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Abstract
The Overcomer is a line of adaptive technology for Inclusivity Incorporated. The line of
technology increases independence for children who have mobility aides in a gym classroom
setting. The portion of this project that P19046 completed was iterating a catch and throw
device. The device consists of three major subsystems, a frame, a catch, and a launch. The
frame attaches to the mobility aid in two places and the catch and launch systems attach to
the frame so they don’t damage the mobility aid in any way. When a ball is thrown at the net, it
will naturally fall and interface with the launch by dropping into the lacrosse head. The user
will then press a button to launch the ball forward. Engineering requirements were measured
via four separate test plans: one to measure time to assemble, damage potential, time to
detach, and volume, one to measure the weight of the catching and throwing devices, an
Ergonomics Lab test to measure all components related to projectile motion (velocity,
distance), and a test dedicated to gauging user feedback, completed at the Mary Cariola
School. The test plans yielded successful results in terms of compliance to initial requirements
for all critical performance metrics except the volume of the Overcomer in the storage location
and the weight of the attachment frame. The ratio of each of these test plan results to ideal
values were deemed acceptable by the client and, therefore, the team recommends moving
forward with this Overcomer prototype.

Background
The Overcomer is a form of assistive technology that helps individuals who have
physical disabilities become more active in physical and social activities from their wheelchair,
walker, or stander. The Overcomer intends to help users interact, socialize, and enjoy their
time being active. These prototypes can be improved to become more reliable and stronger,
as well as being more easily manufactured and done at an affordable price. There are
currently no comparable products on the market. The goal of this project is to create a
wheelchair attachment that provides user independence when throwing and catching. The end
product needs to have low manufacturing costs with a goal market price of $500-$1200.
Key users include students who are 4 to 15 years old who use mobility aid devices and
are assisted in physical education classes with an aide. The students and their parents, aides,
physical education teachers, and physical therapists, would also be stakeholders in the
development and use of this device. The operating environments investigated for this device
include, but are not limited to: use in a mainstream (students using mobility aids and those
who do not) gym class, in a community center, on a Miracle Field (adaptive baseball), or in the
home of the student.
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Figure 1: Bell Curve of Scope & Feasibility
There are various requirements from the customer, which the team translated into a
set of customer, subsequent engineering requirements as well as constraints on the design.
The most important constraint is that the device must adhere to Americans with Disabilities
Act (ADA) and Federal Drug Administration (FDA) Class I Medical Device Regulations. This
requirement is crucial to the customer acceptance of the project, as the goal of its
development is to have a product that can be sold to schools, community centers, and
parents. The functionality is dependent on the ability of the device to enable the user to throw
(or launch) and catch a ball. The device must be able to attach to multiple types of mobility
aids including standard and powered chairs, standers and walkers. The team’s EDGE page can
be referenced for a complete listing of customer requirements.

Process
Device Description
The Overcomer’s functional goal is to build a launch device and catch device, and have
the two interface with each other for a game of catch and throw. Seen in Figure 1, the design
includes two separate subsystems working together: the catching portion and the launching
component. The catching and launching portion of the design connects to a frame, which is
connected to the mobile aid of the child using it. The collapsable frame that is used is
adjustable to connect to the back of the wheelchair.
The catching subsystem is connected by three clips after the launching subsystem is
secure. The netting is set up so that when a player launches a ball in the net, the ball naturally
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falls into the launching am. The clips are connected to the bottom and middle rings to make
the net the most stable. The top, and largest, ring opening is angled slightly upwards so that
the ball does not get stuck in the net or fall out.

Figure 1. Full Overcomer with Integrated Catching and Launching Subsystems.
The launching device utilizes an electrical system with switches to rotate a cam around
a shaft. A cam is a projection on a rotating part in machinery, designed to make sliding contact
with another part while rotating and to impart reciprocal or variable motion to it. The
components of the system are shown below in Figure 2a. The cam starts at zero degrees and
rotates around, pulling the arm back, until the cam slips at the end and launches the arm
forward. The system's energy comes from two springs that are pretensioned and attached to a
string connected to the launching arm, which can be seen below in Figure 2b. The device has a
motor on the outside of the casing, shown in Figure 2c, which rotates a D shaped shaft that
drives the cam. The system utilizes two switches. When the user presses the red button, the
cam begins to rotate and stops once the launch arm hits a second switch located on the back
side of the device. When the arm is in the very back position, the ball is launched through the
net to the launching arm. Once the ball is secure in the arm, the user will press the same
button and launch the ball forward. The electrical system is composed of the 24VDC motor,
24VDC battery, and two contact switches that can be naturally open or naturally closed,
depending on their wiring. The two switches are in parallel to each other, but in series with the
rest of the circuit. This allows both of them to independently activate the motor.
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Figure 2a, 2b, 2c- Launching Components, Motor Position, Internal Components with Spring
Shown
The design satisfies the customer requirements set at the beginning of the project. The
main categories that the device was designed under are attachment, use, user experience, and
manufacturing. The frame is modular and allows it to be attached to many different mobile
aids, and also allows for quick egress as well as breakdown and storage. Launch is able to be
adjusted at many angles for play. Under user experience, the user will still be able to move
comfortably in their mobility aid. There are currently no comparable items on the market, so
moving forward there are many possibilities for improvement and innovation.

Supporting Feasibility Evidence
Launching Mechanism
The feasibility of the launching device was guaranteed through the use of projectile
motion equations and educated assumptions. By solving the projectile range equation for
velocity in Equation 2 and using 30 feet as the desired launching distance, the exit velocity of
the projectile from the device was found to be 9.47 meters/second, which is about 21
miles/hour. By manipulating the conservation of energy equation and applying the calculated
ball velocity, the necessary initial kinetic energy to launch the ball 30 feet was computed. This
energy was found to be equal to 19.5 joules, and when inserted in the energy conservation
equation for springs, a spring constant of 43.45 newtons/centimeter was determined. The
diagrams, assumptions, formulas, calculations, and solutions were meticulously demonstrated
to the entire team to approve of the methods, and the values of the results were deemed
realistic. These calculations allowed the team to move forward with the launching design with
confidence since the correct properties of the materials were found. All assumptions and
equations can be found on P19046’s EDGE Page.
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Cam Design Analysis
Looking specifically at the design of the cam, our critical design parameters were
determined to be the initial and final cam profile radius, as well as the amount of torque
necessary to incrementally rotate the cam during operation. The cam’s final radius must be
large enough to completely draw the launching arm back to its energized position. The cam’s
initial radius must be small enough to allow the system to start winding back properly, but
ideally as large as possible to reduce the torque necessary to rotate the cam from the initial to
final position. Due to the positioning of the cam relative to the overall device, the team
determined the initial and final radius to be 0.0198 m and 0.0854 m respectively. Additionally,
we decided to position these initial and final positions 270 degrees apart rather than utilize the
full 360 degrees of the cam. This was done to allow for a smooth transition between the start
of the cam profile and the flat side following its maximum radius, and to ensure that the start
of the cam profile does not interfere with the cam followers motion during the launching
motion. This can be seen in Figure 3a and Figure 3b below.

Figure 3a, 3b: Cam radius profile from analysis and in CAD

As previously mentioned, the cam’s incremental torque was a critical parameter in the
design process. Minimizing the torque required to rotate the cam would allow a weaker, more
compact, and less expensive motor to be used in the design. A feasibility study was conducted
in MATLAB to determine the torque requirements of a specific cam design (Figure 4a and
Figure 4b). Torque requirement equations were derived analytically to generate an output
torque curve given an inputted cam radius curve. Radius profiles of varying concavity were
analyzed, and a final profile was selected that resulted in a relatively consistent torque curve
with a peak torque of approximately 4.25 N⋅m, as seen in Figure 4b.
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The final cam radius profile is expressed here, with R as radius in meters and θ as
angular rotation in radians:
R = -0.0009698θ 2 + 0.02154θ – 0.0165
This radius profile is shown graphically in figure 4a. The full analysis of the cam profile can be
found on the team’s EDGE page.

Figure 4a, 4b: Cam radius and torque requirement curves. Required torque peak of 4.247 N⋅ m

Catching Mechanism
When choosing the net, the team decided to choose an athletic grade hockey
replacement net that will have a K constant such that the net will not deform so much as to hit
the individual if the ball was being launched at 15m/s. This velocity was determined by
assuming the ball is being launched into the net by another Overcomer system. More
assumptions made for this analysis was we were analyzing with an “incrediball,” which is an
assistive technology ball used in baseball. The feasibility for the net is shown below. The
durable polyester material of the netting fit well within the above parameters, which is why
this specific netting was chosen. All assumptions and equations can be found on P19046’s
EDGE Page.

Results
The final product is comprised of two separate systems working together to form a
working prototype for throwing and catching a ball: the catching device and the launching
device. The client’s feedback was strictly positive as his expectations were met, even exceeded
in some regards, such as the versatility of the attachment frame, sporty aesthetics, and
compactness of the design itself. The main feedback incorporated was to complete a cover for
the launching device to ensure safety concerns were addressed thoroughly. The client was also
satisfied with the final financial decisions as the budget requirement of $500 was met,
spending $24.19 on the Catching Mechanism and $343.79 on the Launching Mechanism. It can
also be noted that the client, Joe Kabes, provided the team with extra materials he had
obtained from his previous projects to facilitate the build process and mitigate costs.
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In addition to meeting the budget requirements, success was evaluated based on
compliance to a set of customer and engineering requirements outlined in the earlier phases
of the project with the client and refined throughout the build phases. Based on discussions
with the client and the team’s overall gauge of potential future concerns for stakeholders, each
requirement was assigned a priority level ranking (on the 1, 3, 9 scale, 9 being the highest
priority). Refer to P19046’s EDGE Page for Full List of Customer and Engineering Requirements.
This compliance was ensured by designing test plans which tackled each of the specific
requirements. Each test plan was constructed on a foundation determined by the set of
engineering requirements satisfied. This translated to four Test Plans overall, lasting a total of
7.25 hours.
The first test plan related to the assembly processes in relation to setting up the
product for use. The team completed ten trials of each task in order to obtain a best
repeatable value that could be compared against the ideal criteria in order to confirm whether
or not the prototype passed or failed against the requirements set by the customer. The time
to assemble the device onto a standard wheelchair was found to be 140 seconds (2.3 minutes)
which was slightly higher than the 120 seconds (2 minute) ideal value. Additionally, while
attaching the device to the mobility aid the user’s best repeatable number of assembly
mistakes was found to be nonexistent. The next measurement was related to damage caused
to the mobility aide by the device, throughout the ten trials the team did not identify any new
scratches or marks on the device. The time to detach the device and to store the device were
both found to be 70 seconds (1.2 minutes), which satisfies the ideal requirement of less than
120 seconds (2 minutes).
Test plan 2 revolved around the weight of the product, since the Customer requirement
of remaining lightweight was important. The weight of the frame was found to be 11.7 pounds,
6 pounds above target. The weight of the catch and launch mechanisms were found to be a
combined weight of 9.7 pounds which was 0.3 pounds below target. Although the weight of
the frame would technically be considered a failure according to the initial requirements, this
weight was deemed acceptable by the client.
The next test plan centered around metrics related to the velocity and distance
traveled. This test plan was executed at the Rochester Institute of Technology Ergonomics Lab,
run by Industrial & Systems Engineering professor Dr. Ehsan Rashidi. Using the Vicon Camera
System, the projectile motion of a ball being launched from the device was captured.
Test plan 4 was based on the user testing which took place at the Mary Cariola
Children’s Center. At the center, the team was able to discuss the device with users (including
students, aides, and teachers) and receive feedback about aesthetics, as well as any potential
apprehensions regarding the noise associated with the motor. Overall, the users within the
sample that was tested approved of the color and sporty look of the device and did not display
any negative reaction to any noise associated with the device.
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The most challenging aspect, and most important components, of this test plan were to
maximize the horizontal distance travelled and therefore the exit velocity of the ball. In the
early trials, the requirement of 15ft was being met, but with an extremely small margin of
error. Implementation of a new spring and increasing the initial energy provided in the system
via the tension of this new string was ultimately contributed to an increase in exit velocity and,
consequently, the horizontal distance travelled, with an acceptable level of margin of error
above the ideal criteria.
For a complete and detailed look at the team’s test results, please refer to P19046’s
EDGE Page.

Conclusions & Recommended Steps
The team recommends moving forward with the Launching and Catching Devices.
Given the results of the test plan, potential improvements to focus on prior to manufacturing
on a large scale would be to determine materials which would maintain the structure of the
designs but would ultimately reduce the weight to meet the original requirements, as well as
ways to reduce the amount of space the device requires within a storage location. Although
the failures of the weight and volume in terms of adherence to original requirements were
determined to be acceptable, reducing or eliminating the degree to which these metrics
exceeded those initial requirements would be a target worth pursuing in the future.
As mentioned before, the recommended target users for this device include students
who are 4 to 15 years old who use mobility aid devices and are assisted in physical education
classes with an aide. The operating environments investigated for this device include, but are
not limited to: use in a mainstream (students using mobility aids and those who do not) gym
class, in a community center, on a Miracle Field (adaptive baseball), or in the home of the
student. The team recommends a marketing strategy that begins with gym classes and
expands to more personalized commercial use thereafter.
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