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Opportunity
Often when building you will find yourself in need of a tool that you can’t seem to find.

That’'s where the assistive rotating toolbox comes in. By simply controlling the toolbox to rotate
the correct compartment to the front then pressing a button, the tool you need will be pushed
out for you to grab, use, then place back in the toolbox. This allows you to stay organized and
efficient while working without having to pile your tools on the ground next to you or run back
and forth to the toolbox when something you need wasn’t grabbed the first time.

High Level Strategy
1.) Select amount of items and place them in the desired compartment accordingly

2.) Turn the dial to bring the desired item to the intended position
3.) Press the button to push the item compartment out
4.) Remove the desired item

The overall structure has not changed since our original high level strategy was
Introduced, but some significant changes have been made. Where we originally intended for the
selection to be voice activated, we instead opted for the rotation of the platform housing the
compartments to be operated by hand. We did so to simplify the code and make integration a
much simpler task while still demonstrating the same functionality. The second major change
was the inclusion of the button. Originally we intended for the compartments to move to the
desired location and then push the compartment out in one fluid motion, but the final product
had the pushing of the compartment operated by a button press. This was done to give the user
more control over the timing of the item release. These changes did alter the use case of the
item. What was originally intended to be hands free now requires physical inputs, which means
that the original goal of continuing work while tools are delivered to the user had to be altered.
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Function Critical Decisions

We elected to drive the rotational element of our toolbox using gears, in order to
maximize torque and prevent slippage between the lazy susan bearing and rotational motor.
The same motors (provided in our lab kits) were used for the pushing/pulling mechanism and
the rotational driver to simplify wiring and use a single ESP32. The relatively lightweight
materials of laser cut wood and PLA were substituted for heavier prototyping materials to
reduce the necessary force applied for rotation.
Related Calculations:
Estimated load: 700 g = 0.7 kg
r=6in=0.1524 m
Angular velocity of motor (omega): 8 counts per revolution
Estimated force applied in the z-axis (Fz): 0.7 kg - 9.81 m/s2 = 6.867 (kg - m)/s2
Estimated force applied in the x-y plane (Fxy): 8 counts per rev * 0.7 kg = 5.6 kg*counts per rev
Torque: Tt = rF = 0.85344 kg*m*counts per rev
Gear ratio: 12in/1in=12
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Reflection

Overall, the members of our team agree that the execution of this project could have
been much better. Although we were able to achieve some level of success in regards to basic
functionality and part design, the final product was plagued with issues that could have easily
been avoided. Our group's greatest strength was creating the initial concept and quickly
identifying necessary components. We were able to quickly acquire all off the shelf hardware
long before we were able to assemble our prototype. Our biggest challenge was integrating all
of our hardware in a timely fashion. Unfortunately, we did run into some unanticipated issues
that greatly set us behind schedule, but this could have been avoided if we began to
manufacture our parts and test fit everything even just one week sooner. We were forced to
assemble everything at the last minute, which left us with no time to test and troubleshoot our
product. This resulted in a project that technically functioned and met minimum requirements,
but lacked a sense of refinement. As aspiring engineers we seek to produce great designs that
excel at their desired function, and what we produced just didn’t meet those expectations.
However, we know exactly what we need to fix and what we could have done better. Our
biggest takeaway from this is to not underestimate just how meticulous the process of
integration and manufacturing is. Both processes are time consuming and critical to creating a
reliable project.

Video: W 102B.mov


https://drive.google.com/file/d/1EEffAND9hHCISmfCRrUqrs1wXI6bdxED/view?usp=sharing
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Isometric View
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byte state = 0;

ESP32Encoder encoder;

theta = 0;
thetaDes = 0;
thetaMax = 455;
D = 0;

potReading = 0;

err =




= 0.095;
IMax = 150;

buttonPressed = false;

DebouncingFlag = false;

counter = 0;

*timer0 = NULL;
portMUX TYPE timerMux0 = portMUX INITIALIZER UNLOCKED;

freqg = 5000;

resolution = 8;

MAX PWM VOLTAGE

NOM PWM VOLTAGE
0;

ledChannel 1
ledChannel 2

IRAM ATTR isr() {

buttonPressed = true;

IRAM ATTR onTimeO () {

POortENTER CRITICAL ISR (&timerMuxO) ;

DebouncingFlag = false;

POrtEXIT CRITICAL ISR (&timerMuxO) ;

timerStop (timer0) ;

buttonPressed = false;




setup () {

Serial.begin (115200) ;
pinMode (BTN, INPUT) ;

attachInterrupt (BTN, isr, RISING) ;

timer0 = timerBegin (100000) ;
timerAttachInterrupt (timerQ0, &onTimeO) ;

timerAlarm(timer0, 25000, true, 0);

pinMode (POT, INPUT) ;
ESP32Encoder: :useInternalWeakPullResistors = puType: :up;

encoder.attachHalfQuad (27, 33);

encoder.setCount (0) ;

ledcAttach (BIN 1, freq, resolution);
ledcAttach (BIN 2, freq, resolution);

pinMode (BIN 3, OUTPUT) ;

digitalWrite (BIN 3, LOW);

loop () {

theta += -counter;

potReading = analogRead (POT) ;
thetaDes = map (potReading, 0, 4095, 0, thetaMax)* (30/1.75);

err = thetaDes-theta;

err sum = err sum t+ (err / 10);

if (err sum > IMax) {

err sum = IMax;




Kp * err + Ki*err sum;

(D > MAX_ PWM VOLTAGE) ({
= MAX PWM VOLTAGE;
err sum = err sum - (err / 10);
else if (D < -MAX PWM VOLTAGE) {
-MAX PWM VOLTAGE;

err sum = err sum - (err / 10);

(D > 0) {
ledcWrite (BIN 1, LOW) ;
ledcWrite (BIN 2, D);
else if (D < 0) {
ledcWrite (BIN 2, LOW);
ledcWrite (BIN 1, -D);
else {
ledcWrite (BIN 2,
ledcWrite (BIN 1,

Serial.println ("Bed Rotating") ;

delay (100) ;

switch (state) {

case 0

delay (1000) ;

Serial.println("Slow down buddy!");

state = 1;

break;

case 1

if (CheckForPress()) {

ButtonResponse () ;




}

break;

default:
Serial.println ("SM ERROR") ;

break;

CheckForPress () {

if (buttonPressed == true && DebouncingFlag ==
POrtENTER CRITICAL ISR (&timerMuxO) ;
DebouncingFlag = true;
POortEXIT CRITICAL ISR (&timerMuxO) ;
timerStart (timer0) ;
return true;

}

else {

return false;

ButtonResponse () {
buttonPressed = false;
Serial.println ("Arm Extended & Electromagnet Engaged!");
ledcWrite (BIN 1, LOW);
ledcWrite (BIN 2, 150);
ledcWrite (BIN 3, HIGH):;
delay (600) ;
ledcWrite (BIN 2, LOW);
ledcWrite (BIN 1, 150);
ledcWrite (BIN 3,
delay (600) ;
ledcWrite (BIN 2,

ledcWrite (BIN 1,




ledcWrite (BIN 3, LOW) ;




