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Abstract

The goal of this project is to experience the eagiing design process by taking an idea
from concept to prototype. Our Team, “Riding Iryl8t, chose to design a four person human
powered vehicle (HPV). After researching currewidels on the market, we saw an opportunity
to improve on existing HPV designs. In order totldis, the drive train must be optimized for
comfort and ease of use, and a new seating positionld be used to lower the center of gravity
and improve comfort. The solution for the drivaitris to have four independent drive systems
that power a split rear axle. Each rider will hawdividual control of a gear set, which will allow
them to pedal at their own pace.

In addition to designing a drive train configuosij our team designed the vehicle
structure. The frame supports four adult persdas gome light gear. We selected a box style
frame that will be made out of steel. The box feanill allow us to mount components easily in
the appropriate places and the steel was seleetsibe it is easily available, easy to work with
while also giving plenty of strength.

In addition to a strong frame and a working dringn, we also fabricated the seats and
added many extras such as headlights and a ratitheAend of the semester, we now have a
fully functional prototype that we are proud of.
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1. Introduction

1.1 Team Description

Josh Kroon is a Senior Mechanical Engineering student fromdgn, Washington. In the future, Josh
would like to travel around the world to expand kisowledge and experience within the
engineering realm.

Phil Maier is a senior mechanical engineering student fronedémia, Michigan. He is currently
employed at Hart and Cooley, where he plans toimeathis internship there next summer. He
plans to take classes in the fall and will gradirateecember 2007.

Eric Sloterbeek is from Grandville, Michigan and is a senior meaubal engineering student. After
graduation, he will be working for Gentex as a techl team leader.

Eric Malinowski is a senior mechanical engineering student fromn&rRapids, Michigan. He is
currently employed with Rapid-Line in Wyoming, Migan. After graduation, he will transition
to a full time position at Rapid-Line.

1.2 Project Background

This project is a part of Engineering 339/340 amdintended to be the capstone for the
engineering program. It is a yearlong project weheams of four or five complete an engineerindggies
project from concept to prototype. Students aide &b select their own teams as well as the endeavo
they would like to undertake.

1.3 Context
The goal of this project is to experience the eagiimg design process by taking an idea from
concept to prototype. Our Team, “Riding In Stylefipse to design a four person human powered eehicl

with a drive train that would improve the effectivss. After researching current models on the etark
we saw an opportunity to improve on existing ditigen configurations and on overall user friendéise

1.3 Project Description



The goal of Team “Riding in Style” is to completeettasks necessary to developing an HPV.
The components of this project that need to bectadeor designed include:

Frame
Wheels
Steering
Seats

Brakes

Drive train
User interface

Requirements for the project were based on commawdylable parts and on what the vehicle
would be used for. The use for the vehicle willrbereational, most likely at resorts or vacatipats. A
list of the requirements for the project is below:

Four wheels

Four person capacity with four seats (1000 Ib citypele” deflection)
Storage compartment

Minimize the weight of the frame

Common bicycle components used in the drive train
Comfortable seating

Intuitive to use

1.4 Motivation

During our market research, we found that the rpagblem of existing HPVs is the ineffective
method of combining power from each rider. Somsigies require each person to pedal at the exact
same speed and gear ratio. Either everyone pemtatsjeryone stops. These designs also tend to be
complex in both looks and operation, which couldedepotential owners/operators from feeling
comfortable while using these vehicles. Most @ $leating positions on these other designs arghipri
placing the user above the pedals without oppdstifor adequate adjustment. This raises the ceafter
gravity while lowering the safety, handling, andks of these designs. We believe that these are th
main reasons that people do not consider HPVs ta bgeful form of transportation—they just do not
enjoy them.

There is no design on the market that encompasgsy aspect of an ideal HPV. What the
current market needs is something that works fopéssengers. We plan to redesign current models s
the vehicle will be easier and more comfortablage.



2. Project Objectives

2.1 Scope

The scope of the project is quite large, consistihghany different components that need to be
included in the design. Because of the large scygeproject was broken down into different segmment
and the tasks were delegated to the team membearyswehe best equipped to complete them. Time
restraints were implemented on the different taskensure that the project would be completed in a
timely manner.

2.2 Design Requirements

2.2.1 Drive Train

Our goal for the drive train included designingyatem that will improve the way that the vehicle
harnesses the varying power produced by its u¥éesdecided at the beginning of the project that the
drive train needed to consist solely of commonlgikable bicycle components for simplicity and faisg
access of replacement parts. It was our goal pwdwe on the current designs available which limé
performance of the vehicle by connecting the pedaéach rider together, making them turn at thmesa
speed. The gearing on the vehicle should alsazeel such that the vehicle can achieve speeds of 25
mph.

2.2.2 Frame

The frame must be able to handle the load of &mluits under driving conditions including both
static and impact loading. Strength and weightsmerations need to be carefully balanced in otder
minimize vehicle weight without compromising itsestgth and integrity. The frame will most likelg b
subject to corrosive, harsh environments oveifis $o it must also have protection against céoros

2.2.3 Steering

The steering system is to provide accurate, re$pmrstable steering that is easy to operate while
maintaining simple manufacturability. The steeraygtem also needs to account for the Ackermaicteffe
by having the front wheels turn on different radii.

2.2.4. Wheels

The vehicle needs four wheels that will supportdbsigned load, 400 Ib/wheel, and will not fail
under heavy side loading or impact loading. Thaate will be traveling on a paved surface, sottre
that is selected should not only have enough tadb stop the vehicle with out skidding, but also
minimize rolling friction to make pedaling easier.



2.2.5. Braking

A requirement for braking is that they need teetfifrely stop the vehicle within a safe distance,
similar to a passenger cars stopping distance. bfddees need to be reliable and have a low wear sat
the owner does not have to worry about them faibnghaving to replace them. Furthermore, harsh
weather conditions should not hamper braking gbidis in these conditions handling is critical.

2.2.6 Rear Axle

The rear axle must accomplish two objectives.mitst allow the driver to maneuver easily
around obstacles and corners, and must track stnaith minimal effort, even when subjected to uerev
traction or power loads. The axle should also supihe weight of the passengers and handle tloygi¢or
due to acceleration and braking.

2.2.7 Seating

The seats for this vehicle need to be comfortbdri¢he rider and ensure safety of the users since
it is a recreational vehicle. It is important tlegich rider be in an ergonomically correct positisrthey
are riding. Therefore, adjustability is a requiremellowing both tall and short people to be cortable
as they pedal. The seats should allow for sufiicieg movement as the riders are pedaling to magim
the torque supplied. In addition to the comfortl @ngonomic requirements, the seats should be glace
close to the frame, lowering the center of grawdyinhibit rollover during hard cornering and other
unexpected maneuvers.

2.3 Design Norms

A design cannot rely solely on the technical regmignts of a project. A Christian perspective
has influenced our design process. Throughoutésegn of our project, emphasis was placed on three
design norms: transparency, integrity, and stevigpds

The first design norm, transparency, implies that design is predictable, reliable, and
consistent. The way the riders interact with tle@igle needs to be carefully designed so that sese u
understands how the vehicle operates, and thall iteact in a way that the user expects. Therdaeed
to easily understand how the gears shift and heiv gedaling contributes to powering the vehidiach
component of the system needs to be rugged enaughtiistand normal use of the vehicle so the
owner/operator is not burdened with excessive repai

Another emphasized design norm is integrity, meguaur vehicle is intuitive and pleasing to
use. This is especially important for our projgicice it will be used as a recreational vehiclée Tiders
need to have an enjoyable experience while usiisgptioduct. The design as a whole must also have a
harmonious balance of form and function.

The last applicable design norm is stewardship. cafefully need to consider how we use our
resources, trying to optimize what is availableuso This includes material, financial, and natural
resources. Our goal is to minimize the amount aftgpon the vehicle as well as the cost, without
compromising quality or safety. By creating a glag HPV, it will enable people to think positively
about using similar forms of transportation tha&t arore environmentally friendly.

3. Method of Approach



3.1 Fall Semester

In the beginning stages of the project, each memratributed sketches to achieve a general idea
of where to start. We started with these ideascamde up with an overall picture of what we wantesl t
vehicle to look like. As Figure 1 shows, there muany different components and parts that are metde
construct an HPV.

After having a concept and a sketch, we were #@blbreak the design down into two major
components, drive train and vehicle structure. as&gned Phil and Eric M. to design the structunden
Josh and Eric S. were assigned to design the thawe. Within these two sections, the project was
broken down even further. A detailed breakdowthete sections is discussed in Section 5.

Figure 1 — Overall Design View

3.2 Spring Semester

At the start of the spring semester, we finalizegidesign of the frame and ordered the materiadseO
we received the materials, construction of the &dmgan. The frame was welded together in the &hop
get the backbone of the design. The front wheealsstgering were the next components to be attached
while the rear axle was in the initial stages dirigation. Upon completion, the rear axle assermialg
attached to the frame. The pedals were then atlsaie the chain was run to complete the drive whin
the vehicle. Then the group broke up once moradkle the styling, seats, and derailleurs. Upon
completion of these components, the vehicle waasdambled and painted. The vehicle was
reassembled; final changes were added such asaiadibeat lights. Testing was performed to ensee
vehicle’s completeness of form and function forisedesign night.

4. Design Alternatives
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Each aspect of the design has several viable aptiat could be used to design an acceptable ppetot
These options are outlined below, and the finaladware explained in section 5 “Final Prototype
Design”.

4.1 Drive Train

Many options for the drive train configuration wexeailable. These options in particular have aewid
range of features that would drastically changentitere of the prototype.
- The first option for the drive train is using a pdgary gear system or other type of mechanical
drive train that will enable a combined output frtme four independent inputs.
The second option is to have four independent sygohnected to a common rear axle. Each
rider would have access to their own gear setswaily them manual control over their pedaling
cadence.
A third option is having each passenger of the alehdrive an individual wheel. This would
reduce the amount of moving parts and gears asasdhe weight without requiring the use of
combining inputs.
A fourth option is to implement the concept of tamdbicycles. The vehicle would ultimately be
two tandem bicycles connected together side by side
A final option would be using automatically charmyisicycle gears.

4.2 Frame

The frame options are as follows:
A rectangle or box configuration, with the riderssjtioned above a frame ralil
An | configuration, with the users cantilevered from a central frame ralil

We also considered two different material choicedtie frame.

Steel
Aluminum

11



4.3 Steering

There are three systems to consider in determimimgto steer our vehicle.

Re-circulating-Ball Steering
Rack-and-Pinion
Four Bar Linkages (Go-Kart steering)

Figure 2: Re-circulating-Ball Steering

4.4 Wheels

Some wheel alternatives that were considered are:

Mountain bike

Road bike

Heavy duty BMX
Camper trailer tires
Wheel barrow wheels

4.5 Braking

There were five braking options to choose from:
Car disc brakes
Bicycle caliper brakes
Bicycle disc brakes (rubber pads)
Lawnmower disc brakes
Motorcycle disc brakes

! Steering Images from www.howstuffworks.com

Figure 3: Rack-and-Pinion Sireg
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4.6 Seating

There were four different seating options availdblehe vehicle:
Purchase traditional saddle seats, as used onsmgt# person bicycles.
Purchase bucket seats, similar to what is found l@avnmower.
Purchase bench style seats, similar to what isdfama paddleboat.
Fabricate seats in the shop.

4.7 Rear Axle

There were four axle options to choose from:
Solid axle
Split axle not connected
Split axle connected with planetary gears
Split axle connected with a friction plate

5. Final Prototype Design

5.1 Vehicle Structure

Our final selection was the box frame configunatizsing steel as the material. This was chosen
due to its simplicity to manufacture and the edsmaunting components to it. The box frame allowed
components to be easily mounted in the appropgktees. The steel was selected because it is easy t
work with, commonly used, cost effective and stronGalculations were completed in EES for the
required size of the frame rails for both aluminarmd steel. The calculations for the steel frange ar
shown in Appendix A. By using steel as the matddathe frame, we had to keep a close eye on the
weight added to the vehicle. The steel was choseause it reduced cost and increased the ability to
quickly and easily add our components. Complexchttent techniques need to be used when combining
steel and aluminum. Steel was also more readilyladola in the shop to use for brackets and other
components.

5.2 Drive Train

The drive train design consists of four sets afghe each having an independent gear set that is
connected to a rear axle. Each rider is able lexsahich gear they would like to be in; dependorg
how fast the vehicle is going, the grade, and hast they would like to pedal.

This configuration is intuitive to use, since # similar to riding a single person bicycle.
Individual riders have the same shifting optiongreey have on a common bicycle. The only diffeeenc
is that four of these gear sets combine to powenahicle. Figure 4 shows the layout of the dtraé.

13



Figure 4—Drive Train Layout

By giving each rider their own gear selectiongyttare able to select the best gear ratio to
optimize their comfort level while contributing tiee propulsion of the vehicle. This layout allosvader
to stop pedaling if they choose by using freewingetiassettes. The freewheel cassettes on thexiear
freely spin when a rider does not pedal. Thisssful, as not all occupants need to be pedalirtheat
same time.

5.3 Steering

The steering is a basic Four Bar Linkage assemblgated after a Go-Kart. This system
accounts for the Ackerman effect as it enablesftbet tires to be at different angles when
turning. A model of the steering system and theuwdations can be found in Appendix B.

5.4 Wheels

We selected 20" heavy-duty BMX wheels. Most bieyevheels will support the static load of
the vehicle, but not all of them will support asidad as the vehicle rounds a corner. We wereeroad
about the potential high impact loads if the vehisl driven to extremes. We began researchingggro
wheels, but we found that most were too heavy fwrapplication, without specifying any extra sidad
capacity. The best option found is a BMX wheehisTwheel is lightweight, while still providing theide
strength and impact loading ability that we ned&@MX wheels are built especially strong for making
jumps off road, so we are confident that they &t bor our vehicle.

5.5 Braking

When selecting the brakes that were appropriatedpprototype, we considered the size,
weight, functionality, and cost of each alternatiée decided to have two disc brakes mounted on the
rear axles for balanced stopping power.
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The final choice was to use motorcycle disc brakiegable will run from the reservoir located at
the rear to a brake lever to the front driver stepwheel. The cable activates the master cylinglich
applies pressure to the calipers. The disk brakes were taken off a Suzuki Katana motorcyclee Th
analysis of braking power indicated that these dsakufficiently stop the vehicle in all weather
conditions. Figure 5 shows the predicted distaheell take our vehicle to stop given a certairesf,
along with the actual braking distance shown asldier dots. The testing shows that the motorcycle

brakes actually stop the vehicle in less distahaa predicted. Calculations for the brakes arevahia
Appendix C.
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Figure 5 — Braking Curve

5.6 Axle

A split axle system was used to drive the rear \ghieeorder to reduce tire wear, tire skid leading
to unwelcome steering response. The axle was dasigntake the static and dynamic loading of the
weight of the riders as well as the torsion forgerted on the axle by the users. The axle sizealsis
determined by designing for infinite fatigue liféaking these design requirements into consideraion
size of 5/8” was determined to fulfill the specifimns. The calculations for the axle size candumd in
Appendix D and E, and the axle dimensions can bedaon Appendix |

To attach the axle to the frame a bracket wasdatwd. The bracket is equipped with a press fit
bearing to reduce the friction of the rotating ax@alculations were done on the bracket to find an
adequate size and thickness that would not faieumiding conditions. A dimensioned drawing of the
bracket can be found in Appendix I.
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5.7 Seating

The seats were the last component of the vehidbeet®ed. We selected bucket type seats. This
option offers the best combination of comfort antety. Bucket seats are more comfortable thantbenc
seats when pedaling. They allow each user to &itjes seat position independently to a desiradfoot
level. We decided to fabricate our own seats uslagtrical conduit and canvas material, in ordesave
money in our budget. Calculations of the framergjth can be seen in Appendix Fabricating our own
seats proved to be very time consuming, so foptbduction model we recommend purchasing four pre-
made seats that would bolt on.

5.8 User Interface

The majority of the controls are to be used bypeson in the driver’'s seat. The driver has three
controls; the steering wheel, the brakes, andféirghicontrol. For this reason, the shifting anmdking is
incorporated into one quick-shift style control siplify operation. The brake lever activates Iingke
lights, if the riders wish to use turn signals;ttage activated by the rear left passenger. Tt® rand
lights are set up so that the person in eitherdiieer's seat or “shotgun” position can operatenthe
Under normal operation, these two controls shooldrequire frequent use. This setup consolidadtes t
controls as much as possible without overloading merson with too many tasks.

5.9 Extras

Headlights, brake lights, blinkers and a flag hbeen added to the design in order to increase
visibility and promote safe travel. A radio hasabeen added to house the light switch, battesiad,
enhance the riders’ already enjoyable experier@aculations for battery life can be found in Apden
G.

6. Testing and Design Changes

Testing led to many changes in the prototype de#g soon as an ergonomic analysis was done
on the prototype layout, a mock-up of steel begredals, and adjustable chairs were used to fine-tun
the dimensions for comfort. The steering assemlaly tested as soon as it was complete. This showed
us that adjustments to our system would be negess8everal seat designs were implemented and
discarded before the current design was built. ifguseat construction, problems arose which letth¢o
decision to redesign. The drive train was changed semester due to new knowledge of existing
designs. This change made it necessary for théngraystem to be expanded into a dual calipeesyst

6.1 Changing Frame Dimensions

Many changes were made to the frame design atat@ring of the construction stage.
First, the overall length of the frame was shorteaéier the seat position was brought down
closer to the ground. This change enabled the pges® to quickly and easily adjust their
position depending on their height. The next changde to the frame was manipulating the box
frame by adding a space to the front to allow f@harper turning radius, the wheels now have
an increased range of motion.

16



6.2 Changes to the Seats

We attempted several different seating optionsree$ettling on our own fabricated seats made
of cloth and bent conduit. There are several aidgpes to this design with few drawbacks. In otder
use this system, the seats can only be adjustatitivdback, and not up or down. These bucket seats
based on a beach chair, so they will look good;dmefortable and absorb bumps in the road.

6.3 Changes to the Drive Train

Before construction began on the rear axle, we adéided that a split axle would perform the
best, from our research. Existing designs of smallorized go-karts had an engine powering theenti
vehicle through only one wheel. We decided th problems associated with a solid axle were more
serious than the unlikely risk of the bike beingwuenly powered

6.4 Changes to the Braking System

Since the rear axle would be split, we had to chahg design of the brake system so that it
would have another caliper and rotor assembly. Talipers are necessary so that each side would slo
down evenly and not force the vehicle one way erdther. We chose to use a hydraulic master aflind
that was built to power two calipers to ensure gradugh fluid could be displaced for both sideshef
vehicle. The system will be activated with oneeleand cable located on the steering wheel. We did
consider using two for redundancy, but there wagablem with independent left and right braking
systems. If one system would brake, the other wioleld slow the vehicle with twice the force, which
could jerk the entire vehicle off the road or otitontrol. We feel that the system we have in @lacthe
safest option available to us and that it is pcatfior this application.

7. Budget and Economics:

Every engineering project has a budget; ours w9 .$%ince some teams do not use their entire
budget, we were allowed to apply for extra fundihug to the size of our prototype. To help rediee t
amount we spent on the prototype, many of the corpis were donated or purchased at a discounted
price. Appendix G lists the cost of our compondruth for the prototype and for a production model.
Our final cost for building the prototype was $&5while the production model cost $1503.79. The
reason for the higher cost in the production madethat we would not be receiving discounts or
donations for purchased components.

After we determined what the production cost oftarials would be, we established the cost
would be for the consumer. We assumed the custameld most likely be a resort orrantal place at
the beach, so we also calculated the amount of itimveuld take to pay off the vehicle. Assumingth
50 bicycles per year could be sold, Figure 6 gavesmmary of the consumer costs.

17



Hours Rate Total
Fabrication Time 40 $ 60.00 $2,400.00
Mark up cost 15%
Total Consumer Cost $4,489.36
Cost/hr 20
Hours/week 30
Possible months 4
weeks to payback 7.5
Profit/summer after 1st year $9,600.00

Figure 6 — Consumer Costs

These calculations show that the consumer casteofehicle is approximately $4500. Assuming
a 4-month period during the summer months in Mighigvhere the vehicle could be rented out, the
bicycle can be paid off in about two months of et After the first year, one vehicle will be atib
make a company or resort $9600/summer.

8. Schedule:

At the beginning of the semester, we compiled a@&duale to keep us on track throughout our
build. We began the spring semester with a detalésign of what we were going to build, so theufoc
was on building the prototype. We were able tospahe of our parts at the end of the fall semesidr
some came in over interim, which meant we couldt $tailding right away. Toward the end of the
semester, we updated the schedule to add moré wethe final weeks and to reflect where our ptoje
was. The progress of our project varied by aboweak as compared to the set schedule. Below is a
final schedule of our project.

ebruar - Basic frame complete
February 28 - Basic f pleted
March 7" - Frame completely finished
March &" - Rear axle installed

arc - Drive train complete
March 20 Dri [ pleted
March 29" - Steering installed
April 10" - Vehicle complete, begin testing
April 10" - Shifting, braking, and seats finished
April 13" - Steering complete, begin painting
April 19" - Testing and refinement continue
May 2" - Paperwork and documents complete
May 4" - Reports compiled, prototype ready

for SeinProject Night!

A key motivating factor to keep us on schedule ti@savailability of shop time. Since the shop
was only open between 8 am and 5 pm, we needegldodilable during those hours to finish buildimg o

schedule.
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9. Conclusion

Over the past two semesters, we have successfalhaged a project where we designed and
built a prototype that met our requirements. Tjrigject was able to teach us many things about the
engineering process and about teamwork. By usin@D models that we designed in the fall semester,
we could build a working prototype this spring. réghout the build of the bicycle, we learned many
valuable lessons on how the many components watkdogether. The time spent in the shop gave us
hands on experience that complimented what wedwaéd in the classroom. We are proud of our final
product and we look forward to using what we haared from the Calvin engineering program in the
future.
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www.gocartsupply.conlight vehicle disc brake information

www.hayesdiscbrakes.cqmicycle disc brake specs

Human scale Body Measurements, Ergonomic charts
Keith Heckman, Calvin College Engineering Departtnen

www.nashbar.corBicycle component pricing

Ned Nielson, Calvin College Engineering Department
Ren Tubergen, Gumbo Product Development Inc.

www.uspto.goy US patent website, used for researching autorbatjcle transmissions
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Appendix A — Frame Calculations

Description: Find deflection of the rails for the box stylarine.

Assumptions:

- The load will be applied directly in the middle

- Modeled as a simply supported beam with point loads
- The beams are steel.

Results: The calculations show that the beams are capélbiandling the loads that
the bike will see. It not only will not fail our @lection criteria, but it has a substanti
factor of safety with respect to yielding.

Beam Calculations

tmax = T 15
Shear Stress
M - c
g max |
Bending Stress
L P
M = —. —
2 2
Moment
c = h-.- 05
vV = P
P
d = 18 E .| ,
Deflection
P = 500 [ibf]
Force
in
L = 12 - —
ft
Length

3

b-h? {(b—z-t)-(h—z-t)

12 12 _
Moment of Inertia

G = 3.8x10°% [psi]
E = 3x107 [psi] .

Modulus of Elasticity
A =b-h-((b=2-t)-(h=2-:-1))

Area
b = 2 [n
fn] X-dimension
h = 2 [n
fn] Y-dimension

t = 0125 - 1 [in
bl Wall Thickness
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Results

22



Appendix B — Steering Calculations

Description: Find necessary linkage lengths of the steeristesy to account for
Ackerman Angles.

Assumptions:
- Links are in the same plane.
- Lengths are center of pivot to center.

Results: The calculations give the necessary lengthsattat the wheels to turn on
different angles. The CAD drawing shown at the dootis a visual check of the lengths
calculated in the EES program.

Length Calculations

L1 * cos(thetal) + L2 * cos(theta2) + L3 * cos(theta3) + L4 * cos(thetad) =0
L1 * sin(thetal) + L2 * sin(theta2) + L3 * sin(theta3) + L4 * sin(theta4) = 0
L1 =38

L2=5

"L3 = 34"

L4=5

theta2 = 65

thetal =0

"theta3 = 0"

theta4 = 360 - theta2

x=L3-L1

correct_length = L1 - x

r_wheel = 360 - theta4 + (90 - theta2)

"gammal =0
gammaz2 = 125

X1=11

X2=12

X3 = correct_length

X4 =14

X1 * cos(gammal) + X2 * cos(gamma?2) + X3 * cos(gammag3) + X4 * cos(gamma4) = 0

X1 * sin(gammal) + X2 * sin(gamma2) + X3 * sin(gamma3) + X4 * sin(gamma4) =0 "
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Results

Visual check of calculations
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Appendix C — Braking Calculations

Assumptions:

the actual braking distances.

Description: Find the braking distance for the vehicle whes traveling at 25 mp

- The wheels will not slip and the coefficient oflmag friction is .6.
- The weight of the loaded vehicle is 1200 Ibs.

Results: The calculations show that the vehicle will stobout 70 ft from 25 mph.
Using these calculations, a braking curve couldreated that can be used to predlict

=

“Braking Distances”

Ffriction -+ 2 = m - —a
m = 1200 [bm]- |0.453592 - ——
Ibm
-‘m/s
vV = 25 . 044704 - —
mile/hr
v 2 23694 mile/hr
english m/s
m
Fwheel = 10 0.0254 F
0= vi+2.a-D
ft
Dengish = D - |3.28084 - o
Ftriction = U - Ngorce
m
Nforce = - 9.81 [m/s?
u = 06
Taxle,no,slip = Ffriction © Twheel - 2 - 8.85075 -

-in—Ibf

Newton'’s second law to find
acceleration

Mass of a loaded vehicle

Velocity (metric)

Velocity (English)

Radius of the wheel

Rectilinear motion equation

to find distance D

Stopping Distance

Friction equation

Normal Force

Coefficient of Friction

Torque on the axle with no slip
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Appendix D — Axle Bending Stress Calculations

Description: Find the load limits for both static loading anéinite fatigue life
(1076 cycles or >1000 miles), assuming a 5/8” axle

Assumptions:

- The model used is a cantilevered beam
- The beam length of the axle is 2.3”
- The axle is mild steel from the shop

Results: The calculations show that the load limit pees®l 375 Ibs for static
loading and 325 Ibs for infinite fatigue life. Tiag into account 75 Ibs for the frani
and 75 Ibs from the front rider, the rear passemagaght limit is 225 for static
loading and 175 for infinite fatigue life.

"Rear Axle Stress Calculation”

L = 2.3[in] "Length from bearing to wheel"
W_fatigue = 325 [Ibm] "Weight on 1 axle"

M =W _fatigue *L "Momement"

c=.625/2 "5/8" axle"

| =pi*c™M /4 "Momement of inertia"
sigma=M*c/| "Stress"

sigma_max = 36000 "Yeild stress for mild steel"
FS =sigma_max / sigma "Safety factor"
FS_fatigue = (66000 * .5) / sigma "Safety factor for infinite fatigue life, using ultimate strength”
Infinite_cycles = 1000000

C_wheel = pi * (20/12)

Cycles_per_mile = 5280/ C_wheel
Miles_to_infinite = Infinite_cycles / Cycles_per_mile
"Max static load"

P_max =1*sigma_max/ (L *c)

e
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Results:
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Appendix E — Axle Torsional Stress Calculations

Description: Determining the torsional stress on the rear.axle

Assumptions:

- The load on the pedals is 200 Ibs.

- The gearing is approximately 1 to 1 for the maxjter
- The yield stress for the steel is 33 ksi.

Results: For the worst case of a person standing on tre fredal, the rear axle will
not fail in torsion. Even if a person would balarheir entire weight on one pedal,
rear axle will have a safety factor of 1.217.

the

"Torsional Stress"

T=r*F "Torque on shaft"

F =200 [Ibf] "Force of chain on axle"

r = 6.5 [in] "Radius of front pedal”
J=pi*cMd/2

¢ =.625/2 [in] "Radius of shaft"
sigma=T*c/J "Torsional Stress"
sigma_max = 33000 "Yield Stress, mild steel"
F_s =sigma_max / sigma "Safety factor"
tau =16 * T/ (pi * d*3) "shear stress"

d =2*c "diameter"

Results:
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Appendix F — Seat Strength Calculations

Description: Find the load ¥2” electrical conduit can hold maut breaking.
Assumptions:

- The load will be distributed over 4 posts

- The 4 posts are modeled as a cantilever beam

Results: The calculations show that the electrical condait handle a 400 Ib load,

weigh, but the seat frames need to handle extragtripad in case the bike went off
curb or was in an accident. The max load for #assshould not exceed 225Ibs.

distributed over the four posts. This is much kigiman what a normal person would

"Seat Calculations"

Total_force = 400 * convert(Ibf,N) “Total weight”

F = Total_force / n “Force per post”
Total_force_eng = Total_force * convert(N, Ibf) “English units”

n=4 “Number of posts”

L = 6 * convert(in,m) “Length of cantilever”
M=F*L “Moment”

¢ =.71/2 * convert(in,m) “Radius of conduit”
d=c*2 “Outside diameter of conduit”
d_2 = .62 [in] * convert(in,m) “Inside diameter”

| = pi * d"4/64 - pi * d_2"4/64 “Moment of inertia”
Stress =M * ¢ / | *convert(Pa, MPa) “Stress”

Yield_stress = 300 [MPa] “Yield stress”

SF = Yield_stress / Stress “Safety factor”
Results:

a
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Appendix G — Battery Life Calculations

Description: Find the battery life of a 12 V tractor batteoy funning 18 high-
powered LED bulbs.

Assumptions:

- Each LED draws 30 mA of current

- The battery is 6 amp-hr

- Each headlight would use 6 LED’s and each braktg ligpuld use 3 LED’s

Results: The calculations show that the tractor batteruld@nly last 7.8 hours on §
charge. Since the battery does not last very libngpuld have to be recharged
regularly. A better option would be lights thatwie be used for markers, rather thg

battery pack could be used, reducing the weigbt. tle prototype, two LED’s were
used per headlight and a single brake light wad usth three LED’s.

|

n

actual driving lights. This would greatly redube battery power needed and a smgller

"Battery life - 12V battery, 18 LED bulbs"
A = .03 [amp]

N =18

cap = 6 [amp-hr]

Time = (cap)/ (A*N) * .7

watts = .085 * 6

C=55*12+5*6+75

Results:
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Appendix H — Budget and Bill of Materials

Our Production Production

Description Quantity Our Cost Total Cost Total
Wheels
BMX rims - 14mm axle, 48
spoke 4 $ 35.00 $ 140.00 | $40.00 $ 160.00
tires - 90 psi 4 $17.00 $ 68.00 $ 20.00 $ 80.00
Tubes 4 $ 3.00 $12.00 $5.00 $ 20.00
gears 4 $20.00 $80.00 | $20.00 $80.00
derailluers 4 $ 14.00 $56.00 | $20.00 $ 80.00
Cable housings (ft) 10 $2.12 $21.20 | $2.12 $21.20
Cable (ft) 40 $0.21 $8.40 $0.21 $8.40
shift levers 4 $8.00 $32.00 | $10.00 $ 40.00
Bearings 4 $8.00 $32.00 | $8.00 $ 32.00
Disc Brakes 1 $ - $ - | $75.00 $ 75.00
Brake Fluid 1 $ - $ - | $10.00 $10.00
Steering Bearings 2 $ - $ - | $15.00 $ 30.00
Frame
2x2 steel beams 23 $4.00 $92.00 | $4.00 $92.00
speedometer 1 $21.19 $21.19 | $21.19 $21.19
Paint 7 $2.99 $ 20.93 $5.00 $ 35.00
LED lights 2 $8.42 $ 16.83 $ 20.00 $ 40.00
Sheet metal 30 $ - $ - | $0.60 $ 18.00
Misc. metal stock 1 $ - $ - | $30.00 $ 30.00
Universal joints 2 $ 5.00 $10.00 | $5.00 $10.00
Pedal assembly 4 $ - $ - | $50.00 $ 200.00
Chain Guides 4 $ - $ - | $10.00 $ 40.00
Handle bar steering wheel 1 $ - $ - | $20.00 $ 20.00
Stickers / graphics 1 $ 10.00 $10.00 | $10.00 $ 10.00
Misc. screws, bolts, and
fasteners 1 $15.00 $15.00 | $15.00 $15.00

| Chain (standard lengths) | 9 | s$1400 | $112.00] $2000 |  $180.00
Seats
fabric (pre-made seats for
production) 4 $ 3.00 $12.00 | $30.00 $ 120.00
aluminum extrusion 8 $ 450 $36.00 | $4.50 $ 36.00
conduit 10 $ - $ -1 % - $ -

| Used bikes | I - s - s - | $ - |

[ $1503.79 |
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Appendix | — Detailed Drawings
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Appendix J — Prototype Photos

Finished Prototype

Test-driving
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Test-driving

Frame with mock up for pedals and seat locations
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Front wheel attachment

Rear axle coming together
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Steering wheel and rear seats
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Appendix K — Instruction Manual
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Built By:
Team 5--Eric Malinowski, Philip Maier, Eric Sloterbeek,
and Josh Kroon

Built For:
Calvin College ENGR 340 Senior Design Class
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Introduction

Design Intent

This machine is a HPV, a Human Powered Vehicl®Vsiprovide passengers with a
smooth, quiet ride. Our HPV has been designedaiitfor the enjoyment of Calvin College
faculty, students, and visitors. It has been dexsigo maximize comfort, ease of use, and
functionality. We hope that users can find valubéaoth the form and function of this machine as
it provides them with transportation, a potentiabic exercise, and a peaceful, relaxing time
with friends.



Safety Precautions

A. Before Using the Vehicle:

1.

Inspect the integrity of the frame and wheelsdaertain that no damage has
been done that could potentially cause vehicleifail

Refer to the “Preventative Maintenance” secpieriodically, to be sure that the
vehicle is kept in proper working condition.

Also check for adequate tire inflation; and ¢bain tension and orientation.

If operating at night, check the operation bfights, and replace AA batteries if
necessary.

B. While Using the Vehicle:

1.

2.

Know the limits of both the vehicle, and yowrodriving ability.

We suggest that only persons that either hasie dinivers’ license, or possess an
exemplary knowledge of the characteristics of digvsuch vehicles should
attempt to operate the vehicle.

As soon as the vehicle goes into motion, vehéyproper working condition of
the derailleurs and brake system; they are critcéthe safety of all passengers.

There are two separate rear axles, which meansvttik braking and
accelerating, the driver could potentially feel tlahicle tracking slightly to the
left or to the right, which would require correctirom the driver, via the
steering wheel.

Use caution while driving around corners and oesiaclines. If a corner is
taken at high speeds, it could be subject to rello\A steep incline increases this
small risk.

This vehicle is intended to handle speeds up thIR5. It will be able to handle
travel on main roads, but is not intended to beestiegal. Please stay off busy
roads, rough terrain, and restricted property.



Operating Instructions

Each seating position on our vehicle has its owrofkgears for optimal power usage,
and for the satisfaction of passengers. The Bhifs done just as it is on a standard bicycle.
There are six speeds, with the first gear beinggtxanally low, just for this unique application.

Because of the independent derailleur mechanisach, gassenger can pedal at his/her
own pace, or not at all.

Braking is done by the driver using a tradition@lyble lever that actuates the two rear
disk brakes on the axle. The brakes are hydraaticstopping power is proportional to the
amount of force applied to the lever. The braketelso actuates the rear brake light located
between the two rear seats.

It is helpful to downshift as the vehicle comeststop, so that when it is time to start
again, the gears are in a low range.



IV

Adjustment Instructions

[.) Derailleur adjustment:

Before adjusting the derailleur, make sure thet ot bent. The two pulleys should be
lined up exactly underneath one another. If thaitleur is bent, it may need replacing or
straightening.

The Diagram below shows the different adjustmecations:

Figure 1. Rear Derailleur Adjustment Points

1.) Limit stops - The limit stops are two screws that set thetBrof how far the derailleur
can move from left to right.

a. The low gear limit stop (usually marked by thedeti_") stops the derailleur
from shifting past the largest sprocket and thrgutime chain into the spokes. If it
is too loose, the derailleur can over shift lettihg chain fall off. If it is too tight,
the chain will also fall off.



b. The high gear limit stop (usually marked by thédietH") stops the derailleur
from shifting past the smallest sprocket and wegldgiire chain between the
smallest sprocket and the dropout. If it is tocskeat really does not make much
difference on a bike with indexed shifting, becatlsecable will not let the
derailleur over shift past the smallest sprocKat.i$ too tight, you it will be
difficult or impossible to shift up to the smallestr sprocket.

2.) Indexing Adjustment - The indexing adjustment is the most frequendgded derailleur
adjustment. The detents (click-stops) that proundiexing are in the shifters, and the
index adjustment sets the length of the cable abthie derailleur is in the correct place
to correspond with each click stop.

The indexing adjustment is an adjusting barreltedat one end of a length of
cable housing.

Shift to the highest gear (smallest sprocket.) Malke that the shifter is in the
position that allows the cable to be as loose earitget.

Click the shifter to the first click after the fulloose position, and then turn the
pedals forward. The chain should shift to the sdcmallest sprocket. If it does not, it
means the cable is too loose. Turn an adjustingbaounter-clockwise to tighten the
cable. Start with half a turn, and then check agdais important to check that the shift
from the smallest to the second-smallest sprockatrs in the right place on the shifter.

Fine adjustments are accomplished according téotleving principles:

1.) Shifting to larger sprockets is accomplished biteging the cable;
if such shifts are slow, the cable is not tight wgto--
turn the barrel counterclockwise to tighten it.
2.) Shifting to smaller sprockets is accomplished ms&ning the cable; if
such shifts are too slow, the cable is not loosrigh--
turn the barrel clockwise to loosen it.

3) Angle adjustment ("B-tension”) - The lower pivot, sometimes called the "a pivot”
winds thecageup to take up slack as you go to smaller sprocHéts upper "b pivot"
adds additional slack take-up ability by pushing derailleur parallelogram backwards.
The tension of the two springs needs to be balafarduest shifting. This is the least
likely cause for gear changing malfunction and $thde adjusted last.

*Excerpts of this manual were taken from
http://www.sheldonbrown.com/derailer-adjustmenthtm
For additional resources on Derailleur adjustmest s
http://www.garynuke.homestead.com/derailleur.html
[I) Steering:
There are two adjustment points within the steesiystem. The first being on the link
connecting the two wheels, this turnbuckle conttioéstoe of the front wheels. To adjust this,
first loosen the nuts on either end, then threadunbuckle in or out depending on the desired




change in toe. When the new toe is achieved, tigtite nuts onto the turnbuckle to prevent any
unwanted adjustment.

The second point of adjustment is in the fronthef vehicle, the link connecting the
steering column to the passenger side wheel. Thebds in this link can be threaded in or out
to adjust the neutral or center point of the stegwheel. To adjust this, remove the bolt from the
steering wheel side of the link, and thread théjbaits in or out evenly until the desired center
point is reached. Then reattach the bolt and tighfgropriately.

[II) Braking:

There are two adjustment points on the brake® CHble length can be adjusted at the
brake lever on the steering wheel. Backing ousttrew will put more tension on the cable.
The master cylinder should be preloaded to thetpuanere the pads almost press on the calipers.
This gives maximum braking force without any dragistance. To adjust this for more preload,
turn the long bolt at the master cylinder leveranglockwise.

IV) Radio:
Both the station selection and the volume levelatjustable on the radio.
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V

Preventative Maintenance

Tire Pressure:

The tire/tube setup is made to operate at 90 Fiké should be checked periodically,
especially after large temperature changes. WiNend) keep away from sharp objects such as
broken glass and nails to keep from puncturingriher tube.

Spokes:
Spokes should be checked once every six monthsrision. If the spokes seem loose,
take the vehicle to an authorized bicycle shomfijustment.

Brake pads and rotors:

The pads in this system should be checked evergréhs for wear and grooves. If there
is noticeable, wear or uneven breaking, the brakesld be analyzed and the pads and rotors
replaced as necessary.

Cable Wear:

The cables on the vehicle are lubricated with g/hihium grease. These cables should
be checked periodically for fraying and noticealskr. If there is added resistance when
operating the cables, the cables should be re-gple#st is found that the cables are broken or
need replacing obtain a new cable, grease andlifidtawing the pattern of the cable being
replaced.

Drive train:

The bearings on the axle are sealed and need imbemance. In the case of replacement,
obtain a new bearing and press fit the bearingtimdearing bracket and slide the axle into the
bearing.

The chains should be lubricated every 1000 miliéls asmotorcycle chain lubricant.

Apply the lubricant to the chain near the rear etisdy lifting the rear wheels of the ground and
secure. Turn the front crank to rotate the chaiiendpplying the lubricant.

Check for wear of the chain and the rear casséitd® notice of any missing teeth on
the cassette or loose chain bushings. If the aragassette is worn out, replace both components
to ensure proper meshing of the chain and sprockets

11



Vi

Spare Parts List

Wheels:
We used 4 20", 48 spoke, 14 mm axle BMX wheelbede can be found at a local bike shop or
ordered online.

Tires:
A high-pressure tire with a road tread was useldke fire is rated for 90 psi.

Shift and brake levers:
The passenger shift levers are shimano 6 speeth@h shifters, while the driver has a 7-speed
mountain bike rapid-fire shifter and brake lever.

Derailleurs:
The derailluers are Shimano RD-TX50 Tourney MegadeaRear Derailleurs, which can be
ordered online or picked up from a local bike shop.

Gears:
We used Shimano 13-34 Thread-on 6-speed Freewhsgdh Range gears.

Pedals:
The pedals are a variety of one-piece crank pestamblies, except for the front passenger,
which is a three-piece crank.

Chain:

The chain is Shimano SRAM 6, 7, or 8-speed chaiime chains were used to make the four
sections on the bike. If a chain needs replacemeatich the old length of chain. It is very
important that the brand of the chain match thedaf derailleur and cassette. This ensures
that the shifting will work well.

12



Bearings:

Four 5/8” double sealed ball bearings were useslfgport the rear axles.

be replaced, here is the part information from MeidaCarr:
Part Number:6384K76

$7.98 Each

Type Ball Bearings

Ball Bearing Style Double Sealed
Ball Bearing Type General Purpose
System of Measurement Inch

For Shaft Diameter 5/8"

Outer Diameter 1-3/8"

Width 7/16"

ABEC Precision Bearing Rating Not Rate
Dynamic Radial Load Capacity, 11840

In case these need to

Maximum rpm 2,500

Temperature Range -20° to +250° F

Bearing Material Steel

Inner Sleeve Material Hardened Carbon Steel

Outer Sleeve Material Hardened Carbon Steel

Specifications Met Not Ratel

Note Raceways are not ground. Bearings come greased
Batteries:

There are two places where there are batteries.fifidt is four AA’s in the radio and the second

is two AA’s in the brake light assembly.
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VII

Troubleshooting Guide

1. Gears do not shift properly
a. Check that the derailleurs are not bent.
b. Adjust the derailluers using the fine adjustmeméws. Check the adjustment
instruction section for more details.
2. Brakes stick or there is not enough braking
a. Adjust the ¥” screw in the rear by the reservadiighten the screw for more
braking power, and loosen to have less brakinge Arakes will have a slight rub
when adjusted properly.
b. If the brakes felt spongy, check that the reservag enough fluid in it. If it is
low, add fluid and bleed the brake lines.
3. Feet do not reach the pedals
a. Loosen the four wing nuts under the seat and athesthair to an adequate
position.
4. Can't turn on the head lights
a. Turn on the red switch on the right side of thdaad
b. If the lights still don’t come on, replace the leaigts
5. The brake light does not work
a. Check the batteries inside the brake light housing.
b. If batteries are still good, check that the swikmounted correctly on the cable
near the hydraulic brake reservoir.
6. Radio doesn’'t work
a. Check the batteries in the back of the radio.
b. Make sure the switch on the right of the radiaurméd on.
7. Chain keeps falling off
a. Check the rear derailluers to make sure none are be
b. Re-adjust the derailluers.
c. Check the front gears to make sure they are ndt ben
8. Tire looks soft
a. Check the tire pressure.
b. If the pressure is below 80 psi, inflate to 90 psi.
9. Loose steering
a. Check all of the nuts on the steering linkages &ixensure they are tight.
b. Check the alignment of the front wheels.
10.Hear clicking noises from the wheels
a. Check the rims so that nothing is stuck in the sgok
11.The wheels do not turn while pedaling
a. Check the rear axle to make sure the chain isostithe cassette. If the chain did
fall off, readjust the derailluers.
b. If the chain is still on the cassette, check thé&ds/eonnecting the cassette to the
axle. Re-weld if the welds have been broken.
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12.Mud fenders rub on the tire
a. Carefully bend the fender supports away from treeuntil they stop rubbing.
b. FOR FRONT FENDERS ONLY: Loosen front head tubeand rotate fender
out of path of tire, retighten nut.
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