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1. Introduction

1.1 Problem

Mixing cocktails and mocktails, whether at home or elsewhere, can sometimes be a
difficult process. While even simple, two-ingredient cocktails exist, to have consistency when
recreating them there must be precision and accuracy in measuring ingredients, and often these
are liquid ingredients in small quantities, which can be easy to mess up. The average person may
struggle to consistently mix drinks with the proper ingredient ratios without practice and jiggers
or other measuring tools. This could lead to overpouring drinks which have more alcohol in them
than expected, which can lead to overdrinking if not careful.

A solution to this issue lies in automating the process of measuring and mixing these
drinks. Commercially available automated cocktail machines do exist presently, but the average
consumer will almost certainly never adopt them due to high prices, ranging from several
hundred to several thousands of dollars. Many of these products also require proprietary bottles
or flavor pods, which limit usability and customization. There’s a clear gap in the market for an
affordable, compact, fully automated drink-mixing solution that doesn’t rely on proprietary

consumables and gives freedom to the user.

1.2 Solution

Our proposal centers on a cocktail and mocktail mixing machine controlled by a simple
ESP32 microcontroller. The initial design for this system will allow the user to make their drink
selection via a simple push-button input, verify the presence of a cup or glass via a weight
sensor, then dispense the correct volume of each ingredient into the cup. After dispensing, an
automatic stirring mechanism will lower itself into the cup, mix the drink, and then retract. LEDs
will be used to communicate the status of the drink to the user, lighting up green once it is
finished and lighting red if there is an issue.

The machine will be built around a central cup station with a load cell weight sensor
underneath it. At least two liquid containers (cups or bottles) will be connected via vinyl tubing
to individual peristaltic pumps for simplicity and accuracy. Each container will also sit on its
own load cell to monitor liquid levels. When the user presses a button to select a drink, the

microcontroller will first read the cup load cell to make sure there is a cup present. After reading



the ingredient load cells to ensure there is enough to make the drink, the microcontroller will
then activate the first pump, dispensing liquid while monitoring the load cell below the cup until
the target weight for the recipe is reached. This process repeats for each ingredient in the recipe.
Once all ingredients have been dispensed, a linear actuator motor will lower the stirring arm into
the cup, and a second motor will rotate the stirrer for some length of time. The stirring arm will
retract, and a green LED will turn on to signal that the mixing process has completed. If there are
any issues at any point (no cup, not enough liquid) then a red LED will turn on.

The entire system will be housed in a compact and portable enclosure, targeting a low

total cost that makes it affordable for the average consumer.

1.3 Visual Aid

Figure 1: Automated Cocktail Maker Visual

1.4 High-level requirements

To solve our problem our cocktail maker must satisfy 3 conditions.



The cocktail maker must dispense each ingredient to within £5 grams of the target weight/volume
specified by the recipe, as measured by the load cell beneath the drink cup.

The cocktail maker must detect the presence of a cup (weight threshold of 50 g) and verify that
there is sufficient liquid in each ingredient container (minimum weight required by recipe plus
extra 20% margin) before beginning the mixing process, halting and turning on the red LED
within 3 seconds if there are any issues.

The complete drink mixing cycle, from button press until the stirrer is retracted, should be

completed in under 150 seconds for a standard two-ingredient recipe.



2 Design

In this section we will discuss the design of our cocktail. There will first be a block diagram
mapping out our design and the different subsystem we will use. Then we will go into
descriptions for each subsystem to explain how they work, how they interact with each other,
and components they will use to achieve proper functionality. Then we will discuss requirements
to explain what the expected performance of each subsystem is and to give more specifics on
what is required of them. Lastly, we will discuss some tolerance analysis and other calculations

we will do so that our cocktail machine works as intended.

2.1 Physical Design

For the physical design of our cocktail maker, we should use different things to our advantage
like gravity to make certain aspects as simple as possible. Our tubing will not follow all the way
into the cup but instead will rest a few inches above the cup as to not interfere with the linear
actuator and gear reduction motor used for the stirring mechanism. We will also have the pumps
be located towards the top end of the tubing so that when a pump is deactivated most of the
liquid will fall back into the liquid housing containers and only a small portion towards the end

will fall into the user’s glass (See Figure 3).

)

Figure 2: Pump Placement on Tubing



The linear actuator will be located above and slightly off center from the user cup. The gear
reduction motor in charge of stirring will be attached to this linear actuator with a slight angle to
allow it to be in the center of the glass. This design will allow for the linear actuator to remain
out of the way, but the gear reduction motor will still be position so that when lowered it is in the

user glass (See Figure 3).

Figure 3: Linear Actuator and Gear Reduction Motor Placement

Lastly, the load cells will be placed under the glass and liquid housing containers, the LEDs will
be placed at the highest point possible on the design to stop anything from obstructing their view

and the same with the button (look at Figure 1 for reference).



2.2 Block Diagram
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Figure 4: Full System Block Diagram
2.3 Subsystem Descriptions and Requirements

2.3.1 [User Interface]

The user interface oversees allowing the user to interact with and command the automated

cocktail machine to allow the user to initiate the making of a drink. The user interface will

interact with the Control Subsystem through GPIO which will then handshake with the Status

and Weight Verification Subsystem which will give feedback on the state of the machine.

For our user interface we will use a simple pushbutton that is hardcoded to a specific cocktail.

Upon the user pressing this button, a signal will be sent to the microcontroller letting it know a

drink has been requested. The microcontroller will then verify if a drink can be made by

checking if the Status and Weight Verification Subsystem is in a stable state. If so, the

microcontroller will send a signal to the first pump to start working, a blue LED will be lit up to

notify the drink is in progress of being made, and the user’s input of pressing the button will

have been successful. If verification is unsuccessful then a red LED will light up to notify failure

and the user’s input will have been unsuccessful.



For potential expansion we would add more pushbuttons that are hardcoded to make other

cocktails. Eventually if all is working well and time permits, we will expand to a more complex

user interface where the user would have a menu of sort to interact with.

Table 1: User Interface Requirements and Verification

Requirements:

Verification:

When plugged in, the user presses
a button, and an LED status
indicator will light up notifying

the user of success or failure.

Ensures that the user glass is in position by reading an
appropriate value from the load cell under the user glass.
Checks the values of load cells for each ingredient needed
for the cocktail to make sure there is enough for the

requested drink.

The red LED lights up if any
issue occurs before or during the
drink making process.

The blue LED lights up when the
cocktail maker is in the process of

making a drink.

Check if the two steps in the first requirement fail/succeed
in producing the wanted values.

Check if the values from the liquid housing containers or
the user’s glass are changing at the expected rates when
dispensing the liquids.

Make sure the linear actuator goes to its work and home

position properly.

The green LED lights up when a
drink has been made.

The green LED turns off after the
user glass has been removed from

a successful drink.

Check all status bits for successful values

Check if the linear actuator is in its home position.
Check if the blue LED is currently on to turn on green.
Check if green LED is currently on and load cell under

user glass returns no weight to turn off green.

2.3.2 [Stirring Mechanism]|

The Stirring Mechanism oversees the process of mixing all the ingredients for the required

cocktail together. This is done using a linear actuator and a gear reduction motor. The stirring

mechanism will interact with the Control Subsystem through GPIO which will handshake with

the Status and Weight Verification Subsystem to make sure the stirring process can be started

and that it is properly completed. This subsystem will also be connected to the Power Subsystem

to provide power for both the linear actuator and the gear reduction motor.



Once all liquids are transported from the liquid housing containers into the glass the user will
eventually drink from, the ingredients must be incorporated together in some way. To do this we
will make a stirring mechanism that has two different motors both of which are controlled by the
microcontroller. The first motor (a linear actuator) will oversee the height of the arm that will be
used to stir. The arm originally must be out of the way for the user to put the glass in. So, this
motor will lower the stirring arm to be at an appropriate height to mix the liquids in the glass.
The second motor (gear reduction motor) will rotate the stirring arm to perform the mixing
process. The second motor will only turn on once it receives a signal from the microcontroller
that the first motor has moved from its home up position to its working down position and is no
longer moving. The height motor will only move in two scenarios. The first is the
microcontroller sends a signal that all the ingredients have been successfully transported into the
glass. The second condition is upon receiving a signal from the microcontroller that the stirring
arm motor is done and the motor can now be raised again. Once back in the home position, a
signal will be sent to the microcontroller that the linear actuator is back home, and the green
LED can be lit up. Both motors require 12V DC power which will be supplied from our Power
Subsystem directly without the need to first send the voltage through a voltage converter. The
linear actuator motor will be controlled through the DRV8871DDAR motor driver, whereas the

stirring motor will be driven through a simple n-channel MOSFET circuit.

Table 2: Stirring Mechanism Requirements and Verification

Requirements: Verification:

e The linear actuator must give e Buy a linear actuator rated for the required length (must be
enough vertical clearance (at least exactly what is needed since linear actuators only go to
50 mm) to move the stirring home and work positions).

paddle from above to into the user Measure travel distance to ensure linear actuator performs

glass. as expected.
e The gear reduction motor must e Buy a gear reduction motor rated for 50-100 RPMs.
rotate the stirring paddle at 50- e Test independently that motor functions at correct RPM

100 RPM to mix the drink with e Test for max RPM that can be used without spilling.

spilling during mixing process. e Test for needed time for thoroughly mixed drink.




e The stirring process must takeno e  Make sure the raising and lowering of the linear actuator
more than 45 seconds. does not take too long for product bought.
o Ensure that the gear reduction motor we buy has enough
RPM to mix the drink thoroughly in allotted time.
e Give extra buffer time for the transmission of signals.

e Time whole process to make sure standard met.

e The stirring paddle must be made e Check food safe materials list and buy a paddle made of
of food-safe material and small those materials.
enough to fit in a standard cup. e Take measurements of glass circumference and make sure
paddle doesn’t make contact when rotating around the

user glass.

2.3.3 [Pumps and Plumbing System]

The Pumps and Plumbing Subsystem will be in charge of transporting the liquids from the liquid
housing containers to the user’s glass. This will be done using self-priming pumps connected to
tubing that will suck the liquids from the housing containers and deposit them into the user’s
glass. This subsystem will communicate with the Control Subsystem which will handshake with
the Status and Weight Verification Subsystem to ensure liquid properly transfers. The pumps

will also be powered by our Power Subsystem.

Once a drink is verified that it can be made, we need a system to transport the ingredients from
the liquid housing containers to the user’s final glass. To do this we will use some clear tubing as
plumbing to guide the liquids and pumps to control the flow of liquid from the housing to the
final glass. The pumps will be self-priming so they don’t constantly need to hold liquid and will
work one at a time in a sequential order only starting to dispense a liquid once the other has
finished. The pumps will be connected to the microcontroller which will send start and stop
signals based on how much liquid has been dispensed so far. The microcontroller will get the
amount of liquid dispensed based on the values from weight sensors in the Status and Weight
Verification System. It will check both the weight of the user glass and the currently active liquid

housing container to ensure these values are matching correctly. Once reaching the specified



threshold value, the microcontroller will tell the pump to turn off. The pumps themselves will be

hooked up to our Power System to provide 12V power.

For potential expansion we could add another pump and tubing which will allow for cocktails

with more than 2 ingredients to be made.

Table 3: Pumps and Plumbing System Requirements and Verification

Requirements: Verification:
e Each pump must deliver a flow e Check the ratings for the pumps to make sure they achieve
rate of 100 mL/min. at least 100 mL/min and are self-priming.

e The pumps must be self-priming. e Test the pumps independently to make sure they work as

required.

o Tubing must be easily removable e Test to make sure tubing can be removed and installed
for cleaning. within 30 seconds.
e Ensure that to remove tubing no other component besides
the tubing needs to be touched.
e Have specific holes/notches for tubing so they “snap” into

place when installing them.

2.3.4 [Control Subsystem]|

The Control Subsystem is the central processing and routing hub for the entire cocktail
machine. It consists of an ESP32-S3-WROOM microcontroller module, and a custom PCB
designed in KiCad which houses the microcontroller, all driver circuits, connectors, and other
passive components. The PCB integrates every electrical interface in the system: three NMOS
driver subcircuits (for two pumps and the stirring motor), one H-bridge driver subcircuit for the
linear actuator, three HX711 sensor interfaces for the load cells, the pushbutton debounce circuit,
LED outputs, power regulators, and programming headers.

The ESP32-S3-WROOM was selected thanks to its high amount of GPIO pins, 240 MHz
processor, and popular support. It operates at 3.3V and is powered by the AMS1117-3.3 voltage
regulator on the PCB. A 6-pin programming header provides access to the programming pins for

firmware uploading through a USB-UART bridge.



Table 4: Control Subsystem Requirements and Verification

Requirements: Verification:

e The ESP32 must poll button input e Configure the HX711 modules in the 80 SPS mode. In the

and read all weight HX711
channels at a rate of at least 10

samples per second.

main loop, read all three channels sequentially and print
timestamps over serial. Confirm each channel produces >

10 new readings per second.

The PCB must include n-channel
MOSFET driver circuits for each
pump and for the rotary stirring

motor, with gate resistors and

Use a multimeter in continuity to verify the 100Q resistor
is in series between each GPIO net and the corresponding
MOSFET gate, and the 10kQ is between each gate and
GND. Verify that a flyback diode is present across each

pull-down resistors to prevent motor terminal.

floating gates.

e The PCB must include an H- e  With the actuator connected, set ACTUATOR 1 high and
bridge driver with control inputs ACTUATOR 2 low, confirming the actuator extends.
from two ESP32 GPIO pins for Reverse the signals and confirm the actuator retracts.

the linear actuator.

2.3.5 [Status and Weight Verification System]

The Status and Weight Verification Subsystem oversees the process of verifying that the cocktail
maker can make a cocktail, is properly making a cocktail, and letting the user know the current
state of their drink. This is done using load cells under each liquid container. These values are
constantly measured to check if they return desired values. If so, then the drink can start/continue
being made. If not, the drink making process will stop/not start. The status of the drink will be
represented by one of 3 LEDs. The Status and Weight Verification Subsystem is directly
connected to the Control Subsystem which will then send signals to all other subsystems based
on the values of the load cells. It will also be connected to the Power Subsystem, and the load

cells will require 5V power from the converter.

Before making a drink, we must know if certain criteria are met so we don’t just start randomly
dispensing liquid onto the counter. We also need some way to track how much liquid has been

transferred from the liquid housing containers to the user’s glass. Lastly, the user should know



the state the cocktail maker is currently in to know if something is wrong, if the cocktail is made,
or if the cocktail is in the process of being made. This is what the status and weight verification
subsystem is for. This subsystem will consist of 3 LEDs (green, red, blue) and initially 3 weight
sensors (1 for the user glass and 1 for each of the liquid housing containers). The green LED will
be lit when a cocktail is properly made, the blue LED will be for when the cocktail is in progress
of making a drink, and the red LED will be for when there is some sort of issue so a cocktail
can’t be properly made. No user input will be accepted if any of these LEDs are on. The weight
verification sensors have multiple uses. The first thing is upon receiving a user input the
microcontroller will check the values of the weight sensors. It will check the user glass weight
sensor to make sure a glass is there to catch the liquids. It will also check the other weight
sensors to make sure there is enough liquid in the containers for the requested drink. Then we use
these weight sensors to make sure the correct amount of liquid is taken from the liquid housing
containers and is dispensed into the user’s glass by having these sensors communicate with each
other through the microcontroller. We will also require an amplifier to be connected to each
weight sensor for proper use. This subsystem will also be connected to our power system to

supply the required 5V.

For potential expansion we could get extra weight sensors to allow for cocktails with more than 2

ingredients.

Table 5: Status and Weight Verification Subsystem Requirements and Verification

Requirements: Verification:

e The cup platform load cell must e Test the weight of the user glass and a little over 350 mL

support about 1 kg to account for of liquid on multiple scales to ensure weight does not go
both a cup and up to 350 mL of over 1 kg and cross check this with read load cell value.
liquid.

e The ingredient container load e Test the weight of the liquid housing containers full of
cells should have 5 kg capacity to liquid on multiple scales to ensure weight does not go
support larger ingredient over51 kg and cross check this with read load cell value.
quantities.

e The cup detection threshold e Program the threshold value to 50g on the user glass load

should be set at 50 g, and the cell.




system should have the capability e Make sure cup is sufficiently heavier than 50g.

to distinguish between an empty e Test items around 50g on load cell to guarantee accuracy.

platform and the 50 g threshold.

e Each ingredient container load e Program the required amount of liquid in each housing
cell should be able to verify that container to be 120% of a single cocktail requirement.
the container contains at least e Test liquids across multiple scales to make sure load cell
120% of the required ingredient gets an accurate reading.
weight.

e During dispensing, the e Program the pumps to stop slightly early to allow certain
microcontroller must read the cup liquid not currently in glass to fall from tubing.

load cell and the ingredient load e  Measure weight of actual stop time versus after extra
cells to stop the pump within 5 g liquid falls into glass to get exact stop weight.
of the target weight.

2.3.6 [Power System]

The power subsystem is in charge of providing all electrical energy to the system. It needs to
deliver stable power at the correct voltages to ensure reliable operation of every component in
the system, including the microcontroller, sensors, motors, and pumps. This means the Power
Subsystem directly connect to all other subsystems in our design to power all devices, except it
will not be directly connected to the User Interface, but it will indirectly power the User Interface

subsystem.

The function of the Power System is to convert the AC wall power to the DC voltages required
by the system. A 12V DC wall adapter will provide the primary supply, while an onboard
voltage regulator will step this down to 5V and then also down to 3.3V for the sensor amplifiers
and the ESP32 processor. The 12V rail will also directly power the pumps and motors through

their respective driver circuits.

Table 6: Status and Weight Verification Subsystem Requirements and Verification

Requirements: Verification:
e The 12V DC wall adapter must e Use a multimeter to measure the voltage the wall adapter
supply at least 3A of current to converts to and make sure we read 12V.

support the simultaneous




operation of one pump, the linear e  With a multimeter measure the current supplied by the

actuator, the rotary motor, and wall adapter to make sure it is at least 3A.
overhead for the rest of the e Measure each component individually to make sure it is
system. getting the proper current required.

e The 5V voltage regulator must e  With a multimeter measure the voltage from the voltage
supply at least 300 mA at 5V to regulator to ensure 5V is being provided to the 3 HX711s
power at least three HX711 and the ESP32 microcontroller.
amplifier boards and provide e Measure the current at the HX711s and the ESP32
power to the ESP32 microcontroller to ensure they achieve 300mA at 5V.
microcontroller.

2.4 Tolerance Analysis

2.4.1 [Proper Amount of Liquid Transferred]
The main source of external error that our design introduces that we must account for involves
the pumping of ingredients from the liquid housing containers to the user glass. For example,
let’s say we want 100 mL of a specific liquid. We can’t tell the pump to stop pumping when
100mL has been added to the user glass. If we do this then we will have some liquid that is still
in the plumbing that will eventually end up in the drink due to gravity. To counteract this, we
must send the signal for the pump to stop slightly before 100 mL has been added to the user
glass. Therefore, we are accounting for the fact that extra liquid from the tubing will fall into the
glass due to gravity. We will approach this problem in two ways. First, we will come up with a
predictive equation that using variables listed below will let us know the volume we should stop
dispensing to get our desired volume. We can also test this manually by, for example, stopping at
93 mL and seeing what we end this. We would perform this experiment many times to reduce
variance.

Fxt=V (1)

L=D-V (2)

With Variables:

- V ~ volume of post pump tubing



- F ~ flowrate [up to 100mL per minute]
- t ~ time
- L ~ coded weight sensor value which shuts the pumps off

- D ~ desired ingredient amounts

2.4.2 [Kink in Tubing]

Another source of external error is that because we are using plastic tubing, at times there may be
kinks that prevent the liquid from properly being transported. There are two ways we could
combat this. The first is to have a timer in the program for each pump with each drink that has a
max limit. We know how much time it should take for the liquid to be transported so if after that
much time plus a little extra for accommodation, if the correct amount of liquid has not been
dispensed in the user glass, then the red LED will light up to signify an issue. While this issue
works, if the pump time is expected to take a minute, if you have a kink at second 5 then the
pump runs for about an entire minute before finally stopping. Another option would be to check
the weight of the user glass at certain intervals to see if the expected progress in liquid
transportation is being made. If not, then once again light up the red LED to signify something

went wrong.

2.4.3 [Loss of Connection or Power]

Lastly, another source of external error is if something goes wrong with the machine losing
power or the USB C of the microcontroller accidentally getting unplugged. If this were to happen
at any process during the making of the drink, the drink should be scrapped and if another drink
is wanted the process should start from square 1. To do this, if the blue LED is ever on and we
lose power or connection, upon regaining power a flag bit will be set to turn on the red LED.
This flag bit will only be cleared once the user glass is removed from the sensor as this would

mean that the drink is scrapped.



3. Cost and Schedule

While we are still only students, there is still a cost for us making this project. Not only will we
have actual physical parts that we must order, but we will also pour many hours into this project
which cost money as instead of working for a salary we are instead working on our senior design

project.
3.1 Cost Analysis

3.1.1 [Labor]

In our team contract we spell out that each team member is required to work on the project for at
least 8 hours per week. Through the first couple weeks it is apparent this is an underestimate of
the actual time spent per person on the project for the week and the real number is probably
around 12 hours per person per week. Some weeks it will be less and on deadline weeks it will
be more, but for a weekly average 12 is pretty accurate this far. Also, as the project gets toward
its completion, we imagine the work will ramp up a bit so an extra 30 hours total will be added
per partner. We will say these 12 hour weeks started the week the initial project proposal was
due so (These 12 hour weeks will be done for 12 weeks total).

hours
hours per partner = 12 veek * 12 weeks + 30 hours = 174 hours per partner
total h 3 partners » 184 _ 523 total h
= * _— =
otal group hours partners partner otal group hours

With each of our expected hourly rates after graduation being around $40/hour we can use this to
get a total cost of our own labor.

r labor cost = 522 gr hours * 40 -
= *
group labor cos group hours A

= $20,880 in group labor

Aside from our own labor, we also talked to the machine shop about having them do some of the
assembling for us and creating the rigid body of our cocktail maker. For these numbers we will
assume it will take 2 machine shop workers 3 days to complete this aspect of our project.
Assuming they make about $35/hour we can get a total cost for machine shop labor.

) days hours dollars
machine shop labor cost = 2 workers * 3 * 8 * 35 = $1,680
workers day hour

From this we can get our total cost of labor by summing up the group and machine shop labor
costs

total labor cost = $20,880 + $1,680 = $22,560

3.1.2 [Parts]
Table 7: Parts List

Description Manufacturer Quantity | Price Per | Link

12V 6” 220 Ibs Linear Actuator RVMARINEPAT 1 $39.99 Link



https://www.amazon.com/RVMARINEPAT-Actuator-Waterproof-Polarity-Controller/dp/B0CX8Y49JN/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.apr0ll6gZU51xByfClo-6G-uzKkwu4H0i6WhqC89OLGuHXYiRGgS3rH1BH4mL6VEOkP-0ow1pYJNEX_lNaq7REWNucboxWc25bNULZqnStvXEjlRJ550LtodPaRhilImzur6F8wj4Bgbse0Tsut9zR0JAqEEGeipZNDNUJG8-ZA0nIjfwXQkQEaF4Y4xH6D0w8aVnW0fTk2n7ViAas3QcsnJX2wmhq5lTiJcGP3BAek.9oPgypeqQpWIy5hmk-0ZSSDxMzpbxnXPuU4m8jdfcIQ&dib_tag=se&keywords=linear%2Bactuator&qid=1771702669&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

12V 85 RPM Gear Reduction Motor Greartisan 1 $14.99 Link
ESP32-S3-WROOM * Hosyond 1 $18.99 Link
Micro USB Connector * Molex 1 $0.93 Link
AC/DC 12V Wall Mount Adapter Ruactor 1 $15.04 Link
3 Amp Fuse Littelfuse Inc. 1 $2.37 Link
Red, Green, Blue LEDs Gebildet 1 $9.99 Link
Drink Selection Buttons * C&K 2 $2.84 Link
Push Buttons* Same Sky 2 $0.10 Link
Power Switch * E-Switch 1 $0.57 Link
Screw Terminals * Amphenol Anytek 5 $0.64 Link
5 kg Load Cell Adafruit Industries | 3 $3.95 Link
Self-Priming Pumps * BRINGSMART 2 $18.97 Link
4" Clear Tubing (9.8 ft) Yesallwas 1 $5.99 Link
Voltage Regulator (LM2596S-5) UMW 1 $3.32 Link
Voltage Regulator (AP2112K-3.3TRG1) * | Diodes Incorporated | 1 $0.22 Link
Barrel Jack Switchcraft Inc. 1 $11.39 Link
H-Bridge Motor Driver (DRV8871DDA) Texas Instrument 1 $2.73 Link
HX711 Amplifier Soldered Electronics | 3 $5.45 Link
PCB Board (100mm x 100mm) * SchmalzTech LLC 1 $6.49 Link
33uH Inductor Bourns Inc. 1 $0.67 Link
680uF Capacitor (THT) Panasonic 1 $0.82 Link
Electronic
Components
220uF Capacitor (THT) * Nichicon 1 $0.44 Link
100uF Capacitor (THT) * Nichicon 1 $0.60 Link
Capacitor — 0.1uF/50V (0805) * KYOCERA AVX 6 $0.35 Link
Capacitor — 33uF/10V (0805) * TDK Corporation 1 $0.87 Link
Capacitor — 1uF/25V (0805) * Murata Electronics | 2 $0.16 Link
Capacitor — 10uF/50V (0805) * Murata Electronics | 2 $1.19 Link
Diode — CDBAS540-HF (DO214AC) * Comchip 7 $0.45 Link

Technology



https://www.amazon.com/dp/B08D3SWMXB/ref=syn_sd_onsite_desktop_0?ie=UTF8&pd_rd_plhdr=t&aref=seaNYMmsCb&th=1
https://www.amazon.com/Hosyond-Development-Dual-Mode-Compatible-ESP32-S3-WROOM-1/dp/B0F5QCK6X5/ref=sr_1_3?adgrpid=187936272362&dib=eyJ2IjoiMSJ9.pk-VGxWPcKkj1lNBrAXUU_Y5vP7sLDvT8KiJYecMUM5H5i-Wy96U85OynqSTZYSUBFHfFD-uWvZcYBLHxUVBit3xTQV2ErFEWJ0XJ4hnD6BCs2JRPh41MuEml3IMwNEgBDKleAEyfnyReC-Au6G0JiCDaNXhNXHNxysio2uadEgWK00A067CkcmVyU0srbooRs6E2om6ANyr4jqt9DGiWq9V4RuA2h_szvpS-JxqOZE.3_np2deFbLlH8VrgvwQTUBpcVitkOoFSnQ1GoNv_ZRM&dib_tag=se&hvadid=779579046184&hvdev=c&hvexpln=0&hvlocphy=9022196&hvnetw=g&hvocijid=9730014269040361885--&hvqmt=e&hvrand=9730014269040361885&hvtargid=kwd-2417837696072&hydadcr=24330_13859547_2335128&keywords=esp32-s3%2Bwroom&mcid=20e557a5358d3844813f032baa5d6bc8&qid=1772064107&sr=8-3&th=1
https://www.digikey.com/en/products/detail/molex/1051640001/5287250?gclsrc=aw.ds&gad_source=1&gad_campaignid=20234014242&gbraid=0AAAAADrbLlhV2wdBbZkCAvGfMhSdAJDNP&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCwxWpMHUqhFcXqWYRImzYj-ecXYUU6J0zpJkJPIiN1mEXzZSPNiF5xoC-_oQAvD_BwE
https://www.amazon.com/Ruacctor-Adapter-Tri-Mag-L6R48-120-Supply/dp/B0F482N3K1
https://www.digikey.com/en/products/detail/littelfuse-inc/0454003-MR/552285
https://www.amazon.com/Gebildet-3V-4-5V-5V-6V-7-5V-9VDC-Waterproof-Signal-Indicator/dp/B09L7X2KPP/ref=sr_1_7?dib=eyJ2IjoiMSJ9.3q7o4fArbBqDKX2VP0qggl4aIfiebEtDkm6LUzJU_KtXnJBdM0yVvvThZB6lXbNA0-SejNfwfjpwBIr7YVu1opMpyYuPjX6DO08SyNNSa0BKJyqjmnETbYW_ctOqJ0vucIRcfgRc0Kp5sAkqubwnbx42HVJgVVAT62FMrzGFEGEHcJ6mZDdO4Ycj3rC1e7-aNWC69n9Y2lqX5sr-cLFnNJCGQLvpHr7bhqESboOuXSk.2vlLZF4era17gemk2m04tFoCUOSU_Aqf80T9jazJloE&dib_tag=se&keywords=panel%2Bmount%2Bled&qid=1772060439&sr=8-7&th=1
https://www.digikey.com/en/products/detail/c-k/KS11R22CQD/332670?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlipfBGPOEtJDiJkwOa1isX-w&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCydwU0pM3gQS0f-ItSOAfBFNHIbIB1pkvH1GDeGN98vobbjbYyiQpxoC1KEQAvD_BwE
https://www.digikey.com/en/products/detail/same-sky-formerly-cui-devices-/TS02-66-55-BK-100-LCR-D/15634297?gclsrc=aw.ds&gad_source=1&gad_campaignid=20243136172&gbraid=0AAAAADrbLlgHnHr1UjAV-hh-5URvt38xz&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC0oK6HVbmPkcoDoh2trG4gt5YHeyZ7V-H3N0BPPDmwLjWccRyA7-gxoCyCIQAvD_BwE
https://www.digikey.com/en/products/detail/e-switch/RA17131123/16017453?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlipfBGPOEtJDiJkwOa1isX-w&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC2-D59ZxuQii3d3AMFOV-iTWwhaJ4Oc6QG9UMdXAYXP17qR6YtVArhoCHdUQAvD_BwE
https://www.digikey.com/en/products/detail/amphenol-anytek/YO0201500000G/4242160?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlipfBGPOEtJDiJkwOa1isX-w&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCx44dslWTVeXGV3Kei5eRIHRl8b8FZhb6p-1yaq8XeTJv_XRHDcABhoC1sQQAvD_BwE
https://www.digikey.com/en/products/detail/adafruit-industries-llc/4541/12323573
https://www.amazon.com/BRINGSMART-Diaphragm-Priming-Function-Transfer/dp/B0BZYKXLSY/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.2vBEoLRnbWkHpMOeOP8y4cFUoNUSnmIRgcjhl4nb9DHfjV_D5OhGZ4axgW9Bh_HcKSpEysAB1oTmnlWzY5UjfTicHZCYioC_ew0bLBXivxyA1YZNIGY67kT6hXmZPFzj9qAhPFT9w7h348LOYynz1z60jiKhPZU2HmegwcMM0g619EGo3PFVcLQcyyaMju-XFetM2nF2E6mK9hnC6PL22W1iqF6t9hxpFG9T51m1qvK1XJyEyzHZhq8ix5cj7o248pzOktcQX4OwMLEeqF81BbCAWN8fOb9zp3GJZdH4-gE.eBUoZx8QioTNWTuupxsXl4UHi2C0LZGp6SFxwgCRvfI&dib_tag=se&keywords=self%2Bpriming%2Bwater%2Bpump&qid=1772064436&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Yesallwas-9-8-Foot-Translucent-Plastic/dp/B0D2D1DR7Q/ref=sr_1_7?adgrpid=187087351835&dib=eyJ2IjoiMSJ9.bEPtfqccJVENA2s9z8cih_PPkOmOgQAUHYN4WKEUJII-LLGZGGF13viKWM9JkJ5aP_v4qODWR9OgxOXwAYlgTDp32m4q1gNAIzEk3bS3oDOWQtpZWhO0kjnvKloQbk9hLxFaA66roSiNtT0qSjCmxR371pjAfs2AsmHNf0AhHIfw0IFK7iMVQB20xLx_z5ciCX95WNqo1tiWr9TjTX5Pmvpm1B9KlolEirh5YxmlDb0.3l6BGFbwTHH2obCeEcvB2YVmiK5p9B5Vjfd00zgDq-c&dib_tag=se&hvadid=779592444208&hvdev=c&hvexpln=0&hvlocphy=9022185&hvnetw=g&hvocijid=3968968084699638475--&hvqmt=e&hvrand=3968968084699638475&hvtargid=kwd-598311742983&hydadcr=26395_11681462_2113799&keywords=quarter+inch+clear+tubing&mcid=e0cbaea6c60335148a46021fbec9ab2a&qid=1771971417&sr=8-7&xpid=zRBKCm1apH5ZE
https://www.digikey.com/en/products/detail/umw/LM2596S-5-0/16705901
https://www.digikey.com/en/products/detail/diodes-incorporated/AP2112K-3-3TRG1/4470746
https://www.digikey.com/en/products/detail/switchcraft-inc/RAPC10U/4966993?s=N4IgTCBcDaIEoEEAKBhAjABgKogLoF8g
https://www.digikey.com/en/products/detail/texas-instruments/DRV8871DDAR/5639726
https://www.digikey.com/en/products/detail/soldered-electronics/333005/21720457
https://www.digikey.com/en/products/detail/schmalztech-llc/ST-PERF-3-3/16005956?gclsrc=aw.ds&gad_source=1&gad_campaignid=23033451739&gbraid=0AAAAADrbLlineTs_xFY2gvRm1jEp50wCP&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC3Kod0okRdu5TaNbdCGPXk86Y-Rlmy9xSP3sR-brumxvfVcROkd6uhoCXiwQAvD_BwE
https://www.digikey.com/en/products/detail/bourns-inc/SRN1060-330M/3821647?s=N4IgTCBcDaIMoCUByBGADANjQWgMy7QFkQBdAXyA
https://www.digikey.com/en/products/detail/panasonic-electronic-components/EEU-FR1C681LB/2504127
https://www.digikey.com/en/products/detail/nichicon/UPJ1C221MPD1TD/4320722
https://www.digikey.com/en/products/detail/nichicon/UKL1E101MPDANA/2598412
https://www.digikey.com/en/products/detail/kyocera-avx/08055C104JAZ2A/1950961?gclsrc=aw.ds&gad_source=1&gad_campaignid=20682862038&gbraid=0AAAAADrbLli9fsikBb_hhhZP0aHVCXuHI&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC_89FKK-BXHkkuD_a1NstA8kgBkrBiELiXuyKY01ByT_-19BBGo5LBoCn8YQAvD_BwE
https://www.digikey.com/en/products/detail/tdk-corporation/C2012X5R1A336M125AC/2812454
https://www.digikey.com/en/products/detail/murata-electronics/GCM21BR71E105KA56L/1641704?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLljDghx5MeUqT85yxmN-bHZNP&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC6Ql2pg83p1kR0wFA3O5ArFHQNpMH5TSiklme0DMxpuaEQbofLQ-JhoCb8UQAvD_BwE
https://www.digikey.com/en/products/detail/murata-electronics/GRJ32ER71H106KE11L/5321162?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLljDghx5MeUqT85yxmN-bHZNP&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC-GMc9aCT-E_qvgLygErTmcD2gncuVN0We6EvbD7-NMC2J7KanC9LxoCNZwQAvD_BwE
https://www.digikey.com/en/products/detail/comchip-technology/CDBA540-HF/5226175

MOSFET — IRLMLO030TRPBF (SOT23) * | UMW 3 $0.23 Link
Resistor - 10kQ 5%(1/8W) (0805) * YAGEO 10 $0.10 Link
Resistor - 150Q (0603) * Stackpole 3 $0.10 Link
Electronics Inc
Resistor - 1kQ (0603) * YAGEO 6 $0.10 Link
Resistor - IMQ /1% / (1/8W) (0805) * YAGEO 1 $0.12 Link
Resistor - 33KQ 1%(1/8W) (0805) * YAGEO 1 $0.10 Link
Wire to Board Header * Molex 5 $0.13 Link
Total $223.04
* Implies part will be obtained from machine shop
total cost = $22,560 + $223.04 = $22,783.04
3.2 Schedule
Week Tasks Person
Finish Design Document Everyone
Finish PCB Design Nick/Ben
February 23— March 1 Find Parts to Order Dominic
Order Parts Everyone
FIRST ROUND PCB ORDER
Design Review Everyone
Start Programming with Dev Board Dominic
March 2% — March g" PCB Design Updates Nick/Ben
Work on Breadboard Demo (Finish UI and Power | Everyone
System Breadboard Design)
SECOND ROUND PCB ORDER
Work on Breadboard Demo (Finish Pump System | Everyone
Breadboard Design)
March 9% — March 15 Make sure all parts are up to spec Everyone
Continue Dev Board Programming Dominic
Breadboard Demo Everyone
PCB Design Updates Nick/Ben



https://www.digikey.com/en/products/detail/umw/BSS138/24890260?gclsrc=aw.ds&gad_source=1&gad_campaignid=21136823955&gbraid=0AAAAADrbLlgguvP0UOrf3VbBp38kIXCrx&gclid=CjwKCAiA2PrMBhA4EiwAwpHyC2cc_MEk-r7UdxPwJeyQLneeAiNBDaRPiWpAN4yvyN9HTDdhuAKtThoCDuYQAvD_BwE
https://www.digikey.com/en/products/detail/yageo/RC0805JR-1310KL/13694306?gclsrc=aw.ds&gad_source=1&gad_campaignid=20232005509&gbraid=0AAAAADrbLlg6VfkJTISHF5k0Q3RhMziOn&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCzmcZ4Dyo90cHIwtA5xXHmr5GNVaqvomLLJAohlM_atyqs48e4X3PhoCdvoQAvD_BwE
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/RMCF0603JG150R/1712154
https://www.digikey.com/en/products/detail/yageo/RC0603FR-131KL/12756423?gclsrc=aw.ds&gad_source=1&gad_campaignid=20232005509&gbraid=0AAAAADrbLlg6VfkJTISHF5k0Q3RhMziOn&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCw8T-Wm1xYt4nhYSFz9WKQ43xMjDV1PHvSNa1Dogo7FT9YzYs3ZD7BoCJe4QAvD_BwE
https://www.digikey.com/en/products/detail/yageo/RC0805FR-071ML/730392?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlipfBGPOEtJDiJkwOa1isX-w&gclid=CjwKCAiA2PrMBhA4EiwAwpHyCxvH05XlHamb3eLkkEmczG8ZaL3y_QbvAu44bfaCja225zwbnGmd4hoCDUoQAvD_BwE
https://www.digikey.com/en/products/detail/yageo/RC0805FR-1033KL/14287381
https://www.molex.com/en-us/products/part-detail/22272021

Give Machine Shop all parts Everyone
TEAMWORK EVALUATION DUE
THIRD ROUND PCB ORDER
March 16" — March 22" | NONE REQUIRED Everyone
Continue Programming (UI and Status and Dominic
Weight Verification Subsystems Finished)
March 23" — March 29t _ '
PCB Design Updates Nick/Ben
FINAL ROUND PCB ORDER
Work on PCB Assembly Nick/Ben
) Continue Programming Dominic
March 30 — April 5% ‘
Start Part Integration Everyone
INDIVIDUAL PROGRESS REPORT DUE
Continue Programming (Stirring Mechanism and | Dominic
Pumps and Plumbing Subsystem Finished and
April 6" — April 121 Cocktail Program Finished)
Final PCB Assembly Finished Nick/Ben
TEAM CONTRACT ASSESSMENT DUE
) Full Assembly and Part Integration Everyone
April 13" — April 19
Debug Everyone
Debug Everyone
April 20 — April 26t Work on Final Report Everyone
MOCK DEMO
Debug Everyone
_ Work on Final Report Everyone
April 27 — May 37
FINAL DEMO
FINAL PRESENTATION
Work on Final Report Everyone
May 4% — May 17" FINAL PAPER DUE

LAB NOTEBOOK DUE




4. Ethics, Safety, and Societal Impact
As soon to be engineers, we have the responsibility of designing systems which prioritize user
safety, reliability, and responsible use. Thus, it is important we keep in mind and thoroughly

evaluate our design to ensure that nothing might jeopardize these responsibilities.

4.1 Ethics

The first lens to look through when evaluating this design is an ethical one. The IEEE and ACM
Codes of Ethics state that engineers should prioritize public safety and welfare, be honest about a
systems limitation, avoid any deceptive practices, and have systems designed to minimize the
risk of harm. Keeping all this in mind when reviewing the automated cocktail/mocktail makers
design, there are two primary ethical responsibilities which stand out the most here.

Our first, and most obvious, ethical consideration is the responsible use of the product as it
relates to its alcohol pouring abilities. While this system can dispense and mix alcoholic drinks,
it should not promote any sort of unsafe or excessive consumption practices or misrepresent a
drinks strength. To combat this, what our system will do is use weight sensors to measure out
ingredients and effectively limit the amount of each liquid added to a cup within some defined
tolerance. What this does is prevent any sort of accidental overpouring and can easily be tracked
by documenting dispensing tolerances or accuracy. This sort of documentation, when all said and
done, also provides users with a clear understanding of the system’s limits so that they
understand the measurements are approximate and should be treated as such. Also, with this
device being capable of dispensing alcoholic beverages, we must consider the fact that there is a
chance of misuse. Although we might not be able to eliminate intentional abuse of the system, or
determine who may use it post purchase, it is our responsibility to make sure our design will
minimize risk through quantity limits and controlled dispensing logic, and that we make it clear
that this is intended strictly for adult use. While we acknowledge the fact that the user ultimately
determines how the system is used, on the designer side it will not bypass any sort of legal
safeguards regarding alcohol consumption and may require age verification measures in the
future.

The second main ethical responsibility to consider is that of honest performance reporting. When
testing and validating the dispensing accuracy of our machine, it is crucial we do so repeatedly

and experimentally to report proper measured errors rather than ideal or theoretical values. By



doing this we are letting users know that there is a chance their drinks do not reach a level of
commercial certification accuracy, but that if anything it is quite close. Together, all of this
aligns with the IEEE principle of truthful representation of system capabilities and limitations, as
it makes it clear to users that the result will consistently be within some specific range of values.
With the incorporation of the weight sensors and control software too, it also will follow fail-safe
principles that are consistent with IEEE and ACM ethical guidelines. On the topic of ACM
principles, since our system does not collect, store, or transmit any sort of personal data, and thus
no behavioral tracking occurs besides the immediate functional operation, it easily remains in
compliance regarding privacy and responsible data stewardship. Besides this, we will all follow
good engineering practices by documenting our design decisions, testing procedures, and any

failures to avoid misleading users about the system’s reliability.

4.1.1 Specific Applicable Engineering Standards

e |EEE Code of Ethics

e |EEE 1012 - Verification and Validation

e |EEE 12207 - Software Lifecycle Process

e ACM Code of Ethics

e ACM1.2: “Avoid Harm”

e ACM1.6: “Respect Privacy”

e UL 62368-1 - Safety of Electronic Equipment

e FDA Food Contact Material Regulations (21 CFR 174-178)

4.2 Safety

Safety concerns for this project can be generally categorized into electrical ones, mechanical
ones, and fluid ones. Starting first with the electrical considerations, all UL standards will be
followed. The system will operate at low voltages using a 120 ac to 12-volt dc converter as the
power supply for an ESP32 microcontroller, sensors, pumps, and motors. All components will be
regulated and sized appropriately, proper insulation will exist where needed, and secure
connectors will be used. All exposed conductors will also be covered and enclosed to reduce any
sort of risk of contact with the liquids, and these two will also be physically separated. Bench
testing will use a power supply to verify each subsection’s functionality before being connected

to the rest of the components, and connectivity will also be tested once components are soldered.



Since the product contains many moving components like pumps and various motors,
mechanical safety considerations also come into play. Pinch or entanglement hazards are likely
with moving components such as these, however simple fixes do exist to prevent them. To do so,
we will enclose all moving parts, limit any/all motor speeds, and ensure that the motors of the
stirrer only operate when the weight sensors actively detect that a cup is present. Additionally,
the physical geometry of the stirrer will be created such that it avoids any sharp edges without
compromising its effectiveness at mixing, and while testing our team will make sure that the
power can be quickly disconnected if need be.

With this project relying on liquids being dispensed near electronics, any potential spill or leak
risks need to also be managed and minimized. As stated earlier, fluid paths will be physically
separated from all electronics wherever possible, and additional insulation will exist wherever
it’s needed. Ideally, they will be placed such that the sensitive electronics are above the tubes and
thus isolated from any potential leaks from damaged tubes. The tubing which will carry the
liquids will also be clamped where needed and positioned so that the liquids pour directly into
the cup. On the topic of the liquid dispensing system, since this product will handle consumable
liquids, all the tubing and containers interacting with it must be from food-safe materials. They
also must be cleanable and non-reactive to follow the FDA’s food-contact material guidance
principles.

More generally now, while working through this project we will also obviously make sure to
adhere to the ECE laboratory safety rules. A general project safety check can also be done prior
to starting work each time, and it may consist of enclosure checks, leakage checks, and simple
wiring checks. All in all, even though this design is theoretically the build of a prototype, the
design process is still driven by relevant standards and best practices. As a prototype it is also not
certified for any sort of commercial alcohol service environment. Either way, we acknowledge
the fact that risks still do exist in this products design process, but they may be mitigated in the

following ways:

4.2.1 Electrical Risk Mitigation

e Connectto afused input outlet

e Verify grounding before turning any power on

e Testing is done with a current limiting bench supply first

e Allpower sources are disconnected before any soldering or rewiring is done
e Checkthe connectivity of each subsystem prior to powering it on



4.2.2 Mechanical Risk Mitigation

e Use agearreduction motor to limit its torque and RPM

e |eave no exposed rotating shafts at any point

e Ensure an emergency power disconnect is accessible during testing and function

e Avoid any sort of tinkering or modifications in proximity to the system while it is actively
running

4.2.3 Fluid Risk Mitigation

e Perform leak tests of tubes before using them near any electronics

e Complete a food safe cleaning procedure before using the system for the first time

e Ensure that the tubing is sanitized before each use

e Eventhough the system should automatically check whether a cup is present before
running, always make sure that is in fact the case

4.2.4 General Testing Procedures

e Initial tests should be conducted without liquid to ensure the system activates and
deactivates correctly without the risk of spilling

e Make sure to validate each system independently prior to testing the systems function as a
collective whole

e Keep absorbent towels or pads nearby during any sort of tests involving fluids
e Do testsinvolving liquids in an appropriate setting far from other projects

4.3 Societal, Economic, Environmental, and Global Impact

4.3.1 [Societal]

Overall, this project contributes societally to public welfare by promoting consistent and
responsible beverage dispensing, all while reducing human error commonly associated with
manual alcohol measurements. Thus, in a societal context, our engineering solution creates an
affordable automated drink mixer capable of improving consistency and accessibility in beverage
preparation, while ideally helping to reduce measurement errors commonly present with
manually pouring. On top of that, this is done without relying on some sort of proprietary
consumable. At the same time, however, this sort of automated alcohol dispensing system could
be misused or abused if the right safeguards aren’t in place. To reduce this risk, our design
makes sure it requires user input per drink, enforces specific measured quantities, and prevents

any continuous or uncontrolled dispensing or liquids. By integrating these safeguards, along with



transparency in the systems abilities, this results in a design which aligns perfectly with

engineering responsibilities prioritizing safety, reliability, and public welfare.

4.3.2 [Economic]

Looking at this solution from an economic perspective, we found that many of the existing
products that function like our design are quite expensive and rely on using their branded
consumables or pods. Our approach, on the other hand, emphasizes low costs. The machine itself
comes with standard containers and no requirements for some proprietary additional
components. Instead, once a consumer has the machine, they can select and purchase whichever
liquids they want, from whatever provider they want. This effectively supports accessibility and
user flexibility, allowing users to choose ingredients which align best with their financial

preferences.

4.3.3 [Environmental]

Compared to most existing drink mixing machines, our engineering solution is more
environmentally conscious. Most existing designs use disposable pods or cartridges, while our
system is designed to reuse some standard plastic containers. In other words, our design
effectively reduces packaging waste with sturdy repurposed plastic bottles. On top of that, the
system will run at a low power level to ensure it doesn’t use too much energy while plugged in to
effectively minimize its carbon footprint. All together, these design decisions support the idea of
responsible resource use and reduce the impact that this product will have on the environment
over its life cycle, and if a user would like to dispose of the product at the end of its lifetime, all

the materials on it should be safe to recycle.

4.3.4 [Global]

In theory, it can be argued that the underlying technology behind our design could in fact have a
larger global impact. Since this is ultimately a low cost and closed loop fluid dispensing system,
it could potentially have broader applications in both mixology education and even small-scale
automation which goes beyond just beverages. Ultimately, with a transparent and well
documented design process then it becomes easy for a user to understand the method by which
these drinks are made and allows others to find easier ways to adapt the design for other

contexts.
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