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Abstract

Ball pumps that are currently on the market are inconvenient due to their
large size and lack of portability. Another shortcoming of existing pumps is the lack
of storage space for the inflation needle, resulting in users often losing or misplacing
the needle. Furthermore, the traditional push-pull pumping motion is not
ergonomically ideal.

Given the limitations of existing pumps, we are redesigning and improving
the traditional ball pump. The primary design objective of this project is to increase
the portability and convenience of a ball pump while maintaining similar
functionality. The pump will be small enough to fit on a keychain and clip to a
backpack or sports bag. A secondary design objective of this pump is to provide a
storage solution for the inflation needle. To meet these design goals, we have
replaced the traditional push-pull pumping motion with a smooth cranking motion.
Cranking is a more ergonomic and efficient user interface. The pump compensates
for the reduced volume of the pump by increasing the flow rate with a more efficient
pumping mechanism. Because cost is also a design consideration, the pump we have
designed has a low part count and is easy to manufacture.

The following design report documents the development of the pump
project. It begins by discussing the market research that was conducted to gauge
market interest in this type of product. The market research section contains
information about existing ball pumps and patents. From the market research, we
developed design requirements for the project and then created multiple design
concepts. Each of the top design concepts was analyzed for feasibility, and a design
for the first prototype was selected. The initial design was developed with detailed
analysis, and a solid model was created with associated technical drawings. The first
prototype was built on an Eden rapid prototyping machine, and testing was
performed on the prototype. Downfalls of the first prototype led to various design
changes that were implemented for the second design. Similar analysis was
performed for the second design, and a final prototype was built. Next, a cost
analysis was completed on the final pump design. Testing was carried out on the
final prototype. It successfully inflated volleyball in 15 to 20 seconds. The maximum
operating pressure of the pump was determined to be approximately 6-7 psi. The
report concludes with a recommendation for future projects. The appendices
provide additional detail not included in the body of the report.



Introduction

The Mini Pump was a student proposed project with the objective of creating
a new pump design for inflating sports balls. [t was proposed to the Mechanical
Engineering Department as an entrepreneurial senior project in which both the
technical and business sides of the pump would be explored. Often times at the
sport fields players find their balls have become deflated since the last time they
played. Therefore there is a need for a highly portable and ergonomic method of
inflating the equipment. The goal of the project was to create a pump that could
compete commercially with the pumps that are currently on the market. The main
objective was to decrease the size of currently available ball pumps.

Under the guidance of Dr. Joseph Mello this project began over the summer
of 2011. After gaining approval for this project brainstorming began almost
immediately. By the beginning of fall quarter several ideas had been considered and
a first prototype was selected for analysis and testing. The majority of the designing
occurred throughout fall quarter, leading into a build phase early in winter quarter.
After testing the first prototype, it was decided to redesign certain aspects and build
a second prototype for testing in spring of 2012. This second prototype was tested
for the final product of this project.



Background

Several different types of ball pumps are currently available on the market.
The main competing products are a traditional bike pump, a sport pump, a mini
pump and a bulb pump (see Figures 1-4). These items all accomplish the same goal
of inflating sports balls, yet each has its own drawbacks. The majority of current
pumps on the market cost between $5.00 and $15.00, with the more expensive end

of the spectrum being pumps with recognizable brand names such as Nike and
Adidas.

Figure 1 - Nike Sport Ball Pump

Pros: Compact, easy to use, inexpensive, brand
recognition
Cons: Traditional pumping method, no needle storage

Figure 2 - Bike Pump

Pros: Fast pump time, durable, some have needle
storage

Cons: Large, expensive, traditional pumping method

Figure 3 - Miniature Bike Pump

Pros: Compact, easy to use, durable, stainless steel

Cons: Expensive, traditional pumping method, no needle
storage

Figure 4 - Squeeze Pump

Pros: Non-traditional pumping method, compact,
lightweight

Cons: Not very durable, limited pressure, long pump
time




Market Research:

The research from our business team demonstrates the commercial potential
for our product. Potential customers for our ball pump include athletes, recreational
users, coaches, teams, clubs, and schools. While anyone who owns a sports ball is a
potential customer, our primary market is “Fit Consumers”, defined as the 50
million adult Americans who exercise at least three times a week and participate in
at least one sport every chance they get. Fit Consumers are highly affluent and
represent an attractive target for marketers of products and services tied directly to
their active lifestyle, such as fitness equipment, health clubs, sporting goods, athletic
shoes, outerwear, and nutritional supplements. With an aggregate household
income of $2.2 trillion, Fit Consumers represent a unique and fast-growing segment
of the American consumer economy. Fit customers are made up of 71.9% males and
28.1% females, with 50.6% being under the age of 30 and 27.3% having a total
household income greater than $100,000. (Brown, Elizabeth Robert, and Ruth
Washton. Fit Consumers in the US. Rep. Rockville: Packaged Facts, 2007. Print.). We
have determined through a market size estimate of fit consumer populations that
capturing 15% of the fit consumer market in America at a $5.00 price point would
yield a total yearly revenue of about $2.4 million. However, our market is not limited
to athletes and coaches, but is open to anyone who owns a soccer ball, football,
volleyball and/or basketball.

The business team has also visited local sporting goods stores to determine
the most commonly carried sports balls, pump brands and types, and their location
within the store. They found that Sports Authority and Big 5 carried only traditional
tube-style pumps from $5-$10 and all pumps were located in the ball section. Ball
pumps can be qualified as “complimentary goods” in the way that they must be
purchased when a sports ball is purchased. Thus, online manufacturers such as
Amazon try to bundle sports balls with a pump. Because of this idea of “if | have a
ball, I need a pump,” we are exploring the option of making our mini ball pump
keychain an item that would be placed by the register at check-out as an impulse
buy.

Related Patents:

Due to the fact that this product has patentable aspects, the first stage of
ideation was to research existing patents. The patents that were researched for this
project can be found in Appendix C, but the important points are discussed in this
section. Several patents exist for various pumping techniques for sport balls. The
first patent found is a design which calls for a handheld squeeze pump, similar to the
one in Figure 5. This patent demonstrates the usage of rubber bladders as a method
of inflation. This type of design will be considered later during the ideation. Also
seen in Figure 5, another patent describes an innovative ball pumping method in
which the pump is actually located within the ball. This product may be considered
as a competitor since it is trying to satisfy the same need. Within the patent, a crank
design is presented. This cranking method is a consideration as an alternative to the
traditional pumping method.
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Figure 5 - On left, image from patent #20010038798A1 showing the squeeze pump and rubber
bladder. On right, image from patent #6409618B1 showing a self-contained crank method.

Later in the ideation, a concept will be considered which uses a wave design
to drive the piston. This idea originally came from the telescopic camera lenses. This
mechanism uses rotary motion to create linear translation by using a wave groove.
A wave concept will be relevant later in the design stage. In a different patent, a drill
design uses pressure to rotate an output shaft through a waveform. Like the camera
lens, this is another example of translating rotary motion into a reciprocating linear
motion.

Figure 6 - On left, image from patent #5214462 showing a telescopic camera lens. On right,
image from patent #5467684 showing wave groove for rotary to linear motion conversion.

As this project progresses, the patent research will evolve. The goal of the
final design is that the product does not infringe on any existing patents and will be
patentable itself.



Material Research:

The main manufacturers of sport and ball pumps are large corporations, such
as Nike and Adidas, and typically manufacture their pumps from thermoplastics.
Injection molding parts is a low cost and high volume manufacturing process. For
our product to be successful, low cost is a major design requirement so we have
been researching plastic injection molding techniques. As part of our research into
the manufacturing of plastic products, we consulted Dan Waldorf in the industrial
manufacturing department. Dr. Waldorf gave us guidelines about the do’s and don’ts
when designing for plastic manufacture (see Figure A-1). Waldorf also pointed us to
several relevant research books available in the library.

We have also performed extensive research on the various thermoplastic
materials that could potentially be used for our product. After reading E. Alfred
Campo’s The Complete Part Design Handbook, we have narrowed the materials
search down to three plastics: Acrylonitrile-Butadiene-Styrene (ABS),
Polypropylene (PP) and Polystyrene (PS). The pros, cons, and some engineering
properties of these plastics can be seen in Table 1, below.

Table 1 - Properties of potential thermoplastics.

ABS Polypropylene (PP) | Polystyrene (PS)
Pros -impact resistant | -light/low-density -low cost
-high strength -good fatigue -good rigidity
-light weight resistance -very processable
-low cost
Cons -moisture during | -degraded by UV -subject to stress
injection light (i.e. sun) and
molding must be environmental
<0.2% cracking
Modulus (MPsi) 0.3 0.17 0.45
Strength (kPsi) 5.0 4.0 6.0
Melting Temp. (°F) 185-240 330 212




Design Requirements and Specifications

A list of engineering specifications for our product was derived using the
Quality Function Deployment (QFD) method with consideration of requirements of
our target customers. This method involved first identifying the four main
categories of consumers who would buy our product: ball owners, sports
enthusiasts, coaches, and sporting goods companies. Next, we constructed a list of
customer requirements (i.e. compact, durable, low cost) and ranked how important
these features are to each category of consumers. The factors that contribute to
these customer requirements were identified and their relevance to each
requirement was ranked. Finally, we identified our target values for each of these
factors and compared these target values to current products on the market. The
“House of Quality” in which these numbers and rankings are tabulated can be seen
in Figure B-1.

The factors which were identified to be contributors towards our customer
requirements will be verified for compliance using applicable testing methods.
These testing methods for compliance were broken up into analysis (A), physical
testing (T), similarity to existing designs (S), and inspection (I). Furthermore, the
risk of meeting each of the specifications was characterized as high risk (H), medium
risk (M), or low risk (L). The complete list of engineering specifications is expressed
in Table 2, below.

Table 2 - Engineering Specifications for Mini Pump.

Spec. # Parameter Target value | Tolerance | Risk | Compliance
1 operating pressure 15 psi max H T, S
2 force to operate 3 1bs max H T
3 avg. pump time 60 seconds max M T, S
4 allowable force on case 200 lbs max L T,S
5 cost to manufacture $5.00/pump +$2.00 L A
6 selling price $10.00 max L A
7 size 5in3 max M T, 1
8 life 5 years min L AS
9 weight 1 lbs max L AT
10 comfortable crank time 3 minutes min M T
11 pinch points/sharp edges | 0 n/a L Al
12 glass transition temp. 200 °F min L A
13 aesthetics (% surveyed) 60% min L Al




Design Development

Our general design approach was to develop several rough concepts in the
form of multiple sketches (Table 3). We then weighed the pro and cons of each
design and determined that a crank driven design held the most promise for
innovation. The crank design would have the advantage of faster and more
ergonomic cranking input. We then developed three crank driven designs with some
associated analysis to prove feasibility.

Initial Design Sketches:

The initial design sketches placed an emphasis on the type of pumping
motion and user interface. Table 3 summarizes the pros and cons of each design.

Table 3 - Initial design sketches with summary of each design’s pros and cons.

#1 #2 #3

o2 T rubber
/AL\{ bladsler
~O7 ﬁ_%

|

Pros | The squeezing motion | Simple, low cost, This spring loaded push

used to operate this compact design. design represents an

design is intuitive and improvement over the

compact. traditional push-pull
pumps.

Cons | Low volume design Very low volume would | Spring mechanism adds
with complex internal | require long pump times | resistance to the pump
mechanism. and many pump cycles. | stroke.

#4 #5 #6

== I
\ j Wined f( J

S‘)ri:\35 +
\‘_/ Sphar'e shape ]‘/
| T

Pros | Plays off the Cranking is a more 2-inch diameter rubber
traditional push-pull | natural and fluid input bladder supplies same
pumps. that linear push-pull volume as existing small

input. push-pull pumps but with
a smaller package size.
Cons | Lacks innovation. Complex internal design. | Low durability and

potentially difficult input
at higher pressures.




Preliminary Concept Selection:

The goal of this project was to create an innovative product solution for
pumping small balls. Based on that criterion, the concept that held the most
potential for innovation was the crank driven design. The two major variables in
pump design are pump volume and pump rate. Traditional push-pull pumps have a
high volume and a relatively low pump rate. The crank design offers an opportunity
to increase pump rate and thereby decrease required pump volume. This decrease
in volume will allow for a more compact pump while maintaining the same inflation
time as the competing products.

After selecting the crank driven concept, three different types of drive
mechanisms were considered. The first concept utilized a gear mechanism, which
translated angular motion to a power screw. The second concept was a traditional
piston design using a connecting rod and driver. The final concept was also a piston
design; however, this design was driven using an oscillating wave pattern. The three
designs are discussed in more detail below.

Geared Mechanism:

»w

“ hal€ - oo opers

\\ iy crank .

—
1

[ARA \
I =
I Z/
o L Piston

'\3 QéPw?ow:_f

Serev

k=1 |-

Figure 7 - Sketch of internal gear mechanism and outer case.

The geared design uses two special gears to translate the rotational motion
of the crank into bi-directional motion of a power screw. The power screw then
moves the piston within the cylinder. Two unique features of this system are the
special “half moon” gears, and the oval shape of the piston and cylinder. The special
gears seen in Figure 8 are designed to reverse the direction of the power screw with
every half revolution of the crank. The two half moon gears rotate in opposite
directions. The pinion attached to the power screw is only in contact with one gear
at a time. Depending on the gear that the pinion is in contact with, the piston will
translate either up or down. To constrain the piston to only translate horizontally,
and to prevent the piston from rotating, both the piston and cylinder are made into
corresponding ovals.
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Figure 8 - Simple sketch of the proposed “half moon” gear.

A MATLAB model was developed to estimate the torque required to operate
this design and to evaluate the strength requirements for the gears. Using equations
from Shigley’s Mechanical Engineering Design 9t edition, the torque requirement to
operate the power screw was calculated and then the gear ratio was used to
calculate the torque needed to operate the crank. The results show that a 2”
diameter piston working against 10psi of pressure would require 10.5in-1b of
torque to operate the crank. Additionally, plastic gears 0.1” thick satisfied the gear
bending requirements. More detailed analysis and results are available in Appendix
D.

The key advantage of the power screw design is the low torque required to
turn the power screw. However, while the low pitch of the power screw threads
makes turning easy, it also means that the screw must be turned several times to
complete one piston stroke. The gears in the design allow for a variety of tuning
options by allowing the designer to control the number of revolutions per crank that
the power screw turns through.

The key disadvantage of this geared design is the complexity of the gears
themselves. If during operation, a tooth were to break or possibly be skipped, the
piston would no longer fully compress in the cylinder or might crash into the
bottom of the cylinder. This would cause jamming of the pump, yielding it worthless.
Because of the high complexity and high number of parts, this design would have a
relatively high cost to produce and assemble.

Connecting Rod Design:

Similar to traditional reciprocating engines and
pumps, this design incorporates a piston, connecting
rod and driving crank. For this idea the user applies a
torque to the driving crank, which in turn moves the
piston through the cylinder, forcing air into the ball.

After modeling the system with free body and
mass acceleration diagrams (Appendix E) Equation E.1
was developed to determine the torque required by the

Figure 9 - Cutaway sketch
of connecting rod design.

10



user. The challenge associated with this concept was balancing the stroke length
versus the torque required by the user, which affected the volume of air that could
be delivered per stroke. The limiting factor in this design is the crank arm. The
length of the crank arm dictates the stroke as well as the size of the product. In
order to produce an operable design, the following pump dimensions were used:
length of the connecting rod was 2”, length of the crank arm was 1”, piston surface
area was 1in? and the constant internal pressure was 10psi. Based on these
parameters, the torque required to turn the crank was 11in-lbs.

The connecting rod design has several distinct advantages. The first
advantage is that this is a traditional proven design for reciprocating pumps. Also
this design features a low part count, which is ideal for manufacturing
considerations. The straightforwardness of this concept provides for simple analysis
of the components.

Despite the advantages of this design, the concept has drawbacks. As
mentioned before, the stroke of the pump is based upon the length of the crank arm.
However, by increasing this length the total package size is affected negatively. This
concept has limited design flexibility in order to obtain the desired pumping effects.

Wave Mechanism:

The wave driven design operates like a large
power screw. It improves upon the geared design by
eliminating the gears while maintaining the
advantage of using a power screw to decrease the
torque required to turn the crank. As seen in Figure
10, the piston is linked to a driving wave. As with the
geared design, both the piston and cylinder are oval
shaped which prevents the piston from rotating,
constraining it to translating up and down in the
cylinder. With this concept, manipulating the period

Figure 10 - Cutaway sketch and amplitude of the wave allows the designer to
of wave driven design. balance pump stroke and crank torque
requirements.

A MATLAB model was developed to predict the torque required to operate
the crank. Appendix F contains the free body diagram and the developed equations
used to analyze the system. Because the effort required to turn the crank varies with
position along the wave, in order to more accurately predict the response of the
system, the MATLAB model includes an ideal gas approximation of the pressure
within the cylinder as a function of time. The development of this ideal gas model is
presented in Appendix G. When using an unmodified sine wave with an amplitude
of 0.25” (stroke of 0.5”), as seen in Figure 11, the results predict that a 2” diameter
piston working against 5psi and a friction coefficient of 0.15 would require a peak
input torque of 6.4in-lb. However, a customized wave with 75% of the period used
in the compression stage of the stroke, as seen in Figure 12, operating under the

11



same conditions requires a peak torque of 4.5in-1b. This represents a 30% reduction
in required input torque. Appendix ] contains figures showing the torque required
to operate the crank as a function of time. The negative impact of modifying the
wave is that the pump can no longer be cranked in either direction, it is now limited
to crank in only one direction.
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Figure 11 - Wave path with 50% of the wave in the compression stroke (0.5” stroke, 1” diameter
driver).
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Figure 12 - Wave path with 75% of the wave in the compression stroke, which corresponds to a
30% reduction in torque over the path shown above in Figure 11.

Spring Aided Concept:

The spring aided concept is an alternative method for reducing the operating
torque of the wave design. As opposed to reducing the expansion stroke of the wave
as discussed above, this concept utilizes a spring during the expansion stroke. This
spring would be another way to make the expansion stroke shorter. By making the
expansion stage shorter the compression stage can use a smoother angle, thus
requiring less input torque. Utilizing a MATLAB model, the system was simulated
with various spring constants and preloaded spring lengths.

After testing different spring constants and preload combinations it was
determined that the force required compressing the spring was not worth the
limited response time desired. The force required by the user to turn the crank was
increased during the compression stage. The limited positive effects in the
expansion stage caused by the spring were not significant enough to overcome the
additional force required for compression. A sample of how the response time was
calculated can be seen in Appendix K, along with a comparison of the response times

12



and required forces for different preloads and spring stiffness’s. For example, using
a spring stiffness of 2lbs/in and a preload of 0.75in resulted in an additional
required compression force of 31bs with an expansion response time of 0.17seconds.

As an alternative method to reducing the torque required for the wave
concept, the spring had both positive and negative aspects. The benefit provided by
the spring is in the expansion stage. The spring aids the user during this stage by
reducing the force and time to return the piston to the top of the stroke. However,
the negative aspect is that the spring requires additional input torque to complete
the compression stage.

Initial Design Selection:

After weighing the pros and cons of these three designs, the wave driven
concept was selected as our initial design based on three criteria: design-ability
(ability to control torque requirements), low part count (low cost), and openness to
innovation (possibility for patenting). This first design is compact and uses an oval
piston to reduce any rotation of the piston. Each revolution of the hand crank
provides one complete wave cycle on the driver. A solid model was created in
SolidWorks and a preliminary 3 dimensional view of that model is shown in Figure
13. More detailed part drawings with preliminary dimensions are included in
Appendix Q. Because the wave design is non-traditional and its performance is
closely linked to friction properties, as well as fluid properties, which can both be
difficult to predict with high confidence, it is necessary to test multiple prototypes
prior to finalizing the design. Our second design is presented in detail later in this
report.

Figure 13 - SolidWorks model of initial wave design.
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Preliminary Testing

In order to obtain more accurate values to use in modeling the pump, we
conducted several preliminary tests to measure physical properties. These tests
included a torque test to determine a range of comfortable cranking torques, a snap
strength test to determine the force to break off connective plastic snaps, a bending
test to determine the tensile strength of the rapid prototype material, and a friction
test to determine the friction coefficient of rubbing plastic. From these tests, we
were able to input more realistic values into our computer models and obtain more
usable results.

Crank Torque Test:

To get a feel for how much force was
CHRANK MgTION ergonomically reasonable to operate using a crank
v - oy
arm, we conducted a preliminary crank test. We
fabricated a plastic crank apparatus and wrapped a
long rope around the crank’s spool. We held the crank
apparatus on the railing of a balcony and hung various
masses from the end of the rope. Beginning with the
weights hanging off the balcony at a distance “D”, we
rotated the hand crank until the weight reached the
top of the balcony, allowing us to calculate an average
|'M_'| time to crank as well as a general feel for the difficulty
of cranking with a particular mass. We performed nine
trials for each mass (three trials for each teammate)
and obtained average crank times and rotational
speeds (calculated as number of revolutions cranked
Figure 14 - Depictionof  divided by crank time) for each mass. A summary of
crank test apparatus. these results can be seen in Table 4, below.

D=100.5"

Table 4 - Summary of data collected for the torque test.

Mass Crank Time for | Crank Rate Resistance Comments
grams | lb 12 Cycles (sec) (RPM)
295 .65 7.73 93 acceptable
590 1.3 6.58 110 acceptable for less than 1 min.
885 2.0 6.53 101 becoming uncomfortable

The average crank speed from this test was 101 RPM. Crank rate was roughly
constant across the varying resistances. The range of weight that was reasonably
comfortable to crank was 1.31bs to 2lbs. We used these two values as limits to
calculate a range of acceptable torque using free body diagrams of the crank
apparatus (Appendix L). The torque range obtained can be seen in Table 5, and has
been incorporated in our computer models.
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Table 5 - Range of weight and torque calculated for torque test.

Lower bound Upper bound
Weight (1b) 1.3 2
Torque (in-1bs) 2.28 3.50

Bending and Friction Pre-Prototype Testing:

In order to obtain rough properties of the
prototype material for use in modeling, we
% created a rapid prototyped “blank” part that
»\ included a few features of relevance. Our “blank”
was created as two disks attached together with
a 0.1” thick connective piece, and included two
sizes of snaps attached to one of the disk’s
w surface. This allowed us to get a feel for the
Figure 13 - Rendering of the strength of the snaps, the bending properties of

rapid prototyped blank part. the connective piece, and friction properties of
the material.

Snap Strength Test:

Both sizes of snaps broke off with hardly any force, primarily due to the
directionality of the material for this prototype machine. The material is laid down
in layers, with poor strength between layers. This makes it very easy to break the
part between the layers of material. The take-away from this test was that we need
to start using the Eden rapid prototype machine for our parts, which has more
homogeneous material properties.

Bending Test:
To conduct the bending test, we fixed the larger disk by holding it flat against

the edge of a table. We then loaded the center of the part which was hanging off the
table by progressively adding lead shot to a container. The test apparatus is shown
in Figure 16. Weight was added until the connective piece between the disks
yielded.

Fixed blank part
\ %

Table 6 - Summary of bend test data.

mass at yield 482.2 grams

weight at yield 1.06 Ib TABLE -
moment arm 1.6 in

bending strength 2714 psi

Figure 16 - Depiction of the bend test
apparatus.
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The calculated bending strength from this test was 2714 psi (calculations in
Appendix N), only about half of the machine’s rated tensile strength of 5000 psi.
Furthermore, preliminary calculations predicted the weight at yield to be 2.15lbs,
more than double the experimental value of 1.06lbs. We discovered that the rapid
prototype was set to “conserve” mode while in operation, so the material was laid
down very sparse, making it hollow on the inside with a few strands of plastic.
Through this test, our conclusion to begin using the Eden rapid prototype machine
was confirmed.

Friction Test:

To obtain an experimental coefficient of friction for the rapid prototype
material, we used an incline plane test. As seen in Figure 17, the two disks were
stacked on top of each other and inclined on a plane. The slope was increased until
the top disk slid on the bottom disk. The dimensions of the incline at this slipping
point are shown in Figure 17, below. A more complete development of the friction
test including the development of the equations used to calculate the coefficient of
friction are included in Appendix M.

Ruler atincline

Top disk sliding
3 on bottom disk

4.5"

Figure 17 - Depiction of friction test apparatus annotated with dimensions at slipping point.

Calculations for this test showed a friction coefficient of 0.149. Friction plays

a large role in our pump design, and we had previously been using a friction
coefficient of 0.5 in our models. The significance of this test’s results was that the
friction in our pump will be less than anticipated, giving us more design flexibility.
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Prototype #1: Testing and Observations

The first prototype was created on the Eden rapid prototyping machine in
February 2012 and was found to possess both positive and negative features. First
off, the material provided good strength that matched up with hand calculations.
The fasteners also worked well, and the valves were effective in providing air
passage during the correct stroke. The lubricant used worked well to reduce
friction, and the wave design was shown to reduce torque. Furthermore, the
machine tolerances were all within .001”, confirming the accuracy of the
prototyping machine.

However, several design limitations were discovered through this prototype.
First, the off-center driver with a point of attachment on one side was found to
create jamming as the crank was rotated. A moment was created, causing the driver
to become misaligned. Secondly, the air holes in the seat for the umbrella valve did
not allow for as much air passage during the expansion stroke as desired. This issue
has been easily corrected by adding more holes to increase the air passage area, as
detailed later in this report. The first prototype also had excessive clearances in
various places, including the attachment of the hand crank to the case top and the
space between the sliding attachment point post and its structural support. Finally,
the O-ring was not sealing effectively and was creating high friction due to the

piston’s oval shape.

0 1 2 in T —

|l|l|l|l|l| b

Figure 18 - Two views of prototype #1: assembled pump with approximate scale (left), and an
exploded view of the components (right).
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Final Design

Several improvements were made for the final pump’s design. To get rid of
the moment causing jamming within the pump, the driver was centered within the
pump and two attachment points to the wave were included on each side of the
driver to balance forces. The piston was made smaller and circular to reduce the O-
ring friction and lower the force to operate the pump. Thus, a smaller O-ring is used
for the final design. The links for the attachment pegs are connected to the cylinder
with pin connections to allow for slight rotations of the links to prevent jamming as
the cylinder translates up and down. The pegs on the cylinder to which the links
attach involve a material step to decrease bending stress at the wall of the cylinder.
The analysis of this bending stress can be found in Appendix N. To account for the
decrease in pressure due to the decreased piston area, the period of the wave on the
driver was cut in half so that two full wave cycles are completed with one revolution
of the driver. Finally, additional air holes were added at the valve seat (for a total of
8 holes) for the expansion stroke to allow more air passage into the pump.

..

Cylinder
/‘“/_

i
P
&

Figure 19 - Exploded view of the final design with part names.
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Hardware

The final design of the pump includes the following additional hardware:
fasteners to connect the various parts (see assembly drawing in Appendix Q), one X-
ring valve to be attached to the piston, an umbrella valve for the expansion stroke,
and a duckbill valve for the compression stroke.

X-ring:

High amounts of friction between the piston and case in the first prototype
using a standard O-ring were observed. Thus, the final design will use an X-ring,
which is similar to an O-ring but has a cross-section in the shape of an X. This shape
mitigates friction and also allows lubrication to be stored within the outer groove of
the X-ring itself to further reduce friction.

Figure 20- X-ring schematic

Valves:

Various shapes and sizes of valves were ordered from Minivalve
International, a company that develops and manufactures miniature, self-actuating
valves. An umbrella valve was chosen for the expansion stroke of the pump. The
umbrella valve has an umbrella-shaped flap that is pushed down upon compression
to block air flow. During the expansion stage, atmospheric air is sucked into the
valve seat holes underneath the valve, effectively lifting up the umbrella flap and
allowing air to pass through the holes and into the air column.

-
T

Figure 21 - Umbrella valve air flow (www.minivalve.com)
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A duckbill valve was chosen for the compression stroke of the pump. The
duckbill valve is essentially two flaps pressed against each other. During the
expansion stroke, the flaps are closed, blocking atmosphere air flow from the
outside. During the compression stroke, the compressed air inside the pump forces
the slit between the flaps to open, allowing air to escape and flow through the
needle and into the sports ball.

Figure 22 - Duckbill valve air flow (www.minivalve.com)
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Product Realization

The final prototype was manufactured on the Objet Eden rapid prototyping
machine. Several post processes were carried out on the prototype parts to
assemble the pump and improve performance. These steps include wear strip
installation, component bonding, surface finishing, lubrication, and assembly of the

pump.

]

NN
0 1 2in

Figure 23 - Two views of the final prototype: assembled pump with approximate scale (left),
and an exploded view of the components (right).

First,.0115” wear-resistant UHMW tape was installed on both the slide
tracks, and linkages. This was done to lower the coefficient of friction between the
slides and the linkages. It also provided wear resistance to improve the life of the
prototype pump. Second, the gland cap was bonded to the housing using Devcon
Plastic Welder, which is a two part plastic adhesive. The same adhesive was used to
bond a thread insert into the bottom of the case. This insert was taken from an
existing ball pump and provided the interface between the pump and the inflation
needle. Third, the inside of the cylinder was polished with a wire brush and sanded
smooth using 220 grit wet dry sandpaper. These processes helped to increase the
bore of the cylinder and decrease friction between the cylinder and x-ring. The
1.125” x-ring was installed on the gland cap. The MiniValve duckbill valve,
CV082.001-154.01, was installed into the gland cap and the umbrella valve,
UMO085.004-151.01 was installed into the cylinder. Liberal amounts of Tri-Flow
lubricant were applied to the cylinder, x-ring, linkages, slides, and wave of the pump.
Tri-Flow is a mineral water based lubricant with PTFE lubricating particles. The
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pump crank was fastened to the driver wave using #4 bolts, washers, and nuts. The
pump was then assembled and the case top was fastened to the case using four #4
machine screws and four #4 flat washers.

The prototype created for this project would differ in several ways from a
commercial version of this product. These changes include design for injection
molding, a clip attachment, needle storage, and a folding crank. The final prototype
served as a proof of concept to demonstrate that the crank design was a viable ball
pumping solution.

A commercial version of this pump would be manufactured using a plastic
injection molding process. Injection molding has special design considerations
which include draft angles, and thin uniform wall thicknesses on the parts. The
pump has been designed with these features in mind but further design for
manufacture changes would need to be made to the existing design. Furthermore,
the prototype pump was designed for the strength of the Objet Eden material. ABS
plastic is stronger and more wear resistant than the Eden material. This would
enable many pump components to be smaller.

Three features that would improve the functionality of the pump would be a
clip, needle storage, and a folding crank. A clip would enable users to fasten the
pump to a sports bag, or backpack. This would improve the portability of the pump.
To prevent damaging the inflation needle, it needs to be removed from the pump
after use. A convenient storage space on the pump should be provided to store the
inflation needle. Another improvement on the existing design would be the addition
of a folding crank. The current crank protrudes from the pump. If the crank folded
flat, the portability of the pump would be improved
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Cost Estimation

Since the Mini Pump is going to be mass-produced for retail, cost estimation
for large production runs must be considered to prove potential profitability. Rather
than establish the infrastructure to manufacture all the parts and assemble the
pump, the Mini Pump would be put out to bid The Complete Part Design Handbook:
For Injection Molding of Thermoplastics by E. Alfred Campo contains a cost
estimation procedure for bids. This formula is used to establish an initial idea for
costs, which may be expected for production, see Appendix P.

The cost estimation process includes many different considerations to
determine an accurate price. While the estimate includes everything from plastic
resin price to taxes, the main considerations that can be designed for are resin price,
part weight, and cycle time and mold design. The resin price is determined through
the market and on the quality of the resin. Higher quality resin yields greater cost
since the resin is of a more pure form and has more consistent properties. By use of
recycled materials from both internal and external sources, according to the
manufacturer, the resin cost can be maintained and lowered through waste
reduction. The part weight and cycle time are properties related to the part design.
Part weight is a correlation to the size of the part and machine required. As would
be expected low part weights require smaller machines to form the part. Similarly,
cycle time also reduces cost by lowering the amount of time the part must cool
before it is removed from the mold. These two factors, part weight and cycle time,
can be optimized by reducing wall thickness and overall size.

One of the most significant capital costs for injection molding plastics is the
mold for the parts. The molds can range from $1,000 to upwards of $75,000
depending on the complexity of the parts. A separate cost estimation process for the
mold was taken from the Part Design Handbook, see Appendix P. The mold cost is
formulated around the part weight, the geometric difficulty, and the number and
projected area of the cavities. To keep the cost low, parts had to be designed in a
small simple manner. The more complex geometries that require pullouts and other
additional processes add greatly to the cost of production.

Based on the methods of cost estimation as stated above and “The Rule of 4,”
a preliminary cost can be obtained. “The Rule of 4” states that the final user sale
price is four times the production cost. This mark up of products is only a rough
estimate to account for profit gain by distributors, manufacturers and other steps in
the process from producer to consumer. The following table is a financial estimate
breakdown for varying production runs, the sales price based on “The Rule of 4” and
the actual bid cost for production and assembly of the Mini Pumps. Also the
following plots demonstrate the relationships of production cost per unit and
startup cost for the differing production sizes.
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Table 7 - Cost estimation of various production runs using injection molding techniques.

Production Runs

Size 20000 30000 40000 50000 100000 200000
Production
Cost $2.37 $1.76 $1.45 $1.26 $0.89 $0.71
Total Cost $47,415.62 $52,623.42 $57,831.23 $63,039.04 $89,078.08 $141,156.16
$2.50 T
__ $2.00 1
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S $1.50 -
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T
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Figure 24 - Production cost per unit as a relationship to production size.
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Figure 25 - [nitial capital cost per production run for injection molding manufacturing.

Production Size
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From these interpretations it is seen that the production cost per unit
decreases exponentially as the production size increases. The initial capital cost
increases linearly with production size. Through “The Rule of 4” and a target sales
price of $8.00 per unit an ideal production size based on production cost and capital
cost is about 75,000 units.

Finally, the cost to produce the Mini Pumps is based on foreign labor costs.
Since the cost per unit is rather low, it may be financially viable to produce the parts
in the United States. By manufacturing the parts locally, less hassle would occur
from importation and language barriers.

Even though a Mini Pump prototype was developed and fully functional the
project overall is not viable for mass production. For several reasons this second
prototype will be as far as the team will pursue this idea. First, this pump while
successful for some sports balls is not successful for all. The pump works for
volleyballs due to the low pressures required for those, however not for the higher-
pressure balls. These balls constitute the majority of the interest market. Due to the
inability to reach these customers, the demand and desire for this product is
dramatically decreased. With this decrease in market size, the capital required to
mass-produce the mini pump has increased and will be harder to obtain. The initial
capital spoken of earlier in this report of thousands of dollars would be difficult to
obtain for this reduced market and a profitable venture would be even more
challenging. Taking into account the time and economic investment required to
move forward with this project, it has been decided to move forward in different
manners.
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Design Verification

The goal of the project was to create a commercially competitive ball pump.
Therefore, a very practical testing approach was taken for determining the performance
of the pump. The pump was tested by several different users on different ball types. The
time that it took to pump the ball was recorded as well as the users response to operating
the pump. These pump times were then compared to the results from the computer model.
The main result of the testing was determining that the maximum comfortable operating
pressure of the Mini Pump is approximately 6-7 psi depending on the user. Most sports
balls have recommended inflation pressures greater than 6 psi. The recommended
inflation pressure of a volleyball is 3-4 psi. This is within the operation range of the Mini
Pump. The Mini Pump can successfully inflate volleyballs from soft to firm within 15-20
seconds. Figure  summarizes recommended inflation pressures of common ball types
and shows the Mini Pump’s operating region.

p Mini Pump >!

Operating Region !

Volleyball _ |
:

|

1
T 1
Soccervai |
1 I
1
Football
1
0 2 4 6 8 10 12 14

Pressure, P (psig)
Figure 26 - Recommended operating pressures of various sports balls overlaid with the
operating region of the Mini Pump.

In general users were not satisfied with the pumping motion of the Mini Pump. As
predicted, the torque required to operate the pump fluctuated with each revolution. This
fluctuation proved to be not ergonomic. It created a choppy feeling not associated with
commercial quality products. The static friction of the seal in the pump is significantly
higher than the dynamic friction of the seal once the cylinder is in motion. Because of
this, the pump is difficult to get going. At slow operating speeds were static friction
becomes significant, the pump will often “stick™.
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Conclusion

The Mini Pump project successfully designed and prototyped an innovative
original pump design that had limited functionality. While the pump was able to
successfully inflate volleyball, it was unable to achieve the higher pumping
pressures required for other ball types. As an entrepreneurial project, the goal was
to create a commercially viable product. The Mini Pump fell short of its commercial
target in two key areas: market size, and ergonomics. With volleyball as its only
potential market, the target market of the Mini Pump was too small to be
economically viable. Additionally, the operation of the pump was not smooth
enough to be considered of commercial quality. Overall, this project was a good
exercise in mechanical design.
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Appendix A: Plastic Manufacturing and
Rapid Prototyping Considerations

Table A-1 - Rapid prototyper property comparison.

FDM 200r

Stratasys FDM 200mc Objet Eden 250
Work Platform (in) 8x8x12 9.8x9.8x9.8
Material ABSplus FullCure720, Vero and Durus
Tensile Strength (psi) 5000 8000
Tensile Modulus (psi) 360,000 375,000
Print Resolution (micron) 254 30
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Appendix B: Quality Function Deployment

Table B-1 - QFD House of Quality used to develop the design requirements.
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fast pump time 15 | 17 | 12 | 10 1 3 9 22 | 10 8 5
easy to operate 15 | 15 ] 12 | 10 3 9 20 | 15| 14 | 13
compact 9 9115 ] 10 9 1 6 8 | 10
durable 14 | 14 | 17 8 9 9 20 | 18 | 14 | 13
portable 12 | 13 | 10 9 3 1 8 | 10 | 11
cool looking 7 2 | 15 3 1 3 8 8 | 12
works on all types of
balls 11 9 9 | 12 1 3 10 | 10 | 12 9
easy to hold 7 [ 10 8 9 5 10 | 12
low cost 7 5| 10 9 1 6 5
safe 3 5 7 3 1 1 17 | 12 | 10 | 10
Units | psi | Ib |s 1b $ in3 |yr |1b
Targets 15 3] 60 | 200 ] 10 25 5 1
bike pump (large) | 250 | 15 | 15 | 300 | 35 | 300 | 20 4
bike pump (mini) | 120 | 10 | 25 | 250 | 25 44 3 1
sport pump 20 5| 50 | 200 | 10 35 3 1
squeeze pump 13 | 13 | 45 | 200 | 18 10 2 | 0.5
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Appendix C: Patent Research

Excerpts from the following patents are included in the pages that follow:

¢ Patent No. 6,409,618 B1

e Patent No.2011/0038798 A1l
e Patent No. 5,214,462

e Patent No. 5,467,684
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57 ABSTRACT

A hand-held and hand-operated fluid pump capable of
inflating recreational equipment, as well as directing a
stream of air to clean delicate electronics or hard to reach
locations, is provided. The simple design of the inventive
fluid pump permits it to be equally useful for creating fluid
streams to dislodge foreign particles stuck in difficult to
reach areas, such as corners and enclosed pipe structures.
Because the inventive pump uses only human energy to
transmit fluids or gases, it is ecologically efficient exempli-
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Appendix D: Gear Driven Design Analysis

MATLAB Code for Analysis of Gear Design:

% Screw Driven Direction Reversing Crank System (SDDRC)
% Writen by Stephen Scruggs
% Created July 12,2011

% Description:
% This program is to aid in the design of the crank driven mini pump.

clear all
format compact

% Calculating Minimum Pinion Sizing
% Based off of Shigley's Inferference section for spur gears, p685-687

angle = 20; % pressure angle, degrees, see p696 Table 13-1 for standards.

m = 10; % teeth ratio, NH/NP, teeth half gear/ teeth pinion

k =1; % 1 for full depth, .8 for stub teeth

P = 96; % Diametral pitch, see p697 Table 13-2 for standard sizes, teeth/inch
NHuse = 90; % Desired number of teeth on the half gear;

Fwidth =.1; % Face width, in

RPM = 80; % revs per minute of the crank

% see www.roton.com for common sizing

% seleted 1/4 x.250 RH Hi-Lead

Pres = 10; % pressure inside cylinder, psi

SurfArea = .25*pi*2/2; % surface area of the piston face, in”2
dm =.25; % mean diameter of power screw, in

fric =.1; % friction coefficient of the screws

lead =.250; % lead of screw, in/rev

% Equation 13-11, p686
NP = ((2*k)/((1+2*m)*(sind(angle)*2)))*(m+(m”"2+(1+2*m)*(sind (angle)*2))*.5);

NPold = NP; % Stores orignal NP for reference if you wanted to see what it is.
NP = ceil(NP); % Rounds NP up to the nearest whole tooth;

% Equation 13-12, p687
NH = ((NP~2)*(sind(angle)*2)-4*k”"2)/(4*k - 2*NP*(sind(angle)”2));

NHold = NH;
NH = round(NH); % Book just rounds this number.

% Calculate allowed m (largest allowed m)
mmax = NH/NP;

% Calculate diameters of pinion and half using diametral pitch and calced

% teeth

DP = NP/P; % Diameter of pinion, inch

DPwA = DP + 2*1/P; % Diameter of pinion with addendum added p680, inch
DPwoD = DP - 2*1.25/P; % Diameter of pinion without dedendum, inch

DH = NHuse/P; % Diameter of half gear, inch

DHwA = DH + 2*1/P; % Diameter of half gear with addendum added p680, inch
DHmax = NH/P; % Max diameter of half gear, inch
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DM = DH + DP; % minimum diameter of the main gear, based on geometry, inch
DMwA = DM + 2*1/P; % Diameter of main gear with addendum added p680, inch

% Calc number of revolutions of the pinion for 1 rev of main gear
% Assumption is made that half gear is exactly half a gear (bad design

% because of binding problems)

GearRatio = (DH/DP)*.5; % .5 is because there is only half a gear

% Find the forces on the powerscrew with this gear ratio
% Torque to compress cylinder is Eq 8-1 p416 (Compressing cylinder is equivalent

% to raising the load in the books terms)

Stroke = lead*GearRatio; % Max stroke of the piston with the given lead and calced gear ratio, inches
Volume = Stroke*SurfArea; % Volume displaced in a stroke, in"3

F = Pres*SurfArea;

Tcompress = F¥dm*.5*((pi*fric*dm + lead)/(pi*dm - fric*lead)); % Ib*in

Tcrank = Tcompress*(DM/DP); % Ib*in

% Assume for now that the screw is strong enough and check tooth bending
% and contact stresses on the pinion. Use Lewis for preliminary calcs

npinion = RPM * GearRatio;

V = pi*DP*npinion/12; % pitch-line velocity, ft/min

Kv = (1200 + V)/1200; % Kv for cut or milled profile (14-4b)

% Y values are from Table 14-2

Yarray = [.245.261.277.290.296 .303 .309 .314 .322 .328 .331 .337 .346];

Tarray=[1213141516 17 18 19 20 21 22 24 26];

% look up y value
Y = interp1(Tarray,Yarray,NP);

% Transmitted Load Wt is Torque to compress x pinion diameter;

Wt = Tcompress * DP; % lb

stress = (Kv*Wt*P)/(Fwidth*Y); % bending stress, psi, eqn 14-7

Table D-1 - Summary of MATLAB inputs and results.

Description (Variable Name) Value
half gear diameter (DH) .94 in
main gear diameter (DM) 1.1in
pinion diameter (DP) 21in
Gear thickness (Fwidth) 1in
Gear ratio, pinion to half moon 2.65
(GearRatio)

Stroke .67 in
Piston area (SurfArea) 3.14in
Pressure in cylinder (Pres) 10 psi
Torque to turn screw (Tcompress) 1.7 in*lb
Torque to turn crank (Tcrank) 10.7 in*lb
Volume per stroke (Volume) 2.1in3

Bending stress on teeth (stress)

960 psi (< 3000 psi allowable)

D-2



Appendix E - MATLAB Code for Analysis of
Connecting Rod Design

% Contact Angle for Piston design
% Created October 1, 2011
% by Stephen Scruggs, and Kyle Kriete

% gamma - angle of contact force on arm, defined from the positive x axis, rads
% beta - angle of rotation of crank, rads

% L - length of arm, in

% r - radius of driver, in

% A - surface area of piston, in2

% P - pressure inside cylinder (Assume constant), psi

clear all

L = 2; % length of arm, in

r = 1; % radius of driver, in

A =1; % surface area of piston, in"2

P =10; % pressure inside cylinder (constant), psi
Ff=0; % friction force on piston o-ring, Ib

beta = [4.714:.01:7.854]; % array of beta's to rotate the crank through, [start,step,final] rads

gamma = acos((r*cos(beta))/L); % array of contact force angles on arm, rads
gammal = pi - gamma;

Fcy=P*A+Ff; % 1b
Fcx = Fey./(tan(gamma)); % lb
T = Fex.*r.*sin(beta) + Fcy.*r.*cos(beta); % torque on crank, in*lb

% now assume no torque when cranking on expansion stroke. so
length = length(T);
for i=1:length

if T(i)>=0
T(i) = T();
else
T(@) =0;
end
end

betad = radtodeg(beta);
gammald = radtodeg(gammal);

figure(1);

plot(betad, T);

xlabel('Crank rotation angle, \beta, deg');
ylabel('Torque to turn crank, T, in*Ib");
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Appendix F - FBD/MAD Diagrams and Developed
Equations for Wave Driven Design

Free Body Diagram: Mass Acceleration Diagram:

Variables Descriptions:
P - pressure indside cylinder (psi)
A - face area of piston (in?)
D - diameter of driver (in)
Fr- friction between slide rail & attachment point (lbr)
Fr - contact force between rail & attachment point (lbr)
F, - friction force from o-ring friction (lby)
T - forque on driving cylinder
W — friction coefficient between rail and attachment point

Assumptions:
¢ Coulomb friction

* Mass of driver & piston are small (I & m) therefore dynamic effects will be
ignored

Solving the FBD/MAD equations for T yields:

for g, T‘-(D 3[_25_*_&. }(COS(Q*'\\*}*rwS(b*JL\]

2 in® +/4,sm 9-1)
o gV, T=(DY:-BA -F. () - pu cos(d+1t )
' T (Z %)r\%-/L sin(® 'h’}}[ /‘& z

where T is the torque required to turn the crank assuming dynamic effects are
negligible because the mass of the piston and driver are small.
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Appendix G - Development of Ideal Gas
Equation for Pressure
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Appendix H - MATLAB Code for Analysis of Wave
Driven Design

% Pump Parameters File

%

% Created by Stephen Scruggs on October 11, 2011

%

% This file contains the parameters loaded by the simulink model,
% "DynamicModel.mdl" before the simulink file is run. All variables
% in this file are global variable used by other functions.

clear all
global A T d Pa Pbi Vb Area RPM mu overlay mass [ Fo dV

A =.25; % Amplitude of wave, inches

d = 1; % diameter of driver, inches

T = pi*d; % period of wave, inches

%Area = pi*.25*%(1+(7/8))"2; % area of piston face, in"2

%Area = pi*.25*%(2+(3/16))"2; % area of piston face, in"2

Area = pi*.25%(2)"2; % area of piston face, in"2

dV = Area*.1; % extra volume in piston even when cylinde is fully compressed, in*3

% Fluids Info

Pa =14.7; % atmospheric pressure, psia

Pbi = 0; % initial inflation pressure of ball, psig
Vb = 330; % volume of the ball, in”3

mass = 0.0010878; % mass of piston, slugs
1=0.02; % inertia of crank, Ib*in”2

mass = mass/12; % slinches
[=1/386.4; % inertia of crank, Ib*in*sec”2

mu =.15; % friction coefficient between slider and track, unitless
Fo = 2; % dynamic friction force caused by the o-ring, 1b
% see the Parker O-ring handbook p113-115 to calculate this

overlay = 10;

% Useful Reference Data:

%

%

% Ball | Pressure (pisg) | Volume (in”"3)
% ---------- [-mmmmmmmmmmeees [--mmmmmmmmmees
% Football |12.5-13.5 | 230

% Soccerball| 9-15 | 330-350
% Basketball| 7.5-8.5 | 410-430
% Volleyball| 2.5-4 | 320

% ---------- [-mmmmmmmmmmeees [--mmmmmmmmmees
%Avg |85 | 330

function y = wavepath(x)

% wavepath function
%
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% Created by Stephen Scruggs on October 11, 2011

%

% This funciton defines the path of the wave. For any given input, x

% there must be only one output. The only variables that are fixed at the

% input x and the output y. The user may define the function in any manner.

%

% A is applitude of slide wave, inches

% T is period of slide wave, inches

% x is position along slide, inches

% y is the vertical position (y=0 is fully compressed), inches

global AT

x=x - T*floor(x/T); % find the position within this cycle of the wave
percent =.75; % percent of wave on the compression stroke

if x <= (percent*T)
T_e = (percent*T)*2;
X=X;
phi=0;

else
T_e = ((1-percent)*T)*2;
X =X - (percent*T);
phi = pi;

end

w = 2*pi/T_e;

y = A*cos(w*x + phi);

end

% PostSimulink Dynamic Model

%

% Created by Stephen Scruggs on October 11, 2011

%

% This file is called by the simulink model, "DynamicModel.mdl" after
% it completes its simulation. This file uses the information passed by
% the array, simout, to finish the pump calculations. The main output of
% this program is the torque required to turn the crank as a function of
% time.

%

% The input array to this function comes from running the simulink model
% DynamicModel.mdl, the input array is the following:

%

% simout = [t,x,y,yd,ydd,beta,betad,betadd]

%

% 1- tis time, sec

% 2- x is position, in

% 3-y is vertical position (y=0 is fully compressed), in

% 4- yd is vertical velocity (yd+ is up), in/sec

% 5- ydd is vertical acceleration (ydd+ is up), in/sec”2

% 6- beta is angular position of crank, rev

% 7- betad is angular velocity of crank, rev/sec

% 8- betadd is angular acceleration of crank, rev/sec”2

%

% master = [t,x,y,yd,ydd,beta,betad,betadd,P,Pball, T, Tf]
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%

% 9- P is pressure inside the cylinder, psia

% 10- Pball is pressure inside the ball, psia

% 11- T is torque to turn the crank without friction, in*lb
% 12- T is torque to turn the crank with friction, in*lb

global A Area T d Pa Vb w Vb RPM mu Pv xv valve step simout Pbi overlay mass [ maxy Fo

% relocate simout array into the master array
master = zeros(length(simout),12);
master(:,1) = simout(:,1); % t, sec

master(:,2) = simout(:,2); % x, in

master(:,3) = simout(:,3); %y, in

master(:,4) = simout(:,4); % yd, in/sec
master(:,5) = simout(:,5); % ydd, in/sec"2
master(:,6) = simout(:,6); % beta, rev
master(:,7) = simout(:,7); % betad, rev/sec
master(:,8) = simout(:,8); % betadd, rev/sec”2

w = 2*pi/T; % period
maxfind = max(master,[],1); % finds the maximum position on the wave, in
maxy = maxfind(3); % gets max position for vector of maxes

% conversions to psia
Pbi = Pbi + Pa;

Pv = 0; % initialize valve opening pressure

xv = 0; % initialize valve opening position

valve = 0; % close valve

Fr = zeros(1,length(master)); % initialize force array

master(1,10) = Pbi; % set initial ball pressure
master(1,9) = Pa; % set initial pump pressure

% without friction run

for i = 2:length(master)
theta = contactangle(master(i,2));
Press = pressurefunc(master(i,:),master(i-1,:)); % find current pressure
master(i,9) = Press(1); % pressure inside the cylinder, psia
master(i,10) = Press(2); % pressure inside the ball, psia

Fr(i) = ((-(master(i,9)-Pa)*Area)+(mass*master(i,5)))/(sin(theta)); % magnitude of Fr
master(i,11) = Fr(i)*d*(cos(theta + pi))/2; % torque to turn crank, in*lb
end

Fr2 = zeros(1,length(master)); % initialize force array

% pressures are the same for both runs. pressure has already been written
% to the array.

% with friction run
for i = 2:length(master)
theta = contactangle(master(i,2));

if master(i,4) < 0 % if the cylinder is in compression stroke
Fr2(i) = ((-(master(i,9)-Pa)*Area) - Fo + (mass*master(i,5)))/(sin(theta) + mu*sin(theta - .5*pi));
master(i,12) = (Fr2(i)*d*(cos(theta + pi) + mu*cos(theta + .5*pi))/(2))+(I*master(i,8)*2*pi);

else % if the cylinder is in the expansion stroke
Fr2(i) = ((-(master(i,9)-Pa)*Area) + Fo + (mass*master(i,5)))/(sin(theta) - mu*sin(theta - .5*pi));
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master(i,12) = (Fr2(i)*d*(cos(theta + pi) - mu*cos(theta + .5*pi))/(2))+([*master(i,8)*2*pi);
end
end

% Output Plots

plot(master(:,1),master(:,11),master(:,1),master(:,12));

xlabel('Time, t (sec)");

ylabel('"Torque, T (in*Ib)");

hold on

plot(master(:,1),master(:,3),'--black");

Pballg = master(:,10) - Pa;

plot(master(:,1),Pballg);

legend('Torque Curve w/o Friction',"Torque Curve w/ Friction','Track Overlay','Ball Pressure, psig");
hold off

function angle = contactangle(x)

% INPUT is position x, inches

%

% contactangle function

%

% Created by Stephen Scruggs on October 11, 2011

%

% This program finds the angle perpendicular to a path given in the

% function file "wavepath". It does this by taking the negative reciprocal
% of the slope of "wavepath" and then taking the arctan of result.

%

dx =.001; % tiny derivative slice

x1 = wavepath(x+dx);
x2 = wavepath(x-dx);
dfdx = (x1-x2)/(2*dx); % approximate derivative around x

% atan of negative inverse of slope is the line perpendicular to the wave
% path. if statement corrects solution to account for compression and
% expansion strokes.

ifdfdx <0 % compression stroke
angle = atan(-1/dfdx) - pi;

else % expansion stroke
angle = atan(-1/dfdx) + pi;
end

% OUTPUT is in radians

end

function Pressure = pressurefunc(now,past)

% Sidewinder Pressure Program

%

% Created by Stephen Scruggs on October 11, 2011

%

% This program calculates the pressure inside the cylinder and ball as a
% function of the changing volume within the cylinder. The fluid is

% assumed to behave as an ideal gas. (PV=nRT)

%
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% Pball is the pressure inside the ball, psia

% Ppump is the pressure insdie the pump, psia

% y is the vertical position of the piston (y=0 is fully compressed), in
% yd is the velocity of the piston (yd+ is up), in/sec

% Area is the piston area, in”2

% Pa is atmospheric pressure, psia

% Vb is the volume of the ball, in”3

% Pv is the pressure at valve opening, psia

% xv is the position at valve opening, in

% dV is the extra volume in the piston even when fully compressed, in"3
% valve is state of valve, (0=open,1=closed)

global Area Pa Vb Pv xv valve maxy dV

Pball = past(1,10);
Ppump = past(1,9);
y =now(1,3);

yd = now(1,4);

x =now(1,2);

Pbn = Pball;
Pn = Ppump;

if(Pbn < Pn) && (valve ~= 1)% if pressure in ball is greater than in cylinder (valve closed)
valve = 1; % close valve
Pv = Pbn; % reset valve opening parameters
XV =X;

end

if(yd < 0) % if the piston is in a copression stoke
if valve == 0 % if the valve is closed
Vo = maxy*Area + dV; % fully open volume of cylinder, in”3
Vn = wavepath(x)*Area + dV; % current volume in cylinder, in*3
Pn = Pa*Vo/Vn; % current pressure in the cylinder, psia
elseif valve == 1 % if the valve is open
Vbo = Vb + Area*wavepath(xv) + dV; % volume of ball and cylinder at valve open, in*3
Vbn = Vb + Area*wavepath(x) + dV; % volume of ball and cylinder now, in”3
Pn = Pv*Vbo/Vbn; % pressure inside cylinder and ball, psia
end
else % if the piston is in expansion stroke
Pn = Pa; % pressure inside cylinder, psia
valve = 0; % close the valve
Pv = 0; % reset valve opening parameters
xv =0;
end

Pressure(1) = Pn; % return pressure inside the pump, psia
if valve == 1 % if the valve was open
Pressure(2) = Pn; % pressure inside ball equals pressure inside cylinder
else % if valve was closed
Pressure(2) = Pball; % ball pressure remains unchanged
end

end % end function
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Appendix I - Simulink Model for Analysis of Wave
Driven Design
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Appendix J - Output Figures from MATLAB Wave

Design Simulation

—— Ball Pressure, psig

Torque Curve w/o Friction
Torque Curve w/ Friction
Track Overlay

Torque, T (n7b)

28
Time, t (sec)

Figure J-1 - Unmodified driver wave acting against a ball pressure of 5 psi.

36 38

Torque Curve wjo Friction

Torque Curve w/ Friction

Torque, T (n7b)

Track Overlay
—— Ball Pressure, psig

AL _
2 . //" .
Be ! ! ! ! ! ! ! ! ! | L
28 29 3 3.1 32 3.3 3.4 35 36 37 38
Time, t (sec)

Figure J-2 - Modified driver wave with 75% of the stroke in the compression stage. Same

conditions as in figure J-1, with a 30% reduction in required input torque.



Appendix K - Spring Aided Design Analysis

12

101 -

Torque to turn crank, T, in*lb

0 1 1 1 1 1 1 1 1 1
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Crank rotation angle, B, deg

Figure K-1 - Plot of crank angle vs. input torque.
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Figure K-2 - Spring response graph annotated with important values.



Table K-1 - Comparison charts for varying preloads and spring stiffness’s. Response times are
given in seconds. Spring force is given in pounds.

Response Time as Function of Spring Constant and Preload

Preload (in)

0.25 0.5 0.75 1 1.25 1.5
1] 0.2675 0.222 | 0.2183 | 0.2157 | 0.1737 | 0.1722
1.5 | 0.2183 | 0.2147 | 0.1722 | 0.1705 | 0.1658 | 0.1607
g 2| 0.2137 0.171 | 0.1658 | 0.1592 | 0.1543 | 0.1505
E 2.5 0.171 0.164 | 0.1566 | 0.1514 | 0.1075 | 0.1044
; 3| 0.1658 | 0.1566 | 0.1505 | 0.1062 | 0.1029 | 0.1004
3.5 | 0.1592 | 0.1514 | 0.1062 | 0.1024 | 0.0996 | 0.0974
4| 0.1543 | 0.1475| 0.1029 | 0.0996 | 0.0972 | 0.0953

Force on Piston as Function of Spring Constant and Preload

Preload (in)

0.25 0.5 0.75 1 1.25 1.5
1 1 1.25 1.5 1.75 2 2.25
1.5 1.5 1.875 2.25 2.625 3 3.375
gl 2 2 2.5 3 3.5 4 4.5
S |25 25| 3.125 3.75| 4.375 5| 5.625
| 3 3| 375 45|  5.25 6| 675
3.5 3.5 4.375 5.25 6.125 7 7.875
4 4 5 6 7 8 9




Appendix L - Crank Torque Calculations

(RANK TORQUE CALCULATIONS

lower (it weignt =15 Jps

FBD
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Appendix M - Friction Test Calculations

FRACTION  INCLINE TEST CALCULATION

At pont right befure motion bﬂCjMS’~
szx = ’(ﬁ‘)x +Nx = O

— —((Nces®+Nsin0 =0

— )(?sm@i/dy@fcs@

— MY 106
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o s Ey . )
s B+ (M5 (30.%)

— B = 30.7
b Hs
Y=z ==
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Appendix N - Beam Bending Calculation

BPENDING CALCULKI\DNS. TOR. BLANK
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Stress Analysis on Pegs for Design #2:
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Appendix O - X-ring Compression Test

&,
|

E ?; cV(ino(e,v

N

?\'S'i‘or\
Figure _-1 - Apparatus diagram showing forces, pressures and coordinate system of the test.

Ideal gas law was used to develop the following relationship between the displacement of
the cylinder and the pressure inside the cylinder.

PV,=P/V,
where P; = initial pressure (psia)

Pr = final pressure (psia)
Vi = initial volume (in3)
Vr= final volume (in3)

papt

Vi
V.
P, +P,=P,— where P, =P, +P, and P,=P,
J guage Vf J guage

where Pfguage = final pressure (psig)

P, = atmospheric pressure (psia)

V.

Ly

Pfguage - Pw(vf (eqn 1)

where for the cylinder on the pump, the volumes can be described by:

v -4’8 and  V,=Z4%B-Av
! !

where d = inner diam. of the cylinder (in)
B = bore of the cylinder (in)
Ax = change in height of the cylinder (in)
T2
v, Zd B -
B-Ax

Vy %dz(B— Ax)

substituting the above equations into equation __.1 yields:

B Ax
P_ =Poo _1 =Poc .2
Jouage (B - Ax ) (B - Ax) (equ )
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Appendix P - Cost Estimation

Cost Estimation for 75,000 Units

Variables Case Cylinder Case Top Driver Crank Peg Stand Gland
Resin Price ($/Ib) 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Part Weight (g) 31.02 7.04 7.04 8.23 6.68 1.19 2.27
Material Yield (%) 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Annual Production (parts) 75,000 75,000 75,000 75,000 75,000 150,000 75,000
Labor ($/h) 6.50 6.50 6.50 6.50 6.50 6.50 6.50
Cycle Time (s) 30.00 20.00 20.00 18.00 20.00 18.00 18.00
Machine Utility (%) 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Process Yield (%) 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Number of Cavities 4.00 4.00 4.00 6.00 6.00 8.00 4.00
Hours/Year Machine is Available 6,000 6,000 6,000 6,000 6,000 6,000 6,000
Molding Machine Cost ($) 110,000 110,000 110,000 110,000 110,000 110,000 110,000
Direct Investment, DI ($) 165,000 165,000 165,000 165,000 165,000 165,000 165,000
Allocated Direct Invest, ADI ($/h) 27.50 27.50 27.50 27.50 27.50 27.50 27.50
Overhead ($/h) 14.56 14.56 14.56 14.56 14.56 14.56 14.56
Maintenance ($/h) 2.75 2.75 2.75 2.75 2.75 2.75 2.75
Taxes&Depreciation ($/h) 3.30 3.30 3.30 3.30 3.30 3.30 3.30
Utilities ($/h) 2.75 2.75 2.75 2.75 2.75 2.75 2.75
Selling Expenses (%) 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Return on Investment (ROI) 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Mold Cost ($) 12,000 7,500 7,500 5,000 5,000 5,000 10,000
Mold Armotization ($/1000) 160.00 100.00 100.00 66.67 66.67 33.33 133.33
K 29.86 29.86 29.86 29.86 29.86 29.86 29.86
Hourly Machine Rate ($/h) 46.07 46.07 46.07 46.07 46.07 46.07 46.07
Capacity/Year/Mold 2,325,600 3,488,400 3,488,400 5,814,000 5,232,600 7,752,000 3,876,000
Pounds/Year/Mold 5,394 1,224 1,224 1,431 1,162 414 395
Material Cost ($/1000) 53.94 12.24 12.24 14.31 11.62 2.07 3.95
Processing Cost ($/1000) 22.71 15.14 15.14 9.08 10.09 6.81 13.62
Mill Cost ($/1000) 76.65 27.38 27.38 23.39 21.71 8.88 17.57
Cost of Sales ($/1000) 86.58 31.63 31.63 26.64 24.89 10.45 20.69
Profit on Fixed Investment ($/1000) 21.28 14.19 14.19 8.51 9.46 6.39 12.77
Profit on Working Capital ($/1000) 5.11 1.83 1.83 1.56 1.45 0.59 1.17
Total Profit ($/1000) 26.39 16.02 16.02 10.07 10.91 6.98 13.94
Selling Price ($/1000) 112.98 47.65 47.65 36.72 35.79 17.43 34.63
User's Price ($/1000) 272.98 147.65 147.65 103.38 102.46 50.76 167.97
Total Manufacturer $992.84
2 Valves (é/iooo) $100.00
Xring ($/1000) $70.00
Assembly Cost ($/1000) $70.00
Total Cost ($/1) $1.23
Distribution Sales Price (S$/1) $4.93
Capital Cost ($) $92,463.18
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Mold Cost Estimate Factors

Total Part Number Cavities
Weights Factor Geometry of Projected
(8) A Difficulty Factor B | Cavities | Factor C | Area (in?2) | Factor D
<29 1 Simple 1 1 1 4 1
30-119 3 2 2 8 3
120-239 5 Moderate 3 4 3 16 5
240-479 8 8 4 32 8
>480 10 Complex 5 12 5 64 10
16 6 128 12
24 7 250 14
32 8
64 9

Factor A: Describes the full shot size or total weight of the parts

Factor B: Describes the mold configuration and characteristics

Factor C: Based on the number of cavities in the mold

Factor D: Based on the total projected area of the cavities

Total Mold Cost Factors=A+B+C+D

Mold Cost / Total Mold

Factors
Mold
Cost Mold Cost Dollars
Factors (S)
4-5 <5,000
6-8 5,000-10,000

9-11 10,000-20,000
12-14 20,000-30,000
15-17 30,000-40,000
18-20 40,000-50,000
21-23 50,000-75,000
24-Up 75,000-Up
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Appendix Q - Technical Drawings

See the following pages.



ITEM NO. PART NUMBER DESCRIPTION QryY

1 P101 OUTER CASE 1
2 P102 CASE TOP 1
3 P103 DRIVER WITH WAVE 1
4 P104 HAND CRANK 1
5 P105 PISTON 1
6 #4 X 3/8" MACHINE SCREW 4
7 #4 FLAT WASHER 6
8 2'0.D.x.103" O-RING 1
9 #4 X .5" 32 TPI BOLT 2
10 #4 HEX NUT 2
1 CRANK KNOB ASSEMBLY 1
12 CV082.001-154.01 DUCKBILL VALVE 1
13 UM085.004-151.01 UMBRELLA VALVE 1
14 THREAD INSERT 1
15 INFLATION NEEDLE 1

NOTES:

1) CASE IS SCREWED TO TOP CASE USING ITEMS NO.6

AND NO.7

2) O-RING FITS AROUND GLAND ON PISTON

3) DRIVER IS BOLTED TO HAND CRANK USING ITEMS NO.7,
NO.9, AND NO.10

4) ITEMS NO.12 AND NO.13 ARE MINI-VALVE PART NUMBERS

5) ITEM NO.12 IS FOR COMPRESSION STROKE VALVE SEAT

6) ITEM NO.13 IS FOR EXPANSION STROKE VALVE SEAT

7) ITEM NO.14 IS PRESS FIT INTO BOTTOM OF CASE

8) ITEM NO.15 SCREWS INTO ITEM NO.14

MINIPUMP 2011-2012

-~ Mechanical
Engineering

DRAWN BY: BRITTA BERG-JOHANSEN INIT: CKD BY: INIT:
TOLERANCE: UNITS: INCHES MATERIAL:  ABS

NEXT ASSY: SCALE: 1:1 TITLE: MINI PUMP ASSEMBLY

DWG #: PAOI DATE: 1/10/12 GROUP: MINI PUMP

i

4

3 2 ! 1




2406 SECTION B-B
—»B ®.080 ‘ — ——.100
T
L ® L] 150
i i T
| |
|
| |
i [ i 1.740 R.075 N
| \\
| .050
|
| Siini Y K
| | .
g e =l 160 ?‘:KE = [
e —— [, 1 gl
—— .53 ——
Q
4X 9 .075 0
1.776
@125
®.175 NOTES:
1) BORE ON BOTTOM IS FOR MATING WITH THREAD INSERT FOR
BOTTOM VIEW THE INFLATION NEEDLE
MINIPUMP 201 1-2012 | DRAWNBY: BRITTA BERG-JOHANSEN  [INIT: CKD BY: INIT:
: TOLERANCE: UNITS: INCHES MATERIAL: ABS
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SECTION A-A
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1) FEATURES 1 AND 2 ARE RUB RAILS DESIGNED TO REDUCE
SLIDING FRICTION BETWEEN DRIVER AND CRANK

MINIPUMP 2011-2012

DRAWN BY: BRITTA BERG-JOHANSEN

INIT:

CKD BY:

INIT:

. TOLERANCE: UNITS: INCHES MATERIAL:  ABS
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SECTION A-A

NOTES:

1) SLIDER WAVE SHOWN HAS AN AMPLITUDE OF .20" (STROKE OF .40")
2) SLOT ON DRIVER TOP MATES WITH CRANK TO PROVIDE TORQUE STRENGTH
3) THROUGH HOLES ARE FOR BOLTING DRIVER TO CRANK

MINIPUMP 2011-2012

DRAWN BY: BRITTA BERG-JOHANSEN

INIT:

CKD BY:

INIT:

. TOLERANCE: UNITS: INCHES MATERIAL: ABS
- Mechanical — —
: . NEXT ASSY: PAO1 ALE: 2:1 TITLE: DRIVER WITH WAVE
Engineering
SRSy DWG #: P103 DATE: 1/7/12 GROUP: MINI PUMP
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NOTES:

1) THROUGH HOLE AT CRANK END IS FOR CRANK KNOB. FOR
PROTOTYPE, CRANK KNOB WILL BE A BOLT AND SPACER SLEEVE

2) THE REMAINING TWO THROUGH HOLESARE FOR BOLTING
CRANK TO DRIVER

MINIPUMP 201 1-2012 | DRAWNBY: BRITTA BERG-JOHANSEN  [INIT: CKD BY: INIT:
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SECTION A-A

DETAIL B

SCALE 6 : 1
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- Mechanical
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TEMNO.|  PARTNO. DESCRIPTION QY.

1 P201 OUTER CASE 1
2 P203 DRIVER WITH WAVE 1
3 P206 CYLINDER 1
4 P205 PEG STAND 2
5 P202 CASE TOP 1
6 P204 HAND CRANK 1
7 P207 GLAND CAP 1
8 #4 X 3.8" MACHINE SCREW 4
9 #4 FLAT WASHER 4
10 4444-119 5716 1.125" O.D. X .103" X-RING 1
1 #4 X 5" 32 TP BOLT 2
12 #4 HEX NUT 2
13 CRANK KNOB ASSEMBLY 1
14 | CV082.001-154.01 DUCKBILL VALVE 1
15 | UM085.004-151.01 UMBRELLA VALVE 1
16 THREAD INSERT 1
17 INFLATION NEEDLE 1

NOTES:

1) CASE IS SCREWED TO TOP CASE USING ITEMS NO.8

AND NO.9
2) X-RING FITS AROUND THE GLAND ON ITEM NO.7
3) DRIVER IS BOLTED TO HAND CRANK USING ITEMS NO.9,
NO.11, AND NO.12

4) ITEMS NO.14 AND NO.15 ARE MINI-VALVE PART NUMBERS

5) ITEM NO.14 IS FOR COMPRESSION STROKE VALVE SEAT

6) ITEM NO.15 IS FOR EXPANSION STROKE VALVE SEAT

7) ITEM NO.16 IS PRESS FIT INTO BOTTOM OF CASE

8) ITEM NO.17 SCREWS INTO ITEM NO.16

9) ITEM NO.7, GLAND CAP, IS NOT SHOWN

MINIPUMP 201 1-2012 | DRAWNBY: STEPHEN SCRUGGS INIT: CKD BY: INIT:
. TOLERANCE: UNITS: INCHES MATERIAL: ABS
~Mechanical - — —
' : NEXT ASSY: ALE:2: TITLE: MINI PUMP V2 ASSEMBLY
Engineering
ear—rFobY DWG #: PA02 DATE: 1/31/12 GROUP: MINI PUMP
5 4 3 2 1
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SECTION A-A

NOTES:

1) BORE ON BOTTOM IS FOR MATING WITH THREAD

INSERT FOR THE INFLATION NEEDLE
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BOTTOM VIEW

2.040
NOTES:
1)FEATURES 1 AND 2 ARE RUB RAILS DESIGNED TO REDUCE SLIDING
FRICTION BETWEEN DRIVER AND CRANK
MINIPUMP 201 1-2012 | DRAWNBY: BRITTA BERG-JOHANSEN  [INIT: CKD BY: INIT:
TOLERANCE: UNITS: INCHES MATERIAL: ABS
~Mechanical — — e —
NEXT ASSY: PA ALE:1:1 TITLE: CASE TOP
Engineering
ear—rony DWG #: P202 DATE: 2/14/12 GROUP: MINI PUMP

5 4 3 2 1




2x 9116
y=0.35in(2.658x)

@ .500

T ZI T T 1AV 71

—— ©1.305 — NOTES:

1) SLIDER WAVE SHOWN HAS AN AMPLITUDE OF .30" (STROKE OF .60")
SECTION A-A 2) SLOT ON DRIVER TOP MATES WITH CRANK TO PROVIDE TORQUE STRENGTH
3) THROUGH HOLES ARE FOR BOLTING DRIVER TO CRANK
MINIPUMP 201 1-2012 | DRAWNBY: STEPHEN SCRUGGS INIT: CKD BY: INIT:
. TOLERANCE: UNITS: INCHES MATERIAL: ABS
- Mechanical — —
0 . NEXT ASSY: PA ALE: 1:1 TITLE: DRIVER
Engineering
ear—rOoLY DWG #: P203 DATE: 1/31/12 GROUP: MINI PUMP
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NOTES:

1) THROUGH HOLE AT CRANK END IS FOR CRANK KNOB.
.700 2) REMAINING TWO THROUGH HOLES ARE FOR BOLTING

CRANK TO DRIVER

MINIPUMP 2011-2012

DRAWN BY: BRITTA BERG-JOHANSEN  |INIT: CKD BY: INIT:
. TOLERANCE: UNITS: INCHES MATERIAL: ABS
- Mechanical — — -
: . NEXT ASSY: PA ALE: 1:1 TITLE: HAND CRANK
Engineering
SRSy DWG #: P204 DATE: 2/14/12 GROUP: MINI PUMP
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MINIPUMP 201 1-2012 | DRAWNBY: BRITTA BERG-JOHANSEN  [INIT: CKD BY: INIT:
. TOLERANCE: UNITS: INCHES MATERIAL: ABS
- Mechanical
Engineering NEXT ASSY: PAO2 SCALE:2: 1 TITLE: ATTACHMENT POST
ear—rFobY DWG #: P205 DATE: 2/14/12 GROUP: MINI PUMP
5 4 3 2




10X @ .075

@175
[gE\'\]/ '025_1 ©.150
‘ [ [ ]
¢ 1176 os |/ m
i i ®.165
@ 200 w 7 FA | 3 o -
250 —— $1.085— 070 |
SECTION A-A DETAIL B
SCALE4: |
MINIPUMP 201 1-2012 | DRAWNBY: BRITTA BERG-JOHANSEN  [INIT: CKD BY: INIT:
: TOLERANCE: UNITS: INCHES MATERIAL: ABS
- Mechanical
Engineerin NEXT ASSY: PAO2 SCALE: 1:1 TITLE: CYLINDER
Cc A L g P O LY g
DWG #: P206 DATE: 2/14/12 GROUP: MINI PUMP
5 4 3 2 1
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SECTION A-A

©®.150

BOTTOM VIEW

E.]H

®.705

@ .865

®1.075

NOTES:

=
=

1) GLAND DIMENSIONS ARE ADAPTED FROM PARKER O-RING DATA
2) .103" O-RING WITH 1.125" O.D.

MINIPUMP 2011-2012
Mechamcal

| lg.'l:lﬁ&l.'.l;llg

DRAWN BY: STEPHEN SCRUGGS

INIT:

CKD BY: INIT:

TOLERANCE:

UNITS: INCHES

MATERIAL: ABS

NEXT ASSY: PAO2

SCALE: 2:1

TITLE: GLAND CAP

DWG #: P207

DATE: 2/14/12

GROUP: MINI PUMP
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