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Opportunity: How might we interact with and care for our pets with minimal effort?

High Level Strategy and Functionality: Create a button-operated automated feeder to
dispense a predetermined amount of dry food. Create a ball launcher which a dog can operate
by dropping a ball into a tube and pawing a sensor. Initially, our intentions were to also have a
treat dispenser, feather toy, and owner-pet interactions through video and audio communication.
However, it quickly became apparent that these functions were out of the feasible scope of this
project. The feeder was originally designed to be scheduled, but it was more practical to make it
button activated.

Integrated Physical Device:

Figure 1. (a) Ball Launcher Assembly including a rack and pinion, a launcher wheel, and a ball chute. (b) Food Wheel
Assembly including a food storage hopper, food wheel, beans as food, and a food bowl. (c) The full P.I.E. assembly

with the ball launcher on the right and the feeder on the left.

Decisions and Calculations: We chose bearings and motors that would be able to support the
following calculations:

[Ball Launcher Bearings]
,𝑚

𝑤𝑖𝑓𝑓𝑙𝑒 𝑏𝑎𝑙𝑙
 ≈ 0. 05 𝑘𝑔 𝑚

𝑙𝑒𝑔𝑜 𝑤ℎ𝑒𝑒𝑙
 ≈ 0. 02 𝑘𝑔

𝐹
𝑔, 𝑡𝑜𝑡𝑎𝑙

 ≈ (0. 05 +  0. 02) 𝑘𝑔 *  (9. 8 𝑚

𝑠2 ) =  0. 686 𝑁

,𝑤𝑖𝑡ℎ 2 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠 𝐹
𝑔

=  0. 343 𝑁 𝑝𝑒𝑟 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

[Ball Launcher Motor]

𝐼
𝑤ℎ𝑒𝑒𝑙

 = 1
2 𝑚(𝑟

𝑜
2 − 𝑟

𝑖
2) = 1

2 (. 02 𝑘𝑔)(0. 1272 − 0. 0012) = 1. 6 × 10−6𝑘𝑔 • 𝑚2)

𝑠𝑝𝑒𝑒𝑑 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑓𝑢𝑙𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 𝑡 =  0. 25 𝑠



𝑏𝑎𝑙𝑙 𝑙𝑎𝑢𝑛𝑐ℎ 𝑠𝑝𝑒𝑒𝑑:  𝑣 = 4 𝑚
𝑠 ,   ω = 𝑣

𝑟 = 4
0.0127 ≈ 315 𝑟𝑎𝑑

𝑠 ,  α = ∆ω
∆𝑡 = 315

0.25 ≈ 1260 𝑟𝑎𝑑

𝑠2

τ = 𝐼α =  2. 016 × 10−3𝑁 • 𝑚
[Food Wheel Bearings]

𝑉
𝑘𝑖𝑏𝑏𝑙𝑒

= 220 𝑖𝑛3 →  𝑚
𝑘𝑖𝑏𝑏𝑙𝑒

 = 15 𝑐𝑢𝑝𝑠 ∗ 4 𝑜𝑧 𝑘𝑖𝑏𝑏𝑙𝑒
1 𝑐𝑢𝑝 ≈ 0. 05 𝑘𝑔 →  𝐹

𝑘𝑖𝑏𝑏𝑙𝑒
≈ 17𝑁

𝑉
𝑓𝑜𝑜𝑑 𝑤ℎ𝑒𝑒𝑙

= 0. 001304 𝑚3 →  𝑚
𝑓𝑜𝑜𝑑 𝑤ℎ𝑒𝑒𝑙

 ≈ 𝑉
𝑓𝑜𝑜𝑑 𝑤ℎ𝑒𝑒𝑙

∗ 500 𝑘𝑔

𝑚3 →  𝐹
𝑓𝑜𝑜𝑑 𝑤ℎ𝑒𝑒𝑙

≈ 6. 39𝑁

𝐹
𝑔, 𝑡𝑜𝑡𝑎𝑙

 = 17𝑁 +  6. 39𝑁 ≈  24 𝑁

,𝑤𝑖𝑡ℎ 2 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠 𝐹
𝑔

=  12 𝑁 𝑝𝑒𝑟 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

[Food Wheel Motor]
𝑠𝑎𝑦 ω = π/2 𝑟𝑎𝑑

𝑠 ,  𝑡ℎ𝑒𝑛 𝑡𝑜 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒 𝑖𝑛 1𝑠,   α = ∆ω
∆𝑡 = π/2 𝑟𝑎𝑑

𝑠2

𝐼
𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

 = 1
2 𝑚𝑟2 = 1

2 (. 652 𝑘𝑔)(0. 075𝑚)2 = 0. 0018𝑘𝑔 • 𝑚2)

τ = 𝐼α = 0. 0029𝑁 • 𝑚
[Rack & Pinion Bearings]

𝑉
𝑔𝑒𝑎𝑟

= 6. 69 × 10−9𝑚3 →  𝑚
𝑔𝑒𝑎𝑟

 = 𝑉
𝑔𝑒𝑎𝑟

∗ 1410 𝑘𝑔

𝑚3 ≈ 0. 0094 𝑘𝑔 →  𝐹
𝑔𝑒𝑎𝑟

≈ 0. 092𝑁

,𝑤𝑖𝑡ℎ 2 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠 𝐹
𝑔

=  0. 046 𝑁 𝑝𝑒𝑟 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

[Rack & Pinion Motor]

𝐼
𝑝𝑖𝑛𝑖𝑜𝑛

 = 𝐼
ℎ𝑜𝑙𝑙𝑜𝑤 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

 = 1
2 𝑚(𝑟

𝑜
2 + 𝑟

𝑖
2) = 1

2 (. 0. 0094 𝑘𝑔)(0. 011252 − 0. 00252) = 5. 65 × 10−7𝑘𝑔 • 𝑚2)

𝑤𝑎𝑛𝑡 𝑡𝑜 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑏𝑎𝑙𝑙 𝑖𝑛 𝑡 =  3 𝑠
𝑣 = 0.25𝑚

3𝑠 = 0. 83 𝑚
𝑠 ,   ω = 𝑣

𝑟 = 0.083
0.03𝑚 ≈ 2. 78 𝑟𝑎𝑑

𝑠 ,  𝑡𝑜 𝑟𝑒𝑎𝑐ℎ 𝑓𝑢𝑙𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 1 𝑠,  α = ∆ω
∆𝑡 = 2. 78 𝑟𝑎𝑑

𝑠2

τ = 𝐼α =  1. 57 × 10−6𝑁 • 𝑚

Circuit diagrams:



State Diagrams:
Food Wheel State Diagram:

Ball Launcher State Diagram:

Reflection:
One thing that worked well for our group was having a set weekly meeting time that we

could meet regularly for at least an hour and a half each week to keep us on track. At these
meetings it was good to have an agenda planned beforehand and finish out with action items
assigned to each person so everyone had something to work on for next time. Towards the end,
it was really helpful to have a couple days where everyone was completely free and we were
able to work on the project and finish assembling it all. In the future, it might be helpful to break
up these major assembly days into a few four-hour chunks to maximize efficiency and reduce
fatigue. Additionally, one challenge we faced was misalignment of our transmission and
housing, which caused excess vibrations. With flexible shaft couplers being as expensive as
they are, we had to figure out an alternative solution. With the help of the shop staff, we were
able to create our own version of a flexible shaft coupler utilizing a piece of flexible plastic tubing
and a 3D printed shaft converter.



Appendix A. Bill of Materials



Appendix B. CAD
Ball Launcher Subsystem:



Feeder Subsystem:



Full Assembly (w/ Full Housing):



Full Assembly (w/o Front & Top Housing):



Appendix C. Full Code

Food Wheel Code:





Ball Launch Code:












