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ABSTRACT 
 

This report will provide a summary of the procedures and methods performed in the 
task of designing, fabricating, and testing a Tennis Ball Launcher for Dogs.  This project was 
completed during the fifth and final year in order to fulfill requirements for the degree of 
Bachelors of Science in Mechanical Engineering Technologies.  The purpose of this product 
is to provide dog trainers and owners with a less involved way of exercising their dogs while 
still obtaining the best results from the exercise.  This product will include many features that 
will allow dogs of all sizes and breeds to utilize the machine.  Some of these features include 
adjustable range settings and a lightweight and rugged design.  The Tennis Ball Launcher for 
Dogs is developed using a specific criteria, influenced by concentrated research and customer 
feedback, in order to create a valuable product for dog trainers and owners. 
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PROBLEM DEFINITION AND RESEARCH 
 
PROBLEM STATEMENT 
 
 Dog owners and trainers rely on exercise to maximize the effects of dog training.  The 
most popular exercise to have dogs perform is either running or swimming.  Playing fetch 
can utilize both of these exercises to wear dogs down quickly, but this requires the owner or 
trainer to invest a large amount of time into exercising their dogs.  Some owners and trainers 
may be able to put forth fifteen to thirty minutes a day towards exercising their dogs but most 
people cannot devote that much time, which causes the dogs to act out and sometimes cause 
damage to owner’s homes.  Products that enhance the fetch process can be used to increase 
exercise that the dog receives but these products still require a large amount of effort from 
the owner or trainer.  One of these products is shown below in Figure 1 (1). 
 

 
Figure 1: Tennis Ball Slingshot (1) 

 
 A fully automated product would present the owner or trainer with the opportunity to 
eliminate all human participation from the fetch process and would still allow the dog to get 
great exercise.  This device would also help prevent injuries that can be gain by the owner or 
trainer while using other ‘fetch’ products or playing the game the traditional way. 
 
 The intent of this project is to design, fabricate, and test a Tennis Ball Launcher for Dogs 
that will meet all of the previously mentioned product functions in order to achieve the 
highest order of dog exercise and training.  This machine will require limited human 
interaction to power the machine on and off and change ball distances but these are the only 
actions required by the operator.  This decreases the involvement of the operator allowing 
someone of any age to exercise their dog. 
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RESEARCH, TECHNOLOGY, AND EXISTING PRODUCTS 
 
 Researching the current technology and existing products for automated tennis ball 
launchers for dogs showed that there are a small number of products that require minimal 
owner or trainer interaction.  These products are listed and described in detail in this section 
of the report. 
 
 The first product that fulfills the function of fully automated is the GoDogGo G3 Fetch 
machine.  This machine has multiple unique features that allow it to be a quality tennis ball 
launcher for dogs (2).  This machine is mostly aimed towards the audience of medium to 
large-sized dogs.  This is because the range of the machine is farther than most existing 
products and this means that it was primarily designed for outdoor use.  Figure 2 shows a 
picture of the GoDogGo G3 Fetch Machine. 
 

 
Figure 2: GoDogGo G3 Fetch Machine (3) 

 
 The GoDogGo G3 Fetch Machine has a number of positive product functions.  These 
functions include multiple range options, battery or AC power options, and launch interval 
options.  These functions are listed in full in Figure 3 (2).  Although this machine has a wide 
range of functions and features, the GoDogGo G3 Fetch Machine is not aimed towards all 
dog types.  The range of the machine limits the use to medium to large sized dogs.  Also, this 
machine can only be used outdoors and the tennis ball container on top makes the product 
awkward and difficult to transport.  This product is still able to be maneuvered without too 
much effort but a simpler design would allow for it to be even lighter and easier to handle.  
Refer to Appendix – A for more information on this product. 
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Figure 3: GoDogGo G3 Fetch Machine Product Features (2) 

 
 The second product that fulfills the feature of the automation of playing fetch with a dog 
is a product called the iFetch.  This machine is much smaller in size when compared to the 
GoDogGo G3 Fetch Machine which allows the iFetch to be used primarily indoors and for 
small sized dogs.  Figure 4 shows the size of the tennis ball launcher.  This machine also 
utilized smaller-than-normal tennis balls which also allows small dogs to easily pick the balls 
up (4).  The iFetch is similar to the GoDogGo G3 Fetch Machine in that it was developed for 
only a certain dog size.  This machine targets small dogs that are limited to playing fetch 
indoors due to the range the tennis balls are launched and the size of the tennis balls.  The 
iFetch focuses on keeping dogs occupied instead of the exercising and training aspect of 
owning or training a dog.  Refer to Appendix – A for more information on this product. 
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Figure 4: iFetch (4) 

 

CUSTOMER FEEDBACK 
 
 Obtaining information about the customer needs of this specific field included the 
utilization of interviews and observing the product features of similar products.  Several 
interviews were conducted with industry experts and potential customers in order to aid the 
development of this product.  Refer to Appendix – A to view more information on the 
following interviews. 
 
 In an interview with a Dog Trainer and Owner of close relation, Allen Musgrave, 
Musgrave gave insight on how different dog breeds respond to certain training exercises.  
Musgrave has owned and trained multiple dogs of different breeds and he explained that the 
best training results come after the dog has been thoroughly exercised and is relatively worn-
out.  This allows the trainer to work with the dog with minimal hassle or resistance from the 
dog.  Musgrave also explained that his preferred method of exercising the dogs that he trains 
is to play fetch with them due to the amount of running or swimming the dog is required to 
do.  Potential important product features that Musgrave identified in this interview included 
the lightweight and simple design of the product and the option to use batteries as a power 
source.  He mentioned that the combination of a lighter product and the option of battery 
power would allow the product to be used almost anywhere (5). 
 
 An interview with a local PetSmart Employee, Isaac Sampson, presented information on 
how the safety of the dogs using the machine will be an important factor.  Sampson has been 
a PetSmart employee for a little over two years and this has allowed him to become very 
familiar with the behavior and characteristics of many dog breeds.  Sampson grooms several 
dogs per day and also assists in the instruction of dog training sessions.  These experiences 
allowed Sampson to give a variety of perspectives of development of the Tennis Ball 
Launcher for Dogs.  The important product features that Sampson believed would satisfy 
customer needs included the safety of the dog using the machine and adjustable range 
settings for different dog sizes.  Sampson noted that the safety of the dog while using the 
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machine will be very important and that a tennis ball should not be able to be launched if the 
dog is standing in front of the product.  He also mentioned that settings for all dog sizes 
(small, medium, large) will need to be included and be able be changed with minimal effort 
(6). 
 
 The final interview conducted was with a Veterinary Technician at VCA Animal Care 
Center, Jackson Fay.  Fay’s four years of experience preparing dogs for exams and surgery 
allowed him to provide information about how the dogs may act around the machine.  His 
constant exposure to a variety of dog breeds presented detailed information about dog 
behavior and their instincts.  Fay identified a number of important product features for the 
Tennis Ball Launcher for Dogs.  These included the safety of the dog, and the ruggedness of 
the product’s design.  Fay reinforced the idea that the safety of the dog while using the 
product will be extremely important because the dog can be possibly be injured if certain 
measures aren’t taken.  He also pointed out that the dog will need to be able to treat the 
product roughly (chewing, scratching, etc.) and not get harmed while doing so.  Fay stated 
that the ruggedness of the design will also help fulfill safety and outdoor use requirements 
(7). 
 
DESIGN CRITERIA  
PRODUCT OBJECTIVES AND FEATURES 
 
 The objectives of this product have been developed utilizing the most important 
information obtained from the research of similar products and technology, input from 
industry experts and potential customers, and a fundamental knowledge of the design 
problem.  Analysis of the design intent of the product assigned an order to the product using 
percentage weights.  A list of the five highest rated product objectives is shown in Figure 5.  
Refer to Appendix – B to view the entire list of the weighted product objectives. 
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1. Range Options (25%) 
 Low range setting –  ~30 yards (small sized dogs) 
 Medium range setting –  ~40 yards (small/medium sized dogs) 
 High range setting –  ~50 yards (large sized dogs) 

 
2. Lightweight Design (20%) 

 Lightweight material (plastic, aluminum) for ease of transport 
 

3. Safety (15%) 
 No exposed moving parts 
 No sharp edges 
 No external wiring 

 
4. Power Options (13%) 

 Battery powered 
 

5. Quiet Operation (11%) 
 Low noise operation for comfortable use 

Figure 5: Top 5 Product Objectives 
 
CONCEPT ALTERNATIVES AND SELECTION 
CONCEPT ALTERNATIVES 
 
 A total of three concept alternatives were developed in detail in order to find the best 
solution to the design problem.  The three concept alternatives were a spring driven launcher, 
a friction controlled launcher, and a launcher utilizing a chain design.  These three 
alternatives were then analyzed against each other utilizing a weighted rating method matrix 
and a main design was chosen. 
 

CONCEPT ALTERNATIVE 1: SPRING DRIVEN LAUNCHER 
 
 The first concept that was developed was the idea of utilizing a spring loaded 
mechanism to launch the tennis ball to each of the three pre-determined distances.  This 
mechanism would alter the distance the ball travelled by a range adjuster located on the side 
of the launcher.  This range adjuster would have a spring loaded pin for ease of use.  This 
design also included a reloading hole and a handle for simple transport.  Figure 6 shows a 
detailed cross-section view of the concept alternative. 
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Figure 6: Concept Alternative 1: Spring Driven Launcher Layout 

 
Advantages: 

 No electricity required 
 Unlimited use 
 Will not increase overall size of launcher 

 
Disadvantages: 

 Manual reset and reloading 
 High powered spring required to meet range requirements 
 Bulky design to withstand spring forces 

 
CONCEPT ALTERNATIVE 2: FRICTION CONTROLLED LAUNCHER 
 
 The second concept alternative involved two driven launching wheels powered by a 
rechargeable battery.  The rechargeable battery would allow the operator to have a half hour 
to an hour of battery life during use and charge the mechanism when it is not being used.  
This concept alternative controls the range of the launched ball by controlling the friction 
applied to one of the driven wheels.  The friction controller will have three different settings, 
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one for each pre-determined range requirement, and would allow the operator to easily 
change distances.  This design would also include a re-loading tube behind the launching 
wheels for manual loading of the tennis balls.  Figure 7 shows a detailed cross-section view 
of the concept alternative. 
 

 
Figure 7: Concept Alternative 2: Friction Controlled Launcher Layout 

 
Advantages: 

 Range can be easily adjusted 
 Compact design 
 Two driven wheels increases success rate 

 
Disadvantages: 

 Two electric motors (or complex connection) needed 
 More electricity needed to power components 
 Extra testing required to ensure friction control operates properly 

 

CONCEPT ALTERNATIVE 3: CHAIN DESIGN 
 
 The final concept alternative would utilize one chain driven launching wheel and one 
idle wheel.  The chain driven wheel would have three sprockets that control the distance 
travelled by the tennis ball.  These distances would be changed by a gear shifter, similar to a 
variable speed bicycle, located on the outside of the mechanism housing.  This mechanism 
would be powered by battery system similar to concept alternative 2.  Figure 8 shows a 
detailed cross-section view of the concept alternative. 
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Figure 8: Concept Alternative 3: Chain Design Layout 

 
Advantages: 

 Simple design for ease of use 
 Compact size 
 Battery pack to power device 

 
Disadvantages: 

 Added sprocket and chain complexity 
 Added noise of motor and chain drive 
 Length of use controlled by battery life 

 
CONCEPT ALTERNATIVE ANALYSIS & SELECTION 
 
 The three concept alternatives were analyzed and rated using a weighted rating method 
matrix.  The seven product objectives that were chosen and detailed in the Design Criteria 
section of this report were used as the criteria of this analysis.  The three concept alternatives 
were given a rating of 1 through 4 for each of the seven criteria and a weighted rating was 
calculated using the following equation: 
 

푊푒푖푔ℎ푡푒푑	푅푎푡푖푛푔 = 푅푎푡푖푛푔 ∗ 퐼푚푝표푟푡푎푛푐푒	푊푒푖푔ℎ푡	(%) 
 
 The sums of the weighted rating for each concept alternative were compared and the 
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concept with the highest sum was chosen to be the main design.  The chain design concept 
(highlighted) had the highest weighted rating sum due to the superior rating for range 
adjustment options and ease of reloading.  The weighted rating method table comparing these 
three concept alternatives is shown in Table 1. 
 

 
 

Table 1: Weighted Rating Method for Concept Alternatives 
 
DESIGN ANALYSIS  
 
 The design of custom components for this machine required certain analyses that 
involved calculations and use of the MDESIGN computer program (8).  The electric motor, 
sprockets and chain, driven and idle shafts, roller bearings, and the reloading tube were 
components that required aforementioned design analyses.  These methods are detailed in the 
following sections. 
 

MOTOR SELECTION 
 
 The electric motor was the first component that was analyzed and chosen for the 
machine.  The rating for this motor depended on certain angular velocities and power 
equations in order to figure out what the exact specifications needed to be. 
 
 The exit velocities of the tennis ball were calculated to be 53.83 feet per second, 62.16 
feet per second, and 69.50 feet per second.  These velocities were for the distances of 30 
yards, 40 yards, and 50 yards, respectively.  After calculating the circumference of the 
launching wheels the angular velocity can be calculated for the driven shaft.  The angular 
velocities of the shaft were calculated to be 2057.20 rotations per minute, 2375.54 rotations 
per minute, and 2656.05 rotations per minute.  These angular velocities were for the 
distances of 30 yards, 40 yards, and 50 yards, respectively.  The required power was the final 
calculation for the electric motor.  The required power for this motor was calculated to be 
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0.72 horsepower.  The chosen electric motor will be required to be rated at 2656.05 rotations 
per minute and 0.72 horsepower.  Table 2 shows these calculated values in tabular form. 
 

 
Table 2: Distance Requirements 

 
 Additional forces and torques were calculated to further verify the requirements of the 
electric motor.  A detailed list of the equations for the motor requirement calculations can be 
found in Appendix D.  Figure 9 shows a picture of the motor chosen. 
 

 
Figure 9: Leeson DC Motor (9) 

 
SPROCKET AND CHAIN DESIGN 
 
 The motor transmits power to the driven shaft utilizing the sprockets and chain.  These 
components were designed using the information from the motor requirement calculations 
and the computer program MDESIGN (8).  One driving sprocket will transfer power to three 
driven sprockets and the chain will transfer from one driven sprocket to another with the help 
of a gear derailleur.  The driving sprocket will have 9 teeth on it.  Figure 10 shows the 
driving sprocket mounted to the motor shaft.  The first gear sprocket (2057.20 rotations per 
minute) will have 14 teeth on it.  The second gear sprocket (2375.54 rotations per minute) 
will have 17 teeth on it.  The third gear sprocket (2656.05 rotations per minute) will have 21 
teeth on it.  The driving sprocket and the driven sprockets will be spaced 6.5 inches apart.  
The chain type will be ANSI #40 and the number of links will vary due to the addition of the 
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gear derailleur.  A detailed list of the sprockets and chain analysis can be found in Appendix 
E. 
 

 
Figure 10: Driving Sprocket Mounted on Motor 

 

SHAFT DESIGN 
 
 Two shafts were utilized in this Tennis Ball Launcher for Dogs to transmit rotational 
energy from the motor to the tennis balls.  These shafts were designed by using loading, 
shear, and moment diagrams to find the minimum diameters at certain points in the shafts.  
Two types of steel were used due to different loading conditions on the shafts.  The material 
properties for each chosen steel type can be found in Table 3.   
 

 
Table 3: Steel Shaft Material Properties 

 
 The minimum diameters calculated for the lower shaft (driven shaft) were found to be 
0.07 inches, 0.23 inches, 0.42 inches, and 0.06 inches for locations A, B, C, and D, 
respectively.  The minimum diameters calculated for the upper shaft (idle shaft) were found 
to be 0.06 inches, 0.39 inches, and 0.06 inches for locations A & B, C, and D, respectively.  
A detailed list of the equations and methods used in calculating the diameters of the shafts 
can be found in Appendix G and Appendix H.  Standard diameters were then chosen from 
the calculated values.  Table 4 shows the calculated diameters compared to the selected ones.  
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Figure 11 shows the location of the upper and lower shafts in the final assembly. 
 
 

 
Table 4: Upper & Lower Shaft Diameters 

 

 
Figure 11: Upper and Lower Shaft Placement 

 
ROLLER BEARINGS 
 
 Flange roller bearings will be located at each end of the driven and idle shafts.  These 
bearings have been designed to handle the maximum applied load at each shaft and continue 
rotating.  These bearings were designed utilizing the computer program MDESIGN (8).  A 
list of suitable bearing types were provided as output information and a miniature flange 
mounted ball bearing with a 0.375 inch inner diameter was chosen.  Figure 12 shows a 
picture of a flange bearing.  The bearings were designed to have an inner diameter of 0.375 
inches to accept the diameter of each shaft end.  The type of roller bearings chosen for this 
application were single-row deep-groove ball bearings.  These bearings were also chosen so 
they could be mounted to the exterior housing material of the machine.  Figure 13 shows the 
location of the bearings on the upper and lower shafts.  The applied forces and torques were 
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small enough so that the bearings would be able to be mounted without failing during use.  A 
detailed list of the bearing analysis can be found in Appendix F. 
 

 
Figure 12: Flange Bearing 

 

 
Figure 13: Location of Bearings in Assembly 

 

RELOADING TUBE 
 
 The reloading tube is where the tennis balls are inserted and sent to the launching 
wheels.  This tube was designed allow the tennis balls to reach a certain speed that will allow 
them to travel to the launching wheels without any assistance.  The required height of the 
reloading tube was calculated first using an estimated length of 12 inches.  Right angle 
trigonometry was used to calculate a height of 8.49 inches.  Using a basic kinetic energy 
equation the tennis ball was calculated to reach a speed of 5.33 feet per second.  A detailed 
list of the equations used to calculate the reloading tube length and output tennis ball speed 
can be found in Appendix I. 
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FABRICATION 
 
 The exterior housing, upper and lower shafts, and the reloading tube were the main 
components of this project that required detailed fabrication.  These methods and processes 
used in this phase of the project included woodworking, lathe metal working, and welding. 
The specifications of the fabrication of these components are listed in the following sections.  
 
EXTERIOR HOUSING 
 
 The exterior housing was comprised of the wooden side supports and the acrylic sheet 
that was fastened onto the side supports.  Spare construction grade wood was used to create 
the wooden supports.  Once the dimensions were laid out in the CAD model the wood was 
cut into 5 different pieces with lengths corresponding to each required dimension and a 
thickness of 1 inch.   These cuts were made using a table saw and a chop saw.  Once piece 
was designated to be the angled section and had alternating 45 degree angles cut into each 
end.  Holes were drilled in certain sections of the 5 different pieces in order to prepare the 
components for assembly.  This process was done twice using the same dimensions in order 
to create enough parts for two side supports.  Figure 14 shows the dimensions used for the 
wooden supports. 
 

 
Figure 14: Wooden Side Support Dimensions 

 
 The acrylic sheet contained the same overall dimensions as the wooden side support but 
was made out of a 0.20 inch thick plastic sheet.  This sheet was outlined using the side 
support dimensions and was cut using a plastic cutter (knife).  Holes were then drilled and 
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counter sunk to prepare the acrylic sheet to be added to the wooden side support.  This 
process was done twice in order to create two acrylic sheets to attach to the two wooden side 
supports. 
  

SHAFTS 
 
 The upper and lower shafts of the Tennis Ball Launcher for Dogs were created from a 12 
inch long, ½ inch diameter 1117 carbon steel and 4140 alloy steel rods, respectively.  These 
rods required shoulders to be lathed on each end to allow flange bearings to be added.  Each 
shoulder had a diameter of 0.375 inches and was cut ½ inches into each end.  Figure 15 
shows a shoulder cut into one of the ends of the upper shaft. 
 

 
Figure 15: Upper Shaft Lathed Shoulder 

 
 The lower shaft required a 5-speed bicycle chain wheel to be welded to it and only the 
first 3 speeds (gears) are utilized.  This shaft was made from a different material than the 
upper shaft due to the higher torque applied from the motor and chain drive directly attached 
to it.  The inner dimensions of the chain wheel were recorded and a steel part (chain drive 
insert) was lathed to fit into the chain wheel.  This part then had a ½ inch hole drilled through 
the center so the lower shaft could fit through it.  This part and the chain wheel were then 
welded to the lower shaft 3 inches from one end.  Figure 16 shows the welded chain wheel 
from one side with a weld joining the chain drive insert and the lower shaft and a weld 
joining the chain wheel and the chain drive insert. 
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Figure 16: Lower Shaft Welded Chain Wheel 

 
RELOADING TUBE 
 
 The tennis ball reloading tube was fabricated out of 3 inch diameter PVC piping with a 
45 degree elbow.  This component carried the tennis ball to the launching wheels.  A 2 foot 
(24 inches) long piece of 3 inch diameter PVC pipe was cut in half with a reciprocating saw.  
After the assembly of the reloading tube two rectangular holes were cut into one of the 12 
inch long pipes in order to allow the launching wheels to provide pressure to the tennis ball 
travelling through the reloading tube.  The inside of the tube was then sanded to prevent 
tennis balls from getting stuck during use. 
 
ASSEMBLY 
 
 During the assembly process the different components of the project were brought 
together and joined in different ways to create a functioning product.  The details on the tools 
and methods used for each specific component are detailed in the following sections.  
 

EXTERIOR HOUSING 
 
 The exterior housing of the Tennis Ball Launcher for Dogs consisted of the wooden side 
supports and the acrylic sheets.  The different components of the wooden side supports were 
joined together using 2 inch long screws and wood glue.  These pieces were clamped and 
given time to dry.  Once the side supports were fully joined the acrylic sheets were added 
using ¾ inch wood screws.  Figure 17 shows a picture of one of the wooden side supports 
with the various screw holes that attached the acrylic sheet to the support.  Other components 
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of the project were fastened to the acrylic sheet using nuts and bolts like the gear derailleur, 
the gear shifter, and the ON/OFF switch. 
 

 
Figure 17: Tennis Ball Launch Side View 

 

DRIVEN AND IDLE SHAFTS 
 
 The lower and upper shafts (driven and idle shafts) were each fabricated to the same 
dimensions.  Once this was completed a 6 inch wheel with a ½ inch diameter bore was 
fastened to the middle of the shafts (6 inches from each side).  This joining was done using 
heavy duty epoxy rated at 3800 psi.  These parts were allowed to set and harden over a few 
hours.   
 
 The lower shaft differed from the upper shaft because it had a chain drive welded to it.  
This joining required a chain drive insert to be fabricated and TIG welded to the lower shaft 
3 inches from one end.  Once this weld was finished the chain wheel was then welded onto 
the chain drive insert to join the lower shaft to the chain wheel.  Figure 18 shows a picture of 
the finished lower shaft assembly which includes the launching wheel and the chain wheel. 
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Figure 18: Lower Shaft Assembly 

 

POWER SOURCE 
 
 The Tennis Ball Launcher for Dogs used a 24 volt DC motor combined with two 12 volt 
batteries and a residential light switch to power the launching components.  Two 12 volt 
batteries were used instead of one 24 volt in order to conserve space within the machine.  The 
12 volt batteries were required to be wired in series to properly power the motor.  This was 
done by wiring the negative terminal of one battery to the positive terminal of the other.  The 
open negative terminal was then wired straight to the motor and the open positive terminal 
was wired to the residential switch and back to the motor.  The connections at the motor were 
soldered and then covered with electrical tape.  Figure 19 shows some of the components 
used during the assembly of the power source. 
 

 
Figure 19: Battery and Motor Circuit 
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MOTOR MOUNTING 
 
 The DC motor was fastened to the base of the tennis ball launcher using metal hanging 
strap and nuts and bolts.  4 sections of metal hanging strap were used because of the start-up 
torque of the motor was too great and this caused it to shift when powered up.  Figure 20 
shows a top view of the motor mounting. 
 

 
Figure 20: Motor Mounting 

 

CHAIN DRIVE 
 
 The chain drive was the most important component of the machine since it was what 
actually launched the tennis balls.  The chain drive consisted of the DC motor and the driving 
sprocket, the gear derailleur, the lower shaft and chain wheel, and the chain itself.  A nylon 
driving sprocket was lathed down in thickness in order to accept the bicycle chain and then 
fastened to the motor shaft with heavy duty epoxy.  After the motor and lower shaft were 
added to the machine the gear derailleur was strategically situated near the chain wheel and 
mounted to the inside of the acrylic sheet.  A cable running from the gear derailleur to the 
gear shifter was added so the machine would be able to shift ranges during operation.  The 
chain was then sized and cut to length then added to the chain drive.  Figure 21 shows all of 
the components of the chain drive. 
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Figure 21: Tennis Ball Launcher Chain Drive 

 
RELOADING TUBE 
 
 The reloading tube assembly consisted of two 12 inch long 3 inch diameter PVC pipes 
joined with a 45 degree elbow.  This joint involved two PVC couplings and PVC cement 
combined with the 12 inch long pipes and 45 degree elbow.  Figure 22 shows the finished 
reloading tube assembly. 
 

 
Figure 22: Reloading Tube Assembly 
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FINAL ASSEMBLY 
 
 All of the separate components and sub-assemblies were added together during the final 
assembly portion of the Tennis Ball Launcher for Dogs project.  First a ¼ inch thick plywood 
base was cut to a width of 12 inches (shaft length) and a length of 14.5 inches (wooden 
support length).  Then the wooden supports were fastened to each end of the plywood base 
using wood screws.  Holes for the bearings were drilled into the acrylic sheets and the 
bearings were mounted using nuts and bolts.  The upper and lower shafts were assembled 
into the bearings and secured.  The batteries and motor were added to the assembly and then 
fastened down to the base using metal hanging straps.  The chain derailleur and gear shifter 
were added to the acrylic sheet and secured using various sized nuts and bolts.  The front end 
of the reloading tube was cut down to make sure the ball would make it out of the tube and 
then mounted to the back of the project using metal hanging tape and a wooden support.  The 
open sides of the project were then covered with acrylic sheets and fastened to the wooden 
supports using wood screws.  The final assembly can be seen in Figure 23. 
 

 
Figure 23: Final Assembly 

 
TESTING 
 
 The first component that was tested was the motor and battery circuit.  Once the 
batteries, ON/OFF switch, and the motor were wired the circuit was tested before it was 
added to the final assembly.  This test was successful in that the motor was running at its full 
capacity. 
 
 The chain drive of the tennis ball launcher was tested next.  This was done after the 
batteries, ON/OFF switch, and the motor were added to the final assembly.  This initial test 
was unsuccessful because the start up torque of the motor caused it to shift once it began to 
work with the chain.  The motor was further secured and then it worked without shifting 
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position. 
 
 The gear shifting of the machine was tested after the machine was fully assembled.  The 
first test involved running the machine in the lowest gear without adding a tennis ball.  The 
machine worked during this test but it showed how loud the chain drive design was.  The 
second test involved shifting gears while the machine was running.  The results of this test 
were successful in that the machine was able to shift between gears easily.  Once this test was 
concluded the wear on the nylon driving sprocket was noticeable.   
 
 The range of the machine was tested during the third and final test.  The machine was 
powered on and a tennis ball was added to the reloading tube in the lowest gear.  This tennis 
ball travelled an average range of 10.3 yards (5 trials) while the preferred distance was 30 
yards.  The tennis ball travelled an average range of 12.2 yards (5 trials) in the medium gear 
while the preferred distance was 40 yards.   This tennis ball travelled an average range of 
15.3 yards (5 trials) in the highest gear while the preferred distance was 50 yards.  These 
short distances are the direct result of the chain drive using one driven shaft instead of using 
two.  The targeted and actual ranges are shown in Table 5. 
 

 
Table 5: Range Test Results 

 
PROJECT MANAGEMENT 
 

BUDGET 
 
 A projected budget was developed using the information gained from researching 
existing products and receiving feedback from potential customers.  This general list 
included items that would be needed during the fabrication and assembly phases of the 
project.  The projected budget for this project can be found in Table 6.  Table 7 lists the 
detailed actual budget of the finished project.  Refer to Appendix – D to view a copy of the 
project budget. 
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Table 6: Projected Budget 

 

 
Table 7: Actual Budget 
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SCHEDULE 
 
 The project begins the week of September 29th with content review with an advisor and 
ends in April with a presentation of the completed product.  After the design has been 
finalized, fabrication begins the week of January 19th through the week of February 2nd.  The 
project then continues through the testing and modification phases until the advisor 
demonstration phase during the week of April 13th.  A condensed version of the projected 
schedule is located below in Table 8.  Table 9 shows the path that the actual schedule took.  
Refer to Appendix – C to view the entire schedule. 
 

 
Table 8: Projected Schedule 

 

 
Table 9: Actual Schedule 
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CONCLUSION & RECOMMENDATIONS  
 
 The Tennis Ball Launcher for Dogs was a successful project in the fact that it launched a 
tennis ball a certain distance and a dog would be able to benefit in the exercise from fetching 
it.  A tennis ball was dropped in the reloading tube and it travelled through it to be squeezed 
and shot by the launching wheels a certain distance.  The supports and materials used 
provided a strong and reliable structure in order to be used in different outdoor areas.  A dog 
owner would be able to reduce the injury from playing normal fetch by using this machine 
instead.  
 
 The machine worked as intended although it did not meet the preferred distances of 30 
yards, 40 yards, and 50 yards.  The preferred distances were not met due to the design of the 
chain drive system.  If two driven shafts were used, like a baseball pitching machine, these 
distances would be met.  This would add more cost and complexity to the system, however.  
The overall budget and schedule of the project deviated from the initial ones in the fact that 
some components cost more than expected and some processes took longer than expected.  
The noise of the chain drive was not expected to be as loud as the initial testing showed but 
this issue could be solved without altering any major components.   
 
 If this project were to be undertaken again, some key decisions would be made 
differently.  The reloading tube would be designed differently in order to prevent a tennis ball 
from getting stuck in the 45 degree elbow and to reduce weight.  Two motors or a complex 
connection of one motor and two shafts would be used in order to meet the preferred 
distances.  Also, a speed controller would be added to the battery, motor, and ON/OFF 
switch circuit.  This would allow the motor speed and launching range to be changed easily.  
This would also remove the need to have a variable speed chain wheel and a gear derailleur.  
Wheels and a retractable handle would be added to the base of the machine in order to allow 
it to be easily moved while in use outside. 
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APPENDIX A – RESEARCH  
 

 
 
 

Interview with dog owner and trainer, Allen Musgrave: 14483 County Highway 
11 Findlay, OH 45840 - 9/5/2014 
 
Owner of a 2 year old yellow Labrador retriever.  Has owned multiple medium - 
large sized dogs and has trained all of them personally. 
 
Tennis ball launcher for dogs will maximize exercise for dogs with little owner 
effort.  Different range settings will allow many different types of dogs to use 
the machine. 
 
Light design will be important so the product could be easily transported.  
Needs to be able to utilize battery power so the tennis ball launcher could be 
used anywhere.  Design needs to be simple enough so that anyone could be able 
to take apart and fix if any problems occur. 

Interview with local PetSmart employee, Isaac Sampson: 2330 Tiffin Ave, 
Findlay, OH 45840 – 9/12/2014 
 
Employee with PetSmart from June 2012 to present.  Grooms several dogs per 
day and assists in instructing dog training sessions. 
 
Tennis ball launcher for dogs will provide great exercise for all dog breeds 
while increasing the effectiveness of training.  Will keep dog healthier, therefore 
decreasing chances of contracting particular infections and diseases.   
 
Safety of dog while using the machine will be very important.  Need to make 
sure tennis ball will not be fired while dog is in the way of the projectile.  
Settings for all dog sizes will need to be included and able to be easily changed. 
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Interview with veterinary technician at VCA Animal Care Center, Jackson Fay: 
1614 West Main Cross Street, Findlay, OH 45840 - 9/18/2014  
 
Veterinary Technician with VCA Animal Care Center from October 2010 to 
present.  Prepares dogs for exams and surgery.  Gives dogs nursing care and first 
aid. 
 
Tennis ball launcher for dogs will help avoid some costly medical conditions.  
Exercise utilizing the machine will help dogs live healthier and longer.  
Versatility of machine to work indoors and outdoors will help satisfy a wide 
range of dog breeds. 
 
Safety for dog will be an important factor in designing the launching 
components of the machine.  Dog will need to be able to treat the tennis ball 
launcher roughly (chew, scratch, etc.) and not get harmed while doing so.  
Ruggedness of design will help fulfill safety and outdoor use requirements. 
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GoDogGo G3 Fetch Machine 
 

 
 
The GoDogGo G3 Fetch Machine is an automatic tennis ball 
launcher meant for exercising dogs outdoors.  This tennis ball 
launcher is able to be controlled remotely, has three different 
range settings, and has storage for extra tennis balls so it does 
not have to be reloaded continuously.  Once fully loaded, this 
machine will fire a tennis ball every 7 to 15 minutes. 

 
 

The range of this 
tennis ball launcher 
allows for different 
types of dogs to play 
with it.  A greater 
range, however, 
would let dogs of all 
sizes gain better 
exercise from the 
machine.  My tennis 
ball launcher will 
have a greater range 
and will have a 
simpler design than 
this one.  The added 
storage space 
complicates the 
design of this tennis 
ball launcher and 
increases its weight.  
This product is still 
able to be maneuvered 
without too much 
effort but a simpler 
design would allow 
for it to be even 
lighter and easier to 
handle.  The 
GoDogGo G3 Fetch 
Machine costs 
$139.99. 
 

9/4/2014: 
http://godoggoi
nc.com/produc
ts/remotefetch.
html 
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  iFetch 
 
The iFetch is a smaller version of a tennis ball launcher for dogs.  
The simple and light design of the machine allows the machine 
to be transported easily.  This particular tennis ball launcher uses 
smaller than normal tennis balls to allow the machine to be used 
indoors.  The utilization of smaller tennis balls also lets smaller 
dogs play with the machine.   
 

 
 
 
Material Plastic 

Range 10/20/30 feet (3 
settings) 

Ease of Use Plug in, Press power 
button, Load ball 

Power 
Source 

AC Adapter & Battery 
Power (30 hours) 

Capacity 1 ball 

Ball Size 1.5 inch/40 mm 
diameter 

Comments 

Geared towards indoor 
use and small dogs,  
Balls used are smaller 
than normal tennis balls 

 

The style and range of 
this tennis ball 
launcher constricts it 
use to indoor use 
only.  Although this is 
moderately ideal for 
exercising smaller 
dogs in apartments it 
does not allow larger 
dogs to use the 
machine to exercise.  
My tennis ball 
launcher will have a 
greater range and will 
utilize normal sized 
tennis balls to allow 
dogs of all sizes to 
play with the 
machine.  These 
differences will allow 
dogs to receive better 
exercise from a 
shorter play time due 
to the increased range.  
The iFetch costs 
$99.95. 

9/9/2014: 
http://www.pu
mpstudio.com/
works/#ifetch 
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APPENDIX B – PRODUCT OBJECTIVES 
 

1. Range Options (25%) 
 Low range setting –  ~30 yards (small sized dogs) 
 Medium range setting –  ~40 yards (small/medium sized dogs) 
 High range setting –  ~50 yards (large sized dogs) 

 
2. Lightweight Design (20%) 

 Lightweight material (plastic, aluminum) for ease of transport 
 

3. Safety (15%) 
 No exposed moving parts 
 No sharp edges 
 No external wiring 

 
4. Power Options (13%) 

 Battery powered 
 

5. Quiet Operation (11%) 
 Low noise operation for comfortable use 

 
6. Withstand Outdoor Use (9%) 

 Rugged design 
 Water-proof components 

 
7. Ease of Maintenance (7%) 

 Easy access to internals 
 Able to change parts with minimal effort 
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APPENDIX C – CUSTOMER SURVEY & RESULTS 
 
Below is the survey sheet that10 potential customers were asked to fill out: 
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The survey sheet with the feedback and results from the 10 potential customers: 
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APPENDIX D – MOTOR REQUIREMENT CALCULATIONS 
 
Calculate required ball velocity to reach the three pre-determined distances: 
 
30 yards (90 ft) 
 

 
 
xmax = 90 ft 
g = 32.2 ft/sec2 

θ = 45˚ 
v = ? 
 

푥 =
푣 sin 2휃

푔  

푣 =
푥 	(푔)

sin 2휃 =
(90	푓푡) ∗ 32.2 푓푡

푠푒푐
sin(2 ∗ 45°) = ퟓퟑ.ퟖퟑ

풇풕
풔풆풄	 

 
40 yards (120 ft) 
 

 
 
xmax = 120 ft 
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g = 32.2 ft/sec2 

θ = 45˚ 
v = ? 
 

푥 =
푣 sin 2휃

푔  

푣 =
푥 	(푔)

sin 2휃 =
(120	푓푡) ∗ 32.2 푓푡

푠푒푐
sin(2 ∗ 45°) = ퟔퟐ.ퟏퟔ

풇풕
풔풆풄	 

 
50 yards (150 ft) 
 

 
 

xmax = 150 ft 
g = 32.2 ft/sec2 

θ = 45˚ 
v = ? 
 

푥 =
푣 sin 2휃

푔  

푣 =
푥 	(푔)

sin 2휃 =
(150	푓푡) ∗ 32.2 푓푡

푠푒푐
sin(2 ∗ 45°) = ퟔퟗ.ퟓퟎ

풇풕
풔풆풄	 

 
Calculate mass of tennis ball in slugs (weight of average tennis ball is 0.131 pounds): 
 

푤 = 푚푔 

푚 =
푤
푔 =

0.131	푙푏푠

32.2 푓푡
푠푒푐

= ퟎ.ퟎퟎퟒퟏ	풔풍풖품풔 

 
 

퐹 = 푚푎 
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푎 =
푣
∆푡 

 
30 yards (90 ft) 

퐹 = 푚
푣
∆푡 = 0.0041	푠푙푢푔푠 ∗

53.83 푓푡
푠푒푐

0.05	푠푒푐 = ퟒ.ퟒퟏ	풍풃풇 

 
40 yards (120 ft) 

퐹 = 푚
푣
∆푡 = 0.0041	푠푙푢푔푠 ∗

62.16 푓푡
푠푒푐

0.05	푠푒푐 = ퟓ.ퟏퟎ	풍풃풇 

 
50 yards (150 ft) 

퐹 = 푚
푣
∆푡 = 0.0041	푠푙푢푔푠 ∗

69.50 푓푡
푠푒푐

0.05	푠푒푐 = ퟓ.ퟕퟎ	풍풃풇 

 
Calculate torque values, for each of the three pre-determined distances, which are required for 
the electric motor (launching wheel radii are three inches): 
 
30 yards (90 ft) 

푇 = 퐹 ∗ 푟 = 4.41	푙푏 ∗ (3	푖푛) = ퟏퟑ.ퟐퟑ	풊풏 − 풍풃풔 
 
40 yards (120 ft) 

푇 = 퐹 ∗ 푟 = 5.10	푙푏 ∗ (3	푖푛) = ퟏퟓ.ퟑퟎ	풊풏 − 풍풃풔 
 
50 yards (150 ft) 

푇 = 퐹 ∗ 푟 = 5.70	푙푏 ∗ (3	푖푛) = ퟏퟕ.ퟏퟎ	풊풏 − 풍풃풔 
 
Convert the three calculated velocities for each of the three pre-determined distances to angular 
velocities measured in rotations per minute (launching wheel circumference is 1.57 feet): 
 
30 yards (90 ft) 

휔 = 53.83
푓푡
푠푒푐 ∗

60	푠푒푐
1	푚푖푛 ∗

1	푟푒푣
1.57	푓푡 = ퟐퟎퟓퟕ.ퟐퟎ	풓풑풎 

 
40 yards (120 ft) 

휔 = 62.16
푓푡
푠푒푐 ∗

60	푠푒푐
1	푚푖푛 ∗

1	푟푒푣
1.57	푓푡 = ퟐퟑퟕퟓ.ퟓퟒ	풓풑풎 

 
50 yards (150 ft) 
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휔 = 69.50
푓푡
푠푒푐 ∗

60	푠푒푐
1	푚푖푛 ∗

1	푟푒푣
1.57	푓푡 = ퟐퟔퟓퟔ.ퟎퟓ	풓풑풎 

 
Convert calculated torque value to foot – pounds: 
 

17.10	푖푛 − 푙푏푠 ∗
1	푓푡

12	푖푛 = ퟏ.ퟒퟐퟓ	풇풕 − 풍풃풔 
 
Calculate horsepower values that are required for the electric motor utilizing the highest 
calculated torque and angular velocity values: 
 

푃 =
푇 ∗ 휔
5252 =

1.425	푓푡 − 푙푏푠 ∗ 2656.05	푟푝푚
5252 = ퟎ.ퟕퟐ	풉풑 

 
The chosen electric motor for this application is required to have a rating of at least 2565.05 
rotations per minute and 0.72 horsepower  
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APPENDIX E – SPROCKET & CHAIN CALCULATIONS 
 
Analyze the sprocket and chain requirements and decide upon a standard size for the sprockets 
and chain utilizing the MDESIGN program (8): 
 
30 yards (90 ft) – Lowest speed and smallest sprocket 
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40 yards (120 ft) – Medium speed and medium-sized sprocket 
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50 yards (150 ft) – High speed and largest sprocket 
 

 
 

 
 

  



 

42 

Roller chain drive layout: 
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APPENDIX F – BEARING REQUIREMENTS 
 
Analyze the bearing requirements and decide upon a standard size utilizing the MDESIGN 
program (8): 
 
Roller bearing input information: 
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List of suitable bearings: 
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Roller bearing output information: 
 

 
 
Roller bearing layout: 
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APPENDIX G – UPPER SHAFT CALCULATIONS 
 

 
 
Calculate applied forces at points A, C, and D on the upper shaft: 
 
Left bearing located at point A 
Launching wheel located at point C 
Right bearing located at point D 
 

푀 = 0 = −6	푖푛 ∗ ( − 3.5	푙푏푠 + 2	푙푏푠) + 12	푖푛 ∗ 푅  
푅 = ퟎ.ퟕퟓ	풍풃풔 
 

퐹 = 0 = 푅 − (3.5	푙푏푠 − 2	푙푏푠) + 0.75	푙푏푠 
푅 = ퟎ.ퟕퟓ	풍풃풔 
 

푀 = 0 = − 6	푖푛 ∗ (5.70	푙푏푠) + 12	푖푛 ∗ 푅  
푅 = ퟐ.ퟖퟓ	풍풃풔 
 

퐹 = 0 = 푅 − 5.70	푙푏푠 + 2.85	푙푏푠 
푅 = ퟐ.ퟖퟓ	풍풃풔 
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Load, Shear, and Moment Diagrams: 
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Material chosen for this shaft is AISI 1117 Alloy Steel due to the high strength and availability 
 
Material properties for AISI 1117 Alloy Steel: 
 

 
푆 , = 푆 퐶 퐶 = (15100	푝푠푖)(0.9)(0.81) = 11008	푝푠푖 
 
Calculate the minimum allowable shaft diameter at points A, C, and D utilizing the material 
properties for AISI 1117 Alloy Steel, a factor of safety (Kt) of 2.5, and an applied torque value 
(T) of 17.36 inch pounds  
 
Point A & B: 
 

푉 	&	 = 푅 + 푅  

푉 	&	 = (2.85	푙푏푠) + (0.75	푙푏푠) = ퟐ.ퟗퟓ	풍풃풔 

퐷 	&	 =
2.94퐾 푉푁

푆 =
2.94 ∗ (2.5) ∗ (2.95	푙푏푠) ∗ (2)

11008	푝푠푖 = 0.06	푖푛 

 
Point C: 
 

푀 = 푀 + 푀  

푀 = (17.10	푖푛 − 푙푏푠) + (3.00	푖푛 − 푙푏푠) = ퟏퟕ.ퟑퟔ	풊풏 − 풍풃풔 

퐷 =
32푁
휋

(퐾 푀)
푆 +

3
4

푇
푆  
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퐷 =
32 ∗ (2)

휋
(2.5 ∗ 17.36	푖푛 − 푙푏푠)

11008	푝푠푖 +
3
4

17.10	푖푛 − 푙푏푠
34000	푝푠푖 = 0.39	푖푛 

 
Point D: 
 

푉 = 푅 + 푅  

푉 = (2.85	푙푏푠) + (0.75	푙푏푠) = ퟐ.ퟗퟓ	풍풃풔 

퐷 =
2.94퐾 푉푁

푆 =
2.94 ∗ (2.5) ∗ (2.95	푙푏푠) ∗ (2)

11008	푝푠푖 = 0.06	푖푛 
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APPENDIX H – LOWER SHAFT CALCULATIONS 
 
 

 
 
Calculate applied forces at points A, B, C, and D on the lower shaft 
 
Left bearing located at point A 
Chain and sprockets located at point B 
Launching wheel located at point C 
Right bearing located at point D 
 

푀 = 0 = −3	푖푛 ∗ ( 4.5	푙푏푠 + 5	푙푏푠) − 6	푖푛 ∗ (4.22	푙푏푠 + 2	푙푏푠 + 3.5	푙푏푠) + 12	푖푛

∗ 푅  
푅 = ퟕ.ퟐퟒ	풍풃풔 
 

퐹 = 0 = 푅 − (4.5	푙푏푠 + 5	푙푏푠)− (4.22	푙푏푠 + 2	푙푏푠 + 3.5	푙푏푠) + 7.24	푙푏푠 
푅 = ퟏퟏ.ퟗퟗ	풍풃풔 
 

푀 = 0 = − 3	푖푛 ∗ (5.00	푙푏푠)− 6	푖푛 ∗ (5.70	푙푏푠) + 12	푖푛 ∗ 푅  
푅 = ퟒ.ퟏퟎ	풍풃풔 
 

퐹 = 0 = 푅 − 5.00	푙푏푠 + 5.70	푙푏푠 + 4.10	푙푏푠 
푅 = ퟔ.ퟔퟎ	풍풃풔 
 
  

A 
B 

C 

D 
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Load, Shear, and Moment Diagrams: 
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Material chosen for this shaft is AISI 4140 Alloy Steel (UNS G41400) due to the high strength 
and availability 
 
Material properties for AISI 4140 Alloy Steel: 
 

 
푆 , = 푆 퐶 퐶 = (45000	푝푠푖)(0.9)(0.81) = 35208	푝푠푖 
 
Calculate the minimum allowable shaft diameter at points A, C, B, and D utilizing the material 
properties for AISI 4140 Alloy Steel, a factor of safety (Kt) of 2.5, and an applied torque value 
(T) of 17.36 inch pounds  
 
Point A: 
 

푉 = 푅 + 푅  

푉 = (6.60	푙푏푠) + (11.99	푙푏푠) = ퟏퟐ.ퟔퟕ	풍풃풔 

퐷 =
2.94퐾 푉푁

푆 =
2.94 ∗ (2.5) ∗ (12.67	푙푏푠) ∗ (2)

35208	푝푠푖 = 0.07	푖푛 

 
Point B: 
 

푀 = 푀 + 푀  

푀 = (19.80	푖푛 − 푙푏푠) + (35.97	푖푛 − 푙푏푠) = ퟒퟏ.ퟎퟔ	풊풏 − 풍풃풔 
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퐷 =
32푁
휋

(퐾 푀)
푆 +

3
4

푇
푆

=
32 ∗ (2)

휋
(2.5 ∗ 41.06	푖푛 − 푙푏푠)

35208	푝푠푖 +
3
4

17.10	푖푛 − 푙푏푠
95000	푝푠푖 = 0.23	푖푛 

 
Point C: 
 

푀 = 푀 + 푀  

푀 = (24.60	푖푛 − 푙푏푠) + (43.44	푖푛 − 푙푏푠) = ퟒퟗ.ퟗퟐ	풊풏 − 풍풃풔 

퐷 =
32푁
휋

(퐾 푀)
푆 +

3
4

푇
푆

=
32 ∗ (2)

휋
(2.5 ∗ 49.92	푖푛 − 푙푏푠)

35208	푝푠푖 +
3
4

17.10	푖푛 − 푙푏푠
95000	푝푠푖 = 0.42	푖푛 

 
Point D: 
 

푉 = 푅 + 푅  

푉 = (4.10	푙푏푠) + (7.24	푙푏푠) = ퟖ.ퟑퟐ	풍풃풔 

퐷 =
2.94퐾 푉푁

푆 =
2.94 ∗ (2.5) ∗ (8.32	푙푏푠) ∗ (2)

35208	푝푠푖 = 0.06	푖푛 
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APPENDIX I – RELOADING TUBE CALCULATIONS 
 
Calculate the overall height (h) the tennis travels in the vertical direction with a given decline 
length (L) of 12 inches and a 45˚ angle of the overall launching mechanism: 
 

 
 

ℎ = 퐿 ∗ sin(45°) = 12	푖푛 ∗ sin(45°) = ퟖ.ퟒퟗ	풊풏 
 
Convert the height (h) value from inches to feet 
 

8.49	푖푛 ∗
1	푓푡

12	푖푛 = ퟎ.ퟕퟎퟕퟓ	풇풕 
 
Calculate a tennis ball’s final velocity travelling down the reloading tube using 3/5 for a hollow 
sphere (assume no slipping occurs) 
 

푣 =
2푔ℎ

1 + 3
5

=
2 32.2 푓푡

푠푒푐 (0.7075	푓푡)

1 + 3
5

= ퟓ.ퟑퟑ
풇풕
풔풆풄 

 
A tennis ball dropped down the reloading tube will reach a velocity of 5.33 feet per second 
before it reaches the elbow of the tube when the decline length (L) is 12 inches. 
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APPENDIX J – COMPONENT DRAWINGS & SPECIFICATION SHEETS 
 
DC Motor: (9) 
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DC Motor: 1/8HP, 3000 RPM, Totally-Enclosed (IP44) Enclosure, 56D Frame, B14, 24V, S1 
duty. Specially designed for use in OEM applications. Combination of features and low cost 
make these motors excellent for many uses. Feature IP44 (TENV) enclosure and dedicated B14 
face mount. Rated S1 for continuous duty, and zinc plated steel frame construction. 
 

 
 
 
Battery: (10) 
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Features:  

 Absorbent Glass Mat (AGM) technology for superior performance 
 Valve regulated, spill proof construction allows safe operation in any position 
 Power / volume ratio yielding unrivaled energy density 
 Rugged impact resistant ABS case and cover (UL94-HB) 
 Approved for transport by air. D.O.T., I.A.T.A., F.A.A. and C.A.B. certified 
 U.L. recognized under file number MH 20845 

Specifications:  

 Terminal Type: F1 
 Nominal Voltage: 12 volts 
 Nominal Capacity: 

o 220-hr. (250mA to 10.50 volts) ....................................................... 5.00 AH 
o 10-hr. (450mA to 10.50 volts) ....................................................... 4.50 AH 
o 5-hr. (750mA to 10.20 volts) ....................................................... 3.75 AH 
o 1-hr. (2.85A to 9.00 volts) ............................................................ 2.85 AH 
o 15-min. (9A to 9.00 volts) .................................................................... 2.25 AH 

 Internal Resistance: 40 milliohms 
 Max Discharge Current (7 Min.): 15.0 amperes 
 Max Short Duration Discharge Current (10 Sec.): 50.0 amperes 
 Dimensions: 

o Length: 3.54 in 
o Width: 2.76 in 
o Height: 3.98 in (4.21 including terminals) 
o Weight: 3.5 lbs    
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Driving Sprocket: (11) 
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Driven Variable Speed Chain Wheel: (12) 
 

 
 
SRAM's PG-730 5-Speed Cassette is the perfect replacement for worn-out gears. It features a 
rugged steel construction for awesome durability and SRAM's Power Glide technology for 
smooth, precise shifts throughout its 12-32 tooth range. 
 
 
Chain:  (12) 
 

 
 
SRAM's PC-850 Chain makes a trusty partner over hill and dale. Quiet, smooth, and reliable. 
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Gear Derailleur:  (12) 
 

 
 
Shimano's Sora Rear Derailleur is made for 5-speed drive trains. It features smooth 11-tooth 
pulleys, a light-action spring, and a wide outer-pivot design that increases rigidity for precision 
shifts. 
 
 
Gear Shifter:  (12) 
 

 
 
SRAM's Dual Drive is a unique drive train that combines a five-speed internal-gear hub with an 
external cassette and derailleur. The result is a wide-range of gears in a clean, easy-to-control 
system. 
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Upper Shaft: (13) 
 
1/2-in dia x 1-ft 1117 Carbon Steel 
 

 
 
 
Lower Shaft: (13) 
 
1/2-in dia x 1-ft 4140 Alloy Steel 
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Bearing: (14) 
 

 
 

 
 
 
Exterior Material (Acrylic Sheet): (15) 
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24-in x 18-in x 0.22-in Clear Acrylic Sheet 

 10 times stronger than glass  
 Made in the USA  
 Lightweight and easy to handle  

 
Epoxy Adhesive: (15) 
 

 

0.85-oz Epoxy Adhesive 

 Easy to dispense, and use, Gorilla Epoxy brings a strong, long-lasting bond for household 
and automotive repairs alike  

 Separate barrels of resin and hardener keep epoxy from hardening, plus syringe dispenses 
evenly and includes a cap for multiple uses  

 The two-part, gap-filling formula easily bonds steel, aluminum, wood, ceramic, tile and 
much more  

 Dries clear so it's ideal for clean, easy finishing  
 5 Minute Set  
 Gap-Filling and bonds uneven and vertical surfaces  
 Water resistant  
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Reloading Tube Material: (15) 
 

3-in dia x 2-ft Sch 40 PVC DWV Pipe 

 

 Conforms to standards: ASTM D 4396, ASTM F 891 and NSF Standard 14  
 White pipe used in sanitary drain, waste, and vent (DWV), sewer and storm drainage 

applications  
 Not intended for pressure use  
 Maximum working temperature of 140°F  
 PVC foam core is highly durable and with no rusting it offers years of trouble-free 

service  
 Charlotte Pipe products are manufactured in the USA  
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3-in dia 90-Degree PVC Elbow Fitting 

 

 Conforms to meet Standards: ASTM D 1784, ASTM D 2665, ASTM D 3311 and NSF 14  
 White fittings used in sanitary drain, waste, and vent (DWV), sewer and storm drainage 

applications  
 Not intended for pressure use  
 Maximum working temperature of 140°F  
 Charlotte Pipe products are manufactured in the USA  
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APPENDIX K - SCHEDULE  
 
Below is the actual schedule that the project took: 
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APPENDIX L – BUDGET  
 
Below is the table detailing the actual budget of the project: 
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APPENDIX M – CAD DRAWINGS  
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APPENDIX N – CAD MODEL 
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