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Opportunity
The initial goal of this project is to create a relatively low-cost, smart drink-making

appliance for everyday life. The machine is also designed to save time from operating machines
and handles the simple repetitive actions when it comes to making customized drinks. There are
products on the market that produce customizable beverages for customers, but they mostly
remain in shopping malls and other public spaces, with the intention to attract nearby
consumers. We looked to build a machine that is capable of making coffee, boba, etc. with a
custom ratio of different ingredients at home, simply with a few touches with the fingers.

High Level Strategy
Our automatic coffee machine can be

divided into two subsystems. There is a control
panel section that allows the user to customize
their inputs such as the ingredients ratio (with the
option of less, normal, or more), which is
controlled by the amount of time the solenoid
stays open (will be mentioned later in the
manual). We originally wanted to also incorporate
water heating features as well, but did not find a
way to build and incorporate into our controls in a
timely manner.

Once the user inputs all the necessary
commands and press start, the operating section
of the coffee machine will start to make coffee.
The lower operating section contains a roller
carriage and a platform where the cup will be
placed. The platform carries a cup and moves
along a straight T-rail, making stops at the proper
positions to allow the ingredients to be dropped
into the cup. moves across a T-rail.

There is a pressure or weight sensor under the cup holder. It can be used to sense if
there is a cup on the platform (safety feature). The machine will not continue to operate at any
given time when the cup is being removed during the process or drink making. In the upper
operating section, there are three boxes that contain the powdered ingredients, and a tube that
is connected to a water pump that delivers water to the cup after loading the ingredients. The
only differences we had compared to our original design was that the ingredient boxes are in
line instead of a rotating disc, and that ultrasonic sensors were not implemented as a safety
feature due to compatibility issues with a version of the Arduino UNO board we tried to use.

We also hoped to use PWM to adjust the output voltage of a 12V motor to control its
speed, since it is desired to move the platform at a slow and steady speed. But we realized the



specific motor required 1.5A of current in order to operate as it has really high torque, and wiring
it to the rest of the circuit would have very concerning issues (a fried ESP32). Thus we had to
go with a 6V motor that had just enough torque to operate at the speed we want without PWM.

Fully Integrated Device

Function-Critical Decisions
The main component that drives the entire process of the machine is the motor. When

deciding the proper motor, we had a ballpark estimation as follows:
Mass of mug/drink container + filled water + weight of roller carriage = 1.2 kg;
Static coefficient of friction for aluminum against rubber = 0.6
Weight of the physical system = 0. 6 * 9. 8 * 1. 2 = 7. 056𝑁
Minimum requirement of torque of a 6mm shaft diameter motor = 7. 056 *. 006 = 0. 042𝑁𝑚
According to the data sheet of the motor we obtained, the torque at maximum efficiency at 6V is
1.5 kg*cm, which is 0.147 Nm, indicating that it is sufficient to drive the entire system.



Circuit and State Transition Diagram

Reflection
In terms of group dynamics, we knew how to split the duties properly so that each

person can do what they are best at, and we had great communication within the team for
meeting small deadlines. What we want to improve on is the amount of time we spend on
testing the system as there were many imperfections between the code and the actuators, and
we had to make many small adjustments and spend some time debugging. Afterall, we
managed to complete a working prototype, and look to expand its functionalities in the future.



Appendix A: Bill of Materials

Item Name Purchase Justification
Price
(ea.)

Qu
ant
ity Vendor Link to Item

SNUG Fasteners SNG586 Fifty (50) 1/4-20
Stainless Steel Nylon Insert Hex Lock Nuts

Nuts for tightening laser
cut parts together $ 7.73 1

amazon

link
LC LICTOP Button Head Socket Cap Screws

1/4-20 3/4" Allen Hex 304 Stainless Steel
Bolts 50 Pack

Screws for tightening
laser cut parts together $ 11.01 1

amazon

link
Zeberoxyz Big V Wheel with Plate and 6mm Belt

Buckle for 2020V-Slot Aluminum Profile 3D
Printer Accessories Parts Set for CNC Kossel

Black Wheel (Big V-Wheels with Belt

Cart for 80-20 track

$ 20.50 1

amazon

link
20Sets Black 2020 Series Aluminum Profile

Connector Set, 20pcs Corner Bracket, 40pcs
T Nuts and Hex Screw Bolt for Slot 6mm

20S Aluminum Rail Accessor

Connector for the 80-20
rail

$ 24.22 1

amazon

link
Iverntech 4pcs 500mm 2020 V Type Black
European Standard Anodized Linear Rail

Aluminum Profile Extrusion for DIY 3D
Printer and CNC Machine

80-20 rail used for cart
that transport the

platform $ 33.06 1

amazon

link
Befenybay Upgrade 2020 Profile X-axis

Synchronous Belt Stretch Straighten
Tensioner for Creality Ender-3/Ender3

Pro/Ender3 V2/CR-10/ CR-10 V2/ CR-10 V

Tensioner to ensure
transmission belt runs

smoothly $ 15.42 1

amazon

link
PLA 3D Printer Filament, SUNLU PLA

Filament 1.75mm, Dimensional Accuracy +/-
0.02 mm, 1 kg Spool, 1.75mm, PLA Black

3D print material for all
3D printed parts $ 23.14 1

amazon link

1 of: E-outstanding Synchronous Wheel 2PCS
Silver 20 Teeth 6.35mm Bore Timing Pulley GT2
Aluminium Alloy Synchronous Wheel for 6mm

Width Belt 3D Printer CNC Mechanical

TIming belt pulley for
the transmission $ 6.16 1

amazon link

1 of: 6V/12V DC 3.5 - 150 RPM High Torque
Gear Box Motor Reducer Reversible

High torque motor to
drive transmission that

has high friction
$ 9.90 1

Ebay link

1 of: 5PCS DC 12V 4mm Stroke Mini Push-Pull
Type Solenoid Micro DC Solenoid Electromagnet

Electric Magnet Valve Open Frame Spring
Solenoid Valves Linear Mot

Solenoid is used in
actuating the valves of

the ingredients
container

$ 13.54 1

amazon link

https://www.amazon.com/dp/B089PY7NXT/ref=cm_sw_em_r_mt_dp_WJGJ0SA3ZFK6F79VPANJ?_encoding=UTF8&psc=1
https://www.amazon.com/dp/B07GBM4WRT/ref=cm_sw_em_r_mt_dp_NR0HHRETD8BJG8QQKZP4?_encoding=UTF8&psc=1
https://www.amazon.com/dp/B08SPZT4SB/ref=cm_sw_em_r_mt_dp_T8WWA8XXW9NNBS6NFNYE?_encoding=UTF8&psc=1
https://www.amazon.com/gp/product/B0855V2JV3/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0855V2JV3/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0855V2JV3/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0855V2JV3/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/dp/B0855V2JV3/ref=cm_sw_em_r_mt_dp_C5PFAX2QC19C669RK7R1?_encoding=UTF8&psc=1
https://www.amazon.com/gp/product/B087PWGBM7/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B087PWGBM7/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B087PWGBM7/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B087PWGBM7/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/dp/B087PWGBM7/ref=cm_sw_em_r_mt_dp_663F117FGR083PADAW34?_encoding=UTF8&psc=1
https://www.amazon.com/gp/product/B07XL41QNH/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07XL41QNH/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07XL41QNH/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07XL41QNH/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/dp/B07XL41QNH/ref=cm_sw_em_r_mt_dp_EV442J4QPD34KK9B968D?_encoding=UTF8&psc=1
https://www.amazon.com/gp/product/B07XG3RM58/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07XG3RM58/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07XG3RM58/ref=ppx_od_tab_ap_asin_title_s00?ie=UTF8&psc=1
https://www.amazon.com/dp/B0991VWPRF/ref=cm_sw_em_r_mt_dp_ST7BM4QWSR8TSNKJSJSX?_encoding=UTF8&psc=1
https://www.amazon.com/dp/B08K2WTTZ3?ref=ppx_yo2_dt_b_product_details&th=1
https://www.ebay.com/itm/362665306590
https://www.amazon.com/dp/B098KVBH4L?psc=1&ref=ppx_yo2_dt_b_product_details


1 of: 12V 2A Power Supply AC Adapter, AC
100-240V to DC 12 Volt Transformers, 2.1mm X

5.5mm Wall Plug (12 Volt - 2 amp - 2 pack)

Power supply for
solenoid and high

torque motor which use
12V power supply

$ 14.32 1

amazon link

1 of: 5PCS DC 12V 4mm Stroke Mini Push-Pull
Type Solenoid Micro DC Solenoid Electromagnet

Electric Magnet Valve Open Frame Spring
Solenoid Valves Linear Mot

Solenoid is used in
actuating the valves of

the ingredients container

$ 13.54 1

amazon

link

1 of: 2Pcs Thin Film Pressure Sensor High
Precise Force-Sensitive Resistor Force Sensor

Pressure Sensor Resistance-type Thin Film
Pressure Sensor, Force Sen

Force sensor for the
platform that sense the

cup placement

$ 12.23 1

amazon https://www.a
mazon.com/g
p/product/B0
7T1CHY58/re
f=ppx_yo_dt_
b_asin_imag
e_o02_s00?i
e=UTF8&psc

=1

1 of: MUZHI SPDT1NO 1NC Momentary Hinge
Metal Roller Lever Micro Switch AC 5A 125 250V

3 Pins 12 Pcs

Lever switch that is
used in position the

platform

$ 7.32 1

amazon https://www.a
mazon.com/g
p/product/B0
7MW3W79B/
ref=ppx_yo_d
t_b_asin_ima
ge_o03_s00?
ie=UTF8&th=

1

1 of: Frienda 2 Pieces 0.96 Inch Display Module
12864 128x64 Driver IIC I2C Serial

Self-Luminous Display Board Compatible with
Raspberry PI (Blue Light)

Display for user
interface

$ 8.37 1

amazon https://www.a
mazon.com/d
p/B08TTDW7
2N?ref=ppx_
yo2_dt_b_pro
duct_details&

th=1

https://www.amazon.com/dp/B077PW5JC3?psc=1&ref=ppx_yo2_dt_b_product_details
https://www.amazon.com/dp/B098KVBH4L?psc=1&ref=ppx_yo2_dt_b_product_details
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07T1CHY58/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B07MW3W79B/ref=ppx_yo_dt_b_asin_image_o03_s00?ie=UTF8&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1
https://www.amazon.com/dp/B08TTDW72N?ref=ppx_yo2_dt_b_product_details&th=1


Appendix B: CAD

Front View of the Machine

The Conveyor Belt, Limit Switch, and Tensioner



The Motor

Cross-Section View of the Rolling System



Appendix C: Screenshot of code















 Arduino Uno code(Menu) 
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