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ABSTRACT 
 

Most residential spaces around the world have basketball hoops in their drive ways 

for both recreational use and practice. With many adolescents becoming more involved in 

sports like basketball, they themselves not only know the importance of practice, but also the 

parents of these adolescents. Yet for many people having very busy schedules it is hard to 

find time to practice for the periods of times wanted. When the time is found to practice, the 

efficiency of the practice becomes vital. Therefore many people buy multiple basketballs, or 

cheaply made return systems to use when they are practicing so they do not have to chase the 

ball after each shot made or missed. This running around decreases the efficiency when 

practicing so less shots, or shooting form is worked on when doing so.  

 We propose to design and manufacture a basketball return system that can be set up and 

collapsed in a residential area. This design would encompass a large netting system to catch 

the balls and funnel them to the return mechanism. The return mechanism would take the 

funneled basketball and return it at an angle and speed safe for all users. The netting system 

will be easy to set up and use with the mechanical launching system being powered by 

electricity for simplicity and ease of use by the operators. The entire return system would be 

easily storable in a garage for quick and easy access by any age user. 
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INTRODUCTION 
 

Problem Statement 

 Many youth around the world today participate in basketball at some point. They have 

also developed camps and year round programs for the more competitive athletes. With this 

strive to become more competitive, the youth need to utilize the practice time as best they 

can. The most time lost while practicing is from chasing the ball around after every shot. To 

combat this issue many basketball return systems have been designed over the years to 

alleviate some of the issues with missed and made shots. Many systems do not return the ball 

back to the shooter if the ball does not go inside the hoop. If the system does catch the ball 

when the shot is missed, they are most likely too expensive or cumbersome for most at home 

players. A system would need to be designed that is cost effective, returns the ball to the 

player, even when the shot does not go inside the basket, and be easy to set up and use for 

players of all ages. 

 

RESEARCH  
 There are many existing products in the market today that generally cover the problem 

that was stated above. We researched many and found five to highlight and take a direction 

from. 

 

 The first is Ballback pro system (Figure 1) is designed to fit on to any standard size 

basketball hoop using no tools other than a ladder. This system simply bounces the ball back 

to the shooter. Ball will only be returned to shooter if the basket is made. Sometimes ball 

mishits return system even with a made basket and does not return ball. The price is about 

$20 USD. (1) 

 

 
Figure 1 - Ballback Pro 
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 The second is SKLZ shoot around 180 basketball return is designed to fit any 

standard size basketball hoop attaching to it with straps (Figure 2). This design allows for the 

ball to be returned to any side of the basketball court via an adjustment with how it is 

attached to the rim. It is suitable for all ages. The issues with this device is that the strap 

points are made of plastic and may break after repeated use. This device only returns the 

balls if the basket is made, but the longer chute enables for a better return. The price is about 

$40 USD. (2) 

 

 
Figure 2 - SKLZ Shoot Around 180 

 

 The third is the SKLZ rapid fire ball return is a simple design that only requires a net 

that attaches to the back board of a basketball hoop (Figure 3). The advantage of this design 

is that it can catch and return balls that do not make it through the hoop. Set up is easy, 

simply clamp the net supports to top of the back board and place the weighted end of the net 

in front of the hoop. The support arms that attach the net to the backboard may break if the 

ball makes contact. The net catches most balls, made or missed, but only returns them to the 

center. The weights that hold net down are detachable and may become lost and render the 

product useless. The price is about $140 USD. (3) 

 

 
Figure 3 - SKLZ Rapid Fire 
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 The fourth research design is the Airbourne Athletics IC3 is a more complex design of 

the traditional hang off the hoop ball return system (Figure 4). This product incorporates a 

netting system that emphasizes proper shooting arc and can catch balls that don’t make it 

through the hoop. Included in this system is also a manually rotating ramp that can return the 

ball to where you put it. It is suitable for all ages and skill sets. Issues with this design 

include it’s designed for pole supported hoops only. This design can only be used on a 

basketball hoop that is supported by a pole directly behind it. A younger player would need 

assistance from adult to install and take down. This device has a considerably higher price of 

$350 USD. (4) 

 

 
Figure 4 - Airbourne Athletics IC3 

 

 The final design researched was found to be the most expensive and used mostly on a 

college and professional level. It is the Shoot-A-Way Gun 8000 is a top of the line basketball 

return system (Figure 5). This product can help with proper shot arc, return most balls shot at 

the basketball hoop, and can be programmed for drills. The Gun also has a training program 

install and can be used with a touch of a button. This drill system rotates around shooting the 

ball at preprogrammed areas. This program also tracks your progress and saves the data for 

upload to a computer for future reference. It can be wheeled in and out of doorways and set 

up in seconds. Again this set-up is way too complex for your average household. This 

particular model retails at a price of $4550 USD. (5) 

 

 
Figure 5 - Shoot–A–Way Gun 8000 
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SURVEY  
 

 After looking at existing products that are currently on the market and brainstorming 

ideas for how our system will be different, we posted a survey on Survey Monkey to get a 

consensus on how the customer would like the system to be constructed. To get an idea of the 

audience that would be taking the survey a few basic questions were asked. After those 

though, we asked specific questions on necessary features, characteristics, type of power 

source, time of a normal shooting session, and the amount they would be willing to pay for 

the system. All of these questions are shown below in Table 1 and graphically shown below 

in Figure 6 – Figure 10.  

 

 
Table 1 - Survey Responses 

 

0-1 Days 2-3 Days 4-5 Days 6+ Days

34 7 3 2

Have you ever used any return system? (Ex. Rim hanging, automatic, etc.)

Yes No

10 36

9 have used basic rim hung and 1 has used an automatic returner

What features do you feel are necessary for any basketball return system?

Catch missed balls, shot to 3 point line, return in any direction, 

What characteristcs do you feel are required for a good return system?

Easy to use, Easy to set-up, reliablity, durability, low cost

What type of power source would you like to see?

Plugged-In Battery Solar Other

8 9 22 7

Other responses said none, so assuming gravity

0-30 min 31-60 min 61-90 min 91+ min

32 12 1 0

How much would you being willing to pay for an automatic basketball return system?

0-500 501-1000 1001+

43 3 0

How many times do you play basketball per week?

How long does  a typical shooting session last? 
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ENGINEERING FEATURES  
 After collecting all of the survey data and combining it with our brainstormed ideas, we 

came up with a list of engineering features that we felt this system required in order to 

function properly. The following is the list we generated: 

 Easy to manufacture 

 Easy to use 

 Operated by one person 

 Durable 

 Easy to store 

 Easy to maneuver 

 Reliable 

 Easy maintenance 

 

PRODUCT OBJECTIVES  
 Based on information found on reading articles through-out the internet and the 

conduction of our survey, the following objectives have been established to make this 

product succeed and be one of the best products on the market. The following also features 

the engineering characteristics and the methods in which they will be used in prototyping a 

design. These characteristics are weighted and measured to ensure the end goal of the project 

is met. They have been listed in descending order.  

 

 

Can Return Basketballs Bounced off of the Back Board  30% 

Can catch basketballs bounced off back board in case of a missed shot. 

Calculate return net profile system. 

Design netting system to fit profile. 

 

Ease of Set up  24% 

The system can be easily set up by ages 10 and up. 

 

Ease of Operation  23% 

Simple push buttons 

Color coated and labeled for target age range of 10 and up. 

 

Storability  9% 

Will break down to store in a garage area  

 

Movability  7% 

Designed to be pushed around by ages 10 and up with little or no effort 

Design wheel layout so that product has the lowest center of gravity 

 

Cost  7% 

Product designing and manufacturing to be kept under $1800 USD 
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DESIGN 
 

Frame Alternatives 

 The frame design is the most important concept for our machine. Without having a 

system that will catch balls that do not go in the hoop, we have a product that cost more and 

does the same as the existing products that are on the market. With that and the ability for the 

frame to collapse for storage in mind, three concepts were developed and analyzed to see 

what was easiest to use and worked the best. The designs that were established were: a four-

bar linkage that would raise the bars vertically in to position, a chain and sprocket system 

that would crank up the bars, and a manual operation of raising each bar individually. 

 

Four-Bar Linkage (Figure 6): 

The four-bar linkage design would incorporate a long lever that had a pivot point nearly 6 

feet high. The long bar would allow for easy lifting since the lever arm would be long.  

 
Figure 6 - Four-Bar Linkage 

Chain and Sprocket (Figure 7): 

 The chain and sprocket design would use four total gears and two chains. On one side of the 

frame, a bracket would be mounted to attach a sprocket and crank. Then at the pivot point 
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where the posts raise the net, a rod will be pinned to the rising posts. When the crank is 

turned, it will cause the top sprocket to turn and raise up the netting system. From the back 

posts, another chain will be connected to the front bars. That sprocket will be smaller so that 

when the back posts are completely vertical, the front posts will be angled forwarded to catch 

any missed baskets. 

 
Figure 7 - Chain and Sprocket 

 

Sliding (Figure 8): 

The sliding design is the most basic concept that could be thought of. The extension posts 

would have a smaller outside diameter than the main posts inside diameter. Since they would 

slide in and out easily a pinned would be used to hold the bars in position when they are up 

and down. Each post would have to be raised and lowered individually. 
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Figure 8 - Sliding Frame 

 

Launching Mechanism Alternatives 

 In order to get the ball back to the shooter every time, a launching mechanism is needed 

to shoot the ball back once it has been collected by the netting system. Three preliminary 

concepts were discussed: air cylinder with a pad that contacts that ball (Figure 9), air cylinder 

attached to a scoop that propels the ball to the shooter (Figure 10), and a motor attached to a 

scoop that would propel the ball (Figure 11).  

 

Air cylinder with pad: 

The cylinder and pad will launch the ball when a signal is sent to the controller via a RF 

remote. That signal will actuate a series of valves and relays that will hit the ball back to the 

person while also loading the next ball in to position. 

 
Figure 9 - Air Cylinder with Pad 
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Air cylinder and scoop: 

The cylinder and scoop will propel the ball when a signal is sent to the controller via a RF 

remote. That signal will actuate a series of valves and relays that will throw the ball back to 

the person while also loading the next ball in to position. 

 
Figure 10 - Air Cylinder and Scoop 

 

Motor and scoop: 

The motor and scoop will fling the ball when a signal is sent to the controller via a RF 

remote. That signal will turn on the motor in which it will throw the ball back to the person 

while also loading the next ball in to position. 

 
Figure 11 - Motor and Scoop 
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Final Concept Design: 

 After analyzing our survey results and the concept configurations, we used the weighted 

rating method to determine the final configuration of our design. 

 For the launching system, we compared air cylinders, electric actuators, rechargeable 

batteries, and solar power. Even though from our survey solar power was the most popular 

choice, the panels and batteries to make them work were extremely expensive and out of the 

scope for our project. Next on the list was rechargeable battery and plugged-in respectively. 

Even though the air cylinders have to be plugged in with and extension cord, the feasibility 

was slightly greater than that of a rechargeable battery that when not in use would have to be 

connected to a battery tinder or trickle charger. 

 Next we analyzed the netting system and frame that would catch the balls after they were 

shot. The three designs that we discussed were a four bar linkage, chain and sprocket, and 

folding posts. Of the three ideas that we came up with, the chain and sprocket seemed to be 

the easiest for all age groups with the least amount of steps. A single crank will be located on 

the side of the machine and a chain will be used to rotate the back most posts upward. On 

that connecting bar, a double gear will be used to connect to the front posts to pull them up at 

the same time. 

 Finally we examined how the launching frame would work. The three options we 

determined were to have the assembly fixed in a single direction, have a stepper motor 

automatically rotate the assembly, or use a quick-release pin and manually rotate the 

assembly on a bearing. Since having the launcher fixed was not an upgrade to the previously 

discussed return mechanisms, that option was immediately discarded. Then with the cost of 

stepper motors and the electrical components to make it move, that push that out of our 

budget which left us with the option of pinning the assembly. 

 The final design will include an air actuated launching mechanism that can be rotated 

manually to preset positions with the insertion of a quick release pin. The netting system that 

will funnel the ball in to the launching mechanism will be raised and lowered by the turn of a 

crank. The weighted rating scale that was used as the basis for our decision is below in Table 

2. 
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Table 2 - Final Concept Weighted Rating 

  

Importance 

Weight %

Manufacturability 20% 3 0.6 3 0.6 3 0.6 3 0.6

Cost 50% 4 2 3 1.5 4 2 1 0.5

Reliability 20% 3 0.6 3 0.6 2 0.4 2 0.4

Low Maintenance 10% 3 0.3 3 0.3 2 0.2 4 0.4

Total Weight 100% 3.5 3 3.2 1.9

Importance 

Weight %

Manufacturability 20% 2 0.4 3 0.6 3 0.6

Cost 30% 3 0.9 3 0.9 3 0.9

Ease of Set-up 40% 3 1.2 3 1.2 2 0.8

Low Maintenance 10% 4 0.4 4 0.4 4 0.4

Total Weight 100% 2.9 3.1 2.7

Importance 

Weight %

Cost 30% 3 0.9 4 1.2 1 0.3

Shoot in all Directions 40% 4 1.6 1 0.4 4 1.6

Manufacturability 20% 3 0.6 4 0.8 2 0.4

Low Maintenance 10% 3 0.3 4 0.4 3 0.3

Total Weight 100% 3.4 2.8 2.6

Launcher Frame Set-Up

Pinned Fixed Automatic

Air Cylinder Actuator
Rechargeable 

Battery
Solar Power

Launching System

4-Bar Linkage
Chain and 

Sprocket
Folding

Netting System
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DETAIL DRAWINGS AND SOLID MODELS 
 

Launching Mechanism 
 

The launching mechanism (Figure 12) was broken down into multiple sub-sections. These 

sections were as follows: shooting frame, launching system, ball release system, and track. 

 

 
Figure 12 - Launcher Assembly 

 

Shooting Frame: 

The skeletal frame of the launcher will be constructed of 1.5” square carbon steel tubing 

(Figure 13). The front and side panels will be made from sheet metal since they are only 

acting as guarding and not holding any load. Then the top, back, bottom inner, and bottom 

panels will all be made from 1/4” steel plate since there are pieces being attached to them and 

they have to support minimal forces. The balls will enter the shooting mechanism through a 

weldment that funnels the balls into the track (Figure 14). Finally a small plate will be 

welded on to the front of the bottom plate that will hold the shooting mechanism from 

rotating. 
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Figure 13 - Launcher Frame 

 

 

 
Figure 14 - Ball Funnel 
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Launching System: 

The air cylinder that will impact the ball will be mounted to a weldment made from tubular 

steel and steel plates. The steel tubing will be cut at a 45 degree angle and the cylinder 

mounting plate will be welded to it (Figure 15). A metal pad will be threaded on to the end of 

the cylinder so that it will be the object the hits the ball instead of the cylinder rod. Below is 

the assembly drawing of the launching system together (Figure 16). 

 

 
Figure 15 - Launching Weldment 
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Figure 16 - Launching Mechanism 

 

Ball Release System: 

The ball release system works by using a cylinder that pushes and pulls the end of a “C” 

shaped piece of metal that has a pivot joint in the middle of it (Figure 17). This system is held 

from the top by brackets that attach to the pivot point of the brackets. Below is a detailed 

assembly drawing (Figure 18). 
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Figure 17 - Ball Stopper 

 

 

 

 
Figure 18 - Ball Release System 
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Track: 

The track that the ball will slide down will be made of 3/8” bar stock that is bent in to the 

desired shape. The bars will be welded on both sides to an upper and lower support weldment 

(Figure 19 and 20). The lower support weldment will also have a cylinder attached to it that 

will raise the ball off of the track and in to position for the launching mechanism. 

 

 
Figure 19 - Upper Track Support 

 

 
Figure 20 - Lower Track Support 
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Netting Frame 
 

The frame that holds the launching portion of the project and the netting was constructed of 

1.5”x1.5”x3/16” steel tubing (Figure 21). After all of the pieces were cut and squared, we 

welded the frame together. On the bottom of the frame, 1/2” steel pads were welded in place 

for the casters that would be used to move around the system. 

 
Figure 21 - Netting Frame 

 

Main Assembly 
 

After each of completed our portion of the solid modeling, our parts were combined to create 

a final assembly model (Figure 22). Once our models were combined some modifications 
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were needed to be made in order to make a functioning system, but the changes needed were 

not substantial. 

 
Figure 22 - Main Assembly 

 

CALCULATIONS 
 

During the design of the frame for the basketball return system it was determined that the 

frame would have to with stand the weight of itself and the launcher system that would be 

mounted to it. Therefore the weight of all the launcher components and the frame with 

netting was calculated, then with a factor of safety of 1.5 the design weight for each was 

calculated. From here the numbers were plugged into a beam calculation program. Shown 

below are the results for the reaction forces at the corners, the shearing force in the support 

members, and the bending moment in the support members (Figures 23-25). 
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Figure 23 - FBD of Longest Beam 

 

 

 
Figure 24 - Shear Force Diagram 
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Figure 25 - Bending Moment Diagram 

 

 

 As seen in the calculations below the material selected for the frame material will have no 

trouble with standing the stress that it will see it is safe by a factor of 5. 

 

𝐼 =  .421875 

𝑀 = 4546.345 𝑙𝑏 𝑖𝑛 

𝑐 =  .75 𝑖𝑛𝑐ℎ 

𝜎𝑀𝑎𝑥 =
𝑀𝑐

𝐼
  

𝜎𝑀𝑎𝑥 =
4546.345 ∗ .75

. 421875
  

𝜎𝑀𝑎𝑥 = 8082.39 𝑝𝑠𝑖 
 

 

𝑌𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑔𝑡ℎ 𝑓𝑜𝑟 𝐴500 𝑠𝑡𝑒𝑒𝑙 = 42 𝑘𝑠𝑖 
𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑖𝑠 𝑠𝑎𝑓𝑒  
 

 

 

In the design of this launching mechanism, the basketball is acting as a projectile that needs 
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to be launched at a specific velocity with a known distance to travel and launching angle. A 

simple projectile motion equation will give the required initial velocity the ball needs to leave 

at to satisfy our requirements. (6) 

 

𝑣𝑜 = √
𝑅2 ∗ 𝑔

(𝑅 ∗ 𝑠𝑖𝑛2𝜃) + (2 ∗ ℎ ∗ 𝑐𝑜𝑠2𝜃)
 

 

𝑣𝑜 = √
182 ∗ 32.2

(18 ∗ sin (2 ∗ .785)) + (2 ∗ 2 ∗ 𝑐𝑜𝑠2(.785))
 

 

𝑣𝑜 = 22.84 𝑓𝑡/𝑠 
 

 

 

 

 
 

Once the initial velocity was calculated the force needed to impact the ball was then derived. 

From the calculated force, a pressure can be calculated that is required to launch the ball our 

required distance. (7) 

 

 

𝐹 =
𝑚 ∗ 𝑣2

2 ∗ 𝑠
 

 

𝐹 =
. 043 ∗ 22.842

2 ∗ 2.17
 

 

𝐹 = 61.59 𝑙𝑏  
 

 

𝑃 =
𝐹 ∗ 4

𝜋 ∗ (𝑑1
2 − 𝑑2

2)
 

 

Angle 0.261799388 Radians Angle 0.523598776 Radians

V0 28.63 ft/s V0 23.69 ft/s

F 96.75 lbf F 66.27 lbf

Launch Calculations

15 Degree Lauch 30 Degree Launch

Angle 0.785398163 Radians Angle 1.047197551 Radians

V0 22.84 ft/s V0 25.08 ft/s

F 61.59 lbF F 74.26 lbf

45 Degree Launch 60 Degree Launch
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𝑃 =
61.59 ∗ 4

𝜋 ∗ (1.582 −. 4382)
 

 

𝑃 = 34 𝑃𝑆𝐼 
 

 

Once the ball has been shot and is trapped in the net, it must travel down to the funnel portion 

of the return system. I calculated the distance the ball will bounce once it drops on to the 

track and again when it hits the stop at the bottom of the track by using the balls coefficient 

of restitution. (8) The calculation was to ensure that when the ball hits the stop at the bottom 

it will not bounce off of the track. 

 

 

Bounce Distance: 

 

CR = coefficient of restitution = 0.79 (9) 

h = bounce height 

H = Drop Height 

𝐶𝑅 =  √
ℎ

𝐻
 

 

ℎ =  𝐻 ∗ 𝐶𝑅2 
 

ℎ =  .68 ∗. 792 
 

ℎ =  .42 𝑓𝑡. 𝑜𝑟 5.09 𝑖𝑛. 
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COMPONENT SELECTION 
 

 Component selection for the frame was all based on forces that needed to be with stood, 

then gearing for the lifting. With the gearing one of the netting supports needed to be at a 45 

degree angle when the other was vertical and the sprockets needed to fit around a 1018 steel 

rod. Keeping these parameters in mind sprockets were chosen with teeth number of 22 and 

15 to achieve the angles needed when the netting was fully deployed. When it came time to 

select components for the frame itself, calculations for what weights would be encountered 

were made. It seemed the highest stress that would be seen in the frame design was 8 ksi. 

Steel was selected at 42 ksi due to availability and size that was needed.  With these critical 

components material selected calculations were double checked to make sure everything 

would work, then modeled. 

 

 When selecting components for the launcher, there were only two main components that 

needed to be examined. The first was the air source that was going to be used and the second 

was the cylinder that was going to be used to launch the ball. After running the calculations 

from above, the pressure needed to hit the basketball the intended distance was 34 PSI. With 

that being said, a 3 gallon pancake style air compressor was chosen that had a 100 PSI 

regulator. Once the air compressor was found, some calculations were done to determine the 

best bore size for the launching cylinder. The cylinder bore size that was chosen to be used 

was 1.5”, but a cylinder as small as 1.125” could have been used, but we did not like the size 

of the cylinder rod. We felt that it was too small and after repeated use it could be damaged 

easily. 
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FABRICATION AND ASSEMBLY 
 

The fabrication and assembly portion of this projected started with us cutting the 24 foot long 

pieces of tubing down to size and squaring up the ends. Once all of the pieces were cut we 

began to weld together the netting and launcher frames. Once the general skeleton of the 

structure was built, then we started to weld together the different weldments for the launcher. 

Most of our smaller components that needed machined were donated to us by Cincinnati Test 

Systems, but those that were not required us to use a mill and lathe. Since a mill, lathe, band 

saw, and MIG welder were all in the garage in which we were building our system, it made it 

extremely convenient when something needed re-worked or altered. Once the two parts were 

bolted together (netting frame and launcher frame), we then worked on wiring the electrical 

box. In order to make our system function properly, it required us to wire up a programmable 

relay, two capacitive sensors, and a valve pack to fire the cylinders to a power supply that 

converts the 110V AC power from a standard wall outlet to 24V DC to power the electrical 

components. Finally, after everything was fabricated and the electrical box was wired, we put 

the net on the posts. (Figures 26-31) 

 
Figure 26 - Launcher Frame 

 
Figure 27 - Electrical Panel 
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Figure 28 - Weldments and Wiring Path 

  

 
Figure 29 - Netting Frame Base 

 
Figure 30 - Netting Frame with Upright Posts 
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Figure 31 - Completed System 
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TESTING AND PROOF OF DESIGN 
 

Launcher Testing 
 

Before everything was hooked up and tested, we decided to take baby steps in the 

process to ensure that everything worked properly. This allowed us to debug individual parts 

one at a time for easier problem recognition. The first set of preliminary tests we conducted 

were: manual moving the cylinders by hand to ensure full range of movement, double 

checked all wiring configurations to make sure nothing was wired backwards which would 

result in frying electrical parts, and firing the cylinders once the air was attached manually 

via the valve pack. 

After the preliminary tests were done there were a few modifications that needed to 

be addressed. The main issue was that the launching cylinder was not hitting the basketball 

with the speed that we desired. In order to increase the speed we ended up changing the 1/4” 

airline to 3/8” and incorporated a quick exhaust valve. This allowed us to get more volume of 

air to the cylinder while also allowing the air on the retract side to exhaust immediately 

instead of pushing the air through the airline and out the valve pack exhaust. Another crucial 

modification was the addition of bars around the track to prevent the ball from bouncing out 

of the track. 

Finally, once the program was uploaded in to our relay and the air was hooked up we 

began to test the system. We began to feed the balls in to the funnel to ensure that all 

modifications that were made resolved all of the problems that were found during our 

preliminary testing.  

 
Netting Frame Testing 

 
 After the fabrication was completed and the launching system was working, there 

were only a few more tests that needed to be conducted. The first test that we conducted on 

the frame was a mobility and fit test. We pushed the system around my garage to see how 

easy it was to maneuver and pushed it outside to make sure it with out of the garage that we 

were working in.  

Once those tests were completed, the net was securely attached, and the gears were 

set in place, we ran the posts up and down multiple times to make sure that the net was not 

going to get caught on any of our support posts. 

Once we verified that the net did not incur any issues moving up and down, we began 

to throw the ball into the net at various angles to make sure it made it into the funnel on the 

launcher. Some modifications to the net were made because the ball would occasionally find 

a loose pocket of netting and get stuck before it made it to the funnel.  
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BUDGET AND SCHEDULE 
 

From our component selection we were able to compose an actual projected bill of materials 

for our design. Our preliminary bill of materials projection was just under $1,500 (Table 3).  

 

Material and 

Components 

Estimated 

Budget 

Actual 

Cost 

Steel Framework  $500    

Netting  $140    

Electrical Components  $300    

Motor  $100    

Wheels (Casters)  $80    

Paint  $50    

Misc. (Labor, Parts, Etc.)  $250    

      

Total Cost  $1,420    

Table 3 - Preliminary Budget 

 

After finalizing the design concept and using specified components that would work for our 

design system, the actual projected bill will come in at just over $2,000 (Table 4). 

 
Table 4 - Bill of Materials 

Line Item Manufacturer Part # Qty Price Total Line Price

1 Alro Steel n/a 7 41.43$    290.01$                  

2 Cascade Netting n/a 1 167.00$ 167.00$                  

3 Harbor Freight 61615 1 42.69$    42.69$                    

4 McMaster 4937T12 2 22.27$    44.54$                    

5 McMaster 4937T15 2 15.07$    30.14$                    

6 McMaster 98320A140 1 1.63$      1.63$                       

7 McMaster 97245A631 2 3.76$      7.52$                       

8 McMaster 22345T2 1 61.43$    61.43$                    

9 Decker E-Supply A14128C 1 96.75$    96.75$                    

10 Decker E-Supply A14P12 1 9.15$      9.15$                       

11 Bimba M-044-D 1 31.75$    31.75$                    

12 Bimba M-176-D 1 59.50$    59.50$                    

13 Bimba M-022-DXPK 1 31.70$    31.70$                    

14 McMaster 6236K233 1 32.80$    32.80$                    

15 Mcmaster 6280K275 3 12.30$    36.90$                    

16 McMaster 6261K172 1 23.40$    23.40$                    

17 Grainger 2W092 1 21.59$    21.59$                    

18 Amazon Martin 35 1 21.36$    21.36$                    

19 Omron ZENCIF01 1 183.78$ 183.78$                  

20 Integrated Supply SHCS04C008 1 10.00$    10.00$                    

21 Party Source Bud light 2 19.99$    39.98$                    

22 Digikey Hornet-S2-ND 1 94.13$    94.13$                    

23 1 110.00$ 110.00$                  

24 Zen Zen-10CIDR 1 155.97$ 155.97$                  

25 Banner CF5S18AP4X-0.2M-RS4T 2 131.76$ 263.52$                  

26 Aurora Lumber Misc 16 0.57$      9.12$                       

27 Walmart AG590 1 37.08$    37.08$                    

Total 1,913.44$              

2,074.53$              

(161.09)$                

Projected Total

Difference

Project Total

Trailer Winch 1500 LB

Big Sprocket

Small Sprocket

6 ft of #35 ANSI Roller Chain

10ft of #35 ANSI Roller Chain and Sprocket

Idler Sprocket

1/4 - 20 Cap Screws

Omron CIF01

Special Payments

RF Remote Control Switch

Misc Bolts

40 series chains and sprockets

Zen Controller 

Actual Project Cost

Part

1.5" x 1.5" x .180" x 24' Tube Steel

#15 x 1 3/4" - 4' x 50' Square Mesh Barrier

3G 1/3 Oilless pancake air comp.

Low - Profile Caster, Swivel

Low - Profile Caster, Rigid

Zinc - Plated Quick - Release

Zinc - Plated Clevis Pin

Motion Sensors

Heavy Duty Turntable

Hoff Piano Hinge JIC Box

Bimba Air Cylinder

Hoff Panel Only

Bimba Air Cylinder

Bimba Air Cylinder
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Our schedule below shows the tasks that were to be completed and the projected days to 

complete them. The highlighted yellow cells show the initial projected dates of completion 

while the solid black bar is the actual completion date. See Table 5 below for details of the 

tasks and dates for accomplishment. 

 

 
Table 5 - Proposed vs. Actual Schedule 
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Content review (advisor) 8

Proof of Design Agreement (advisor) 15

Concepts/Selection (advisor) 15

3D Model - (Sub assemblys) 12

3D Model - (Main Assembly) 26

Bill of Materials 3

Finalize Drawings 10

Order Materials 10

Design Freeze (Dec 15th) 14

Design Oral Report 5

Fabrication 18

Testing 4

Modifications 11

Final Testing 20

Advisor Demonstration 25

Tech Expo 16

Faculty Demonstration 16

Oral Report 23

Project Report 26

Brad Roland & Jacob Hartschuh

Automatic Basketball Return 
System
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CONCLUSION 
 

 In conclusion a basketball return system that can catch and return basketballs, is easy 

to set-up, use, and is price conscious for residential use is a feasible concept. Our working 

prototype did not perform to the expectations we had set, but the overall design idea was a 

success. The system was devised to launch a ball in the air to the three point line. Instead the 

ball was launched in the air for an average of 6 feet making it to the three point line in three 

bounces at waist height. The chain lifting system was not without fault either. The calculated 

sprockets were found to not create enough torque to rotate the netting arms with the ease 

needed for a younger user to operate the system. Larger sprockets were added to the netting 

system along with a safety lock for better use and peace of mind by a younger user. 

 There are many important recommendations for this product that would improve its 

performance, ergonomics, and marketability. For performance an increase in air flow would 

be recommended so that the ball can reach the 3 point line without bouncing. This could be 

done by adding an accumulation tank to help keep the required volume of air present or 

incorporating a larger compressor. If increasing the airflow still yielded poor results a 

redesign to an air cylinder activated torsion spring launcher would be an alternative option. 

Recommendations for ergonomics would be to make the entire launcher and frame 

assemblies from aluminum. This project would not meet budget if the return system was 

made from aluminum, thus steel was used sacrificing weight reduction. Continuing with 

ergonomics another set of swivel casters would need to be added to the center of the frame to 

help with ground clearance issues when going over bumps. Finally to help ergonomics with 

smaller users of the automatic basketball return system lower handholds would need to be 

devised for them. The lower handles will help the smaller users create enough torque and 

force to move the system around without a lot of effort on the users end.  A recommendation 

for a marketing improvement would be to create the entire system a “snap” together frame. A 

snap together frame would mean this basketball return system would be feasible to sell in big 

box stores such as Walmart, Dick’s Sporting Goods, Target, and Meijer so that the buyer can 

assemble it at home and use it the same day. Selling in these stores would create the ability to 

sell in almost any location to any market, reducing production costs and improving 

profitability for a potentially successful product. 
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APPENDIX A - RESEARCH 
 

Ballback Pro Basketball Return System 
 

The Ballback pro system is designed to fit on to any standard size 

basketball hoop using no tools other than a ladder. This system 

simply bounces the ball back to the shooter.  

 

 
 

Strengthen your shooting skills from every part of the court with 

the Ballback™ PRO ball return system. The Ballback™ PRO fits 

most standard home basketball rims and helps players improve 

their shooting skills, free throws, and 3-point shots without the 

hassle of chasing and retrieving balls. The Ballback™ PRO 

automatically returns the basketball to a player anywhere within a 

90 degree arc without needing adjustment.  

 

FEATURES: 
 

 

 Provides more practice time and improves shooting skills 

 Fits standard home rims with the added "breakaway" feature 

 Conveniently returns ball to a player within a 90 degree arc 

without needing adjustment 

 Ideal for both individual & team practice 

 Installs in seconds - no tools required 

 Not for use in temperatures below 40°F 

 Full 1 year manufacturer warranty 

 Model: BBP-2000 

 

 

Ball will only be 

returned to shooter if the 

basket is made. 

 

Sometimes ball mishits 

return system even with 

a made basket and does 

not return ball. 

 

$20 USD 

 

 

 

 

http://t.dickssportinggoo

ds.com/product/index.js

p?productId=3998141&

kw=ballback&origkw=b

allback 09/13/14 

 

http://t.dickssportinggoods.com/product/index.jsp?productId=3998141&kw=ballback&origkw=ballback
http://t.dickssportinggoods.com/product/index.jsp?productId=3998141&kw=ballback&origkw=ballback
http://t.dickssportinggoods.com/product/index.jsp?productId=3998141&kw=ballback&origkw=ballback
http://t.dickssportinggoods.com/product/index.jsp?productId=3998141&kw=ballback&origkw=ballback
http://t.dickssportinggoods.com/product/index.jsp?productId=3998141&kw=ballback&origkw=ballback
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SKLZ Shoot Around 180 Basketball Ball Return 
 

The SKILZ shoot around 180 basketball return is designed to fit 

any standard size basketball hoop attaching to it with straps. This 

design allows for the ball to be returned to any side of the 

basketball court via an adjustment with how it is attached to the 

rim. It is suitable for all ages. 

 

  

 
 

Practice your shot from anywhere on the court with the SKLZ® 

Shoot Around 180° Ball Return. This basketball return system 

provides a 180° rotation without having to remove from the rim, 

making it easy to practice shots from anywhere and have the ball 

rebounded right back. Strengthen your shot with SKLZ® Shoot 

Around 180° Basketball Ball Return.  

 

FEATURES: 
 

 

 Non-distracting mono-chromatic color keeps you focused on 

rim 

 Easily attaches to any standard rim with four snap-on straps 

 Ideal for a height adjustable backboard 

 Basketball not included 

 Model: DMSA-000-02 

 SKLZ 

 

 

The issues with this 

device is that the strap 

points are made of 

plastic and may break 

after repeated use.  

 

This device only returns 

the balls if the basket is 

made, but the longer 

chute enables for a 

better return. 

 

$40 USD 

 

http://t.dickssportinggoo

ds.com/product/index.js

p?productId=3997869&

clickid=prod_cs&recid=

prod_PageElement_pro

duct_rr_1_856 09/13/14 

 

http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997869&clickid=prod_cs&recid=prod_PageElement_product_rr_1_856
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SKLZ Rapid Fire Ball Return 
The SKLZ rapid fire ball return is a simple design that only 

requires a net that attaches to the back board of a basketball hoop. 

The advantage of this design is that it can catch and return balls 

that do not make it through the hoop. Set up is easy, simply clamp 

the net supports to top of the back board and place the weighted 

end of the net in front of the hoop.  

 
 

The most convenient and effective basketball return system, the 

SKLZ® Rapid Fire™ gives players the ability to practice 

shooting repetitively from anywhere on the court -- without 

chasing a ball. Return netting provides optimal height and flexible 

position for perfect ball returns to stay in rhythm. It's like having 

your own rebounder, even for baseline shots. 

 

 

FEATURES 

 Nylon mesh basketball return system with metal parts 

 Adjustable arms let you practice shots from all over the court -- 

even baseline shots 

 Becomes a backstop for shooting -- protects your landscape or 

cars 

 Can tuck away when not in use -- no need to take down for 

competitive play 

 Netting is 14' long and up to 13' wide for maximum return 

 Fits virtually all rectangular backboards up to 60" 

 Mounts easily in minutes -- no ladder needed for height 

adjustment systems 

 

 

The support arms that 

attach the net to the 

backboard may break if 

the ball makes contact. 

 

The net catches most 

balls, made or missed, 

but only returns them to 

the center. 

 

The weights that hold 

net down are detachable 

and may become lost 

and render the product 

useless. 

 

$150 USD 

 

 

http://t.dickssportinggoo

ds.com/product/index.js

p?productId=3997868&

clickid=prod_cs&recid=

prod_PageElement_pro

duct_rr_4_856 09/13/14 

 

http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856
http://t.dickssportinggoods.com/product/index.jsp?productId=3997868&clickid=prod_cs&recid=prod_PageElement_product_rr_4_856


 

36 

 

 

 

Airborne Athletics IC3 Ball Return System 
  

The IC3 is a more complex design of the traditional hang off the 

hoop ball return system. This product incorporates a netting 

system that emphasizes proper shooting arc and can catch balls 

that don’t make it through the hoop. Included in this system is 

also a manually rotating ramp that can return the ball to where 

you put it. It is suitable for all ages and skill sets. Issues with this 

design include it’s designed for pole supported hoops only.  

 

 
 

Designed to fit on most existing portable or in-ground basketball 

hoops, this Airborne Athletics® iC3 home basketball shot trainer 

helps you develop an optimal 45° shooting arc and allows 

continuous drills without having to chase the ball down the 

driveway every time. It boasts a black net that catches made and 

missed shots and a built-in ramp that can be adjusted 180°, so the 

ball gets returned exactly where you want it. 

FEATURES 

 Helps you practice and improve your shots without having 

to constantly chase after the ball 

 Built-in ramp adjusts 180° to let you choose where the 

ball will be returned 

 Black net captures both made and missed shots; helps 

players develop the form to shoot at a 45° arc 

 Since the iC3 trainer rests on the rim of your existing 

basketball system, setup takes only seconds 

 Holds up against hot/cold temperatures and rain; storing it 

inside during extreme weather is recommended 

 

Can only be used on a 

basketball hoop that is 

supported by a pole 

directly behind it. 

 

Would need assistance 

from adult to install and 

take down. 

 

$350 USD 

http://www.airborneathl

etics.com/ic3-home-

shot-trainer3  09/13/14 

 

http://www.airborneathletics.com/ic3-home-shot-trainer3
http://www.airborneathletics.com/ic3-home-shot-trainer3
http://www.airborneathletics.com/ic3-home-shot-trainer3
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 Folds for compact storage 

 Designed for pole-supported hoops; compatible with 

standard 72" backboards 

 Requires two 10 mm wrenches for assembly (not 

included) 
 Sturdy welded steel frame 

 Dimensions: L 22" x W 22" x H 59" 

 Weight: 35 lbs. 

 
 

Shoot -A-Way The Gun 8000 
  

The Shoot-A-Way Gun 8000 is a top of the line basketball return 

system. This product can help with proper shot arc, return most 

balls shot at the basketball hoop, and can be programmed for 

drills. The Gun also has a training program install and can be used 

with a touch of a button. This drill system rotates around shooting 

the ball at preprogrammed areas. This program also tracks your 

progress and saves the data for upload to a computer for future 

reference. It can be wheeled in and out of doorways and set up in 

seconds. 

  

 

 

 

 

This set-up is way too 

complex for your 

average household. 

 

 

$4550 USD 

http://www.shootaway.c

om/the-gun-basketball-

shooting-machine/the-

gun-8000-shooting-

machine 09/13/14 

 

http://www.shootaway.com/the-gun-basketball-shooting-machine/the-gun-8000-shooting-machine
http://www.shootaway.com/the-gun-basketball-shooting-machine/the-gun-8000-shooting-machine
http://www.shootaway.com/the-gun-basketball-shooting-machine/the-gun-8000-shooting-machine
http://www.shootaway.com/the-gun-basketball-shooting-machine/the-gun-8000-shooting-machine
http://www.shootaway.com/the-gun-basketball-shooting-machine/the-gun-8000-shooting-machine
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APPENDIX B – SURVEY RESULTS  
 

 

 
  

0-1 Days 2-3 Days 4-5 Days 6+ Days

34 7 3 2

Have you ever used any return system? (Ex. Rim hanging, automatic, etc.)

Yes No

10 36

9 have used basic rim hung and 1 has used an automatic returner

What features do you feel are necessary for any basketball return system?

Catch missed balls, shot to 3 point line, return in any direction, 

What characteristcs do you feel are required for a good return system?

Easy to use, Easy to set-up, reliablity, durability, low cost

What type of power source would you like to see?

Plugged-In Battery Solar Other

8 9 22 7

Other responses said none, so assuming gravity

0-30 min 31-60 min 61-90 min 91+ min

32 12 1 0

How much would you being willing to pay for an automatic basketball return system?

0-500 501-1000 1001+

43 3 0

How many times do you play basketball per week?

How long does  a typical shooting session last? 
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APPENDIX C – PRODUCT OBJECTIVES 
 

Objectives 

 Based on information found on reading articles through-out the internet, and conducting 

interviews (laid out in Appendix A). The following objects have been established to make 

this product succeed and be one of the better products on the market. The following features 

the engineering characteristics and the methods in which they will be used in prototyping a 

design. These characteristics are weighted and measured to ensure the end goal of the project 

is met. They have been listed in descending order.   

 

 

Can Return Basketballs Bounced off of the Back Board  30% 

Can catch basketballs bounced off back board in case of a missed shot. 

Calculate return net profile system. 

Design netting system to fit profile. 

 

 

Ease of Set up  24% 

The system can be easily set up by ages 10 and up. 

 

Simple Controls  23% 

Simple push buttons 

Color coated and labeled for target age range of 10 and up. 

 

Storability  9% 

Will break down to store in a garage area  

 

Movability  7% 

Designed to be pushed around by ages 10 and up with little or no effort 

 Calculate rolling resistance for multiple wheel material 

Design wheel layout so that product has the lowest center of gravity 

 

Cost  7% 

Product designing and manufacturing to be kept under $1800 USD  
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APPENDIX D – SCHEDULE  
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3D Model - (Sub assemblys) 12

3D Model - (Main Assembly) 26

Bill of Materials 3

Finalize Drawings 10

Order Materials 10

Design Freeze (Dec 15th) 14
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APPENDIX E - BUDGET  
 

Material and Components 
Estimated 

Budget 

Actual 

Cost 

Steel Framework  $500    

Netting  $140    

Electrical Components  $300    

Motor  $100    

Wheels (Casters)  $80    

Paint  $50    

Misc. (Labor, Parts, Etc.)  $250    

      

Total Cost  $1,420    

 

 
 

  

Line Item Manufacturer Part # Qty Price Total Line Price

1 Alro Steel n/a 7 41.43$    290.01$                  

2 Cascade Netting n/a 1 167.00$ 167.00$                  

3 Harbor Freight 61615 1 42.69$    42.69$                    

4 McMaster 4937T12 2 22.27$    44.54$                    

5 McMaster 4937T15 2 15.07$    30.14$                    

6 McMaster 98320A140 1 1.63$      1.63$                       

7 McMaster 97245A631 2 3.76$      7.52$                       

8 McMaster 22345T2 1 61.43$    61.43$                    

9 Decker E-Supply A14128C 1 96.75$    96.75$                    

10 Decker E-Supply A14P12 1 9.15$      9.15$                       

11 Bimba M-044-D 1 31.75$    31.75$                    

12 Bimba M-176-D 1 59.50$    59.50$                    

13 Bimba M-022-DXPK 1 31.70$    31.70$                    

14 McMaster 6236K233 1 32.80$    32.80$                    

15 Mcmaster 6280K275 3 12.30$    36.90$                    

16 McMaster 6261K172 1 23.40$    23.40$                    

17 Grainger 2W092 1 21.59$    21.59$                    

18 Amazon Martin 35 1 21.36$    21.36$                    

19 Omron ZENCIF01 1 183.78$ 183.78$                  

20 Integrated Supply SHCS04C008 1 10.00$    10.00$                    

21 Party Source Bud light 2 19.99$    39.98$                    

22 Digikey Hornet-S2-ND 1 94.13$    94.13$                    

23 1 110.00$ 110.00$                  

24 Zen Zen-10CIDR 1 155.97$ 155.97$                  

25 Banner CF5S18AP4X-0.2M-RS4T 2 131.76$ 263.52$                  

26 Aurora Lumber Misc 16 0.57$      9.12$                       

27 Walmart AG590 1 37.08$    37.08$                    

Total 1,913.44$              

2,074.53$              

(161.09)$                

Projected Total

Difference

Project Total

Trailer Winch 1500 LB

Big Sprocket

Small Sprocket

6 ft of #35 ANSI Roller Chain

10ft of #35 ANSI Roller Chain and Sprocket

Idler Sprocket

1/4 - 20 Cap Screws

Omron CIF01

Special Payments

RF Remote Control Switch

Misc Bolts

40 series chains and sprockets

Zen Controller 

Actual Project Cost

Part

1.5" x 1.5" x .180" x 24' Tube Steel

#15 x 1 3/4" - 4' x 50' Square Mesh Barrier

3G 1/3 Oilless pancake air comp.

Low - Profile Caster, Swivel

Low - Profile Caster, Rigid

Zinc - Plated Quick - Release

Zinc - Plated Clevis Pin

Motion Sensors

Heavy Duty Turntable

Hoff Piano Hinge JIC Box

Bimba Air Cylinder

Hoff Panel Only

Bimba Air Cylinder

Bimba Air Cylinder
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APPENDIX F - DRAWINGS 
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