Project: P17046
Overcomer - Lower Extremity

Bringing sports to a wider audience through user friendly
design.
Zachary Maher
Mechanical Engineer

Jason Constant
Mechanical Engineer

Josh Closson
Mechanical Engineer

Mandala Murphy
Mechanical Engineer

Christopher Fenn
Industrial Engineer

Abstract
Physical disabilities restrict people of all ages and backgrounds from having the
opportunity to be involved in many physical activities. Being physically active can help
young children develop strong interpersonal and interaction skills as well as allow
people of all ages to improve stamina and muscle strength while promoting general
feelings of well-being. Joe Kabes, founder of Inclusivity Incorporated, had developed
and tested an initial prototype of the The Overcomer: Lower Extremity (OLE). The OLE
is an assistive technology to allow children or adults who are confined to wheelchairs
and walkers to participate in typical recreational activities such as soccer, hockey, golf
and several more. Our MSD team was tasked to develop Joe’s designs by adding more
functionality and allowing the device to be used with minimal physical assistance.
Introduction
The goal of this project and partnership with RIT is to continue improving the
current design as well as move the project from prototype to manufacturing. In addition,
a parallel project developed The Overcomer: Upper Extremity to increase the
functionality of the device.
From our first interview with our customer, we were tasked to create a prototype
that will allow physically disabled people to participate playing soccer, hockey, and
improve Joe’s original design for a bowling attachment. We were able to compare and

contrast the original prototype to our concept development, allowing us to identify areas
for improvement. For the scope of the project we decided to focus on design
improvements for the soccer attachment. To accomplish this, we brainstormed different
methods to attach our device to many common designs of walkers and wheelchairs and
make a system that would have as little input as possible required by the user to catch
and shoot a soccer ball. We accomplished our goal of improving the current soccer
attachment design.
Our sponsor, Joe Kabes, is closely collaborating with Mary Cariola Children’s
Center to test current and future prototypes. Mary Cariola Children's Center is home to
children with multiple or complex disabilities whom private and public schools aren’t
able to accommodate to suit the needs of these children. Children who enrolled at this
center are thriving through a positive and upbeat environment. This center now serves
550 children each year from ten counties within the surrounding Rochester area.
Preliminary Design Stage
Engineering Specifications
There were several engineering specifications we used as a guideline in our
design to ensure people with physical disabilities are capable to participate in sport
activities such as soccer and bowling. Soccer was the team's main objective therefore
our main engineering metrics were receiving ability, ball speed, durability and total
production cost.
High Level Information Flow Design For Soccer System
The diagram below, Figure A, is a high system level overview of controls and
energy flow during operation of capturing and propelling a soccer ball by using an
electronic control system and a system of gears and springs. This information flow
system shows the exchange of energy and information between two servos, battery, DC
motor, Arduino and several different user input and feedback outputs.

Figure 1: System Overview

Soccer System Structural Design
This prototype contains several structural design elements such as the soccer
attachment frame, support frame, gears system and servo arms. Several changes were
made along the way as we faced challenges. One of the largest challenges we, as a
team, faced was ensuring that our gear system was able to properly mesh with our
propulsion rod. We solved this by isolating the system from the frame to prevent warp
and vibration in the moving parts of the system.
A. PVC Pipe Structure

Figure 2: PVC Pipe Structure and Legs
The PVC pipe makes up the structure for the OLE soccer prototype. It provides
support to multiple components of the system such as the machined plate, gear
systems, springs, striker bar assembly and servo arms. This structure has four
machined aluminum plate corners to act as support feet and servo mounts.
B. Springs
Spring selection is one of significant
processes for prototype design. We
calculated the proper amount of spring
energy for this prototype to ensure there
was enough force to move the soccer ball
after the release based on the initial
prototypes designed travel distance. After
initial build and testing, we decided to
increase the impact distance of the
prototyped in order for us to use a spring
with a lower spring strength. This allowed us
to a purchase a spring with a lower constant
from a local supplier that was more in line
Figure 3: Spring Calculation

with our revised customer objectives of a
slower propulsion speed to accommodate
the children at Mary Cariola.
C. Gears System & 3D Printing
Many parts such as gears were 3D printed
Figure 4: Spring
to allow multiple design changes without increasing the total
prototype costs. These components are made from ABS filaments.
The smaller circular gear has several of its teeth removed to act as a firing mechanism.

Figure 7: Assembled Gear System
Figure 5: Side View

Figure 6: Gear Rack

The gear rack is attached to the striker bar and it gets pulled back as the motor rotates
the main gear. The main gear is attached to the firing gear with the missing gear teeth.
Once the last gear tooth disengages, the gear rack will be
propelled forward with the force from the springs.
D. Machined Plate
The gear shafts are supported by a pair of machined plates
with two bearings installed in the center. The picture below
displays where the motor is attached. This motor rotates the gears
in one direction and the firing
gear with missing teeth will
determine when the spring will
be released.

Figure 8: Horizontal View of
Machined Plate

Figure 9: Bottom View
of Machined Plate

E. Servo Arms
There are two servo arm assemblies attached to the
soccer attachment frame. The servo arm assembly consists
of a servo, servo arm to capture and secure the ball, and
servo arm guides to prevent vertical movement in the servo
arms. One concern we had early on was servo stability and
after use the arms’ weight caused the screws holding the
arms to the servo’s to loosen. This problem affects the
durability of the servos, the capturing of a static ball, and the
robustness of the servo arms when colliding with obstacles. We
decided to add the servo arm guides to
support the aluminum arm from flexing
vertically. This prevented further issues in
servo system and increased control over
the soccer ball during use.

Figure 10: Servo

Figure 11: Servo Arms
Figure 12: Servo Arm
Guide

F. User Interface or Control System
The purpose of the user control system is to
allow the user to decide when to close the arms or
release the soccer ball. It has one main button
which is used to control the motor’s motion and
servo arms together. It’s a simple interface so the
users won’t be confused by multiple buttons and
can be used by a range of ability levels and
Figure 13: User Control System
includes LED
feedback based on
whether the system is “ready to catch” or “ready to
fire”. There is also an on/off power switch and LED
indicator to control the power source to the entire
system.

Figure 14: Control System
Circuit Board

Final Design
The picture on the left displays the final design of this
prototype. The chair mounting frame attaches to the
wheelchair while the soccer attachment frame is attached to
the bottom. The user interface will be attached with velcro
along the top rail of the chair-mounting frame but can also
be moved to accommodate individual users.
Figure 15: Soccer Attachment

Test Results
We performed several tests including a systemmounting speed test, a shot-speed test and a shotangle test to verify that customer requirements had
Figure 16: Mounting Test
been met.
Shown in the top right is a graph of the
system-mounting speed test which measures the
amount of time it takes to install the prototype,
versus the customer requirement of 1 minute. The
results show that mounting to a standard manual
wheelchair can be done under 30 seconds, which
fulfills the requirement but does not apply to all
types of wheelchair devices due to limits in testing
resources.
Figure 17: Angle Test
Shown in the R10 Angle Test graph, a shotangle test was performed to measure whether the
firing system could consistently fire the ball within a
15-degree cone from the device. All test results fell
within the 15-degree requirement but averaged
around 6 degrees of drift along a 25ft path.
The final test performed was a speed test to
measure that a minimum speed of 5 mph could be
achieved. After performing several trials, the
Figure 18: Speed Test
resulting average speed was between 3.5 to 4.5 mph
which is an area that can be improved by follow on teams by
reducing friction within the gear system and increasing the overall force imparted on the
ball.

Conclusions
We faced multiple challenges while building this prototype. At the current stage,
two of our largest issues are properly controlling the firing system and the mounting
system’s ability attach to multiple wheelchair designs. Improvements were made during
testing to address both issues but were not solved to our satisfaction by the conclusion
of the project and are areas that need to be addressed in future prototypes. Keeping the
cost of our system low also proved difficult. One of our main objectives was to make this
prototype manufacturable and our cost considerations drastically affected our design
choices throughout the process. Total cost was approximately $440 excluding shipping
even when sourcing the most cost effective parts available. To increase future durability
and robustness of the frame the material can be changed, although the cost and weight
of the prototype may increase. Lastly, programming and electrical design was an
ongoing challenge for us since no one on our team was well versed in programming and
electrical engineering.
Recommendations for Future Improvement
- The motor-gear propulsion system should be built independently so it can be
taken out and placed back into the frame without interfering the final assembly.
As of right now, it requires recalibration to take apart the entire system for
maintenance or design changes.
- The servo system should be analysed to improve the current design. As of right
now, the servos are not as robust as we anticipated, which affects the static
capturing. An incoming soccer ball or obstacle may generate enough force to
break the servo horn or damage the servo. We currently have a servo arm guide
with horizontal gap to support the arms. In addition, the servo arms could be
redesigned to more effectively capture the ball. It works effectively but we
strongly believe there is room for improvement.
- The striker bar system can be simplified to make it more consistent and reliable.
- The timing of the device is inconsistent. This causes a malfunction where the ball
may not be fired when desired and was improved with the addition of a sensor
late in testing but not entirely fixed.
- The mounting system needs to be improved to facilitate more compatibility for a
variety mechanical and electrical wheelchair designs.
- A stronger DC motor needs to be sourced and installed to increase the device's
life cycle.
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