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Opportunity:
Our goal is to create an automated turntable for plants that will rotate them throughout the day,

allowing equal exposure to sunlight for people with limited window space. Especially during cold winter
months when there is little sunlight throughout the day, this product could be a great asset to those living
in apartments, condos, or other smaller living spaces.

High-Level Strategy:
Our turntable consists of a start button, four pressure sensors, and a DC motor to rotate the table.

When the button is pressed to commence operation, the first pressure sensor will check for the presence of
a plant. If there is one there, the table will pause at that location for either 10 seconds or until the button is
pressed again. The set time duration is easily changed, and can be manipulated based on the amount of
sunlight available on a particular day. Then, the table will rotate to the position of the second plant spot,
and repeat the process. Once the fourth plant has been checked, the table will rotate back to the initial
position and restart the process. This system is controlled by one ESP32, located at the very bottom of the
turntable. We utilized a timing belt transmission system to rotate the table and timed the duration required
to rotate the table between each position.

In addition to this turntable, our original goal was to create a linkage controlled robotic arm that
would descend upon the table, use a soil moisture sensor to measure the moisture content of the plant, and
then water the pump using a peristaltic pump and tank. Due to time constraints we were unable to
complete this implementation, so we pivoted the focus of our project to rotating the plants to equalize
sunlight exposure. However, the design of our system allows for an arm to still be installed on the side,
and future work would include reimplementing this system.

Integrated Device:

Figure 1: Integrated System



Figure 2: Transmission System

Critical Designs Decisions and Calculations
Based on our measured weight of 1.5lbs for a single plant, we can assume that the plants are four

point masses located evenly around a circle of diameter 8.5in. Therefore, the moment of inertia for one
plant is:

𝐼
𝑝𝑙𝑎𝑛𝑡

= 𝑚𝑟2 = 𝑚(8. 5/2)2 = 0. 005289 𝑘𝑔 * 𝑚2

The moment of inertia for the table, assuming it is a uniform disk, is:

𝐼
𝑡𝑎𝑏𝑙𝑒

= 1
2 𝑀𝑅2 = 1

2 𝑀(14/2)2 = 0. 04244 𝑘𝑔 * 𝑚2

Therefore, the total inertia of the system is:

4 * 𝐼
𝑝𝑙𝑎𝑛𝑡

+ 𝐼
𝑡𝑎𝑏𝑙𝑒

= 0. 0636 𝑘𝑔 * 𝑚2

Based on our desire for the system to have an angular acceleration of , we can conclude that1. 4 𝑟𝑎𝑑/𝑠2

the required torque from the transmission system is:
τ

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑
= 𝐼α = 0. 0636(1. 4) = 0. 08904 𝑁 * 𝑚

Now we must determine what timing belt pulley ratio is required. Since the motor has a gear ratio of 90:1
and a continuous torque of , the ratio needed is:0. 158 𝑁 * 𝑚

𝑟𝑎𝑡𝑖𝑜 =
τ

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

τ
𝑚𝑜𝑡𝑜𝑟

= 0. 56

Based on this minimum ratio, we decided to use an 18 and a 30 tooth timing belt, giving us a ratio of 0.6.

To determine the length of the timing belt required, we used an online timing belt calculator. Using the
predetermined timing belt pulley ratio and distance between the motor shaft and the pulley drive shaft, we
determined that we needed a 65 tooth timing belt.



Circuit Diagram and State Transition Diagram

Figure 3: Circuit Diagram

Figure 4: State Transition Diagram

Reflection
After many collaborative meetings this semester and quite a number of design challenges and

setbacks, we successfully created our plant turntable. This project required hard work and resilience, and
we went through a long iterative design process to redesign and fix our system when needed. If we were
to do this project again, we would have a more extensive conversation about how to timeline our design
and manufacturing process, and potentially even discuss if our ideas are manageable in the time given.
However, this project still gave us a lot of opportunity to improve and refine our design, manufacturing,
and software skills. To further this project, we would have implemented our robotic arm and water pump
to enable this system to also maintain the plants on the turntable.



Appendix A: Bill of Materials





Appendix B: CAD
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