ME 102B Project Final Report
Opportunity: Create a device that helps individuals regain use of their old master locks, despite
forgetting the password.

High level strategy:
1. User manually finds three resistant points

a. The firstis found by half-pulling up on the shackle and turning clockwise until
resistance is felt
b. The other two are found by full-pulling up on the shackle and turning counter
clockwise. In finding these two locations, start at 0 and don’t exceed 12. There
will be more than 2 locations found, so only accept the locations where the
resistance is found half way between 2 numbers.
2. Setlock to 0 and place in device
3. Individually enter the three resistant points using the potentiometer, pressing the button
to confirm each entry
4. Microcontroller generates 16 potential combinations from user inputted numbers
5. Device tries all combinations, stopping when the user presses the button (indicating a
successful combination)
6. Output combination to readout

Initially we wanted the device to automatically find the resistance locations via a force control
loop (based on mapping current to PWM) for the big motor pulling up the shackle and a basic
stop detection protocol for the motor turning the lock dial. While this scheme worked somewhat
well, issues cropped up with finding the resistant locations accurately. Oftentimes the found
locations would be 1 lock tick off, which would mess up the combinations the device would try in
the brute force phase. Therefore we opted to manually determine the resistance points and
input them to the device.
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Function critical decisions:

In selecting the motor and bushings that rotate the shaft which pulls up the master lock shackle
the following calculations were carried out. Note that the numbers that follow were selected
such that they are higher than our system would ever experience:

max force = 9.8N, max radius = 10cm
Note from these variables the selected bushings are more than strong enough to withstand
the experienced radial force of 9.8N, as they are rated for nearly 1650 Newtons of radial
force.
radius X max force = 98N *cm = 10kg * cm
We thus selected a motor with a stall torque higher than 16 kg*cm such that we would never
expose it to torques above 60% of its stall torque (the actual motor has 21 kg*cm stall torque, so

there is a decent safety margin as well). See the figure below for a basic outline of these
calculations.

Radial force from rod (R_f)

Arm (radius max)

Reaction force from
pulling up on shackle
(force max)

Torque from rod T_f

Force/moment balances (assuming static):
R_f = force max
T_f = radius max * force max
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Circuit Diagram

33V 5V
+ - + -
_||
] av
GND R E—
: . v
. —/\/\/—'ﬂ Al ™
A2
A P A3
— Y e B 1013
— M1 A5 1012
HOSI o7 4— 00001
MISO 1033
1016 1015
1017 1032 ]
rio21 1014
Red
B /
Black J
L AL
M ShacklePurple J
Yellow VREF cs
SER SLP FLT
White — ———PMODE  IMODE|
Green — 1T\ 1 IN2 ouT2
L LNt OUT1 |
GND GND { |
VM VIN ( Y
A J iyl
—1 SLP
IN Al QUuT
IN A2 OUT
LIN B2 ouT
LIN B1 ouT j
GND VIN N ™
GND ) ] N
T J
L A
1 — ) 220 ohms
i } j T
:% S S o
| "} ves vob vo RS RW E DB4 DB5 DB6 DB7 LED+ LED-

Reflection:

Regular meetings and forming mini mechanical and electrical/software subteams were
strategies that worked well for us. That’s not to say if someone wanted to help with both
subteams they couldn’t, but that their main focus was well defined. We definitely recommend
these strategies for future students. As for words of advice: don’t let the thought of Thanksgiving
break let you slow down progress around the start of November, and try to minimize the use of

3D printing where possible.



Appendix
Complete BOM:

CAD Image:




Code screenshots:

finclude <ESP32Encoder.h:
#include <LiquidCrystal.h>
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ESP32Encoder encoder;

count = @;

deltaT = false;

button pressed = false;
timeout = false;

freq = 5e08;

ledChannel_1

ledChannel_2

ledChannel 3

resolution = &;

MAX PWM_VOLTAGE = 236;
MAX VEL = 5.8;

time_count = 208;
tic_count = 1888;
clock_rate = 200080880 ;




* timer8® = NULL;
portMUX_TYPE timerMux@ = portMUX_TNITIALTZER UNLOCKED;

* timerl = NULL;

portMUX_TYPE timerMuxl = portMUX_INITIALIZER UNLOCKED;

gear_ratio
cpr = 12;

loc_1 = 98; 10 ; pos_2[18];

IDLE =

INPUTL = 1;
INPUT2 ;
INPUT3 ;
BRUTE_FORCE = 4;

kip
kpp
kii
allowed
goal = cpr * gear_ratio [/ 48.8;
spin_done = false;

prev_count =
current = 8;

stop_count = &;
start = false;
pot = @;

LiquidCrystal lcd(RS,L EN, D4, D5, D6, D7};




IRAM ATTR onTimel() {
portENTER_CRITICAL_ISR(&timerMux1l);

count = encoder.g
deltaT = true;
portEXIT CRITICAL ISR{&timerMuxl);

IRAM ATTR isr() {
imeout start();

90 {
H{&timerMuxe ) ;




setup() {

pinMode(LED_PIN, OUTPUT};
digitalWrite(LED_PIN, HIGH);

Serial.begin(115288&);
ESP32Encoder: :useInternalWeakPullResistors = UP;

encoder.attachFullQuad{ENC_1, ENC_2);

pinMode (BTN, INPUT);
attachInterrupt (BTN, isr, RISING);
pinMode(PH, OQUTPUT);
pinMode(POT, INPUT);

ledcSetup(ledChannel 1, freg, resolution);

edcSetup(ledChannel_3, freq, resolution);
ledcAttachPin{BIN 1, ledChannel 1};
ledcAttachPin(BIN_2, ledChannel_2};
ledcAttachPin(EN, ledChannel 3);

timer@ = timerBegin(@, time_count, true});
timerAttachInterrupt(timer8, &onTime®, true};
timerAlarmWrite(timere®, 6888, true);
timerAlarmEnable(timere};

timerStop(timerd};

timerl = timerBegin(1, time_ count, true});
timerAttachInterrupt(timerl, &onTimel, true};
timerAlarmWrite(timerl, tic_count, true);
timerAlarmEnable(timeril});

timerStop(timerl};

shackle_turn(false);
delay(588};
ledckirite(ledChannel 3, @);




loop() {
switch(state) {

case IDLE:
if (check butten()) {
state = INPUT1;
led.clear();
encoder.setCount(@);
button_reset();
Serial.println("Switching from IDLE to Resistant input™);

case INPUT1:
pot = analogRead(POT);
pot = map(pot, 6, 4896, @, 48);
lcd res(pot);
delay(1@@};
if (check button()) {
lcd. clear(};
button_reset();
res = pot;

state = INPUT2;
Serial.println("Switching from Resistant input to Hold

case INPUT2:

pot = analogRead(POT);

pot = map(pot, 8, 4896, @, 48);

lcd held{pot, 99);

delay(1ee);

if (check_butten()) {
led.clear();
button_reset();
loc 1 = pot;

state = INPUT3;
Serial.println{"Switching from Hold input 1 to Hold input 2"};

INPUTS:
= analogRead(POT);
= map{pot, @, 4896, @, 48};
lcd_hold{loc_1, pot};
delay(1@@};
if (check button()) {
led.clear();
button_reset();
loc_2 = pot;

combo_comp();
state = BRUTE FORCE;




combo_comp();
state = BRUTE_FORCE;
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l.println("Switching from Hold input 2 to Brute Force");
1.println{"Resistant location:"};

.println{res};

l.println{"Hold 1:"};

1.println{loc 1}%;

.println{"Hold 2:"};

l.println{loc_2};
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case BRUTE_FORCE:

if (brute force()) {
state = IDLE;

button_reset();

num_reset(};

Serial.println{"Switching from BRUTE_ FORCE to IDLE™);

check button(} {
return timeout;




brute force() {
success = false;
lcd.clear()};

for( w=08; w<18; wr) {
for( J=8; 3 < 2; j#+) {
if((abs(pos_2[w] - pos_3[j]1) » 2) && !check button())
lcd.clear();
Serial.println(”
Serial.println(res + 5);
.println{pos_2[w]);
.println{pos_3[j]);
f_num(res + 5, pos_2[w], pos_3[]]1);

Serial
Serial
lcd

ia
ia

d

control_start();
combo_spin{res + 5, pos_2[w], pos_3[j] + 1);
control stop();

shackle_pull();
x = millis();
while (millis() - x < 5@0) {
if (check button()) {
cd.clear();
I combo_found(res + 5, pos_2[w], pos_3[j]1);

return check button{();

}

shackle turn( dir)
if (dir) {
digitalWrite(PH, HIGH};
ledckrite(ledChannel 3,
lse {
ligitalWrite(PH, LOW);
ledckrite(ledChannel 3,

error() {
cd.clear(};
cd.setCursor(@,e);

l.print{"Error, returning to idle™};

control_stop() {
timerStop(timerl);
portENTER_CRITICAL ISR(&timerMuxi);
count = encoder.getCount();
deltaT = false;
portEXIT_CRITICAL_ISR(&timerMuxi);




con omp() {

pos_1 res + 5;

for( i=90; ic41; in) {
m= (i+2} % 4;
ml =i % 18;
m2 =i % 4;
(ML == r1 || ml == r2) 8& m2 = r) ;
3[ind1] = 1i;
indl = indl + 1;
.

}
if(m ==r) {

2[ind2] = i;

ind2 = ind2 + 1;

eg(s2, s1, 11, 1,
g(s3, s2, 12, o,




p_count = count;

(!spin_done) {
(deltaT) {

(&timerMuxi};

L{&timerMuxl);

e p =g - count;

v_des = kp * e p + kip * prev_e;

if (e_p < * poal && e p » -48 * pgoal) {

if (v_des > MAX VEL) {
v_des = MAX VEL;
if (v_des < - MAX VEL) {
-MAX_VEL;

prev_e = prev_e + e _p;
if (prev_e

vel = count - p_count;
= v_des - vel;

D =kpp * e + kii * sum_e;

if (D > MAX_PWM VOLTAGE) {
D = MAX_PWM VOLTAGE;

f (D < -MAX_PWM VOLTAGE) {
-MAX_PWM_VOLTAGE;

p_count = count;




if (e_p < allowed _error &% e _p » -allowed_error) {
ledcWrite({ledChannel 2, 255};
ledchirite{ledChannel 1, 255};
spin_done = true;
}
el if (D > 8) {
dchWrite(ledChannel_1,
dchirite(ledChannel_2,
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se if (D < @) {
ledchirite(ledChannel 2,
ledckirite(ledChannel 1,

}
else {

ledchirite(ledChannel 2,
ledchrite(ledChannel_1,

=

button_reset(} {
portENTER_CRITICAL_ ISR(&timerMuxe);
timeout = false;
portEXIT _CRITICAL ISR(&timerMux®);

timeout start() {
portENTER_CRITICAL_ISR(&timerMuxe};
timeout = false;
portEXIT_CRITICAL ISR(&timerMux@);

timerRestart{timere);
timerStart(timera);

control_start() {
timerRestart(timerl);
timerstart(timerl);

num_reset(} {
res = 8;
loc 1
loc 2




last pos, last_abs, turns, dir) {

if (dir) {
pos - last_pos;
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lcd bf_num(
String strl =
String str2
String str3
it {(n1 < 18) {
strl = "8" + stri;
}
if (n2
str2
}
if (n3
str3
}
String str = strl + "
lcd. setCursor(e,8);
cd.print{"Brute Forcing”);
cd.setCursor(8,1);
cd.print{str};

nl,
String{nl};
tring(n2};
tring(n3};

n2, n3} {

18)

”@”

1e) {

"8" + str3;

+ s5tr2 + ° + str3;

lcd combo found( ni, n2,

String stril
String str2
String str3

String(nl};
String(n2};
String{n3};

if (n1 < 18) {
strl = + stril;
}
it (n2
str2
}
if (n3
str3
}
String str = strl +
lcd.setCursor(e,8);
cd.print{"COMBO");
cd.setCursor(8,1);
cd.print{str};

”@”

18)

”@”

18) {

"B" + str3;

+ str2 + ° + str3i;

plotControlDatal
rial.println{"Position, Goal Position, PWM");
rial.print{c);

rial.print{™ "};

rial.print{g);

rial.print{" ™};

rial.println{p};
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g, p) {
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