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Chapter 1

Introduction:

Bowling is a classic American past time enjoyed by people of all ages, but this
seemingly simple game has been off-limits to people with a disability. Including this
eager crowd of athletes is our priority, but the simple solutions will not cut it anymore.
The goal of our senior project is to allow people with a disability to bowl in a whole new
manner by incorporating spin and speed as variables, adding new dimensions to the
world of assistive bowling.

Focusing on athletes in joystick operated power chairs will hopefully provide a number
of athletes with various disabilities an unparalleled bowling experience. Our main clients
are Mike Ward and Doug Carrol, as well as other local athletes in San Luis Obispo. By
creating a customizable and universal bowling experience the Rock-N-Bowl! Il will bring
new features previously unavailable in assistive bowling systems. We are also working
closely with a team of Kinesiology experts, including Dr. Taylor, and trying to design a
bowling device to work with as many different people as possible.

It is highly important to get the motion and strategy of bowling as close as possible to
standard bowling. Using strategy and ball control allows people with a disability the
opportunity to truly compete with a standard bowler. Spinning the ball consistently will
be a key element of our design. The bowling device needs to allow curving the ball in
for a strike like the professionals do. Also, the bowler needs to control the speed of the
ball for optimal ball control. Giving the athlete this control will stimulate the athlete
more than standard "ramp" bowling, and give them the thrill of competition the way
they want.

Chapter 2

Background:

To design a device that best meets the needs of the user and to provide both an
enriching experience and a robust, durable product, we need to understand the
physical and mental capabilities of the user. Our main clients have restricted
movements, but making ourselves aware of a wide variety of physical and mental
disabilities will allow us to accommodate multiple users when designing our product.
While conducting background research we found it most reasonable to expect the
users to interact with the device as much as they are capable, so our system will need
to be able to accommodate people with very limited motion.

Our team learned several important things in researching not only physical and mental
disabilities, but also the basic human need for a sense of community common with
family sports like bowling. We first acknowledged the need for excitement in the sport of

e
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bowling. People who have disability are no different in their desire for challenge and
sport. Therefore, the experience we provide our users is just as essential as the quality of
our welds. This will play a huge role when designing our product. Our goal is to create a
product where there is room for failure, room for frustration, and room for growth.
Because one of our clients used to be an avid bowler and is still very interested in the
competition of the sport, we plan to pay close attention to creating a challenging
environment where the user will need to practice to be able to excel at a high level.
Our other client is looking for more of a social environment, so the device also heeds to
be simple enough to be able to perform decently without extensive practice.

Other research conducted about competitive adaptive bowling was done to
determine what to expect for the more advanced user. We also learned about the
competitive adaptive bowling guidelines determined by the American Bowling
Congress (ABC) from a reference text, Adapted Physical Education and Sport, by
Joseph Winnick. Although competition guidelines are important, we also want to break
the rules a liftle to provide a fun experience where the user can spin the ball, which isn't
allowed in most international adapted bowling competitions.

On top of research conducted on physical and
mental disability, we researched other adapted
bowling designs. The previous Cal Poly design,
the Rock N Bowler I(see Figure 1)provided the
user with a great experience, allowing them to
learn and grow in their adapted bowling ability
while connecting an otherwise neglected group
to a classic game. The biggest problem with the
previous design was that it didn’t last very long.
The Rock N Bowler achieved its goals of allowing
the user to give spin to the ball upon delivery,
and could even attach to the Universal Play
Frame (UPF); however, it only lasted a few weeks
in use before it broke. Having this information
makes durability one of our greatest concerns in
designing the improved Rock N Bowler Ill. The
only thing better than giving a person with a
disability the opportunity to bowl, is to allow
them to bowl and become skilled with a device.
After looking at the Rock N Bowler | we noticed
that there was poor material selection that
caused it to have structurally weak points. Other devices encountered on the market
give a great model for structural design but many fail to emphasize the important idea
of the Least Restrictive Environment (LRE), or giving the user the fullest possible

Figure 1: Rock N Bowler 1
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experience. The experience the user has with the bowling device is just as important as
the structural integrity. After reviewing several different adapted bowling devices
currently on the market, we see that the biggest improvement we can make is to

enhance the experience of our client.

Figure 2: IKAN Bowler attached to a power chair

Figure 3: Free standing bowling ramp produced by
FlagHouse Inc.

One of the best existing adaptive bowling
apparatuses is the IKAN Bowler (see Figure 2).
This design allows the bowler to use the
momentum of the chair and height of the
chair fo make the ball roll down the alley,
which creates a fuller bowling experience. It
also has a sturdy ramp which gives it a strong
and dependable life. The IKAN Bowler
Company also produces a universal
wheelchair attachment which allows
anybody to use their product. We feel that
the IKAN Bowler is a great bench mark to try
to meet and/or exceed, thus we have set a
lot of our engineering specifications based on
its capabilities.

Another simple solution is the free standing
bowling ramp produced by FlagHouse
Inc.(see Figure 3below). This is just a basic
ramp that you roll the ball down towards the
pins. This ramp allows a quick change
between users and it is easy to set up and
use. The bowler simply pushes the ball down
the ramp once it is in the desired position.
After talking with some people that have
used a similar device we realized that the
light weight design and lack of mounting
caused many problems for the user. When
the ball is pushed down the ramp, the ramp
physically moves from the forces on the ball.
This makes the user dependent on two other
people to hold the ramp steady so the ball
rolls the way the user wants, which is the main
problem.

Our team has learned from the strengths and
weaknesses of previous designs both on the
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market and in academia. Knowledge of these strengths and weaknesses coupled with
a deeper understanding of our users’ capabilities gives us a good idea of what is
needed to achieve an inclusive environment in sport of bowling. These establish a good
platform to start our design.

Objectives:

The top priority of this project is to simulate a bowling experience for a person with a
disability that does not allow them to bowl conventionally. After talking with one of our
clients and our sponsor, Dr. Taylor of the Kinesiology Department, we have come up
with a list of requirements that will satisfy the needs of our users:

X The end product should be able to “throw” the ball close to the normal speed of
a bowling ball, and it must curve the ball to enhance the bowling experience.

X All of the user interface should be within a six inch range of motion around the
customer’s hand.

X The device needs to easily attach to a wide variety of different wheelchair
designs, and be easily adaptable to go from one chair to another.

X A personal assistant must be able to install it by unassisted, so the device cannot
be too heavy or cumbersome to prevent a single person from installing it.

X Finally, the device must be easily transportable so that it can be used at multiple
bowling alleys, even though we are planning on leaving the device at Mustang
Lanes. Therefore, the device must come apart and fit in a car or truck for easy
transportation.

In order to accomplish these requirements, we developed them as Engineering
Specifications to guide our design process, as shown in Table 1, on the next page. These
Specifications were derived from our House of Quality; see Appendix A which shows the
importance of each specification to its infended user including the bowlers and any
personal assistants that will be helping with set up. The unique thing about the House of
Quality is that it takes into account all of the users and requirements for the project.
Then Quality Function Deployment (QFD), which takes into account all aspects of the
design process, was used to analyze the customer requirements and turn them into
engineering specifications based on the conclusions drawn from the House of Quality
discussed earlier. This also allows us fo make a simpler specification list that narrows
down exactly what the product needs to do.

The most critical requirements for our design will be Ball Speed, User Input Range, Spin
Speed, and Life Span because all of these factors will affect our customer’s bowling
experience.

Ball speed is at the top of this list because the device we make should roll a bowling
ball at a comparable speed to the average bowler. Many current designs roll the ball
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relatively slowly and do not have the ability to vary the balls’ speed. To do this we will
mount the device to add some of the momentum from the chair to the ball.

Table 1: Engineering Specifications including: Risk, (H) High, (M) Medium, and (L) Low; and Compliance, (A)
Analysis, (T) Test, (S) Similarity to Existing Designs, and (I) Inspection. Risk determines how critical the
specification is to the design, and compliance determines how we will analyze that particular specification.

Spec. | Parameter Description Requirement | Toleranc | Risk | Compliance
# or Target e

1 Ball speed 5 mph Min H T

2 User Input Range 6in3 Max H TS, 1
3 Spin Speed 1 rad/s Min H AT
4 Wheelchair Speed 4 mph Max L T.S

5 Expected Life Span 3000 games | Min H A

6 Setup Time 5 mins Maix L T

7 Accuracy 10" @ 60’ Maix M T

8 Weight 70lbs Max L ATS
9 Cost 1500 dollars Maix M A

10 Battery Life 1 hr Min L AT

The customers’ only method of interacting with the device will have to be through
simple hand movements and the motion of their own power chair. For this reason, a six
inch box of motion around the user’'s hand will serve as our benchmark for how much
our customer can interact with the device. This means that anything we make must be
easy to use and require little activation pressure or movement.

One of the most important high risk specifications is spin speed, which is where the fun
factor comes in. The more spin we can offer the customer, the more fun the bowling
experience will be. This is also what will set our design apart from all the other assistive
bowling devices, so the spin speed is quite crucial. By offering variable spin speed, we
are providing a new bowling experience that will engage our customers more, and
create a unique bowling feel that the other currently available devices cannot. This
also gives the customer the least restrictive environment (LRE) that will simulate bowling
in a whole new way.

Lastly, life span is of utmost importance for our design due to the disappointingly short
life span of the Rock N Bowler I. Therefore, we have to use high factors of safety in our
calculations, and ensure that everything has the proper tolerances for high reliability
and infinite life.
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Chapter 3

Design Development:

Taking the specifications that we created, we moved on to brainstorming solutions. We
were able to come up with a lof of different ways o solve the problem. We broke the
main problem into two main sections, spin and forward motion. We brainstormed
different solutions to each problem and came up with the solutions in Table 2 below.

Table 2: This figure shows our initial ideas
regarding how to solve our problem

Forward Spin
Motion
Ramp Rifled Tube
Impulse Rollers
Actuator

Pitching Variable
Machine Friction
Cannon N/A

Top Concepts: r>>
From these possible solutions we were
able to mix and match the features to Figure 4: One set of sectional rollers down the middle of
create a few leading candidates for our the rails

final design. One of our leading designs
was a ramp with one roller on each rail
angled down the slope, see Figure 4.This
design allows us to get most of the
device's length off the ground in front of
the chair and elevate it over the user to
increase mobility. Another concept that
we came up with is using segmented
rollers, see Figure 5, to allow a more
gradual transition and still apply the
same amount of spin. There is also the
possibility of using a pitching machine Figure 5: Segmented rollers down the middle of the
type device at the top of the ramp, see rails

Figure 6, so we can add as much spin as we want at the top of the ramp and then push
the ball down the ramp. An idea that we had to add more speed to the ball was to
make a spring loaded carriage, see Figure 7;this gives the ball an added kick down the
ramp. We also fried the idea of ditching the ramp all together and using a ball launcher
placed flat on the ground, see Figure 8. This idea was interesting because it potentially
has a lot of power but it would be harder to use and would make the user even further
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Figure 6: Pitching Machine at the top of the rails Figure 7: Pitching Machine on spring loaded carriage
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Figure 8: Flat non ramping spring loaded pitching Figure 9: Ramp with two sets of rollers on the
machine rails

from the ball; thus creating a distanced

experience. The last idea that we are showing is a ramp with two sets of rollers, see
Figure 9below, this allows for maximum spin while getting the maijority of the length
above the chair.

Selection Process

In order to narrow down the concepts to the best possible solution we used Pugh
matrices, which can be seen in Appendix A, to compare possible solutions and see
which ones were the most promising. Our first pass was comparing our solution ideas to
the IKAN Bowler to make sure that what we created was better than the current
solution, see Figure 45 in Appendix A. After the first pass at narrowing it down using Pugh
matrices we had a three-way tie between some of our similar concepts, Figure
45inAppendix A. This led us to make another Pugh matrix using our perceived top
design as the datum so we could see if it really was the best. The result of this Pugh
matrix was interesting because one of our other concepts appeared to win, but upon a
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closer look it won because it was better at

Table 3: Ramp Testing Results where heavier

less important specifications. We then moved  palis go faster, and the fastest speed recorded
on to com pare These SO|UTiOI’\S in a more was 6.32 mph and the average speed was 5.95

h
complicated weighted decision matrix, P

Figure 47 Appendix A, which compares how

well a concept satisfies a specification to 10 3
how important that specification is. After this 44.25
matrix we were able to decide on our best

possible solution. 52 25
Testing: 12 39
Another important part of our concept

development and selection was the 44 .95
prototype testing. Our first prototype used

parts from the broken Rock N Bowler [; the 5225
test setup can be seen in Figure 10. We

tested if we could generate spin using rollers 14 39
on a slope, which was important so we could

see if angled rollers are a viable solution. It 44.25
was also necessary to determine if the spin 52 95

applied by the rollers could be maintained
when fransitioning the ball from the angled
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Figure 10: Modified Rock-N-Bowl 1 testing for Figure 11: Ramp testing for spacing, height,

spin and angle parameters

5.8
5.37
5.65
5.83
5.83
5.73
5.47
5.37
6.23
6.12
6.22
6.31
6.19
5.96

6.1
6.32
6.21
6.31

Ball Size (Ib) Height (in) Speed (mph)
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rollers to the horizontal floor. We were able to confirm that this was possible which
allowed us move forward with our leading concept. The second prototype that we
tested was a full sized ramp. This ramp allowed us to experiment with ramp height,
angle, and rail spacing. From these tests we were able to find that we can reach
approximately é miles per hour with a 4 foot ramp, shown in Figure 11. The most
important thing that we learned from this prototype was the significance of having a
smooth transition from ramp to the alley. When we tested the ramp at a larger height,
we also decreased the transition time and increased the transition angle, because of
how the ramp was constructed. These changes caused a lot of the ball energy to be
lost at the foot of the ramp. This energy loss relates directly to the speed of the ball, so
with steeper angles the ball speed stayed alimost constant as shown in Table 3.

Chosen Concept

The concept that we have chosen to move forward with is the ramp with two sets of
rollers, presented in Figure 12. From the decision matrices we concluded that this
solution will provide the user with the best bowling experience. This solution gives the
user the ability to apply the most spin to the ball and the most maneuverability with the
bowler attached.

§ Chapter 4
ﬂ Description of the Final Design

After choosing our final concept we
moved forward with figuring out all the
details in each component. Our final
design can be seen in Figure 13. Our
design can be broken down in to four
sections; the ramp, support, attachment,
and confroller.

The Ramp

The ramp is made of PVC sections and
rollers. There are two sefts of rollers, a
powered one and a free spinning one. The
powered rollers are made of polyurethane
to create a high friction surface to transfer
the rotation to the ball. The free-spinning roller is made of delrin to help eliminate any
losses to friction the ball would get from that side of the ramp. The driven rollers will be
powered by a Makita drill that is connected to the steel shaft down the middle of the
roller. The drill power will be transmitted by a flexible shaft bit extension which is coupled
to the shaft. The shaft is then coupled to another bit extension which connects to the

Figure 12: Conceptual solid model of our best design
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lower spinning roller. The shafts of
each roller are supported by bearings
on each end to allow them to spin
freely. See the roller assembly in
Figure 14.

The ramp is around 38 inches tall and
at an angle of 50 degrees to allow
the ball to get to 5 mph. This height
also allows for the ball to be roughly
in the user's lap to allow them to see
over the ball and down the lane and
to push the ball while the ramp is set
in the stationary position.

Support

Our support allows for quick assembly
because the ramp attaches with the use of a single nut in the top center of the support
shown in Figure 15 on the next page. The support carries most of the weight of the
bowler and provides a mounting surface for the motor, battery, and speed controller.
One of the main features of the support that allows everyone to use the device is the
locking casters. If for some reason the device is not able to mount to the power chair or
wheelchair, the support's locking casters will be able to hold the bowler in place so the
user can just use it in the stationary position. The stationary position still allows for spin
conftrol, but it limits the speed control the user has since there is not height adjustability
and they will not be able to add speed to the ball from their chair.

Figure 13: Complete final design

Delrin Roller

Aluminum
Bracket

Figure 14: Roller assembly with labeled parts
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Single bolt for

Attachment attachment

We decided to mount to strap
attachments on the front of the chassis of
his power chair, because it is the most rigid
mounting point on our user’s chair; the
loops can be seen in Figure 16. The aptly
named Gator Clamps are the solution to
our mounting situation; their name will
become more obvious after viewing Figure
17 below. We designed the Gator
Aftachment to be a flexible way of
mounting to any power chair, wherein the
clamps can mount to a wide variety of
surfaces. The use of heavy duty pivot
locking hinges enables the Gator
Attachment to change height and
mounting angle easily and quickly while
maintaining rigidity. The Gators
themselves are mounted within a
telescoping steel tube that can change
the distance the whole bowling device
sits from the user. These tubes can also

be adjusted side to side to allow

different chair widths to be
accommodated. The adjustability of

our attachment allows for a more
universal system that mounts to a wide
variety of power chairs.

Figure 15: U-shaped support
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Figure 16: Attachment point on Mike's chair

Tee Slotted Bar

Telescoping Bar

Gator Clamp

Figure 17: Gator Attachment with labeled parts
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Controller

To reduce cost, we have decided to

salvage parts from the drill that we originally  Users’ original
were going to scrap. Thus, the conftroller will joysfick
be dependent on the use of the drill's
trigger for variable speed control, and by
attaching a joystick to the trigger, our
customer will be able to comfortably and
easily change the speed of the spin
applied to the ball. The actual box that the
confroller will be mounted in attaches to
the u-support leg through the use of a
sliding PVC collar that can lock into various
heights and distances from the chair, as
demonstrated in Figure 18. This will then
create a customizable location of the
confrol box which will include moving it to
the other side of the support as well. The
rollers do not turn themselves off
automatically, so the user will need to put
the joystick back into the neutral position after every bowl to stop the rollers. We expect
there to be alearning curve in which the users figure out how far they need to move
the joystick to get desirable results.

Adjustable
Collar

Rock N Bowler -
Joystick 5

/

Figure 18: Controller close to the users’ joystick

Analysis

There are many parts of the Rock-N-Bowl which
are of concern based on the forces they see.
For the most part, these areas are the ones
where the ball is exerting its maximum forces
on the ramp; see Figure 19, and the supporting
columns that hold the weight of the device,
see Figure 20 (see Appendix E).

Critical Force

!

Figure 19: Location of the critical force on
the ramp

Figure 20: Critical force on the stand
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Ball Speed

The speed of ball is crucial to the success of the bowler; if the device cannot roll the
ball at a descent speed, the device will not be able to satisfy the needs of the user.
After several meetings with our customer, measuring the speed of standard bowlers,
and in depth discussion amongst ourselves, we came to the conclusion that the
minimum speed of the bowling ball should be around 5 miles per hour. After some basic
kinematic analysis, see Appendix E, we found that with a height of 39 inches we get a
speed of 6.2 miles per hour at the end of the ramp. We chose the height of 39 inches so
that the user can comfortably see over the ball and down the lane. This satisfies our
spec, and using the wheelchair mount, the speed can be increased with the addition
of forward motion of the wheelchair.

PVC Pipe Bend

The next point of concern is the PVC pipe bend because it is the weakest point of our
design. Having PVC connected to two aluminum braces raises strength concerns for us,
so we investigated the area. The first calculation done on the bend was the impact
load caused by the ball. Assuming a ball weight of 16 pounds, we did the impact
calculations to find that the maximum force the ball can inflict on the bend, see
Appendix E. This impact force was found to be simply double the weight of the ball
because the ball is not dropped onto the roller but simply applying its weight
instantaneously to a point while still in contact with the ramp. The result yielded a shock
loading of 32 pounds. We then used the shock loading to find the fatigue of the area
due to the ball repeatedly pressing on the bend. Based on a two inch schedule 80 PVC
pipe, we found that the fatigue factor of safety is 1.661, see Appendix E. This is a little
lower than we had hoped, but this calculation was done using a 100 pound force
instead of the 32 pound impact for extra safety. Lastly, to ensure that the PVC bend will
hold, we found the simple stresses in the member using an impact force of 100 pounds,
which is greater than the actual impact force. The calculation that was performed in
EES yielded a factor of safety of 3.552, shown in Appendix E. This factor of safety is very
high and shows us that the PVC bend wiill in fact be able to withstand the forces of a
bowling ball.

PVC Support

We have chosen to use PVC as the legs of the Rock N Bowler Il so they will bear the
weight of the whole device. Therefore, detailed calculations were needed to prove
that our material choice is justified. Our gut instinct was to assume that the member will
buckle, so we said that we will apply a 200 pound force on the top of the device. We
chose 200 pounds in case someone decides to sit on it. For this reason, a resulting force
on the top of each member will be 100 pounds, and assuming a worst case scenario of
a fixed free column in buckling, it was found that the PVC could hold 1277 pounds on
each side, shown in Appendix E. Thus, the PVC will not buckle.
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We also checked the deflection of the PVC legs while someone is sitting on it to prove
its stability. In order to perform bending analysis on the column we used an offset of the
axial load, from the caster offset, to create a moment on the beam. Again assuming a
100 pound force, the beam will only deflect .16 inches which means it will be very
stable, see Appendix E.

Torque Requirements

The last place that our device can fail is in spinning the ball. We performed a torque
analysis to prove that our device will be able to get a bowling ball spinning at our
specified 1.4 radians per second. By assuming that the ball doesn't slip on the roller, it
will take a 3.99 inch pound torque to get the ball spinning; see Appendix E. The drill that
we plan on using has a maximum torque rating of 400 inch pounds which is way above
what we need. Due to this large input torque the ability of the flex shafts used to
transmit torque from the motor to the rollers has come into question. Since flex shafts
don't really have published specs, we will need to further investigate the matter, but in
our research we found a good ball park number for their maximum torque input to be
around 156 inch pounds. To ensure that we do not break the flex shafts we will need to
limit the drill electronically to only be able to output a maximum of 80 inch pounds of
torque to get a factor of safety of two, and to increase the lifespan of all of the rotating
components.

Safety Considerations

The safety of our users is of utmost

importance to us since we do not want to Back-Stop
injure anyone with our device. This is
accomplished by using some clear
plexiglass shields to protect the user from
the rotating components of our design, see
Figure 21. These shields will be around both
the drill chuck and the rollers. The drill
chuck was previously exposed, but due to
its rotating nature we thought it best to
cover it up to protect the user from
potentially touching a rotating chuck. In
addition, a longer shield will go the length
of the rollers fo make sure that the user's
knees do not touch the rollers and possibly
even get hit by a falling bowling ball. We
have also designed a back-stop for the top
of the bowler so that the ball cannot fall off
the back of the device and into the lap of

Retention System Motor Guard

Figure 21: The safety consideration on our
ramp.
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the user. The back-stop is made up of plexiglass and aluminum L brackets to absorb the
forces of the ball. All of these shields will be tamper proof unless it is necessary to access
the component they are covering. We have also created an aluminum retention
system at the top of the ramp to keep the ball on the ramp even with an inopportune
turn by the user.

Material Selection

The basic materials of the Rock-N-Bowler include a plethora of steel and aluminum
components along with some PVC. We chose materials based on both their weight in
the modeled quantities and the strength for their particular application.

Ramp Materials

The ramp portion of our design uses a lot of different materials to sufficiently tfransmit
spin to the bowling ball. The most important material selected for our ramp is the
polyurethane for the rollers. Since the coefficient of friction of a perfect rubber on
rubber contact is very nearly 1, we chose polyurethane rubber for the rollers because
bowling balls are also made out of a harder polyurethane rubber. To contrast the
polyurethane powered roller on one side, there will also be a delrin roller on the other
side to allow the ball to slide easily and increase the performance of the spinning
mechanism, see Figure 22. Bearings in an aluminum housing will be used to hold the

Delrin Roller

Aluminum
Bracket

Figure 22: Roller assembly with labeled parts

rollers in place. These aluminum braces will also keep the rollers spaced equally while
being light weight and easily machined. Since the PVC bend in the Analysis section
could hold up to the balls' maximum force, just about any metallic material will hold up
to the forces caused by the ball. Lastly, a steel rod will be inserted into the rollers to
provide bending resistance and shaft whirl protection. This will be mirrored on the other
side by mounting the delrin on a steel rod also.

U-Shaped Support
The top of the ramp will be mounted to a u-shaped support, see Figure 23 on the next
page, that will be held up with PVC pipe legs because of their availability, low cost,
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and acceptable strength, see Analysis section. At
Aluminum Plate the end of these legs there are lockable casters to
allow for both easy rolling when the device is
aftached and stable stationary use when not
attached. The other main component of the
support is the top section made out of aluminum
plate. This plate will be the main mounting point of
- the Ramp, Motor, and Battery. This plate will also
hold the plexiglass safety guards because of its
location above the user's lap.

A
PVC Leas

Figure 23: U mount with labeled ——cy it
components f :{;:;

— oy

138

Gator Attachment Y

In order to mount the device to the
users' power chair, we will need to
rigidly clamp to some part of a
power chair. Based largely on our
customer's power chair, we have
decided to mount to the strap mounting point, see Figure 24above. This is a good rigid
mounting point, and by making the attachment adjustable in both vertically and
horizontally, the gator clamps will be able to reach many different locations on different
power chairs. Even if for some reason the Gator's don't work, the caster wheels at the
bottom of the u-support will be lockable to hold the bowler in place for anyone to use
regardless of their power chair design.

Y
- .

Figure 24: Attachment point on Mike's chair

Tee Slotted Bar

Telescoping Bar

Gator Clamp

Figure 25: Gator Attachment with labeled parts
R ———————
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The most concerning part of the Gator attachment is the heavy duty quick locking
hinges, which allow for fast adjustment of the Gator height and angle. The concern is
that the hinges cost $107 each. In order o have a rigid mount, we need expensive
heavy duty hinges so that attachment is easily accomplished and structurally sound.
There are cheaper versions of these hinges, but they sacrifice strength by a factor of
three. Next, to allow for different widths and distances of power chairs to the device,
the gator attachment has a T-slotted bar with two telescoping rods to allow for width
and distance adjustments. Lastly, the Gators themselves are at the end of the
telescoping rod to grab onto whatever is easily accessible and rigid on the chassis of
the chair, see Figure 25 on the previous page. This will allow for the greatest amount of
flexibility in the mounting system.

Motor controller

Varying the speed of the rollers will allow the
user to change the amount of hook on the
bowling ball. To allow for user adjustable speed,
we plan on using the drill trigger assembly by
removing it from the grip. Next, the trigger will be
mounted inside of a plastic project box that will
have a slot to guide the joystick. By mounting
the joystick with two 90 degree brackets, we will
be able to tighten the through bolt enough to
prevent the joystick from moving around on its
own, but it will still be able to push against the
trigger and cause the rollers to spin. The nature
of bowling is that there is a wait time between
bowls to allow for pin resetting and ball retrieval,
so after a throw, the user should turn off the
rollers to save power. This will keep the user from
leaving the roller speed joystick in one position
and having two identical throws, thereby Figure 26: Controller assembly
creatfing a new skill of positioning the joystick in

the right spot to get the desired spin.

The project box will house all of the electrical components of the controller and be
mounted to the stand by a sliding and locking PVC collar. An elbow will bring the
controller right next to the users’ original joystick, to view the system see Figure 26
above. The use of PVC in the arm will provide an easy wire hiding system to make the
support look clean and tidy. Castellating the bottom of the collar will let the user set
how close the joystick will sit to the original joystick, because the castellation will fit into
a pin for both radial and height adjustment to accommodate different users'
preferences.
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Special Fabrication

Due to the simplicity of our design, the only parts that need to be specially made are
the aluminum braces that house the bearings and hold the rollers. These braces will
need to be CNC milled to ensure that the arcs are precise, and that the nubs and
bearings can press info them. Even though these parts need to be CNC machined,
they are still an easy CNC project because they do not have any difficult contours; just
simple three axis codes will suffice.

Assembly Instructions

To assemble the Rock-N-Bowl Il requires just a single nut, and connecting a few simple
electrical connectors. The Rock-N-Bowl Il will break into two easily manageable pieces;
the u-support and the ramp assembly. These two pieces will be attached, by design,
with a single hand tightened nut at the top center of the support. The ramp will not
rotate because of a lip on the mounting plate that keeps the plates in line. There are
also quick release locking hinges at the bottom of the u-shaped support that connect
the legs to the aluminum plate.

Maintenance and repair

The Rock-N-Bowl Il is designed using components that require little o no maintenance.
All of the bearings are sealed and do not require additional lubrication, and the drill is
completely self-sufficient. The only regular maintenance required will be recharging the
battery and using mineral spirits to wipe off any oils that have accumulated on the rails.

In the event that a part requires repair, the Rock-N-Bowl is held together with bolts that
can be removed to open up a roller and get to any part necessary for repair. In
addition, most of the parts are sold online and readily available for next day shipping if
needed. The use of simple components that can be located in local hardware stores
also increases the availability of replacement parts. The expensive and hard to find
parts of the Rock-N-Bowl have been over designed to ensure longevity and reliability.

Cost

To ensure a sturdy and robust product, expensive materials were selected, and all
crucial areas were designed with high factors of safety to make the product work as
promised. To see the full pricing and detailed cost report see Appendix C. Below in
Table 4is a simple cost breakdown of the various subsystems that make up the Rock-N-
Bowler. You can see all the vendor specifications for the selected parts in Appendix D.
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Table 4: Simple cost break down by sub system

Full Roller Assembly $413.12

Stand and Motor Mount  $134.09
Gator Attachment $318.69
Safety Guards $71.21
Conftroller Electronics and Joystick  $23.99

All other Components $65.96

7} C 20
g. (@) Z Q
> =5 —+ (@]
O o Q 5 S
: < g_ Q| ©
3| o
0] Q
3 wm
=L

T $92.44
_Total Cost for 1 $1227.75
_Total Cost for 2 $2174.05

Testing

By inspection, the most critical point of our
design is the flexible shaft system that
delivers power to both of the rollers. After
some torture tests of the flex shafts, we
found that they catastrophically fail after
only five minutes of being spun at 2000
RPM which means that a new power
transmission method must be used. Using
a drill motor, our options are gears, chains,
or belts of which belts would be the
easiest to implement without adding too
much additional weight. The new model

L
( dm

for the drive system can be seen in Error! Figure 27: Revised system from spinning the rollers
Reference source not found.. including a belt that goes over the top of the roller.
Chapter 5

Building the Rock-N-Bowl Il proved to be quite challenging since all of the components
were unique, and aside from nuts and bolts, none of the components are direct off the
shelf parts. For this reason, every single part of the Rock-N-Bowl Il was custom.

Since there was a very large amount of manufacturing to be done, the device was split
into four sub-assemblies so that each team member could be working on a different

R
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assembly simultaneously and increase productivity. The four assemblies were the Gator
Attachment, Ramp, U-Stand, and Controller. For simplicity reasons, the Gator
Attachment was the first assembly finished.

Gator Assembly
The Gator Assembly had the least custom parts and could therefore be built quickly
and easily. The band saws and cold saws were used to cut the long pieces to length,
and then mills were used to accurately drill holes in the desired locations. There was a
small amount of turning necessary to make the connecting sleeves for the heavy duty
pivot locking hinges, so the manual Lathes were used. Our original design involved
welding the last sleeve to the T-Slot
stock, but after some testing using
the TIG welder, this design proved
impossible due to the two dissimilar
metals. Also, the original design
used steel telescoping rods which
ended up being far too heavy for
the system to support (for more
details see Appendix E), so new
Aluminum Telescoping rods were
designed to reduce weight

without com promising Figure 28: Completed gator attachment waiting for other assemblies
adjustability. to be completed.

Ramp

The Ramp assembly was the
most critical part of the whole
design, and thus required some
very advanced machining
techniques to allow the system
to spin and fit together. The
crucial parts of the ramp
assembly were the six braces
that connected everything
together. Since these braces
used some pretty complicated
geometries, machining them by
hand would have been virtually
impossible, so CNC mills were
used to cut the braces out of a sheet of aluminum, see Figure 29. This was done using
the Haas TM1-P CNC mill in the Mustang '60 machine shop. This machine was also used
to make the large hole in the bottom plate for the low profile caster to sit in. To

Figure 29: Richard using the CNC mill to create the braces.
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Figure 30: Richard press fitting the nubs into
the braces. Figure 31: Josh cutting the roller rods to
length on an abrasive chop saw.

complete the brace assemblies, very high
tolerance nubs needed to be machined to
achieve a proper interference fit inside the
brackets, see Figure 30. In this case, since
the nubs were round, the Haas TLT CNC
lathe in the Cal Poly Hanger was used to
ensure accuracy and repeatability.

Much simpler machinery was used to cut
and turn the steel rods that are crucial for
the structural integrity of the product, and
in this case an abrasive chop saw, see
Figure 31, and a Clausing Metosa Engine
Lathe in the Cal Poly Hanger worked quite
well. The top plate of the ramp was milled
to size and drilled using a manual mill, and
for this particular application, the Ganesh
Vertical Knee mill, also in the Cal Poly
Hanger, worked wonderfully. After the rods
and braces were completed we were able Figure 32: Travis and Josh with the completed roller
to complete the roller assembly, see Figure assembly

32.
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Some of the easier components on
the ramp were simply cut using wood
working tools like a Compound Miter
Saw and drill press. In order to ensure
the angle of the bent PVC sections
we made a wooden jig to make
each section the same size and
angle, see Figure 33.

The entire ramp assembly had the
least amount of changes made : f—
during its production; however, we Figure 33: Travis cutting the bent PVC sections using the
had initially planned on gluing the wooden jig.

PVC sections, see Figure 34, to the
aluminum nubs and after some testing
the bond broke. This then required a
new way of attaching the PVC to the
nubs which was solved by inserting 27
screws down the length of the ramp.
These screws not only held the ramp
together better, but also increased the
rigidity of the bowler significantly.

The last component added to the
ramp was the torsion bar, see Figure 35.
When the ramp was first assembled
there were some major flexing issues in the ramp / o
section, so to combat these and to stiffen the system, Torsion & /
the torsion bar was installed down the center of the Bar / 7

ramp. This solution actually ended up working very
i/

Figure 34: Josh assembling the ramp using the glue.

well, and eliminated the twisting effect the ramp was
experiencing while being moved.

U-Stand

Building the U-Stand was supposed to be a simple job,
but we ran into problems with its design after assembly.
First off, the casters were attached to the two inch PVC
end caps using a lathe to ensure accuracy. Then the
two inch schedule 80 PVC pipe was cut to make the
legs, and after this, we started having problems.

Figure 35: Completed ramp with

torsion bar.
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The first problem we noticed was
that the table hinges, see Figure
36, used to allow the legs to fold
up didn't have a uniform bolt
pattern, so affer much careful
measuring, the holes were
located and the top plate was
drilled to reflect all of the
mounting holes necessary. After
the stand was complete and the
ramp was set on it, the legs were
flexing a lot more than the
calculations (in Appendix E)
predicted. Investigating this issue
revealed that the hinges had quite a
bit of slop in them, and when we
aftached the bowler to a power chair,
it was apparent the slop was
unacceptable. To fix this issue,
aluminum inserts were machined to fit
inside the legs and using a thumb
screw, see Figure 37, force the legs to
be pulled towards the plate, this Figure 37: Thumb screw added to create the necessary
solution fixed the slop in the hinges leg rigidity.

because it removed all of the stress on

the hinges and translated it to the much stronger mounting plate. The last issue which
caused a few problems was the connection to the ramp, originally, the top plate of the
ramp was supposed to line up perfectly with the mounting plate on the stand. After
making everything, one of the dimensions was slightly off and allowed the stand to twist
a tiny bit with the ramp attached, so to fix it, two screws were inserted to keep the ramp
in the right position.

Figure 36: Table hinge used to attach the legs to the u-plate

Control Box

The last assembly which turned out to be one of the hardest was the control box. The
original design used a joystick, just like the one found on our customers power chair, but
we ran info some problems when trying to find a rotational potentiometer that could be
fully activated using only a quarter turn. Thus, the idea of using the drill's conftrol trigger
was tested, but the return spring in the trigger was too strong which caused the joystick
to move on its own.
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We then found a sliding potentiometer
that was large enough to have a
desirable range of motion. This is exactly
the point where we started having issues.
A joystick inherently wants to apply a
moment on something and the
potentiometer only accepts side o side
motion. After about six different designs
using the joystick and sliding
potfentiometer, we found that
connecting the two would be far too
complicated to pursue any further, so a
new design was tested. The new design
used a nub that would slide in a track
instead of a joystick. After acquiring a
new box, which was smartly chosen as a
conduit box to allow for direct mounting
to the U-Stand, a new design with a
large power switch, see Figure 38, and
an ergonomic nub, see Figure 37, Figure 39: Control box with the user using the sliding nub
became the new user interface. This control.

new design makes turning on the "spin”
mechanism fast and easy. Most
importantly, this design works very well for
our customer. To allow for complete
adjustability we cut castellations into the
collar around the leg, see Figure 40, so
the user can choose how far the
controller is from their chair, which is
valuable so that many different athletes
can use it comfortably.

Recommendations for Future
Manufacturing:

Figure 40: Castellations being used to adjust the angle of
To simplify manufacturing in the future, the control box.

purchasing components that are already

close to their final size would cut down on machining time, and by changing some of
the components to more readily available off-the-shelf components would help make
manufacturing go a lot faster. In addition, better more high tech machines could be
used to speed up the machining of most of the components. Also, using the most
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recent drawings will ensure that all of the parts will be updated and compatible with
each other.

Chapter 6

Test Description

In the design process we have encountered several specifications which we could not
precisely design for because they require testing for validation. One such example is
the final velocity of the bowling ball because it depends on too many factors that we
could not determine, so a test needed to be done at the bowling alley to see if we
meet our target velocity at the end of the bowling alley. Below in Table 5 is a detailed
list of the testing that was will performed to verify that our product will return the desired
results specified by our customer.

Table 5: Testing plan based on our specifications

Specification
Description

A tabl
Test Description cceptable

Range

Use the Speedometer at the end of the bowling alley
Ball Speed to see if the ball goes fast enough >mMph

Sl Speee Test to see if the ball can spin from oneside of the lane | rad/s
to the other

Setup the bowler as fast we can 5 minutes
See if we can hit the pins at the end of the alley 10" @ 60’
Place the device on a large scale 70 lbs
Run the drill until the batteries fully discharge 1 hour

Pinch Points and Go through and make sure there are no sharp edges No shorp
Edge Prep points

.. Lock the casters and apply a 20Ibf to ensure it will not  Does not falll
Stability
fall over over
Attach
INifelelalnal=Tai Il Try tO aftach the device to the customer’s power chair aches
successfully

Repeatability Test for the same results on multiple throws 10" @ 60’
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Weight Testing:
Spec: 70 pounds

Measured Weight: 67 pounds

We tested the weight of the Rock N Bowler Il using one of the scales in the Mustang 60
shop. We weighed it by holding all the pieces and weighing it and our bodies and then
subtracting our body weight. This test will be done three times to confirm a good
weight. We were looking for a weight around 70 pounds for the completed Rock N
Bowler II. This test was completed once the final machining and assembling was
completed.

Battery Life:
Spec: 1 hour

Measured: 13 minutes of continuous spinning per battery. There are two batteries and
when being used correctly the rollers should be on for less than half the time
bowling therefore we achieved the goal of an hour of bowling battery life.

We tested the battery life by fully charging one of the large batteries and then hooking
it up to the powered roller and letting it run at full speed unfil the battery died. We d|d
this test procedure three times to find an average
battery life. This test was performed in the Bonderson
work area. We were looking for a result of at least
one hour before the battery dies to meet our
specification.

User Control:
Spec: 6" box

Result: Within our user’s range of motion and strength
capabilities

We tested our controller box by allowing our athlete
to use it to control the motor speed. We confirmed
that the amount of force needed to move the
confroller joystick and launch the ball did not exceed
our athlete’s capabilities, see Figure 41. We also
confirmed that the athlete has the ability to properly
select roller spin speed. Lastly, to satisfy our
specification, we confirmed that the user input range
does not exceed the six inch box.

Figure 41: Athlete using the ramp in its
stationary position.
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Ball Speed:
Spec: 6 mph

Measured: 6 mph

To test ball speed, we brought the Rock N Bowler Il to the Mustang Lanes and rolled
varying size bowling balls from the top of the ramp with static initial conditions. We
rolled each size ball (8, 10, 12, and 15 pound) ten times. The setup consisted of existing
speedometers located at the end of each lane. Rock N Bowler Il was placed at the
foul line, as that represents the closest legal point to the pins. The speed readings given
to us from the built in speedometers reflected the ball speed at the end of the lane.
This reading was sufficient because our required speed reflects the final speed.

Set Up Time:
Spec: 5 minutes

Measured: less than 5 minutes

To test set up time, we first had all 3 major parts
of the Rock N Bowler Il (Ramp, Gator
Attachment, and U-Stand) laid out on the
ground, and then had one person time another
team member to see how long it took to
assemble and be ready to use. The common
user will always have at least one helper with
them, so we figured that only one member of our
team at a time can set it up. We repeated this
process so that each member will have to set it
up. Ourrequired set up time was five minutes,
which was easily accomplished by all three
members of our group, thus fulfilling our
requirement.

Attachment Testing:
Spec: Ensure proper attachment

Result: Easily and firmly attaches to the users

chair. Figure 42: Testing set-up and attachment time
and stability.

Testing the attachment was a critical part of our

project because the device cannot “runaway,” so to ensure a tight fit we made sure
that each gator can hold 200 pounds. Since the device will weigh 70 pounds total, and
we have two gators, this should be a sufficient test for attachment. To put a 100 pound
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force on the gators, we will attach them to a stationary beam and see if they can
support the weight of a group member since each of us weighs approximately 200
pounds.

Pinch Points:
Result: No pinch points are around the user. The only pinch points are at the leg hinges
when assembling due to the legs swing out into position.

Pinch points required a very through test in which all of the moving parts were
examined for possible areas where people could get hurt. This will be accomplished by
moving all of the attachment pieces to their extremities, and the leg locking
mechanisms to their extremes. We did not find any significant pinch points. The most
dangerous component is the motor and spinning rollers which are either far away from
the user or protected by a safety shield.

Edge Preparation:
Result: All edges and corners have been rounded to
prevent the users from harming themselves

Edge preparation was critical to the safety of our
users because the device is infended to be handled,
so any burrs and imperfections needed to be
eliminated while we were making the pieces, see
Figure 43. Ensuring that all of our parts were properly
de-burred and rounded while we were building
saved us a lot of time when it came to testing the
edge preparation. We ran our hands on all the
edges and make sure that there was no way
someone could hurt themselves.

Accuracy Testing:
Spec: 10" at 60’

. o , Figure 43: Josh deburring edges to
Measured: less than 10" variation at 60 prevent cutting the user.

To test the accuracy of our bowler we brought it up to Mustang Lanes and tested to
see if we could hit what we're aiming at. This was slightly subjective to the user since we
had no experience with the device; however, we were able to replicate throws to
ensure that the device is accurate. We recorded the scores we got bowling while using
the device over our testing to see how you improve when you learn how to use the
device. We saw a steady increase in scores throughout the testing. We started with a
score of 95 and after two more games we ended with 124,
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Management Plan
Josh Grip- Meeting Coordinator, Researcher, Quality Inspector and Solid Modeler

Meeting Coordinator- Josh makes sure that we have updated agendas for our
meetings and that everyone who needs a copy has one. He will make sure that we
have necessary discussions and that everyone is clear on what needs to be done.

Researcher- Josh is the lead in finding the necessary information for our team. He spear-
heads looking into the current solutions to adaptive bowling and will continue to look
into the information we need throughout the project.

Quality Inspector- Josh checks all critical dimensions of parts that are made and makes
sure they are within tolerance.

Solid Modeler- Ensures that all Solid models are accurate, and comply with standard
modeling conventions. In addition, Josh will provide the final part and assembly
drawings for entire project.

Travis Rodrigues- Document Control, Progress Updater, Modeling Assistant, and Plastics
Specialist

Document Conftrol- Travis is the final document editor and will do the final formatting of
the documents we submit. He will take on the responsibility of making sure documents
are completed in a timely fashion and with acceptable quality.

Progress Updater- Travis will keep the constantly changing information of our groups
Google Wave account current with the most pertinent information. This will keep the
team updated on any developments so they can make decisions with current
information.

Modeling Assistant- Travis provides smaller drawings and assemblies when Josh is
overwhelmed.

Plastics Specialist- Travis is in charge of all plastic operations and assembly of PVC,
Delrin, and Plexiglass components.

Richard Rozporka- Communication Coordinator, Manufacturing Coordinator, Material
Selector and Writer

Communication Coordinator- Is the lead contact between the engineering group and
all other outside people. He relays information both from the engineering group to the
other stakeholders on the project and from the stake holders to the engineering group.

Manufacturing Coordinator- Richard is the most experienced manufacturer in our
group so he will be in charge of making sure our designs are producible.
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Material Selector- Richard researches and analyzes potential materials for use, and
contacts resellers and manufacturers for quotes and information.

Writer- Richard writes the rough drafts of important documents and submits them to
Travis and Josh for revision and inspection.

The upcoming events that need to be completed can be seen Appendix F.

Chapter 7

To preface the basis for these recommendations, it should be noted that the "spin”
feature of our bowler can be significantly improved using a different design. The angled
rollers apply spin to the ball; however the spin mostly angles the ball as it comes off of
the ramp and doesn't create the hooking effect of a professional bowler. This is due to
the ball rolling down the ramp. By rolling without slip, especially over the polyurethane
roller, the ball picks up significant forward spin, and the roller simply shifts the axis of that
spin. This off axis spin means that the ball rolls at an angle, but doesn't exactly hook.
After extensive testing and research, we found that the location of the ball's finger holes
will actually create the desired hooking effect.

Recommendations:

For future projects, the device does not need external devices to make the ball hook,
by the nature of the varying cores in a bowling ball; some balls will hook naturally based
on their mass moment of inertia. For this reason one of two things need to happen to
"apply" spin: either the net effect of the bowler's spinning mechanism acts in only one
direction, or the ball needs to be prespun and the rollers would have to allow the ball to
slide with slip instead of rolling. One other idea is to use a sliding carriage like a roller
coaster to get the ball going. Basically, if a new iteration of the project were to be
made, the physics of bowling need to analyzed a little more carefully. When a good
bowler puts spin on the ball, the ball is going significantly faster than our bowler, so to
similarly replicate this motion, some kind of additional speed mechanism needs to be
created.

The biggest challenges that we faced had to do with manufacturing, since every single
piece of the project was essentially unique, building the device took a very long time.
We have logged over 600 hours in the Cal Poly machine shops between the three of us,
and with some better material selection we could have reduced that significantly.
Simplicity is the key with design, and we most definitely did not try to make our device
as simple as possible. On the contrary, as Appendix B illustrates, we have designed a lot
of different parts that all fake along time to machine. This is mostly due to high
manufacturing costs of outside machine shops, and the price of trying to get a
professional machine shop to make small quantities of parts.
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Due to our limited budget, we were slightly hindered in our material selections, more
ideal materials could have been selected to reduce weight and improve performance,
but these all come at a high cost. For example, our solid polyurethane roller could have
easily been a polyurethane tube slipped over a wooden dowel, but the tube would
have been custom. Most polyurethane specialists charge extra for having to make a
custom mold and then add additional charges for only ordering one unit. The Delrin
roller could have been replaced with a straight section of two inch PVC, but since we
did not realize how heavy the solid delrin would be and the spinning aspect was
unnecessary, we did not think of it. This change would make a significant difference in
the end product because the torsion bar could be completely removed, and a lof of
weight would be removed.

Another recommended change would be to use ball casters instead of wheel casters.
The wheel casters have created some unwanted movement when the device is
aftached to a power chair. By constantly having to rotate the casters, the user has a lot
to think about when bowling, and by using more versatile ball casters; the wheels would
never create problems like they currently
do.

Another issue with the Rock N Bowl Il is
the rigidity of the gator attachment in
relation to the U-stand and ramp. We
recommend possibly adding some bars
or ropes to firmly attach the gator arms
to each leg and the bottom of the ramp
as Figure 44 shows. By firmly attaching
the gator arms to the other assemblies
the entire device would become more
rigid and user friendly.

With that being said, our device is still
being tested, and hopefully, users will
find ways to make the Rock-N-Bowl work
for them. Therefore, before
recommending that the idea be
scrapped and redone, we would like to suggest that the Rock-N-Bowl Il be thoroughly
tested and used by athletes unfil they become used to how the ball acts coming off
the ramp. We have designed the device with a lot of adjustability and we have taken
info consideration the needs of a lot of different users.

Figure 44: Rock N Bowl Il with added rigidity bars.
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Conclusions:

The Rock-N-Bowl Il is designed with a wide variety of users in mind, and adjustabllity is
something that it does wonderfully. Whether it is being used as a stationary ramp, or an
attached ramp, the Rock-N-Bowl Il allows the user to choose the level of inclusion they
desire. By pioneering the Variable Least Restrictive Environment (VLRE), users will be
immersed in the sport of bowling in precisely the way they desire. Using revolutionary
ideas that allow the bowler to bear its own weight, the Rock-N-Bowl Il is a game
changer in the world of assistive bowling

Reference
Winnick, Joseph. Adapted Physical Education and Sport. New York: Human Kinetics,
2005.

All images are courtesy of www.google.images.com as accessed on 10/18/2010
sources!
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Decision Maftrices

Concept
1 2 B 4
Durable D - - -

Lightweight - = -
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size s s -

Attachable A - S S
Safe - - -
Easy Use S S
Ball Spin T + + +
© Ball Control *
'E, Repeatable - - -
G Storable U - - -
Affordable - - -
Adjustable +
Fun M +
transportable - - -
mobility - s -
manufacurab
ility - - -

Ball Speed +
sum + - &
sum - - 10
sum s - 2

12

A O B+

w + + + 0 »

» 0 + +

~N O 0w

6 7 8 concept legend
- - - 1 IKAN ramp

- - - 2 flat spring launch
ramp with pitching machine at

s - s 3 top
spring ramp with pitching

s S s 4 machine
S s s 5 ramp with straight rollers
+ + + 6 ramp with broken rollers
+ + + 7 ramp wih rollers at bottom
+ + g 8 rollingrails
s S
+ + +
+ + +
s - s
s - s

symbol
s s s legend
5 5 5 + better
D 9 B - worse
7 & 7 s same

Figure 45: Preliminary Pugh Matrix which compared all of the designs we came up with to the DATUM, the IKAN

Bowler.
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Figure 46: Pugh Matrix for our top three designs and comparing them to the DATUM, in this case it was the two
sets of rollers design
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Criteria

Durable
Lightweight
Reasonable size
Attachable
Safe
Easy Use
Ball Spin
Ball Control
Repeatable
Storable
Affordable
Adjustable
Fun
Transportable
Mobility
Manufacurability

Ball Speed
Total

Concept
Weight 1
0.0757 7.198575
0.0288 2.817:289
0.0526 955
0.0477 47;%337
0.0822 7 891525
Lz 82;?5?584
0.0658 4.2?65316
0.0866 5.328:947
00817 ¢ oeurs
0.0428 3.2;?237
0.0483 3‘15635783
0.0387 0.381251 3
0.0789 5.11?15579
0.083% 4‘525586
0.0740 6.2215118
0.0411 4.1113(8)42
Ll 5.03825895

1 83.1949

2
90
6.809211
90
2.590461
20
4.736842
100
4769737
95
7.8125
95
7.8125
85
5.5692105
75
4.995888
85
5.242599
70
2.993421
65
3.153783
75
2.898849
90
7.105263
80
4.276316
80
5.921053
80
3.289474
90
5.328947
85.32895

z) concept legend
85 1 IKAN ramp
6.430921 2 ramp with straight rollers
85 3 2rollers
2.446546
90
4.736842
100
4769737
95
7.8125
95
7.8125
95
6.25
5
4.995888
90
5.550987
70
2.993421
65
3.153783
80
3.092105
90
7.105263
80
4.276316
80
5.921053
70
2.878289
920
5.328947
85.5551 Satisfaction

Figure 47: Weighted Decision Matrix which really tested the best design based on weight factors determined
from the House of Quality in Appendix B
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Appendix C: Cost and List of Vendors

Part

Description Total Cost
RAMP - -
Rollers 112.56
Roller Delrin 2 1/2" x 3' rod 78.42
PVC bends 90 degree 80 gage pvc conduit 49.92
Steel rod 5/8"x 6' steel rod 29.56
Top of Ramp rest section 2" schedule 80 5' pipe 0.00
Brackets 1 aluminum bar 6'x2 1/2"x1/4" ** 37.31
Bracket center tube aluminum rod 2"x12" 38.34
Belt Urethane Belt 0.00
Pulleys 21/2" OD 3" aluminum rod 14.42
Drill/Pulley connection Aluminum rod 3/8"x 12" 0.00
Ramp to U mount plate aluminum plate 6"x36"x1/4" (same stock as Motor mount)** 0.00
Bottom Mount Plate aluminum plate 6"x36"x1/4" (same stock as Motor mount)** 0.00
Ball stop O-ring Silcone O-ring with 2 3/4" od AND 2 1/4" ID 1/4" thick (5 pack) 4.92
Ball stop washer PVC Scrap turned down to 2 1/4" OD 1/4" thick 0.00
Roller washer Delrin rod 1' long 8.28
Casters Low profile caster 3/4" height 4.76
bearings 1/2"x1 3/8"x7/16" Shielded Bearings 24.95
Loctite 480 Loctite 480 glue 45.70
U and LEGS - -
Casters rubber wheel threaded stem caster 2 1/2" height 13.14
PVC caps PVC Cap 2" sched 40 1.96
Locking Hinges Locks open and closed 2 1/8"x2 1/4"x 3" Bronze plated 8.78
Leg-Hinge Inserts Aluminum Rod Stock -
PVC 2" schedule 80 2 5' pipe 17.04
U plate aluminum plate 6"x36"x3/8" 45.90
Motor Mount aluminum plate 6"x36"x1/4" (same stock as Motor mount)** -
ATTACHMENT -

Horizontal for attachment

Inner bar for telescope

26.26

Aluminum Plate 6' 37.66

Outer Bar for telescope Aluminum Plate 6' -
Gator Jaws aluminum plate 36"x1 1/2"x1/4" 11.89
Gator Attach Bar Square Aluminum Tubing 3/4"IDx1 1/4"ODx 12" 10.94
T-bracket connector Aluminum Tube 1 1/2" x 3"x 12" 13.76
Pivot Locking Hinge Pivoting hinge for bottom attachment Steel version 207.80

CONTROLER

PVC Elbow

PVC Extension arm 1"

0.56
4.46

-94 -




Joystick Aluminum rod 3/8"x 12" 5.62
Potentiometer 18.91
Control box 5.17
Drill and battery and motor

controller Makita drill and battery pack and band saw control 0.00
PVCT Schedule 80 PVC reduction tee 2x1x2 7.26
Wires 6.30

SAFETY - -
Safety Sheild 12"x24"x1/8" Acrylic Plate 44,53
Safety Backing Brackets 1/2"x1/4"x6' Aluminum 7.76
Safety Backing 12"x24"x1/8" Acrylic Plate from sheild 0.00
Roller Backing 39.1"x24"x1/8" Acrylic Plate 0.00
Safety Bar Aluminum Rod 1/2"x 36" 13.25
Safety Strap Aluminum 3/16"x1/2"x36" strip 11.86

MISC - -
Bolts Assoprted 30.00
Screws 3/8" long machine screws 30.00

Spring-loaded quick-release clevis pins with head 3/8"x3 1/64"
Quick Pin usable length (10 pack) 27.80
Torsion Strap Aluminum Plate 18.63
Misc shipping and other unforseen costs 50.00
Total Cost 1227.75
Color Code Source
Mcmaster

Home Depot

Amazon

Ace Hardware Online

Precision Urethane

Drillspot

VXB

Hardware Source

Opentip
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Appendix D: Vendor Supplied Components

23,3011 hchdaster-Carr - Irerm B497K473
Plastics

Part Mumber: §497K473 2615 per Ft.
Material Acetal
Acetal Materal Acetal Copolymer
Backing Plain Back
Finish Smooth
Shape Rods and Discs
Rods and Discs Type Rod
Length Curt-to-1L ength
Augilable Lengths Sald in 1" incremenis
Maxmum Contimuous Length 4
Diameter 22
Diameter Tolerance +.015"
Opagque Black
Operating Temperature Range -40° to +18B0° F
Softening Point Mot Rated
Performance Characteristic Wash-Down Applications
Tensile Strength Good
Impact Strength Good
Tolerance Standard
Hardness Roclwell MF2-MES
Specifications Met Amencan Society for Tesfing and Matenials (ASTM)
ASTM Specification ASTMDE10D

McMASTER-CARR. © McMaster-Carr Supply Company. All rights reserved.

wans miomaster. comy#EIITd 73 =avmxild
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Mchaster-Carr - Itern 8320K15

Part Mumber. 8020K 15

$12.56 Each

Material

Aoy

Low-Carbon Steel Type
Finish/Coating

Shape

Diameter

Diameter Tolerance
Length

Length Tolerance
Straightness Tolerance

Tolerance
Hardness

Maximum Aftainable Hardness

“field Strength
Melting Point
Spedifications Met
ASTM Specification
WARNING

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnwmomaster. comy#E8920k15/=avryqz
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General-Purpose Low-Carbon Steel
1018

1018 Carbon Sieel

Unpalished (Mll)

Reods and Discs

-.003"

ﬂl

6"

Mot Rated

Standard

Brinell 128-187

Rockwell CEDI-CB2

54,000 = 70,000 psi

27T00°F

American Societyfor Testing and Matenals (ASTM)
ASTMAIDE

Hardness and yield strength are not guaranieed
and are intended only as a basis for comparison.




27372011 MchMaster-Carr - Itern 8920K15

Plastic Pipe Fittings and Pipe
Part Mumber: 48855K16

517.04 Each

Shape

Fipe Type

Pipe to Pipe Connection
System of Meas urement
Schedule

PipelThread Size
Length

Inside Diameter
Cutside Diameter
Perforation Type
Material

Calor

Maximum Pressure @ 73° F
Temperature Range
Specifications Met

ASTM Specification
MNSF Specification
WARNIMNG

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wwnwmomaster. comy#E8920k15/=avryqz
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Fipe

Unthreaded

Unthreaded {pipe)

Inch

&0

e

i

1.813"

2.375"

Salid Fipe

PVC

Dark Gray

400 psi

Upio 140°F

American Society for Tesfing and Materials
(ASTM), National Sanitafion Foundafion
(NSF)

ASTM D784, ASTMD1TES

N5F 81

MNever use plastic pipe filings with
compressed air or gas.




Mchaster-Carr - Item BIT5KE686

Aluminum

PartMumber: 8075K 686

$31.37 Each

~ Material Mulpurpose Aluminum (Alloy 8061 )
. Shape Sheels, Bars, Sirips, and Cubes

Sheets, Bars, Strips, and Cubes Type Plain

Finish/Coating Unpolished (Mill)

Edge Type Square

Tolerance Standard

Thickness 14"

Thickness Tolerance + 008"

Length i3

Length Tolerance +1"

Width 212

Width Tolerance +.024"

Test Report Without Test Report

Temper T8511

Hardness G0-85 Brinell

ield Sirength 35,000 psi

FRatness Tolerance Mot Rated

Temperature Range -320° o +300° F

Specifications Met Amernican Society for Tesfing and Materials
(ASTM)

ASTM Specification ASTMB221

WARMIMNG Hardness and yield strength are not

guaranieed and are intended only as a basis
for comparison.

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/#8975k686/=awrzl3 11
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2372011 Mchdaster-Carr - Irem B974E711
Aluminum
B Part Mumber 8974K 711 51817 Each
r ! Material Multipurpose Aluminum (Alloy&081)
' Shape Rods and Discs
‘1| Finish/Coating Unpalished (Mll}

Tolerance Standard
Diameter 2
Diameter Tolerance + 024"
Length 12"
Length Tolerance +1"
Siraighiness Tolerance Mot Rated
Test Report Without Test Report
Temper Tas11
Hardness 85 Brimell
Yield Strength 35,000 psi
Temperature Range -320° o +300° F
Specifications Met American Society for Testing and Materials (ASTM)
ASTM Specification ASTMB221
WARNIMNG Hardness and yield strength are not guaranteed

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwwLmomaster. com/#E374kT 11 =avrzuy
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and are intended only as a basis for comparison.




2372011 Mchdaster-Carr - Iremn S062K211
Aluminum

Part Mumber: 9062K211 514.40 Each
Material Nulipurpose Aluminum (Alloy 8081 )
Shape Reds and Discs
FinishiCoating Precision Ground
Tolerance Tight
Diameter 1"
Diameter Tolerance -ooos"
Length 12"
Length Tolerance 1"
Siraighiness Tolerance 001" per foot
Test Report Without Test Report
Temper TES11
Hardness Mot Rated
ield Strength 35,000 psi
Temperature Range -320° o +300° F
Specifications Met American Sodiety for Testing and Materials (A5TM)
ASTM Spedificafion ASTMB221
WARMNING Hardness and yield strength are not guaranieed

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#3062k21 1/=aws0._..
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and are intended only as a basis for comparison.




McMaster-Carr - Iem B975K438

Aluminum

PartMumber: 8075K 438

$38.85 Each

~ Material Mulpurpose Aluminum (Alloy 8061 )
. Shape Sheels, Bars, Sirips, and Cubes

Sheets, Bars, Strips, and Cubes Type Plain

Finish/Coating Unpolished (Mill)

Edge Type Square

Tolerance Standard

Thickness 14"

Thickness Tolerance + 008"

Length aa"

Length Tolerance +1"

Width i

Width Tolerance +.044"

Test Report Without Test Report

Temper T8511

Hardness G0-85 Brinell

ield Sirength 35,000 psi

FRatness Tolerance Mot Rated

Temperature Range -320° o +300° F

Specifications Met Amernican Society for Tesfing and Materials
(ASTM)

ASTM Specification ASTMB221

WARMIMNG Hardness and yield strength are not

guaranieed and are intended only as a basis
for comparison.

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#8975k438/=aws0_.. 11
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27372011

Mchaster-Carr - Ieem 9336K914

O-Rings, Cord Stock, and Accessories
Part Mumber: 9306K 014

3402 per Pack of 5

ASEA8A Dash Number
4 Dpe
i O-Ring Type
% Cross Section Shape
Width
Actual Width
Inside Diameter
Actual inside Diameter
Cutside Diameter

IJ.:.

X

Actual Qutside Diameter

Material

Silicone Type
Durometer
Durometer Shore
Temperature Range
Caolor

Specifications Met
FDA Specfication

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#9396k914/=avs1 ..
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407

O-Ring

Standard

Round

114"

275"

2-184"

2.275"

2-34"

2775

Silicone

Standard, FDA Compliant
Hard

Shore & TD

-65* to +450°F
Red-Orange

Food and Drug Administration (FOA)
FDA Compliant




27372011

Mchaster-Carr - Itern 8576K25

Plastics
PartMumber: 8576K 25 50,10 perFt
Material Acetal
Acetal Material Dielrin
Backing Flain Back
Finish Smooth
Shape Rods and Discs
Rods and Discs Type Rod
Length Cut-io-Length
Augilable Lengths Sold in 1" incremenis
Maximum Continuous Length 5
Diameter 12
Diameter Tolerance +.005"
Opaque Elack
Operating Temperature Range -20° to +180° F
Softening Point Mot Rated
Tensile Strength Good
Impact Strengfh Good
Tolerance Standard
Hardness Rockwell M 88-04
Specifications Met American Society for Tesfing and Materials (ASTM)
ASTM Specification ASTMDE100

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/#8576k25//=avs2ea
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Material Safety Data Sheet

LOCTITE.

Revislon Number: 002.1 Issue date: 06/21/2010
I i T— 1
Product name: 420 Prism® instant Adhesive, Black IDH number: 135486
Toughened
Product type: Cyanoacrynte Rtem number: 43040
Reglon: Unted States
Company address: Contact information:
Henkel Copomtion Telophone: 850 571 5100
Ona Henkel Way Emargancy % lsphone - 350 571 5100
Rocky Hil Connectcat 08067 Intemet: www honkelna com
[ 2. HAZARDS IDENTIFICATION ]
Physical state: Liquid HEALTH: 2
Color: Back FLAM MABILITY: 2
Odor: Shap, inttating PHYSICAL HAZARD: 1
Personal Protection: Soo MSDS Secton 8
WARNING: BONDS SKIN IN SECONDS.
COMBUSTIBLE LIQUID AND VAPOR.
MAY CAUSE EYE, SKIN AND RESPIRATORY TRACT IRRITATION.

R routes of exp Skin, nhation, Eyes
Ectential Heaith Ctiects
Inhalation: Expomum 0 vapoms above e estabiished exposure Imit meuls In mspimitory irmtation, which
may lead o dficetty In breathing and Sghtness in e chest.
Sikin contact: BSonds soin In saconds. May cause siin iritaton.  Cyan oagyates have boen reporied 1 cause
allergic reaction bt due 1o mpid poly at the skin sudace, an allergic resp Is mre.
Cy Y g hoat on solddc. Inmre cr 2 e drop wif bum Te
skin. Cured adhesive does not present a haalth hazard e ven if bonded to e skin.
Eye contact ritatng 0 oyes. Causes axce ssive Searn g. Eyalids may bond.
ingestion: Not expected %0 ba hamridl by ng Rap by poly {soldfes ) and bonds In mouth. &

Is amost inpossibin % swallow.
Existing condions aggravated by Eye, skin, and mspimtory dnord ems.

exposum:
e Is by e OSHA Hazard Comeunicaton Standamd (29 CFR
1810.1200)
Seo Section 11 for addiSonal taxicological information.
| 3. COMPOSITION / INFORMATION ON INGREDIENTS |
anmm CAS NUMBER =~
7085.850 S0. 100
Cc Rubber Pm pdetary 5.10
Carbon bl ok 1333.864 1.5
123.318 01-1
I0H number 135486 Product name: 480 Prsmid instant Adhesive, Black Toughenad
Fage 1of5

- 105 -



Mchdaster-Carr - Ivenn 2834T63

Part Mumber: 2834763 $6.57 Each

Capacity T8 1bs.

Stem Style Threaded

Mounting Type Stem

Caster Type Swivel with Brake

Wheel Material Rubber

Floor Material Asphalt, Brick, Ceramic Tile, Concrete, Dirt,
Hardwood, Linoleum, Ribbed, Steel, Termazm

Wheel Diameter 2"

Wheel Widih 15M18"

Mourt Height -1z

Rubber Wheel Material Solid Rubber

Frame Material Type Steeal

Frame Consfruciion Cold Formed

Frame Finish/Coafing Hickel Plated

Stem Diameter AMe*-18

Stem Length 1"

Application General Purpose, Fumiture

Wheel Bearing Type Plain Bore (Mo Bearings)

Swivel Bearings Drouble Ball

Leg Thickness ing°

Brake Style Side Wheel Brake

Wheel Durometer B0A

Wheel Color Black

Number of Wheels One

MchMaster-Cam Mame Economy Threaded-5tem Caslers

Specifications Met Mot Rated

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/# 2834063/ =avs417 11
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27372011

Mchaster-Carr - Itern 4880K56

Plastic Pipe Fittings and Pipe
Part Mumber: 4880K 56

50.88 Each

Shape

’,f'h"'_ Pipe to Pipe Connection
System of Meas urement
_,_IJ Schedule

Pipe/Thread Size

Material
Caolor

Temperature Range
Specifications Met

ASTM Specification
MNSF Specification

WARNING

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#4880k56/=avs4com
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Cap

SocketWeld x Socket-Weld

Inch

40

-

PC

White

Upfo 140°F

Amernican Society for Tesfing and Materials
{ASTM), National Sanitafion Foundafion
(NSF)

AETM D784, ASTM D246

N5SF 81

Mever use plastic pipe filings with
compressed air or gas.




Mchaster-Carr - Item B9T5K214

Aluminum

PartMumber: 8075K 214

$45.90 Each

~ Material Mulpurpose Aluminum (Alloy 8061 )
. Shape Sheels, Bars, Sirips, and Cubes

Sheets, Bars, Strips, and Cubes Type Plain

Finish/Coating Unpolished (Mill)

Edge Type Square

Tolerance Standard

Thickness e

Thickness Tolerance + 008"

Length aa"

Length Tolerance +1"

Width i

Width Tolerance +.044"

Test Report Without Test Report

Temper T8511

Hardness G0-85 Brinell

ield Sirength 35,000 psi

FRatness Tolerance Mot Rated

Temperature Range -320° o +300° F

Specifications Met Amernican Society for Tesfing and Materials
(ASTM)

ASTM Specification ASTMB221

WARMIMNG Hardness and yield strength are not

guaranieed and are intended only as a basis
for comparison.

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/#8975k 214/ =avsh7 11
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Mchaster-Carr - Item B9T5K563

Aluminum

PartMumber: 8075K 563

511.80 Each

~ Material Mulpurpose Aluminum (Alloy 8061 )
. Shape Sheels, Bars, Sirips, and Cubes

Sheets, Bars, Strips, and Cubes Type Plain

Finish/Coating Unpolished (Mill)

Edge Type Square

Tolerance Standard

Thickness 14"

Thickness Tolerance + 008"

Length aa"

Length Tolerance +1"

Width -1z

Width Tolerance 014"

Test Report Without Test Report

Temper T8511

Hardness G0-85 Brinell

ield Sirength 35,000 psi

FRatness Tolerance Mot Rated

Temperature Range -320° o +300° F

Specifications Met Amernican Society for Tesfing and Materials
(ASTM)

ASTM Specification ASTMB221

WARMIMNG Hardness and yield strength are not

guaranieed and are intended only as a basis
for comparison.

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/#8975k563/=avs5_.. 11
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Mchaster-Carr - Ieem 9056291

Aluminum
R Part Mumber: 90568291 51084 Each
. Material Nulipurpose Aluminum (Alloy 8081 )
. Shape Tubes

. Tube Type Round
Finish/C-oating Unpolished (Ml
Round Tube Type Single-Wall
Taolerance Standard
Wall Thickness 164"
Wall Thickness Tolerance + 025"
Length 12"
Length Tolerance +1"
Inside Diameter 34"
COutside Diameter 1-1/4"
Outside Diameter Tolerance 015"
Siraighiness Tolerance 010" per foot
Test Report Without Test Report
Temper T8
Hardness 85 Brinell
Yield Strength 40,000 psi
Temperature Range -320"° o +300° F
Application Structural Tubes
Specifications Met American Socety for Testing and Materials (ASTM)
ASTM Spedificafion ASTMB4Z28
WARNING Hardness and yield strength are not guaranteed

and are intended only as a basis for comparison.

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. ocom/ #3056k 291/ =avsbhf 11
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2372011 McMaster-Carr - Itern 88935K621
Aluminum
e PartNumber 88935K 621 $8.08 Each
3 Material Uira-Comosion-Resistant Architectural Aluminuwm
- (Alloy 6083)
“4 1 Shape Tubes
- Tube Type Square/Rectangular
‘ﬁ = Finish/Coafing Unpolished (Mill)
E:j Toleance Standard
Wall Thickness im"
Wall Thickness Tolerance +013"
Length 1z-
Length Tolerance 12"
Height xWidth 1-12" =2
Straightness Tolerance Mot Rated
Test Report Without Test Report
Temper a2
Hardness B0 Brinell
“field Strength 16,000 fo 25,000 psi
Temperature Range -320° to +212° F
Application Structural Tubes
Spedficafions Met American Socety for Testing and Materials
(ASTM)

ASTM Specification ASTMBZ21
WARMING Hardness and yield strength are not guaranteed

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#88935k621/=avs_..
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and are intended only as a basis for comparison.




2352011 McMaster-Carr - Itemn 1258412
Hinges
Part Humber: 4258412 $103.90 Each
Mounting Style: Surface-Mouni, Morllse-Mount
Type Paosiion, Lever, and Fricton Hinge
PosIton, Lewer, and Friclon Hinge Type Incremental-Angie Positon
Incremenial-Angle Poslion Shie Ifline
Base Makernal Steel
Steel Material Plain Stesl
Finksh PainiediCoated
PalntediCoated Finish Black PTFE Plastic Coated
Mounting Holes ‘With Holes
Hole Type Tapped
Marimum Capacity{lbs_) Not Rated
Cnverall Helght 14"
Humiber of Mounting Holes 4
Screw Sl 1420
Tomue, In_-bs. 2,040
Color Black
Range of Malon 2
Handing Reversible
Specilications ket Mot Rated
Note Mouniting screws notincluded.
[— = ——
I 1 K ]
- ‘ 1
&3 - Y |/] s 1r.
i Fl I" I l
12 ! i
1
-
- E1M" P
" —
- o0 !
14721 Thraadz ]— l
| i 126BA12
sumuimee B i Ny RO
M<MASTER-CARR. © McMastes-Cam Supgly Company. Al nghts reserved.
www momaster. com/#1258a13/=aws753 11
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27372011

Mchaster-Carr - Ieem 485925K93

Plastic Pipe Fittings and Pipe

Part Number: 48925K93

$4.48 Each

Shape

Fipe Type

Pipe to Pipe Connection
System of Meas urement
Schedule

PipelThread Size
Length

Inside Diameter
Cutside Diameter
Perforation Type
Material

Calor

Maximum Pressure @ 73° F
Temperature Range
Specifications Met

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#48925k93/=avsTHt
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Fipe

Unthreaded

Unthreaded (pipe)

Inch

40

11

5

1.033"

1.315"

Salid Pipe

PVC

White

450 psi

Upio 140°F

American Society for Tesfing and Materials
(ASTM), Canadian Standards Association
{C54), Mafional Sanitation Foundation (MN5F)
ASTM D784, ASTMD17E5
CSAB137.3-80

NSF 81

Mever use plastic pipe filings with
compressed air or gas.




27372011 McMaster-Carr - Tem 6750K151

Aluminum
Part Mumber 6750K 151

5562 Each

Material

Shape
Finish/Coating
Anodized Type
Tolerance

Coafing Thickness
Diameter

Diameter Tolerance
Length

Length Tolerance
Siraighiness Tolerance
Test Report
Temper

Hardness

“field Strength

Color

Temperature Range
Specifications Met
ML Specification
WARNIMNG

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#6750k 151 =avsT_..
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Nultipurpose Aluminum (Alloy 6081)
Rods and Discs

Ancdized

Hard Ancdized

Standard

001" to DO2"

am"

+ 008"

12"

+116"

Mot Rated

Without Test Report

TE or TEG11 (Before Anodization)
Rockwell CTD

40,000 psi

Dark Brown Coating

-320° o +300° F

Military Specifications (MIL)
ML-A-8625 (Coating only)
Hardness and yield strength are not guaranieed
and are intended only as a basis for comparison.




27372011 McMaster-Carr - Iemn 4881K148

Plastic Pipe Fittings and Pipe

B PartNumber: 4881K148 $7.28 Each

Shape Tes

G Tee Type Pipe o Pipe Reducing Tee
Fipe to Pipe Connection Socket-Weld x Socket-Weld
System of Measurement Inch

A Schedule 80
Pipe Size, (&) x (B} 2({C) "x1Tx2"
Material PG
Calor Dark Gray
Temperature Range Upto 140° F
Specifications Met American Socciety for Testing and Materals
(ASTM), Mafional Sanitation Foundation (N5F)

ASTM Specification ASTM D2467
MSF Specification MSF &1
WARMING Mewver use plastic pipe fitings with

compressed air or gas.

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#488 1k 148/ =avsT_.. 11
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27372011

Mchaster-Carr - Ieem BL04K111

Electrical Wire, Cable, and Cords

Part Mumber: S8104K111

1-240 Ft $0.21 per Ft
250 or more 50.17 per Ft

Type

Multiconductor Cable and Cord Type
Cable Type

Volis

Amps

Gauge (AWNG)

Number of Conductors

Width x Thickness (Flat)
Length

Auvailable Lengths

Mazimum Confinuous Length
Shielded

Conductor Type

Conductor Material
Conductor Insulation Material
Jacket Color

Temperature Range
Specifications Met

C5A Spedificafion
UL Specification

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/#8104k111/=awvs8. ..
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Multiconducior Cable and Cord
Lamp Cable

SPT-1

300 VAC

10

18

2

21"x 11"

Cut-io-length (per foot)

50, 100, or 250 feet

250

Unshielded

Stranded

Copper

PVC

Black

-4° o +140° F (-20° to +80° C)
Canadian Standards Association (CS5A),
Underwriters Laboratonies (UL)
CSA Certified

UL Listed




McMaster-Carr - Itern 1635A12

e B

wwwLmomaster. comy#1635a12/=avs8bg

-117 -

% PartMumber 1635A12 51.57 Each
Mownting Stye Surface-Mount
Type DoonrBuit Hinge
DiconButt Hinge Type General Purpose
Base Material Plasfic
Plastic Material Palypropyens
Finish Unfinished
Pin Material Nylon
Pin Finish Unfinished
Mownting Holes With Holes
Hole Type Countersunk
Maximum Capacity (lbs_) Not Rated
Open Width -
Leaf Height 2"
Leaf Thickness g
Pin Diameter 144
Mumber of Mounting Holes 4
Screw Size #10
Color White:
Range of Motion an
Pin Nonremowable Pin
Hamnding Rewersible
Specifications Met Mot Rated
Temperature Range Not Rated
Mote Mounfing screws notincluded.
12




27372011

Mchaster-Carr - Item B560K262

Plastics

M:MASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

Part Number: B560K 262 544 52 Each
Material Acndic
Acndic Material Cast Acrylic
Backing Plain Back
Finish Smoockh
Shape Sheets, Bars, Sirips, and Cubes
Sheets, Bars, Strips, and Cubes Type Rectangular Sheset
Sheet Shle Standard
Thickness 18"
Thickness Tolerance +015°, 025"
Length 48"
Length Tolerance 14"
Width 24"
Width Tolerance 14"
Clear Clear with Mo Tint
Operafing Temperature Range -20° to +1TD* F
Softening Point +108” to +230° F
Performance Characieristic Weather Resistant
Tensile Strength Good
Impact Strength Poor
Tolerance Standard
Hardness Roclkwell MBO-M103
Specifications Met Mot Rated
11

wwnw momaster. com/ #8560k 262 /=avs8li

- 118 -




27372011 McMaster-Carr - Iem 6750K163

Aluminum
Part Mumber G750K 163

$13.25 Each

Material

Shape
Finish/Coating
Anocdized Type
Tolerance

Coafing Thickness
Diameter

Diameter Tolerance
Length

Length Tolerance
Siraighiness Tolerance
Test Report
Temper

Hardness

“field Strength

Color

Temperature Range
Specifications Met
ML Specification
WARNIMNG

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

wanw momaster. com/ #6750k 163/ =avs8_..

-119 -

Nultipurpose Aluminum (Alloy 6081)
Rods and Discs

Ancdized

Hard Ancdized

Standard

001" to DO2"

iz

+ 008"

ag"

+116"

Mot Rated

Without Test Report

TE or TEG11 (Before Anodization)
Rockwell CTD

40,000 psi

Dark Brown Coating

-320° o +300° F

Military Specifications (MIL)
ML-A-8625 (Coating only)
Hardness and yield strength are not guaranieed
and are intended only as a basis for comparison.




2/3/2011

Mchaster-Carr - Ieem 6023K113

Aluminum

PartMumber: GO23K113

$11.868 Each

Material

Shape

Sheets, Bars, Sirips, and Cubes Type
Finish/Coating
Anodized Type

Edge Type
Tolerance
Thickness
Thickness Tolerance
Coating Thickness
Length

Length Tolerance
Width

Width Tolerance
Test Report
Temper

Hardness

Yield Sirength

Caolor

Ratness Tolerance
Temperature Range
Specifications Met
ML Specification
WARNING

McMASTER-CARR, © McMaster-Carr Supply Company. Al rights reserved.

wwnw momaster. com/#6023k113/=avs9_.
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Mulpurpose Aluminum (Alloy 8061 )
Sheels, Bars, Sirips, and Cubes
Plain

Anodized

Hard Anodized

Square

Standard

ana"

+.007"

001" to 0027

li g

116"

2

+014"

Without Test Report

TA511 (Before Ancdizafion)
Rockwell C70 (with coating)
40,000 psi (Before Anodization)
Diark Brown Coafing

Mot Rated

-320° fo +300° F

Military Specificaions (MIL)
ML-A-8825 (Coating only)
Hardness and yield strength are not

guaranieed and are intended onlyas a basis

for comparison.




27372011

McMaster-Carr - Iem 92210A541

Socket Cap Screws
PartNumber: 922104541

54.71 per Pack of 25

Head Stye

Material Type

Finish

Class

Stainless Steel Type
Dirive: Style

Inch Thread Size
Length

Thread Length
Thread Direclion
Tip Type
Selflocking Method
Screw Cuantity

Hex Size

Head Diameter
Head Height
Undercut Head
Head Angle
Rockwell Hardness.
Minimum Tensile Srength
Thread Fit

Specifications Met
Moke

Aat

Stainless Steel

Plain

Mot Rated

18-8 Stainless Steel

Hex Socket

114~20

Tre®

Fully Threaded

Right Handed

Flain

MNone

Individual Screw

a3z

A3

Rl

Mo

goe

B0

70,000 psi

Class 3A

Mot Rated

T select the right size countersink, the body
diameter of the countersink must be equal o or
larger than the head diameter of the screw being
countersunk. The angle of the countersink must
also maich the head angle ofthe screw.

T

PRRTRE ot

"aﬁw i
i ’:“

5

: 32210A541

wanw momaster. com/#92210a54 1/ =avs.
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2/3/2011

McMaster-Carr - Item 90279A240

Machine Screws

Part Number: 90279A240

$4 .30 per Pack of 100

Head Style

) Round Head Style
Material Type

Finish

Steel Type

Self Locking Element
Drive Style

System of Measurement

Inch Thread Size
Thread Length
Length

Decimal Siz

Head Diameter
Head Height

Drive

Rockwell Hardness

Mnimum Tensile Strength

Specifications Met
Screw Quantity

Round

Round

Steel
Zinc-Plated
Plain Steel
None

Phillips

inch

10-24

Fully Threaded
278"

180"

359"

A3

#2

Mnimum B60
Not Rated

Not Rated
Individual Screw

#2 Drive

Fakt
@ . 90279A240
B Ve GO cacFived el Fownd Fead
€ 200 MM L e SRy TPy STEIs Alachte Eaew
DR T R e RIS IO RS Y RS Ve W

McMASTER-CARR. © McMaster-Carr Supply Company. Al rights reserved.

www.mamaster.com/#90279a240/=avs...
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McMaster-Carr - Itemn 97245A185

PartNumber 972450185

56.95 per Pack of 10

Material Type Steel

* Finish Anc-Plated

| Pin Type Clevis Pins

/ Clevis Pin Type Standard
Systemn of Measurement Inch
Diiameter g
Actual Diameter (Min.-Max) g4 37"
Actual Head Diameter (Min_-Masc) AR 515"
Actual Head Height (Min_-Mazx) 10130
Recommended Cotter Pin Diameter g
Cwerall Length 314
Usable Length I1m4
For Use in Hole Diameter g
Rockowell Hardness Minimum B80
Specifications Met Mot Rated

mm‘r!ﬂ-clﬂn & MecMaster-Carr Supply Company . Al rights resenved_
www momaster. com/# 972453185/ =avs. 11
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27372011 StockCap Online Store

STOCKCAP

Short Caps

% CAPS-1.750-0.500-0.065-T01-89-BLACK-PKG 50 PCS PER BAG-
STOCK

Product Number, TaTTAB
nside lameter #0ny 1750
Inside Length 57 (In: 0500

WAl Thickness "G {Inc): 0065
Iniside Length Tolerance (Inu) 0.438 - 0.562

Wl Tolesance Ik 0055075

Fackaging: S07BAG

Coior BLACK.

Price - $3.10

Guantty: 1 % AddToCart (View Cart )

B O AT
EXTENED

e Links Vinyl Caps | CagiPlags | Siicons Cags | Hole Plegs | Rubber Cags | Rubber Plugs | PYE Caps | Flasge Covers
Pips Cups | Fabber Stoppars | Plastic Esd Caps | Tirasd Protecions | Plastic Tubs Cops | Cugs for Clasr Plastic Tebes

Cuslity & Env inohirestal Policies  Corflcalns of Regabration  Privecy Poliey  Copyiighl 82008 Slecdap  BOOTOT-TETE
A Binclair & Rush Company. 125 k i Detwe Armezld, WO B30 Tal: S38-282-8800 Fax: 838-J825388

stockcap.comy/store/_. /Skulnfo aspx¥id_..
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2352011 Grainger Industrial Supply
prinied Februaryd, 201
1 T R CEr TRy

Conduit Clamp, Screw On, 2 In, Steel

Condult Ciamp, Bcrew On, Comdult Bize 2 in.,
Maierial of Consinaclon Stesl, Mo Losd 400 Lk,
Thread Ske 11732 In Mountng Hols in, Znc Flabed
Finksk, Ancihors Comduit To The 'Wiall, Shod Ansd
Ceiling, May Be Used With Bzam Clamps, Siandands

LLMCUL

Grainger t=m ¥ ARHZS

Price jea) $2.82

Erand COOFER BABE
M. Model 2 BLM5D

Ship Qty. 1

Bl Gty (AIHCal) 1

Ship Wisight {bs. ) 0.24

Uity Ehips. Today

Ctmiog Fage Mo, 514

Price s own mary ol reflect pous prices. Log in or mgistar.

Addtional Ik

Condult and Cable Hamgers and Clamps

Tech Epsoc Optional Avoscorisc

Feen: Conduit Clamp Thers ars ourmently no optional asoscoonss for
Type: Sorew On i Bem.

Conduft Bzs fin:2 Attsrmate Produste

Material of Construction: Ses

Max. Load [Lh]:£00 ‘Conduft Clamp, Sorew On, 2 In
Thwead B in): 11327 Mouning Hole

Anishc Ainc Flaed [ et

FRanodion: Anchors Tondult To The 'Waill, Bud And Erand: CADDY
Cailing, May Be Used 'Wih Beam Clamps Usumlly Ships: Tody
Stanciarde: UILICUL Pries [sal 5319

Paokage Gusantty: 1

Condulf Ciip, 12568 Condult Stee
Hotsc & Reciriotionc

Thers are ourmently monoles or reciriotions. for fam
r— Erand: COOFER B-LINE
Ususlly Ships: Today
M30D3 Pries (sal FL51
This Bem does not require 3 Material Satety Data
hoet [MEDS). Fepalr Pards
Reguired Anosczoriss A Fepair Part may be avalisbie for thic lem. VicE
o Repsalr Parts Cerder or oontaot your kooal
mmwmmnr branch for more information.

grainger.com/_../itemDetails shiml

-125-




2/3/2011 Project Enclosure (5x2 5x27) - RadioSha._.
SIGN L FOR EMAIL LPDATES STORE LOCATOR HELP WASHLET WY AOCOUNT MY CANT W

A s

BOD.B43.7422
mmh_ SALE BATTENY FNOER WEEKLY &0 INSTONRE CLUEARANCE THADE & SEVE PROGIAN

Horre  Saareh

Project Enclosure (3x2_5x2")
Modal: S0 | Calaiog # 270- 1803

$399

POWER
YOUR LIFE

dirvn of balledy & m

O LEE LR

SEGURE TOUR HOMAE

¥ FMbER

i B Ge

|8 Paatirega ] ‘Wbl @ Paview  Faad 8 Rinvwws

AVALABRLITY:MSTOOK  Usissly whips in 1 - 2 b iness days

ADD TD GART

V| Monsiend HOTY
. Bundie
m This bamin wvakabie w1 rost sicres. Eale £34 00
+ Ao Ao Whch | e Head more haip?
e P e Wiehess Indoor &
e B Sy T T [ ——
S H Ll P ki
EEtEEEST A Ben
B O Bubaect TWa
E Flua fras Shipsing
Y ou Might Also Want
I-Mobie myTouch
]
AL P e T-
Wiobile cimiorin
GREAT DEALS
E-Flians Excie Soidering Set
§$7.99
PRODUCT SUMMARY — TECHSMECE
Tinker Incide the box. WHAT'E IN THE BOX
Fanifect for mctiorm: hoblies, science Wi afd rooe! Cominsted of o elie AES Project Box
plast T ko ure |t i Four wharabol T |0 B bifloen correds b e peedit a PG Pasic ki
bndied. EamiescfE ain L4° bigh w ith ok Tl sccepts o B eciew . Sol ane pioe ded Abssinun bd
ot il i s O Ew efwdomas i ko mlow i Leoared L B Fwyoied P [ sty o
wailcaly kot D beiggh o whdh o T sihchmoie B ool e ke dhoiinwm aid
plaast: . Partial cutoustn for DE-D or HI-15 connecizen THIFFING
Ly Ships b 1 - 2 Busiseas Duys
Dhuratien AES b
" it shappery e b right Tod et
www radioshace.com/product/index js. .
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Appendix E: Detailed Analysis

File:C:\Users\meusenAppData\Local\Temp\Ball Speed. EES 2/4/2011 3:53:54 AM Page 1
EES Ver. 8.595: #552: For use by Mech. Engin. Students and Faculty at Cal Poly

vﬂmz C My - 05 +05 -1, - w1’ = Mya - g - h Workenergy finding v s

Vi = Vgsq - 0.6818 [mph/(ft's)] velocity from height of ramp in mph
Crr = 0.002 rolling resistance coefficent
N¢ = 12  Normal force created by the ball Ibf

angle = 45 ramp angle

F = Crr - Nt Friction force Ibf

F
a = m accelration caused by the friction in ft/s?
ball

= 62 Jength of the bowling alley in ft

t = " Approximation of the time the ball is rolling in sec
fts.1
Vits,1 .
@1 rotational speed
Tball
_ Vis2 .
w2 = rotational speed
Thall
MU R LA L S
ball 5 12 [ owling ball radius
r 2
lophere = 2 © Mpg - bz‘_" | of a shere
1 1
lbat = 0.184 [(in-0z-s’"™] - weight - <5 1 [bffoz] - 322 [slug-ft/s™Ibf] - 55 1 [l Jof bail from random guy
ri
lgnet = 2 Mpy - bg I of a shell

weight = 16 [Ibf] pa/f weight

weight
32.2 [Ibffslug]

Mpail ball mass

g = 322 [ft/s?] gravity

lg © @1 + Mg Vesq © Toar - Sin[angle] = 1y - @2 + Mya * Veeo * Toai  conservation of momentum
Vy, = Vgep o 0.6818 [mph/(ft/s)] velocity at bottom of ramp

lg = lehen [/ used

vi = [vgeo — a - t] - 06818 [mph/(ft/s)]
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File:C:\Users\meusenAppData\Local\Temp\Ball Speed. EES

2/4/2011 3:53:54 AM Page 2

EES Ver. 8.595: #552: For use by Mech. Engin. Students and Faculty at Cal Poly

SOLUTION

Unit Settings: S| C kPa kJ mass deg

(Shell, Run 10)

a =0.0483 [ft/s?]
Crr =0.002

g =322 [ft/s?

lpay = 0.4937 [slug-ft)]
lgnen = 0.04244 [slug-ft’]
| =62 [ft]

N; =12 [Ibf]

@ = 40.49 [rad/s]

t =3.526 [s]

v, =9.881 [mph]
Vies = 17.58 [ft/s]
weight = 16 [Ibf]

No unit problems were detected.

Parametric Table: Shell

h \Z 2 Ve

[f] [mph] [mph] [mph]
Run 1 2 5994 4.94 4.708
Run 2 2.667 6.921 5.705 5.504
Run 3 3.333 7738 6.378 6.198
Run 4 4 8.477 6.987 6.823
Run 5 4.667 9.156 7.547 7.395
Run 6 5.333 9.788 8.068 7.926
Run 7 6 10.38 8.557 8.423
Run 8 6.667 10.94 9.02 8.893
Run 9 7.333 11.48 9.46 9.339
Run 10 8 11.99 9.881 9.765

angle = 45 [degrees]
F =0.024 [Ibf]

h =8 [ft]

Iy = 0.04244 [slug-ft’]
lsprere = 0.02546 [slug-ft’]
My = 0.4969 [slug]
©1 =49.12 [rad/s]

fa = 0.3579 [ft]

vi =11.99 [mph]

Vi = 9.765 [mph]

Viso = 14.49 [ft/s]
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7

Calc wlations

calewlations ( LL5Wj Sl«tj{@\?s)

I

| Shetlc (40.4?

A—sswm{l—w’h .

Q\\!\f@w

. Size

Shoecl [oa.d’ @ -

oL cri{—\w( aess

. Caster Spe<s

3%(’1)\3 sizes
gadins
SWIH\T

oK cnrvikure

l%,
= = + 2hk

SEstpeai F“Z\I\J

Us‘t»j

may ball wujkf ot 16 lbg.
Fray = 2 (16 1%)
T (Fsm,b . (g
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2 aShotic Feilwre
Failwre criteria ( éﬁvﬁj/ﬂ/j)

S&léo‘h'“j . S)
o puchile B2 [Amm’( ?oltlwlpma& Makortad
> Syb 51
> Thevekove USC :Duw"L{e Coulomb- Wkr ‘PCM>
57 e §'L~ = _,l__ S ( \) 5 (5‘[(_—}57& (2_>
= 2 4 : 5\,+:+'51¢

n, Sye Jor A€s Sye= 61004 =3
Sye for Ats §Yt = 6500 pst

Qiver

F\M '&M_—-————r?d
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557< 22ll. 32 pst
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B

-

Cray = (toz.77 fg
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File:C:\Users\meusenAppData\Local\Temp\Ramp Stresses. EES
EES Ver. 8.595: #552: For use by Mech. Engin. Students and Faculty at Cal Poly

P=100 [Ibf]
S_yc=8000 [psi]

Yield Strength”
S_yt=5900 [psi]

Strength”
d_i=1.913 [in]
of shaft”
d_0=2.375 [in]

80 size harvel.com/pipepvc-sch40-80-dim.asp”
d_o/2-d_i/f2=t
S_sy=(S_yt*S_yc)/(S_yt+S_yc)
tau_max=S_sy/n

{n=2

tau_max=(sigma”2+tau’2)".5

mohr”

sigma=(M*d_o/2)/|

moment”

|=pif64*(d_o"4-d_i*4)

tau=2*V/A

stress”

V=103

A=pi*((d_o/2)"2-(d_i/2)"2)

area”

M=V*x

x=7 [in]

arm”

SOLUTION

Unit Settings: SI C kPa kJ mass deg

A =1.556 [in?] di = 1.913 [in]

| =0.9044 [in"] M =721 [in-lbf]
P =100 [Ibf] ¢ =946.7 [psi]
Sye =8000 [psi] Syt = 5900 [psi]
T =132.4 [psi] Tmax = 955.9 [psi]
x =7 [in]

No unit problems were detected.
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2/4/2011 3:51:20 AM Page 1
"Impact Force”
"Compressive
"Tensile Yield
"Outer diameter
"schedule 40 or
"Thickness of tube”
"Shear Strength”
"max shear stress”
‘factor of safety’}

“max shear from

"Stress from

"Straight Shear

"Shear load”
"Cross sectional

"Moment”
"Moment lever

do = 2.375 [in]
552 [

S+ = 3396 [psi]

t =0.231 [in]

V =103 [ibf]




2 Fa*’jw@ Failure
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File:C:\Users\meusenAppData\Local\Temp\Fatigue. EES 2/4/2011 3:45:33 AM Page 1
EES Ver. 8.595: #552: For use by Mech. Engin. Students and Faculty at Cal Poly

100 [Ibf] /mpact Force

1913 [in] Outer diameter of shaft

d, = 2375 [in]

S % sy ok f tub
) > ickness of tube
Tmax = [6° + 1;2]05 max shear from mohr
m - e
. = 2 Stress from moment
|
n
= o et -]
v )
T =2 B Straight Shear stress
V = 103 [lbf]
_ d, V d Y )
A =n- = == Cross sectional area
2 2
M =V - x Moment
x = 7 [inl Moment lever arm
1
ng =
Ca Gm
+
Se Sut
Sy = 6500 [psi] wultimate strength
Se = 05 Sy - ka - ky - ke - kg - ke - kg
- - G max
: 2
& - G max
" 2
Omax = 2 ° Tmax
= Gmax
Gave 2
= Tmax
Tave _2
ko = 1
ke = 091 - d,~ %"
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File:C:\Users\meusenAppData\Local\Temp\Fatigue. EES
EES Ver. 8.595: #552: For use by Mech. Engin. Students and Faculty at Cal Poly

ke = 1
kg = 1
k. = 0814
ke =1

ay
a [f Su]
S.
In {f : z“t ]
b =-1/3" =
In[10]
f =09
ames = l
g 21
SOLUTION

Unit Settings: SI C kPa kJ mass deg
A =1.556 [in]]

di =1.913 [in]
games = 90215

ko = 0.7944

ke =0.814

N = 1.895E+06 [-]
¢ =946.7 [psi]

om = 955.9 [psi]
Sut = 6500 [psi]
tave = 478 [psi]

x =7 [in]

3 potential unit problems were detected.

a1 =16283

do = 2.375[in]

| =0.9044 [in%]
ke =1

ki =1

hi = 1.661 [

s = 9559 [psi]
omax = 1912 [pSI]
t = 0.231 [in]

tmex = 955.9 [psi]
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2/4/2011 3:45:34 AM Page 2

b =-0.1482

f=09

ka=1

kd =1

M =721 [Ibfin]

P =100 [bf]

cave = 955.9 [pSI]
. = 2102 [psi]

©=132.4 [psi]

V =103 [Ibf]
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F=.,35-.¢c0o Mpsi
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Appendix F: Planning

Task Mame Duration  |Start Finish rFs B350 ecource Mames
Preliminary and
Conceptual ldeation 41 days? Tue Tue
and Research for the 1041210 12/7/10
good of man
Tue Tue
ject R i ts &d Josh Gri
Project Requiremen =5 10/12/10 10/15/10 i
Thu Thu
. . 5 .
Brainstorming 1 day? 10/21/10 '10/21/10 Richard Rozporka
Tue Mon
Minature Mocku 30 days? Richard Rozporka
arUre pe = 10/19/10 |11/29/10
Push Matri 2 days? Tue Wed s Josh Grip,Richard
eh Matrix ¥ 11730/10 12/1/10 Rozporka Travis Rodrigues
Tue Tue Travis Rodrigues Josh
Conceptuzl Model Due Odays |, 00m0 |11/9/10 Grip, Richard Rozporka
Conceptual Design Tue Fri . .
19 days? BT Rizdiri
Report W 11810 12/310 ravis Foergues
Conceptual Design Fri Fri
Report Odays 1513010 1243710 7
Conceptual Design 1 day? Tue Tue Josh Grip,Richard
Review with Sponsor ad 12/7/10 12/7/10 Rozporka, Travis Rodrigues
Fri Tue
ign and i B3 days?
Design and Analysts WS 12710 381
Fri Thiu
Drawin Analy 50 days? Josh Gri
o gs/LayoutsfAnaly SOdays? |, iap10 120011 i
Student Presentations 6 days? | |U= Tue 13/fosh Grip,Richard
1/18/11 1/25/11 Rozporka, Travis Rodrigues
. Tue Tue Josh Grip,Richard
Student Presentations \Odays |} 1 |1/18/11 Rozporka, Travis Rodrigues
Tue Wed
Desi ort 12 days? Travis Rodri
sign Rep ays 1/18/11 2/2/11 ravis Rodrigues
) Wed Wed . )
Design Report Due 0 days 2/2/11 2/2/11 14 Travis Rodrigues
Wed Tue
Project Update Memo |25 days? 2/2/11 3/8/11 Travis Rodrigues
Tue Tue
ject Update Memo (0 d 16 Travis Redrigues
Project Up SaET T COE et eu
Mon Tue
1 d
Manufacturing STAaYsT L afasa
Mon Wed .
Order Parts 38 days 2/7f11 3/30/11 Richard Rozporka
Manufacturing and Wed Wed .
=
Test Review 1d=v? 301 (373011 11 Richard Rozporka
Manufacturing and od Wed Wed 20lRichard Roz
Test Review = 33011 3730011 porka
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Figure 48: Gantt Chart
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Order
Components

Begin CNC of
Roller Braces

\ 4

Begin Nub
Turning

Clean and
Polish all
surfaces

Press Nubs

| and Bearings

Begin Roller
Machining

_|Clean and prep

for pressing

Cut any
“simple”
lengths

Clean all
surfaces and
prep for
pressing

Press Rollers

"I onto Steel rod

>

Begin Stand
Assembly
drilling

Deburr and
clean

Assemble
Stand

Assemble

"IRock-N-Bowl Il

L >

Start Gator
Assembly
machining

\ 4

Deburr all
holes and prep
for assembly

Clean all
surfaces and
start assebly

Figure 49: Manufacturing plan
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Appendix G: User Manual
Setup Process:

1.) Setramp on table ledge
2.) Unscrew thumb screws from the top of the legs
3.) Unlatch hinges to allow legs to deploy
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4.) Screw thumb screws into top of U-Stand, and tighten

5.) Unscrew center thumb screw in U-Stand
6.) Hold U-Stand in one hand and ramp in the other




9.) Connect power cord from ramp to U-Stand

-
-
=
=
s
—
—
-
=z
z
=7

RSN

11.) Position Control Box to correct angle and height

12.) Attach Gator Bars to power chair by adjusting pivot locking hinges and Gator
Arms to correct position and tighten thumb screws onto power chair attachment

-OR (For stationary use)-
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Lock leg casters to keep ramp stationary

Bowling Process:
-If Attached to Power chair:

1.) Roll backwards to proper opprooch distance

2.) Roll forwa casters to forward position (Note: The helper
candot gling)

3.) Place bal

4.) Take note of hole posmon (this WI|| offec’r curvature of throw)
5.) Roll forward when ready (with or without spin)

6.) Stop quickly before end of ramp reaches foul line on lane
7.) Watch ball rolll

-Not Attached:
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1.) Approach Ramp
2.) Place ball on top behind O-rings
3.) Reach through back shield and push ball forward
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