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1 Detailed Design and BOM

1.1 Detailed design

1.1.1 Summarized client feedback

After conducting a 15-minute interview at our client’s house, we received a lot of feedback and
learned many new things from the client. The feedback is split into 5 main categories.



1. Portability:

a. There is no need for portability since the client will not take the device outside of

her house nor need the device for vacations/holidays.
2. Speed/Time:

a. The raising and lowering of the dorsi/plantar flexion exercise should last 2-3
seconds for one interval, as per client request.

b. The speed should aim to loosen the joint of the client’s ankle and foot, similar to
the hand machine (a device that forms our client’s hand into a fist and back).

c. The foot flex assist device will be used for half an hour; the same amount of time
she uses the hand machine.

3. Current Exercises:

a. The client uses a “ballet bar” to lean and hold on while she conducts the necessary
stretches with her foot.

b. As she leans on the bar, she presses her foot against a foam half cylinder lying flat
on the ground.

c. This stretches her calf muscles, as well as flexes her foot in the direction she
needs, and can be adjusted to the range of motion.

4. Remote:

a. The client prefers to use an app on her iPhone as the controller. The client uses
many apps to automate assisting devices around the house, so she likes having her
controller as a universal remote.

5. Charging:

a. She requested a duration function for the timing and for how long the device will
run.

b. She also requested to have a rechargeable battery over single use batteries for the
device (Duracell).

Based on our client’s feedback, the new changes we need to make to our device are clear. We
will have a device that is controlled from her iPhone (via Bluetooth), that can function with
rechargeable batteries, and that can enable a timing function for how long the device will run,
creating dorsi/plantar flexion intervals of 2-3 seconds.



1.1.2 Visual representation concepts (prototype + subsystems)
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1.1.3 Considerations to design the concept

Based on our updated detailed design, we have new considerations we must take to design our
concept to meet our DFX factors. Some of which include our client’s feedback such as:

Making our client’s iPhone the remote device: In order to Design for User Experience,
Reliability and Simplicity, we want to make the remote device our client’s iPhone, as she
stated in a client interview that she prefers to have control of her automated devices all in
one place (her iPhone). We now must design a Bluetooth component in our design that
can be accessible from an iPhone. Most likely, we will use an Arduino component with a
Bluetooth sensor chip that can activate our motors via a Bluetooth connection.
Rechargeable batteries: In order to Design for Cost, User Experience, Reliability, and
Simplicity, the device will have rechargeable batteries over one-use batteries. This was
made in consideration of our client being unable to reliably change batteries in a device
due to her condition.

Timer setting: In order to design for User Experience, the device will have a timer
setting that allows our client to set a time for how long she would like the device to last.
The timer would be integrated through code and an Arduino software. As she enables the
timer, the device will perform a 2-3 second interval of plantar/dorsi flexion exercise. This
is the time our client requested.

3D printing: In order to Design for Cost and Simplicity, the main body of the device will
be constructed from 3D printing filament. We have many designs that can reduce the
total amount of material used but require geometries and parts that are difficult to obtain
in local stores. Therefore, we decided to use 3D printing to save on total material usage



and cost to create the base of our frame. It is lightweight and durable enough to support
our client’s foot, and the stresses applied on the device will be minimal enough for the
filament to withstand. We will also have to create our CAD designs and print prototypes
early in order to beat the rush of students who will also use the 3D printers in various
design competitions.

- Simple materials: In order to Design for Cost, Safety, and Simplicity, we have selected
simple, cheaper materials to use for a variety of reasons. Our deadline to create our first
prototype is February 10, 2025, meaning we will have little time to construct and present
our idea. The minimal materials will also cost less for us and the client and will be easier
to obtain. Being cheaper materials, the device can also be easily dismantled should an
accident occur.

Overall, the most important DFX factors would be Design for Cost and Design for User
Experience. One large factor is that many of the existing devices cost hundreds of dollars and
have very complex mechanisms/additional features our client does not need. By creating a
cheaper alternative that is intuitively easier for our client to learn, we can address a majority of
our client’s needs effectively just by addressing these two DFX.

1.1.4 List of skills and resources

We have a wide range of skills at our disposal that will enable us to create our design. In order to
create our physical foot flex assist design, we can leverage the following skills from our group
members:

- CAD software skills: Jordan and Stella can utilize CAD software skills (OnShape, or
SolidWorks) to produce 3D renderings of our design and create mockups/subsystems that
can be 3D printed. These models also allow us to dimension the device to fit our clients'
needs and foot.

- Mechanical prototyping skills: Jordan can create various mechanical prototypes from
metal frames and motors that can demonstrate the functionality of basic subsystems, as
well as advanced mechanisms of our device.

- Programming skills: Coming from a software engineering background, Omon has skills
in programming the functionality of our device, whether that's including preprogrammed
exercises, or code to activate the motors at controlled speeds or limited to a specific
angular velocity.

- 3D printing skills: Cuyler, Skylar, and Stella have created various 3D prints in the
Makerspace lab, allowing our team to create the necessary 3D printed parts for our design
with a CAD file.

- Lathe skills: Since everyone in our group has taken the basic lathe training course in our
Lab 3, everyone has the skills to use the Lathe machine in order to create specific parts
for our foot flex assist device.

- Electronic/Arduino skills: After completing Lab 5, everyone has the necessary skills to
operate an Arduino and program with the IDE, allowing us to program the functionality
of our device with electric motors, microcontrollers and more complex wiring.



Design Thinking skills: Because everyone completed GNG 1103 (or another
prerequisite to this course), everyone has experience with the design thinking process and
knows what it takes to create a working prototype from problem statement to physical
solution. Everyone also has experience with Design Day and knows what is expected to
be delivered.

Critical thinking skills: There will be many problems we will encounter during the
ideation and prototyping phase. Through our university experience in our engineering
course, we have all developed the ability to think like engineers and find solutions to the
many small problems we will encounter, which will help our team in the long run.

We also have a wide range of resources that can be used to create our foot flex assist design:

3D Printing filament: Having access to the Makerspace, we can use the 3D printing
filament to design small parts such as irregular geometries, smaller intricate designs, and
parts that aren’t readily available in stores to construct our design.

Foam padding: Foam padding will be useful for creating a cushioned environment for
our client to rest her foot on the foot flex assist device. We can find this resource at a
local Dollarama.

Velcro straps: Velcro straps (or any other method of securing our client’s leg) can help
attach the device to ensure our client’s foot doesn’t slip out and injure her. These straps
allow easy accessibility to our device with minimal effort. We can purchase this resource
at Dollarama.

Light metal framing: Jordan has many pieces of metal framing that can be used to
construct preliminary prototypes, as well as our final prototype. The base of our device
can be constructed from this lightweight, yet sturdy frame.

Arduino components + wiring: Stella has access to many useful Arduino components
from her STEM teaching job. This includes an Arduino board, motors, and wiring. In
addition, Cuyler can provide additional wiring, along with other electronic components
such as an ESP32 microcontroller, potentiometers, wire strippers, and more if necessary.
Bolts, screws, and other small components: We won’t have these on us, so we can find
whatever small parts we need at Home Depot or we can 3D print smaller parts.

Heating pads: We also do not have any heating devices on us. Therefore, we can
purchase heating devices on Amazon, or look for cheaper alternatives at stores like
Walmart, Dollarama, etc.

1.1.5 Realistic assessment of our time

1.1.5.1 Assessment of Timeline

1. Material Procurement (1.5 weeks)

a. Can be done in parallel with other tasks (e.g., planning, designing).
b. Delays could occur if suppliers are slow or items are out of stock.

2. 3D Printing Frame Parts (4 weeks)

a. A long process, so ensure designs are finalized before printing.



b. Consider print failures and the need for reprints.
c. This could be a bottleneck if not started early.
3. App Development (2 weeks)
a. Can be worked on in parallel with printing and assembling electronics.
b. Testing and debugging may take longer than expected.
4. Electronics Assembly (4 days)
a. Feasible within lab/meeting times, provided all components arrive on time.

1.1.5.2 Key Constraints

e Limited Work Hours: Each member has ~3—4 hours per week outside lab/meeting
times.

e Midterm Season: Reduced availability, so scheduling must account for lighter
workloads during exams.

e Parallel Processing: Some tasks can run simultaneously (e.g., 3D printing while coding
the app).

o Potential Delays: Printing failures, component shipping delays, debugging, and learning
Ccurves.

1.1.6 Other critical product assumptions

1. Component Availability
a. Assumption: All required components (Arduino, motors, sensors, batteries) are
readily available for purchase within 1.5 weeks.
b. Risk: Shipping delays or stock shortages could push back assembly and testing.
c. Mitigation: Order components early and find alternative suppliers and/or parts.
2. Motor Strength & Power Requirements
a. Assumption: The selected motor can generate at least 15-20 Nm of torque to lift
the ankle.
b. Risk: If the motor is underpowered, it may not provide enough force, requiring a
redesign or stronger motor.
c. Mitigation: Test motor specs before finalizing purchase and have a backup motor
option.
3. 3D Printing Feasibility
a. Assumption: Frame parts can be successfully printed within 4 weeks with
minimal failures.
b. Risk: Print failures, warping, or weak parts could require redesign or switching
materials.
c. Mitigation: Print a small test piece first
4. Battery Life & Weight Constraints
a. Assumption: The battery will provide sufficient power for at least 1-2 hours of
continuous use without adding excessive weight.
b. Risk: Short battery life could limit functionality, and heavy batteries could affect
comfort/usability.



c. Mitigation: Select lightweight, high-capacity batteries and test power
consumption early.

1.2 BOM

This BOM outlines the key components required for our Foot Flex Device, which is designed to
automate foot flexing for therapy and exercise purposes. The device will be controlled via a
mobile application, allowing users to adjust motor speed, duration, and temperature settings. The
system is built around an Arduino UNO microcontroller.

Part \ Quantity \ Unit Cost | Shortcut
Microcontroller & Processing Unit

Arduino UNO 1 $15.99 Link
Motor & Motion Control

DC Motor 1 $21.23 Link

Motor Driver L298N 1 $16.99 Link

Power Supply

dvte il B 51399 Link

Voltage Regulator LM7805 1 $0.80 Link
Wireless Communication

Bluetooth I\H/I'(\)/Id_lilct)a)(HC-OS or 1 $9.00 Link

Structural & Mechanical Components

¥4" MDF (187x 24”) 4 $4.00 Link

Screws 20 $0.10 Link

Gears (2:1 ratio) 1 Set $21.99 Link

Mattress Foam Padding 1 - -

Total Cost = $117.99
Software Requirements

Arduino IDE 1 - Link

Mobile App (Android/iOS) 1



https://www.canadarobotix.com/products/2073?variant=14423806672945&country=CA&currency=CAD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&srsltid=AfmBOopgGUtXL780T8xIcf4AMqQULg0NtwBHvsN6ApGVh_2VqRIaCTT8Ul8&gQT=2
https://www.amazon.ca/dp/B0DJ22DC5M?ref=ppx_yo2ov_dt_b_fed_asin_title
https://www.amazon.ca/BOJACK-H-Bridge-Controller-Intelligent-Mega2560/dp/B0C5JCF5RS/ref=sr_1_1_sspa?crid=25V66T230FYW2&dib=eyJ2IjoiMSJ9.FtYPL-ViLoa5SZfNspVY4soIbcMMkMzIInNqSx9m7EaajeQN7HtHEMY1kEdHzAtquAabiPdMP8Z54ubKqIlINSdCVuoUFA7lBct7Ex3TtpIMC53eUnl5eCof6txrBKTkaoaKOuwgWi6uQ4FCVz3UrJBh2Sey8LY0hb7f_1m6PCcHEqOc17VIAvaklyk5hoczVJ6TraZZFUCzYUBeP07GPAT5C6iCTRkcG8-jbNEw4S4ML7oYH7ve_de7FY0uJSzZy-t0CTPvrx_eiwwfFueKSWLKN7l6q5BkK0q4ewn1zH8.NmLikAL2i6xjVX7vImTDDu1JaiV7znvvHoiEwMSLj9U&dib_tag=se&keywords=motor+driver&qid=1738790108&s=industrial&sprefix=motor+%2Cindustrial%2C112&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.ca/Universal-Converter-Inverter-Transformer-DC12V-2A/dp/B0D1V5F4C4/ref=sr_1_1_sspa?crid=12HFTTZUY1HAN&dib=eyJ2IjoiMSJ9.CrCDFTbBamBYzt1lzWG5JV6BfjPz8I_WrOjooLl0OJqf0BnfA0lKIl3s6QbCIYOmRh36FAct8OpYEd2bxrfmxYt86-tC468rUdSGNPP7OkX1whemJaxOR-kQNEbpwtkmhAWMNkHR03ZtqhHOxtcf9C1zHGu41aI3nvWPBvglnCBme24MPdorvbKhn3Z61lo-H65T2QV6ws6DS2sNTVWv9uCmfrvOEApb-ifpqPW_2pPuVLPGl7VBVO7L9zuaa_SCzKBTkxF2varGFG-0-7X3lqB9r3hc-kSm0kBsv61nzdk.O8YW9yHv8P2RUPXWJ8awe_EYSh7sTgTgNc2fnPU1gho&dib_tag=se&keywords=12v+dc+adapter&qid=1738808480&sprefix=12v+dc+adapter%2Caps%2C115&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://makerstore.ca/products/5v-1-5a-linear-voltage-regulator
https://makerstore.ca/products/hc-05-wireless-bluetooth-module-with-at-button
https://makerstore.ca/products/mdf?variant=50852000071736
https://makerstore.ca/products/bolts
https://www.amazon.ca/Zeelo-Synchronous-Aluminum-Timing-20-60T-10B-6/dp/B0BYVGP914/?tag=googleshopc0c-20&linkCode=df0&hvadid=706827341273&hvpos=&hvnetw=g&hvrand=2619427365562037649&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000668&hvtargid=pla-2298310090475&mcid=9dd000d6363839de9455e0d6837cd255&gad_source=1&th=1
https://www.arduino.cc/en/software

MIT App Inventor / Flutter 1
(Optional)
Onshape 1 - Link

Note: We currently already have an Arduino and a heat pack, so these will not be included in our
expenses.

Extras (don't have the budget for varying temp):

Heating Element (PTC Heater) 1 $11.99 Link
Temperature Sensor (DS18B20) 1 $13.98 Link
MOSFET Module IRF520 1 $12.54 Link

1.2.1 Microcontroller & Processing Unit

e Arduino UNO (x1) — The central microcontroller responsible for handling motor control,
temperature regulation, and communication with the mobile app.

Estimated Cost: $25
1.2.2 Motor and Motion Control

e DC Motor (x2) — Provides precise angular control to flex the foot at variable speeds.
Estimated Cost: $40

e Motor Driver (L298N or equivalent) (x1) — Ensures efficient power delivery and
control of the servo motor.
Estimated Cost: $5 - $10

Recommended Motor Specs:

o Type: 12V DC Gear Motor

e Torque: 5-10 Nm (to lift and hold the foot without retraction under resistance)
e Speed: 30-60 RPM (for smooth, controlled movement)

e Current: 2A - 5A (to provide enough power without overheating).


https://www.onshape.com/en/
https://www.amazon.ca/Bestol-220Degree-consistant-Temperature-Thermostatic/dp/B07VHP5RMG/ref=sr_1_3_sspa?crid=DTFCV0JCQXGA&dib=eyJ2IjoiMSJ9.M1XkyoI8nOMxj815Z7TCzF11msEja0P4YF961eGXwrDHiNxCOkMYqFXjPxE3YiGuFcyPQUB7ftjBRLjhHq6N3M8K6BPv7UytNeADdPHOLVpXwzVlu0dlydx2RzHpcbduk-gtalkJpfFatkrd5Y22R9FA_i4y1BFmyVtHPMcDcY0bki7h5187OIQrefGBAXppI-aAkIA7IlZrqaZJqfN1lQQo9wjei9AvumTimik2bRtNPNulLAY0eala31yVdYC1q0stnHBLJUOu4I3fGB1HQwc-0InciQYOo6V537DlpBY.tqjb5iJxS_kdAu71jyBedPbJp88NKBGwu2izQJd7mEs&dib_tag=se&keywords=ptc%2Bheater%2B12v&qid=1738808546&sprefix=ptc.%2Bheater%2B%2Caps%2C96&sr=8-3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.ca/Wishiot-DS18B20-Temperature-Stainless-Detection/dp/B0B17SBQ9S/ref=sr_1_4_sspa?crid=2QTQXB1Q0J38B&dib=eyJ2IjoiMSJ9.j_7ihtAtWRW5--euzpRXUrnEGmD1mnxY-N_hLjZiPpkw2RAyuYSc3AMDGAPM49P4HB6CxePl5rGmLTsUUkAxq4KI2RNKuKFjouAoe94CwqW_9lTu9NGs12fjQvNnS9nboU0DrsgRnFIuIK3xJKnQ8HFL4X_VM8JTj0iuwgunHU27im7Cba6lFrUpNhn265z4K_SAjJ63ihq3dmtxHVZ9GbJ0P9TIkUx3k5j8722WkmyQ82cRrFPJnw7Um5GkKTw8jldlg1Yx6MOBSqSI51mYAgO3BDlhNYHkVPGlppkA-KU.tn10sYrFeXmvCCMgYQhDAgCMQ0GihyZI5OPEvpFYGQk&dib_tag=se&keywords=DS18B20&qid=1738808622&sprefix=ds18b20%2Caps%2C122&sr=8-4-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.ca/Xinrub-IRF520-MOSFET-Driver-Arduino/dp/B07D9PZYCH/ref=sr_1_6?crid=X58VGX7L2E1N&dib=eyJ2IjoiMSJ9.3Qq2c1xRk9y3tb7R_hlBizNEPbxQ-hqEcnSqCg5sHvHSD2sqVAadYJ15NinFE8peunFad7cXfDWPmmWvT0UbGQ3Pf6eBM7EeRuS9yE_D47yqTbUPRRHyMKfTPyaZCjla-BE27yuVhw1RQ4Uk3iq9ySVjTKeH6RMy5nVVXYKMma-0dWwoG4HR3bjaH-Q1sUlvL5DM6UHuWQcKms8CjWf6SdtoLZhl0IVWNWLJ9u5NAGAg2sSosKXPJVBPOJEMOnhCm47NAZbiNoN3yNPK0Qg1XMUMG32AJftgnG5D3-fSNGIf15807TIHE5SdZAod28AEwCzf2klH3uOxi9b4G98cfble2b_-7qC8fQQVaATwCM_hx6-tSVIavQdHIcfhr7EzkKzdzJiPP1Yom0LXdPSLryeITa8D2QJdm0xtNAKv82XM2X0KnptGiR5zjGt9zr-u._WhSxU0y0d-ODbO-RU00kK4yAnawCAoExzrBPsFfbx0&dib_tag=se&keywords=IRF520&qid=1738808660&sprefix=irf520%2Caps%2C82&sr=8-6

1.2.3 Power Supply

12V DC Power Adapter (Outlet-Based) (x1) — Supplies power to the motor and
Arduino via a standard wall outlet.

Estimated Cost: $10 -15

Voltage Regulator (LM7805 or similar) (x1) — Converts 12V down to 5V for safe
operation of the Arduino and sensors.

Estimated Cost: $2 - $5

1.2.4 Temperature Control

Heating Element (PTC Heater or similar) (x1) — Provides controlled heat for
therapeutic purposes.

Estimated Cost: $10 - $25

Temperature Sensor (DS18B20 or similar) (x1) — Monitors the temperature and allows
app-based control.

Estimated Cost: $2 - $10

MOSFET Module (IRF520 or equivalent) (x1) — Controls power delivery to the
heating element.

Estimated Cost: $5 - $10

1.2.5 Wireless Communication

Bluetooth Module (HC-05 or HM-10) (x1) — Enables communication between the
Arduino and the mobile application.
Estimated Cost: $5 - $15

1.2.6 Structural and Mechanical Components

Y4"" MDF — Provides structural support for the device.

Estimated Cost: $10 - 20

Hinges & Mounting Brackets — Allows secure movement of the foot.
Estimated Cost: $5 - $15

Fasteners & Screws — For securing all components.

Estimated Cost: $5 - $10

1.2.7 Software Requirements

Arduino IDE — Used for programming and uploading firmware.

Free

Mobile App (Android/iOS) — Custom-built for user control via Bluetooth/Wi-Fi.
Development Cost Varies



e MIT App Inventor / Flutter (Optional) — Potential frameworks for mobile app
development.
Free to Low Cost

1.2.8 Summary

The Foot Flex Device integrates mechanical, electronic, and software components to provide an
automated, app-controlled therapy tool. It enables adjustable motor speeds, session duration, and
temperature settings for a customized user experience. The estimated total cost for the project
ranges between $80 - $100, depending on component choices and brands which we purchase.
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