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Opportunity: An automated drink dispenser for cocktails that offers a unique opportunity to make the
process of mixing drinks quicker, more efficient, and standardized – perfect for home bartenders and party
hosts. Our system would combine convenience, precision, and customization, transforming the at-home
cocktail experience into something fun and effortless for the user.

High-level Strategy: Our final project is composed of three main systems– dispensing, mixing, and a
linear motion system. We designed and manufactured a 0.5-inch plywood housing that holds all our
components together for a clean, professional look. The system is controlled with an ESP32 and a
PCA9685 PWM extension board to add more PWM output pins to drive our DC motors.

Dispensing: This system is composed of four DC brush motors attached to a 3D printed rack and pinion
mechanism that would pull a lever of the drink dispensers to dispense the liquid.

Mixing Assembly: The mixer also utilizes a DC brush motor that is attached to a rack and pinion
mechanism. This moves the frother up and down to get the tip of the frother in and out of the cup. The
frother itself consists of a simple brushed DC motor that is connected to a relay board and 5V power.

Linear motion system: The carriage assembly moves the cup from dispenser to dispenser. The carrier
system is composed of two linear rods, a driving and driven pulley, shaft collars, a belt tensioning system,
linear ball bearings, a cup holder, and a carriage.

Integrated Design Diagram:



Final Circuit and State Diagram



Critical Design Decisions:

One of the biggest function-critical decisions we had to make was whether the chosen DC brush motors
would have enough torque to pull on the dispenser lever to disengage the stopper. To this end, we
calculated motor torque to ensure that the motor we would be using was strong enough. After we
calculated motor torque, we purchased one motor and designed a test stand that would emulate the real
conditions for physical testing.

𝐺𝑖𝑣𝑒𝑛 𝑖𝑛 𝑚𝑜𝑡𝑜𝑟 𝑠𝑝𝑒𝑐 𝑠ℎ𝑒𝑒𝑡 𝑎𝑛𝑑 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝑠𝑝𝑒𝑐𝑠
𝐵𝑜𝑟𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =  5. 00𝑚𝑚
𝑂𝑢𝑡𝑒𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =  10. 2𝑚𝑚
𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑙𝑜𝑎𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦: 90 𝑙𝑏𝑠 = 400. 3399 𝑁
𝑆𝑡𝑎𝑡𝑖𝑐 𝑙𝑜𝑎𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦: 35 𝑙𝑏𝑠 = 155. 68776 𝑁
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑝𝑒𝑒𝑑:  71000 𝑟𝑝𝑚

𝑇 = 𝑀𝑜𝑡𝑜𝑟 𝑡𝑜𝑟𝑞𝑢𝑒 × 𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜
𝑇 = 0. 63743𝑁𝑚 × 6. 3 = 4. 015746𝑁𝑚
𝑛

𝑜𝑢𝑡
= 490 𝑟𝑝𝑚

6.3 = 77. 778 𝑟𝑝𝑚

𝑇𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒:  𝐹
𝑡

=
𝑇

𝑚

𝑟𝑎𝑑𝑖𝑢𝑠 = 0.63743 𝑁𝑚
0.003𝑚 = 212. 47667 𝑁

𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒:  𝐹
𝑏𝑒𝑎𝑟𝑖𝑛𝑔

= 212. 47667𝑁 × 𝑡𝑎𝑛(20°) = 77. 3352 𝑁

𝐿𝑜𝑎𝑑 𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛

𝐹
𝑏𝑒𝑎𝑟𝑖𝑛𝑔 

=  77. 34 𝑁 <  400. 3399 𝑁            (𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑙𝑜𝑎𝑑)

𝐹
𝑏𝑒𝑎𝑟𝑖𝑛𝑔

= 77. 34 𝑁 <  155. 68776 𝑁           (𝑆𝑡𝑎𝑡𝑖𝑐 𝑙𝑜𝑎𝑑)

We need to consider a factor of safety to ensure that we are “overestimating” the force load on the
bearings for a worst-case scenario. Therefore,

𝐴𝑠𝑠𝑢𝑚𝑒 𝐹𝑂𝑆:  77. 34 𝑁 × 1. 5 =  116. 01 𝑁

Even with a 1.5 FOS, the bearings are still able to withstand the torque of the motor

Reflection: One of our major fallbacks during this project was being too ambitious during the onset of the
design process. For example, our initial design utilized a total of six bottles. We decided to scale down to
four bottles so we would not run out of GPIO pins for the DC motors. Even with this consideration in
mind, we still struggled to accommodate all the motors & buttons as many IO pins on the ESP32 were
actually reserved pins with specific functions. We would recommend creating a preliminary design and
circuit diagram while trying to choose projects.



Appendix A: Bill of Material (BOM)

ME102B Drink Dispenser Bill of Material

Part Number/Type Quantity Unit Cost Total Cost Source/Link

4’x8’ Birch Plywood 1.5 $87.63 $131.45 https://store.jacobshall.org/pro
ducts/1-2-plywood-shopbot

Linear Ball Bearings 1 $8.59 $8.59 https://www.amazon.com/dp/
B0C3R38HJ7?ref=ppx_yo2ov
_dt_b_fed_asin_title

12V AC Power Supply 1 $9.99 $9.99 https://www.amazon.com/dp/
B07GFFG1BQ?ref=ppx_yo2o
v_dt_b_fed_asin_title

6-Bottle Revolving Liquor
Dispenser

1 $42.49 $42.49 https://www.amazon.com/dp/
B00WRXG08Y?ref=ppx_yo2
ov_dt_b_fed_asin_title

5M GT2 Timing Belt 6mm
Width

1 $9.99 $9.99 https://www.amazon.com/dp/
B0CK21WWGV?ref=ppx_yo
2ov_dt_b_fed_asin_title

12v to 5v 5A Converter
Step-Down Power Supply

1 $14.99 $14.99 https://www.amazon.com/dp/
B09C4HPNJ8?ref=ppx_yo2o
v_dt_b_fed_asin_title

Flexible Couplings 1 $8.99 $8.99 https://www.amazon.com/dp/
B07DC2CV6T?ref=ppx_yo2o
v_dt_b_fed_asin_title

16MMMomentary Push
Button on Off Switch

1 $11.49 $11.49 https://www.amazon.com/dp/
B08SKJ6V7Z?ref=ppx_yo2ov
_dt_b_fed_asin_title

6mm Flange Coupling
Connector

1 $8.99 $8.99 https://www.amazon.com/dp/
B08334N261?ref=ppx_yo2ov
_dt_b_fed_asin_title&th=1

Micro Limit Switch 1 $6.60 $6.60 https://www.amazon.com/dp/
B07X142VGC?ref=ppx_yo2o
v_dt_b_fed_asin_title

DC Geared-Down Motor
37Dx72.5L mm 6V/12V,
with 64 CPR Encoder

5 $33.99 $169.95 https://www.amazon.com/dp/
B08X3CDZRF?ref=ppx_yo2o
v_dt_b_fed_asin_title&th=1
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ME102B Drink Dispenser Bill of Material

Part Number/Type Quantity Unit Cost Total Cost Source/Link

3D Printer Filament, PLA 1 $29.75 $29.75 https://www.amazon.com/dp/
B0C6T3Y6SW?ref=ppx_yo2o
v_dt_b_fed_asin_title&th=1

DRV8833 Dual Motor
Driver Carrier

3 $9.95 $29.85 https://www.pololu.com/produ
ct/2130

Wine Bottles 3 $5.80 $17.39

Stainless steel spring lock
washer for M5 screws

1 pack $12.13 $12.13 https://www.mcmaster.com/91
477A123/

5mm clamping shaft collar 2 $7.21 $14.42 https://www.mcmaster.com/57
445K22/

200mm carbon steel rotary
shaft

1 $5.58 $5.58 https://www.mcmaster.com/13
27K511/

M6 Knurled grip knob 1 $4.39 $4.39 https://www.mcmaster.com/60
765K332/

M5 Alloy steel shoulder
screw

1 $6.44 $6.44 https://www.mcmaster.com/92
981A779/

6mm x 3ft 6061 aluminum
rod

4 $3.04 $12.16 https://www.mcmaster.com/46
34T32-4634T323/

M6 wood screws 1 pack $7.99 $7.99 https://www.acehardware.com
/departments/hardware/screws
-and-anchors/wood-screws/56
144

120pcs Multicolored
Dupont Wire 40pin Male
to Female

1 $6.98 $6.98 https://amazon.com

Potentiometer 1 Borrowed from lab

ESP32 4 From lab kits

PCA9685 2 Borrowed from friend

TOTAL $570.60
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https://www.amazon.com/Elegoo-EL-CP-004-Multicolored-Breadboard-arduino/dp/B01EV70C78/ref=sr_1_1_sspa?crid=1KNHOWY2FPZB0&dib=eyJ2IjoiMSJ9.tjHxIQLJsk16_0YVtUGN6Tqnr8euWNsWVjpSaq5RQkYklBIXoRtjM38MSuXKj6IcTGM4SGnUHSKlR2FRbObmdiICw8g4_brI6hgxMHXURTrzPI9BHUJ_TKf4n4_yzQHbEe0jynVKH9HmroFdwN6nn0GizAMz-t8qLQL9AEjzW78KnBqYsUah8TpbuWpfxg4CnyLAJz4hfHKugNTKNXT8sb0SwsL6uKHVD9OtYruYvO4.zb-QdtHxBK97rXDJi-SRzACFfiAVdW9p5Mm3M-Hs0Co&dib_tag=se&keywords=male+to+female+jumper+wires&qid=1734662165&sprefix=male+to+female+%2Caps%2C209&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1


Appendix B: CAD Images







Appendix C: Operating Code






















