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Opportunity
We initially wanted to build a robot that can play billiards autonomously with people who

need an opponent. The final design of our billiard robot simplifies to a billiard-playing robot
controlled by a player through a PS4 controller. With the hardware and mechanism completed, it
is possible to implement computer vision to the robot in the future for it to be an autonomous
robot opponent.

Strategy
The main functionality we wanted to achieve was to move the tip of the cue stick

accurately above the pool table. Our initial idea was to have the robot travel on a track
circulating the pool table. However, we faced two main challenges with this idea: turning around
on the corners and stabilizing when hitting a ball. Inspired by 3D printers, we designed the
device based on linear rails and stepper motors. We also attached a servo motor to a solenoid
to adjust the hitting direction. To reduce the work due to time constraints, we removed the height
adjustment, which could be added back as a future improvement. Since the robot movement
would be controlled by a player, we used the PS4 controller as the control interface. The buttons
and joysticks on the controller were the sensors for user inputs. We also took advantage of the
led and vibration motors on the controller for visual and tactile feedback on different states.

Photo of the Physical Device

Function-Critical Decisions
X and Y axis actuators: The calculation shown below indicates that to move the

mechanism, the actuator is required at least 0.102 Nm holding torque. The two Twotrees Nema
17 stepper motors on both axes have holding torque that meets about a safety factor of 6
(based on the assumption). The loading force on the y-axis (approx: 600g) is smaller than the



loading force on the x-axis (approx:2kg). Based on the calculations, under 2 times of our
designed operation torque, the built-in bearing is applied about 35.84N, which is within the
safety range of allowable loading from the spec of the motor. For future improvements, we could
add a support to reduce the loading force on the motor built-in bearing to increase the motor life.

Motor torque calculation:
𝑎𝑠𝑠𝑢𝑚𝑒: 𝑛𝑜 𝑠𝑙𝑖𝑝,  𝑚𝑎𝑥 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 (𝑠𝑡𝑒𝑒𝑙 & 𝑠𝑡𝑒𝑒𝑙,  𝑐𝑙𝑒𝑎𝑛/𝑑𝑟𝑦) =  0. 8,

 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 = 2𝑘𝑔,  𝑝𝑢𝑙𝑙𝑒𝑦 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 13𝑚𝑚,  𝑎 = 5𝑚𝑚,  𝑏 = 35𝑚𝑚 
𝑓
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Rotational motion actuator-servo motor: Based on the assumption and calculation
shown below, the servo motor can handle more inertia torque than we possibly need.

𝑎𝑠𝑠𝑢𝑚𝑒:  𝑒𝑥𝑡𝑟𝑒𝑚𝑒 𝑐𝑎𝑠𝑒 𝑜𝑓 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑖𝑛𝑒𝑟𝑡𝑖𝑎: "𝐻𝑜𝑜𝑝 𝑎𝑏𝑜𝑢𝑡 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑎𝑥𝑖𝑠" 𝐼 = 𝑀𝑅2,  𝑀 = 76. 13𝑁

𝐼 = 𝑀𝑅2 = 76. 13𝑔 × 𝑅
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9.52×10−5𝑘𝑔𝑚2 = 5. 67 × 103𝑟𝑎𝑑/𝑠2

Solenoid selection: Based on the calculation below, the force generated by the
solenoid is able to give a certain speed to the cue ball. However, there is always a loss of
energy from friction and other imperfections. Therefore, we pick a larger solenoid instead of a
smaller one which also fits our case in theory.
𝑎𝑠𝑠𝑢𝑚𝑒: 𝐵𝑎𝑙𝑙 − 𝑡𝑎𝑏𝑙𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 0. 5;  𝑀

𝑏𝑎𝑙𝑙
= 15𝑔;  𝑆𝑜𝑙𝑒𝑛𝑜𝑖𝑑 𝑀𝑎𝑥 𝑠𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 = 45𝑁

𝑀𝑎𝑥 #𝑜𝑓 𝑏𝑎𝑙𝑙 = 16,  𝑡ℎ𝑒 𝑡𝑖𝑝 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑙𝑒𝑛𝑜𝑖𝑑 𝑖𝑠 𝑝𝑙𝑎𝑐𝑒𝑑 𝑎𝑡 3𝑚𝑚 𝑎𝑤𝑎𝑦 𝑓𝑟𝑜𝑚 𝑏𝑎𝑙𝑙𝑠;  ℎ𝑖𝑡𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 = 0. 1𝑠
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Circuit Diagram and State Transition Diagram

Reflection
In order to be successful in ME 102B, students as a group should plan and follow a

rigorous timeline for the project. Start early and do not procrastinate, and expect to encounter a
lot of new design problems occurring in the process. Group members should monitor each other
and give feedback on problems in time. Do not be afraid to communicate with anyone. Do not
hesitate to ask for suggestions from the instructor and the GSIs if necessary.

Our billiard robot works in a similar way to a 3D printer, but without the height adjustment
feature because of the time constraints. The reason for this is that our initial design is too
complicated to finish in the time of only one semester. Therefore, for future class projects, we
should start with the simplest aspect, and then develop the design based on the timeline.



Complete Bill of Materials
https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIsU2DrbG6bK7b_SALeCk/
edit?usp=sharing

CAD Design

https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIsU2DrbG6bK7b_SALeCk/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIsU2DrbG6bK7b_SALeCk/edit?usp=sharing
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