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Opportunity: How might we make residential security more convenient in the modern world,
without sacrificing safety?
High Level Strategy: Our initial design aimed to provide hands-free locking and unlocking
through proximity detection, paired with features to ensure safety and reliability. The final
product met and, in some areas, exceeded our expectations.

● Proximity Unlocking: This proximity feature worked well in our final design by only
unlocking the door through motion after entering “unlock” in the app instead of just the
proximity detection of a smart key without any inputs.

● Locking Time: Operates within 1-2 seconds, outperforming the original goal of 3
seconds.

● Additional App Control: Initially, the smart lock was only supposed to open through
proximity and physical key entry, but with the addition of the smart app we can unlock
and lock through “unlock” and “lock” commands given from the app.

● Motor Strength: From our initial calculations of the motor strength we found that the
motor would be plenty powerful enough for our device and in the final product proved to
lock and unlock with ease and proved to be strong enough to strip the custom motor
shaft coupling when not given the proper controls.

Device Overview
“Outside of Door” View Lock Transmission - Front View

“Inside of Door” View Lock Transmission - Bottom View
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Function-Critical Design Decisions and Calculations
● Mechanical Design: The mechanical design focuses on reliability and security. A worm

gear transmission was selected for its inherent self-locking capabilities, which prevent
the lock from disengaging unless powered. This ensures robust security against forced
entry.

● Actuation and Load-Bearing Components: The DC motor, paired with an encoder,
provides precise control over the lock's movement. The motor is closely connected to the
worm gear through a coupling, with minimal radial loads being applied to any of the
shafts, minimizing the need for bearings and simplifying the assembly (bearings would
still be an optimal choice for long-term durability). The worm gear transmits torque to the
deadbolt lock mechanism at a great mechanical advantage, ensuring smooth operation
with reduced load to transmission components.

Calculations
● Motor Torque: The torque required to actuate the deadbolt was assumed based on

other similar models as 0.35 Nm but calculated to be 0.2Nm for our model. A motor
capable of delivering 0.5 Nm was selected to include a safety margin, ensuring reliable
operation.

● Load Analysis: The worm gear and associated components were analyzed to withstand
loads of up to 20N, ensuring the system's integrity under typical use conditions. Also
being able to output 386.59 Nm of torque with the given motor selection and the 40:1
gearing ratio

● Speed and Efficiency: The gear ratio was optimized to balance speed and torque,
achieving a locking time of 1-2 seconds while maintaining power efficiency. The system
consumes approximately 2W during active operation and 0.1W in standby mode,
meeting design goals for energy efficiency.

Component Specifications
● Motor: 75:1 Micro Metal Gearmotor HP (6V), providing 0.5 Nm torque.
● Transmission: Worm gear and spur gear made from high-strength plastic, providing

effective proof-of-concept functionality at a low cost.
● Control Components: ESP32 microcontroller for communication and processing, with

an H-Bridge motor driver for actuation control.
MATLAB Code for Component Feasibility Verification:



Circuit Diagram

State Transition Diagram

Reflection: Through this project, we gained valuable insights into the importance of effective
communication and the strategic allocation of time and resources. Utilizing Discord proved
highly advantageous, as it enabled seamless cross-platform communication and file sharing,
greatly enhancing our collaboration. Additionally, we learned that reviewing deliverables
thoroughly and well in advance gives a clearer understanding of priorities, particularly for
ordering and manufacturing parts, and is crucial for allowing sufficient time for full-system
integration and debugging.



Appendices

● Bill of Materials

Name QTY Price per Source

Deadbolt Door Lock 1 $32.97 Schlage B60 Series Antique Brass
Single Cylinder Deadbolt Certified
Highest for Security and Durability
B60N 609 - The Home Depot

582 PCS Lego Technic Compatible
Parts Set

1 $27.99 582pcs Technical Parts and Pieces

Duracell 9V Battery 1 $4.25 Duracell Coppertop 9V Battery, 4
Count Pack (1 used)

100+PCS Lego Technic
Compatible Set

1 $9.99 100+PCS Technic Gears and Axles

9V Battery Connector 1 $0.50 9V Battery Connector,10 PCS
T-Type (1 used)

Custom 3D Printed
Lock-Shaft-to-Lego Shaft Coupling

1 $0.03 Overture PLA 3D Printer Filament
1.75mm (1.5g used)

Overture PLA

Custom 3D Printed
Motor-Shaft-to-Lego-Shaft
Coupling

1 $0.02 Overture PLA 3D Printer Filament
1.75mm (1g used)

Overture PLA

DRV8833 Dual Motor Driver
Carrier

1 $0 Microkit

https://www.pololu.com/product/2130

75:1 Micro Metal Gearmotor HP 6V
with Extended Motor Shaft

1 $0 Microkit

https://www.pololu.com/product/2215

M1.6 6 mm Screws 4 $0 Microkit

M1.6 Nuts 4 $0 Microkit

ESP32 Microcontroller 1 $0 Microkit

https://www.homedepot.com/p/Schlage-B60-Series-Antique-Brass-Single-Cylinder-Deadbolt-Certified-Highest-for-Security-and-Durability-B60N-609/202356803
https://www.homedepot.com/p/Schlage-B60-Series-Antique-Brass-Single-Cylinder-Deadbolt-Certified-Highest-for-Security-and-Durability-B60N-609/202356803
https://www.homedepot.com/p/Schlage-B60-Series-Antique-Brass-Single-Cylinder-Deadbolt-Certified-Highest-for-Security-and-Durability-B60N-609/202356803
https://www.homedepot.com/p/Schlage-B60-Series-Antique-Brass-Single-Cylinder-Deadbolt-Certified-Highest-for-Security-and-Durability-B60N-609/202356803
https://www.amazon.com/dp/B0C9ZPB1RT?ref=ppx_yo2ov_dt_b_fed_asin_title&th=1
https://www.amazon.com/Duracell-Coppertop-Alkaline-Batteries-Count/dp/B000K2NW08/ref=asc_df_B000K2NW08?tag=bngsmtphsnus-20&linkCode=df0&hvadid=80470624769009&hvnetw=s&hvqmt=e&hvbmt=be&hvdev=c&hvlocint=&hvlocphy=&hvtargid=pla-4584070153173789&th=1
https://www.amazon.com/Duracell-Coppertop-Alkaline-Batteries-Count/dp/B000K2NW08/ref=asc_df_B000K2NW08?tag=bngsmtphsnus-20&linkCode=df0&hvadid=80470624769009&hvnetw=s&hvqmt=e&hvbmt=be&hvdev=c&hvlocint=&hvlocphy=&hvtargid=pla-4584070153173789&th=1
https://www.amazon.com/dp/B0C4LFN1HD?ref=ppx_yo2ov_dt_b_fed_asin_title
https://www.amazon.com/Battery-Connector-Plastic-Experiment-Equipment/dp/B08SL9X2YC/ref=sr_1_4?crid=1XOP3E2TB6VL&dib=eyJ2IjoiMSJ9.XiI0ZK0KZHsTQAYYTJTZf6BxPuvPkl5Uw7fjyJfjMbnAyFkYvSGvINcpJkbVLkmYF1y8TqI2ozZWFBirzjrjYPAEYxx4adEG_baNc7eHo_8S6TUvZW0gfX6ls8qfl8QzMqB_OQd5aMT-rvfKyzNpNhm-Hbwv5i7dpVBLyBw1P3ghNwCUTEYAl30p_GzENRsI_fRb4tfEyf43Hu22p6yXETih3ifrKOxlSwmhEnF2saw.HSeTB3vfcdQoz1JJsU68lM-zoPisDnx2Uzpy73GdUxE&dib_tag=se&keywords=9v+battery+holder&qid=1734597789&sprefix=9v+battery+holder%2Caps%2C203&sr=8-4
https://www.amazon.com/Battery-Connector-Plastic-Experiment-Equipment/dp/B08SL9X2YC/ref=sr_1_4?crid=1XOP3E2TB6VL&dib=eyJ2IjoiMSJ9.XiI0ZK0KZHsTQAYYTJTZf6BxPuvPkl5Uw7fjyJfjMbnAyFkYvSGvINcpJkbVLkmYF1y8TqI2ozZWFBirzjrjYPAEYxx4adEG_baNc7eHo_8S6TUvZW0gfX6ls8qfl8QzMqB_OQd5aMT-rvfKyzNpNhm-Hbwv5i7dpVBLyBw1P3ghNwCUTEYAl30p_GzENRsI_fRb4tfEyf43Hu22p6yXETih3ifrKOxlSwmhEnF2saw.HSeTB3vfcdQoz1JJsU68lM-zoPisDnx2Uzpy73GdUxE&dib_tag=se&keywords=9v+battery+holder&qid=1734597789&sprefix=9v+battery+holder%2Caps%2C203&sr=8-4
https://overture3d.com/products/overturepla?variant=45998406074622
https://overture3d.com/products/overturepla?variant=45998406074622
https://www.pololu.com/product/2130
https://www.pololu.com/product/2215


LED - Green 1 $0 Microkit

LED - Red 1 $0 Microkit

Ultrasonic Sensor 1 $0 Microkit

Bread Board 1 $0 Microkit

10-32 Lock Nuts 15 $0 Jacobs Hall Makerspace

10-32 ¾ “ Screws 13 $0 Jacobs Hall Makerspace

10-32 1” Screws 2 $0 Jacobs Hall Makerspace

Clear Acrylic 1/16” x 8” x 15” 1 $0 Jacobs Hall Makerspace Scrap Bin

Clear Acrylic 1/4” x 5” x 8” 1 $0 Jacobs Hall Makerspace Scrap Bin

Zip Ties 4 $0 Jacobs Hall Makerspace

Total Price: $75.75



● CAD Images





● Code Screenshots




















