-org.electra.lmu.edu/10.1520/F2680-17 

[12] ASTM International. F2711-19 Standard Test Methods for Bicycle Frames. West 

Conshohocken, PA; ASTM International, 2019. doi: https://doi-

org.electra.lmu.edu/10.1520/F2711-19 

[13] “Performer JC-70 Recumbent Trike (2 Speeds Available).” Lightfoot Cycles, 

lightfootcycles.com/products/performer-jc-70-recumbent-trike-2-speeds-

available?u+tm_medium=cpc.  

[14] “Band Brake.” Frictional Brake with Pressure-Applying Cylinder and Pads with Faulting - 

MATLAB, The Mathworks, Inc., 2020, 

www.mathworks.com/help/physmod/sdl/ref/discbrake.html.  

[15] “Speed at Cadence.” BikeCalc.com - Speed at All Cadences for Any Gear and Wheel, Potato 

Canyon Software, LLC, 2017, www.bikecalc.com/speed_at_cadence.  

https://doi-org.electra.lmu.edu/10.1520/F2043-13R18
https://doi-org.electra.lmu.edu/10.1520/F2043-13R18
https://doi-org.electra.lmu.edu/10.1520/F2215-15
https://doi-org.electra.lmu.edu/10.1520/F2273-11R16
https://doi-org.electra.lmu.edu/10.1520/F2273-11R16
https://doi-org.electra.lmu.edu/10.1520/F2680-17
https://doi-org.electra.lmu.edu/10.1520/F2711-19
https://doi-org.electra.lmu.edu/10.1520/F2711-19


  30 
 

Human Powered Vehicle Capstone 30 

 

[16] Norman, Paul. “Beginner's Guide to Cadence: What Is It, Why It Matters and How to 

Improve Yours.” BikeRadar, Immediate Media Company Ltd, 16 May 2020, 

www.bikeradar.com/advice/skills/what-is-cycling-cadence/.  

[17] “Stopping Distance = Reaction Distance + Braking Distance.” Stopping Distance, Reaction 

Distance and Braking Distance, Hagberg Media AB, 13 June 2019, 

korkortonline.se/en/theory/reaction-braking-stopping/.  

[18] https://www.astm.org/Standards/A500 

[19] https://www.amerpipe.com/steel-pipe-products/welded-pipe/a500-specifications-page/ 

[20] “Sun Traditional Trike Supplemental Owner's Manual.” Sun Bicycles, Oct. 2015.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.astm.org/Standards/A500
https://www.amerpipe.com/steel-pipe-products/welded-pipe/a500-specifications-page/


31 
 

Human Powered Vehicle Capstone 31 
 

APPENDIX A: Project Timeline 

 

 

Ryan Apolonio, Maya Washington, Jack Rettenmier, Marc Sunga

Enter the name of the Project Lead in cell B3. Enter the Project Start date in cell E3. Pooject Start: label is in cell C3.Project Start:
1
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TASK
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TO
PROGRESS START END M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S

Phase 1 Title

100% 10/17/20 11/2/20

100% 11/2/20 11/16/20

100% 11/15/20 11/30/20

100% 11/2/20 12/16/20

100% 11/2/20 12/16/20

100% 12/17/20 2/3/21

100% 2/3/21 2/22/21

100% 2/20/21 4/6/21

100% 4/9/21 4/25/21

80% 4/9/21 4/27/21

100% 4/9/21 4/28/21

Nov 23, 2020 Nov 30, 2020

Sat, 10/17/2020

Oct 12, 2020 Oct 19, 2020 Oct 26, 2020 Nov 2, 2020 Nov 9, 2020 Nov 16, 2020 Dec 7, 2020 Dec 14, 2020 Dec 21, 2020 Dec 28, 2020 Jan 4, 2021 Jan 11, 2021 Jan 18, 2021 Jan 25, 2021 Feb 1, 2021 Feb 8, 2021 Mar 29, 2021 Apr 5, 2021 Apr 12, 2021 Apr 19, 2021Feb 15, 2021 Feb 22, 2021 Mar 1, 2021 Mar 8, 2021 Mar 15, 2021

Turn In Complete PDR

Apr 26, 2021Mar 22, 2021

Assemble full vehicle

Complete all required tests 

and analysis

Turn in complete CDR

HUMAN POWERED VEHICLE COMPETITION

Complete CAD of main frame

Get cost estimates of non-

custom parts

Complete CAD of RPS

Complete CAD for remaining 

parts

Make arrangements for full 

vehicle assembly

Display Week:

Complete CAD redesign (two-

wheel)

Turn in complete FDR
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APPENDIX B: Bill of Materials 

Item # Quantity Item Description 

1 1 Disc Brake Kit all inclusive 

2 1 Freewheel Hub 16T ACS main drive 

3 1 Rear Dropouts axle mount for rear 

4 1 Wheelset magnesium 

5 1 20" fork solid, no disc 

6 1 Head Tube (HT) 105mm length 

7 1 HT Bearings 28.6mm to 44mm adapted 

8 1 Handlebars 25.4mm OD 

9 1 Riser Stem 110mm, adjustable 

10 1 26" Tire 26" 

11 1 26" tube 26" 

12 1 Harness 4 point 

13 1 Bottom Bracket steel 

14 1 Crank Set bearing, crank, chainring 

15 1 Seat Bottom securable seat pad 

16 1 20" wheel no disc 

17 1 20" tire and tube combo 

18 3 20' 1.5" tubing Carbon steel 

19 1 Seat Back top seat 

20 1 Pedals universal 

21 4 M10 Bolts Half threaded 

22 4 M10 Nuts For the bolts 

23 1 Chain Guide Guides the chain 

24 1 Steel Pole Extends steering fork 

25 4 M6 Bolts Mount bottom seat 

26 4 M6 Nuts For the bolts 

27 2 Break Caliper Ext. Attach caliper to frame 
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APPENDIX C: 2D CAD Drawings 
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