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Opportunity: This device is a passion project and was pursued due to it’s combination of both technical
and creative challenges. It’s purpose was to explore the full spectrum of content discussed in 102B as
much as possible in a single project and two person team. Real world applications are not readily
apparent. However, such applications could include developing this project into kits to be utilized as in
classroom labs. Instructors would be able to tailor the project to areas of specific focus within their class.
This project could also lay the groundwork for developing more sophisticated projects such as high tech
marble runs.

High Level Strategy: The original strategy was to have a ball placed on a table at a random position be
able to move fully autonomously (programmed) in a desired pattern. We had hoped to be able to do
various patterns and the patterns to be made purely based on table movement. However, due to budget
and time constraints we were unable to acquire a resistive touchscreen and had to make some adjustments.
We had to limit the patterns down to one and partly obtain the pattern through physical hardware
constraints. In the end the ball was able to autonomously move in a circular pattern on the table. This is
done with a pair of servo motors and ultrasonic sensors. The motors are connected to the table through
ball joint linkages providing table tilt as motors rotate. L brackets constraint theta rotation. The ultrasonic
sensors had issues with noise and we had to adjust their position in the final iteration. To move the table
precisely with a high amount of torque, two Nema 14 Stepper Motor 40Ncm 35x35x52mm 1.5A were the
actuators selected. Accuracy is important since we didn’t have a sensor to find the location of the ball at
each time step therefore, the movement had to be precise in order to produce a nice circular path for the
ball. The motors produced a maximum speed of 600 rpm, which was enough as we originally wanted to
run the motors at 300 rpms and we ended up using about 100 rpms with the final iteration. Higher than
100 rpms and the ball would be pushed off track.

Fully assembled photos with labelings:



Function-critical decisions (project elements): The initial strategy of this project was to be able to
control the trajectory of a ball that is placed on the top table using two motors. However, since the project
was coded in an open loop format there was no feedback on the location of the ball. This resulted in not
being able to find the optimal speed for the motors to make the ball rotate in a circular path. In order to
constrain the ball to this motion, a circular ring was placed on the table. Since the motors did not give
feedback on their positions, we had to use ultrasonic sensors in order to determine the flatness of the
table. For the ball to be able to rotate in a circular path, the motors had to be in an offset of 90° from one
another. To achieve this criteria, initially the table had to be flattened, using the ultrasonic sensors, then
one of the motors would rotate 90° before both motors were running at the same time. The initial location
of the ultrasonic sensors were at the bottom plate, however, the acquired data were noisy. Therefore, we
had decided to move the sensors closed to the top plate for better value readings. As far as the motors, we
chose two Nema 14 stepper motors in order to produce a torque that can withstand the weight of the ball
and the plate while being able to run at a reasonable speed. We chose the table to move up and down at
the most 1”, therefore the hubs that we chose were 2” in diameter. Furthermore, the mass that each motor
had to overcome was calculated using the equations below. We had estimated that each motor will be
responsible for only 10% of the mass of the table since the pivot point will take care of the rest.

Mass of the table:
0. 1 * (10 * 10 * 0. 5 𝑖𝑛3) * ( 1

123 𝑓𝑡3/𝑖𝑛3) * (12𝑙𝑏/𝑓𝑡3) = 0. 0833𝑙𝑏 =  0. 038𝑘𝑔

Mass of the ball: 0. 250𝑘𝑔
Mass of the linkages and rods: 0. 230𝑘𝑔

Total Mass = 0. 250𝑘𝑔 + 0. 038𝑘𝑔 +  0. 230𝑘𝑔 =  0. 518𝑘𝑔
Required torque to move the table was obtained using the following calculations:

τ =  𝐹 * 𝑟 =  (0. 518𝑘𝑔 * 9. 81𝑚/𝑠2) * (2. 54𝑐𝑚) = 12. 9072𝑁. 𝑐𝑚 

The ball joint linkages from McMaster were selected to provide the necessary movement of the
system. Ball joint linkages are commonly used for pivot movement purposes and therefore, were an
obvious choice for our project. In addition, we went with McMaster as this piece of equipment was
critical to our project and needed quality ball joints.

Circuit and State Diagrams:



Future reflection: Overall, this project was a fun way to implement the various concepts learned
throughout the semester. It can be used as a basis to create more developed and applicable devices.
Creating a division of labor plan where each team member focused on a particular area was critical for
our team. It was difficult finding certain types of hardware for the project so it pays to start even earlier
than the project deadlines.



Appendix
Bill of Materials:

3D CAD Model:

Image : Isometric view of CAD model from two different perspectives

Image: close up view of motor, motor housing, motor hub/joint, and ball joint linkage



Image: close up of shaft/ball joint linkage connector to top table portion of the system

CAD of 3D printed components:

Image: CAD models of motor joint and housing for 3D printing

AutoCAD of Laser cut components:



AutoCAD drawing of bottom stand and it’s legs

AutoCAD drawing of Ultrasonic stand and legs

AutoCAD drawing of L bracket and circular constraint

Image: AutoCAD drawing of Motor housings



AutoCAD drawing of top stand
Summary:

● Bottom stand, legs for stand, motor stands, circular constraint, L shape brackets, and top stand
was laser cut using Jacobs Hall’s Plywood - 1/4" x 12" x  24" and their laser cutters

● Motor housing and joints were 3D printed

Implemented Code:








