Billiard Robot

ME 102B Fall 2021
Group 12: Yuting(Elizabeth) Chen, Haoxiang Huang, WenHao Li

Opportunity

We initially wanted to build a robot that can play billiards autonomously with people who
need an opponent. The final design of our billiard robot simplifies to a billiard-playing robot
controlled by a player through a PS4 controller. With the hardware and mechanism completed, it
is possible to implement computer vision to the robot in the future for it to be an autonomous
robot opponent.

Strategy

The main functionality we wanted to achieve was to move the tip of the cue stick
accurately above the pool table. Our initial idea was to have the robot travel on a track
circulating the pool table. However, we faced two main challenges with this idea: turning around
on the corners and stabilizing when hitting a ball. Inspired by 3D printers, we designed the
device based on linear rails and stepper motors. We also attached a servo motor to a solenoid
to adjust the hitting direction. To reduce the work due to time constraints, we removed the height
adjustment, which could be added back as a future improvement. Since the robot movement
would be controlled by a player, we used the PS4 controller as the control interface. The buttons
and joysticks on the controller were the sensors for user inputs. We also took advantage of the
led and vibration motors on the controller for visual and tactile feedback on different states.
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Function-Critical Decisions

X and Y axis actuators: The calculation shown below indicates that to move the
mechanism, the actuator is required at least 0.102 Nm holding torque. The two Twotrees Nema
17 stepper motors on both axes have holding torque that meets about a safety factor of 6
(based on the assumption). The loading force on the y-axis (approx: 600g) is smaller than the



loading force on the x-axis (approx:2kg). Based on the calculations, under 2 times of our
designed operation torque, the built-in bearing is applied about 35.84N, which is within the
safety range of allowable loading from the spec of the motor. For future improvements, we could
add a support to reduce the loading force on the motor built-in bearing to increase the motor life.
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Motor torque calculation:
assume: no slip, max coef ficient of friction (steel & steel, clean/dry) = 0.8,

loading force = 2kg, pulley diameter = 13mm, a = 5mm, b = 35mm
f1 +f2 =W mg = 0.8 Xx2x9.8=15.68N

T=F-R=1568N x 0.0065m = 0.102Nm
0.59

motor holding Torque (rmax) = 0.59Nm  Safety Factor =7~ =15.78
Motor shaft preload / bearing load calculation:
T =T - ;— =0 T = ;— = SN — 15.69N (under 2t
b=m Tpre = 2T, = 31.38N
solve equations: FA — FL - FB =0 and MFL/A + MFB/A =0 FA = 35.84N

Rotational motion actuator-servo motor: Based on the assumption and calculation
shown below, the servo motor can handle more inertia torque than we possibly need.

assume: extreme case of moment of inertia: "Hoop about cylinder axis" | = MRZ, M = 76.13N

I=MR"=76.13g xR, = 76.13g x (25\2)"mm = 9.52 x 10 kgm’

T

0.54N 3 2
T == ———=5.67 x 10°rad/s
max A 9.52x10 kgm

Solenoid selection: Based on the calculation below, the force generated by the
solenoid is able to give a certain speed to the cue ball. However, there is always a loss of
energy from friction and other imperfections. Therefore, we pick a larger solenoid instead of a
smaller one which also fits our case in theory.

assume: Ball — table coef ficient of friction = 0.5; M. = 15g; Solenoid Max suction force = 45N

ball
Max #of ball = 16, the tip of the solenoid is placed at 3mm away from balls; hitting time = 0.1s

figpaps = Hmg = 0.0735 x 16 = 1.176N;

based on the graph: Typical Force vs. Strock, force provide = 15.27N > f L6balls

1 2 _ 2N _ —
AE—Zm(vf vi)—FAt vf—3.567m/s



Circuit Diagram and State Transition Diagram
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Reflection

In order to be successful in ME 102B, students as a group should plan and follow a
rigorous timeline for the project. Start early and do not procrastinate, and expect to encounter a
lot of new design problems occurring in the process. Group members should monitor each other
and give feedback on problems in time. Do not be afraid to communicate with anyone. Do not
hesitate to ask for suggestions from the instructor and the GSls if necessary.

Our billiard robot works in a similar way to a 3D printer, but without the height adjustment
feature because of the time constraints. The reason for this is that our initial design is too
complicated to finish in the time of only one semester. Therefore, for future class projects, we
should start with the simplest aspect, and then develop the design based on the timeline.



Complete Bill of Materials
https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIlsU2DrbG6bK7b SALeCk/
edit?usp=sharing

CAD Design

2.y-axis linear transmission
. Linear rail with carriage
. 59Ncm stepper motor
. Timing belt system
. Limit switch

Overall

3.Billiard Robot Body

. Body mounting bracket
5.5kg-cm servo motor
Turntable

Solenoid mounting bracket
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. 45N suction solenoid

1.X-axis linear transmission
. Linear motion shaft with carriage
e._J-H59Ncm stepper motor
. Timing belt system
. Limit switch
. ‘I' shape connecting bar
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Timing belt system: 1 flanged
bulley; 1 regular pulley; 1 open belt,
1 gear clamp mount block; Belt
tension preload block set

Belt tension preload/ adjuster: get
tension by rotating the bolt
(1:rotational to 2: linear motion)

Limit switches for x-axis linear transmission:
. Prevent the x-axis belt attach from hitting the legs of
the supporting table beneath the pool table


https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIsU2DrbG6bK7b_SALeCk/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1Sfi7-Sd-vbXvyyZtsYCpaGJIsU2DrbG6bK7b_SALeCk/edit?usp=sharing

Y-axis linear transmission

Linear Rail with carriage

Robot Body is mounting onto
the carriage (M3-8)

Y-axis actuator:

Belt tension preload 59Ncm Stepper motor

block set/adjuster (same
as the previous one)

Timing belt system: 1 flanged
bulley; 1 regular pulley; 1 open belt,
1 gear clamp mount block; Belt
tension preload block set

Y-axis belt attach

Billiard Robot Body

Body mounting bracket

Rotational motion

actuator: Servo motor Notes:

In order to
eliminate/reduce the down
force acting on the servo
motor shaft, we add a
rotation transmission
component which is
connected on the bottom
part of the turntable. It
transfer the load on the
turntable.

*turntable can handle about
44 |b force from product
information sheet. (reference
link could be found in BOM)

Servo motor
mounting block

Rotation transmission /

component

Turntable

Angle adjustable Solenoid
mounting bracket set

Solenoid



Code

1 #include <PS4BT.h>

2 #include <PS4USB.h>

3 #include <usbhub.h>

4 #include <AccelStepper.h>
5 #include <Servo.h>

6

7 #ifdef dobogusinclude

8 #include <spidteensy3.h>
9 #endif

10 #include <SPI.h>

11

12

13 USB Usb;

14

15 //// Uncomment to enable bluetooth connection
16 //BTD Btd(&Usb);

17 //PS4BT PS4(&Btd, PAIR);
18 //PS4BT PS4(&Btd);

19

20 // Comment this line for bluetooth connection
21 PS4USB PS4(&Usb);

22
23 /************************************/
24 /* Pin definitions */

25 /************************************/

26 #define solenPin 5 //solenoid
27 #define servoPin 6 //servo
28 #define stepPinX A@ //stepper
29 #define dirPinX Al

30 #define stepPinY A2

31 #define dirPinY A3

32 #define LSW_X1 A4 //limit switch
33 #define LSW_X2 AS

34 #define LSW_Y1 7

35 #define LSW_YZ 8

36 #define INT_PIN 2 //interrupt

37
38 /************************************/
39 /*  State variables */

40 /************************************/
41 int sysState = 0;

42 bool isHome = true;

43

44 /************************************/

45 /¥  Variables for the user input */
46 /************************************/
47 #define up_ths 157

48 #define low_ths 97

49 int joylLeftX;

50 int joylLeftY;

51 int joyRightX;

52 int joyRightY;

53 int stepX = 0;

54 int dirX = 0;

55 int stepY = 0;

56 int dirY = @;

57

58 /*******************************************/

59 /* Motor instances and variables */

60 /*******************************************/

61 #define low_speed 2000

62 #define high_speed 6400

63 #define max_servo_dist 3600

64 AccelStepper stepperX = AccelStepper(l, stepPinX, dirPinX);
65 AccelStepper stepperY = AccelStepper(1, stepPinY, dirPinY);
66 int speedX = 0;

67 int speedY = 0;

68 Servo servo;

69 int speedServo = 0;

70 int servoDist = 0;

71



72 /***********************************/

73 /* Limit switches and interrupt */

74 /**********************************/

75 volatile bool anySwitch = false;

76

77 void setupQ {

78 initActuators();

79 initLimitSWsQ;

80

81 Serial.begin(115200);

82 #if !defined(__MIPSEL__)

83 while (!Serial); // Wait for serial port to connect
84 #endif

85 if (Usb.Init(Q) == -1) {

86 Serial.print(FC"\r\n0SC did not start"));
87 while (1); // Halt

88 }

89  Serial.println(F("\r\nPS4 pairing..."));
2 3}

91

92 void initActuators() {

93 pinMode(solenPin, OUTPUT);

94 pinMode(servoPin, OUTPUT);

95  stepperX.setMaxSpeedChigh_speed);
96  stepperX.setAcceleration(50);

97  stepperY.setMaxSpeed(high_speed);
98  stepperY.setAcceleration(50);

100  stepperX.setSpeed(@);
101 stepperX.runSpeedQ);
102  stepperY.setSpeed(@);
103  stepperY.runSpeed();
104 }

105

106 void initLimitSWs(Q) {

107 pinMode(LSW_X1, INPUT);

108  pinMode(LSW_X2, INPUT);

109  pinMode(LSW_Y1, INPUT);

110 pinMode(LSW_Y2, INPUT);

111

112 pinMode(INT_PIN, INPUT);

113 attachInterrupt(digitalPinToInterrupt(INT_PIN), switchPressed, RISING);
114 }

115

116 void switchPressed() {

117 //Serial.println("switch reached");
118  anySwitch = true;

119 }

120

121 void loop(Q) {

122 Usb.TaskQ);

123

124 if (PS4.connected()) {

125

126 /************************************
127 System state definitions:

128 @: Home state

129 1: Stationary

130 2: Moving (linear & rotational)
131 2.0: StopX

132 2.1: StopY

133 3: Homing

134 /************************************/
135 switch (sysState) {

136 case @: //Home state

137 PS4.setlLed(Blue);

138 if (checkStart(Q)) {

139 sysState = 1; //If started, change to stationary state
140 start_sys_res();

141 //Serial.println("started");



142 3

143 break;

144

145 case 1: //Stationary state

146 if (checkLeftJoyX() || checkLeftJoyY(D || checkRightJoyX()) {

147 sysState = 2;

148 PS4.setLed(Yellow);

149 //Serial.println("Moving");

150 1

151 if (checkHitQ)) {

152 hit_resQ;

153 //Serial.println("hit!");

154 1

155 if (checkHome()) {

156 servoDist = 0,

157 sysState = 3;

158 //Serial.println("Homing...");

159 1

160 break;

161

162 case 2: //Moving

163

164 //move xy axis

165 if (checkLeftJoyX() && checkEdgeClearX()) {

166 drive_stepperX_res(joyLeftX);

167 //Serial.print("Left X: ");

168 //Serial.println(stepperX.speed());

169 }

170

171 if (checkLeftloyY() && checkEdgeClearY()) {

172 drive_stepperY_res(joyLeftY);

173 //Serial.print("Left Y: ");

174 //Serial.println(stepperY.speed());

175 }

176

177 if (digitalRead(INT_PIN) == LOW) {
"178 anySwitch = false;

179 PS4 .setLed(Yellow);

180 PS4 .setRumbleOff(Q);

181 3

182 if CanySwitch) {

183 PS4 .setlLed(Red);

184 PS4.setRumbleOn(100, 100);

185 3

186

187 //rotate cue stick

188 if (checkRightJoyX()) {

189 servo.attach(servoPin);

190 rotate_servo_res();

191 } else {

192 servo.detachQ);

193 3

194

195 if (IcheckLeftloyX() && !checkLeftloyY(D && !checkRightJoyX()) {

196 sysState = 1;

197 PS4 .setlLed(Green);

198 PS4 .setRumbleOff(Q);

199 1

200

201 break;

202

203 case 3: //Homing

204

205 if (checkHomeCompleteX() && checkHomeCompleteY()) {

206 //Serial.println("Homed!");

207 PS4 .setlLedFlash(@, @);

208 sysState = 0;

209 } else {

210 PS4 .setlLedFlash(50, 50);

211 if (!checkHomeCompleteX())

212 homeX_res();

213 if (!checkHomeCompleteY())



214 homeY_res();

215 }

216 if (PS4.getButtonClick(TOUCHPAD)) {
217 PS4.setlLedFlash(@, @);
218 sysState = 2;

219 }

220 break;

221 ¥

222

223}

224

225

226

227 /*** ok ok ok ok ok ok ok ok ok ok ***/

228 /*  Event Checker Functions */

229 /*** EEE L L 20 Rk k¥ ***/

230

231 //If the system is in home state, chech if a "start" command is sent
232 bool checkStart() {

233 return PS4.getButtonClick(CIRCLE);

234 }

235

236 // Check if the hit command is sent to turn on the solenoid
237 bool checkHit() {

238 return PS4.getButtonClick(CROSS);

239 }

240

241 bool checkHome() {

242  return PS4.getButtonClick(TOUCHPAD);

243 }

244

245 bool checkLeftJoyX(Q) {

246 joylLeftX = PS4.getAnalogHat(LeftHatX);

247 return (joyLeftX > up_ths) || (joyLeftX < low_ths);
248 }

249

250 bool checkLeftJoyY() {

251  joylLeftY = PS4.getAnalogHat(LeftHatY);

252 return (joyLeftY > up_ths) || (joyLeftY < low_ths);

253 }

254

255 bool checkEdgeClearX() {

256 if (anySwitch) {

257 if (digitalRead(LSW_X1) == HIGH) //negative direction of x

258 return joyLeftX < low_ths; //the command must go to the positve direction
259 else if (digitalRead(LSW_X2) == HIGH)

260 return joyLeftX > up_ths;

261}

262 return true;

263 }

264

265 bool checkEdgeClearY() {
266 if CanySwitch) {
267 if (digitalRead(LSW_Y1) == HIGH) //negative direction of Y

268 return joyLeftY < low_ths; //the command must go to the positve direction
269 else if (digitalRead(LSW_Y2) == HIGH)

270 return joyLeftY > up_ths;

271 1

272  return true;

273 %

274

275 bool checkRightJoyX() {

276 joyRightX = PS4.getAnalogHat(RightHatX);

277  return (joyRightX > up_ths) || (joyRightX < low_ths);
278 }

279

280 bool checkHomeCompleteX() {

281 return digitalRead(LSW_X1) == HIGH;

282 }

283



284 bool checkHomeCompleteY() {

285 return digitalRead(LSW_Y1) == HIGH;
286 }

287

288

289 /HFFd R Rk Ak KRRk ok ok /

290 /*  Service Response Functions */
291 //***********x************************/
292 void start_sys_res() {

293  PS4.setlLed(Green);

294 }

295

296 void hit_resQ) {

297 digitalWrite(solenPin, HIGH);

298 delay(100);

299 digitalWrite(solenPin, LOW);

300 }

301

302 void drive_stepperX_res(int joyLeftX) {
303 if (joyLeftX > up_ths &% joyLeftX < 201) {
304 speedX = low_speed;

305 3} else if (joyLeftX >= 201) {

306 speedX = high_speed;

307 }else if (joyLeftX < low_ths && joylLeftX > 54) {
308 speedX = -low_speed;

309 lelse if (joyLeftX <= 54) {

310 speedX = -high_speed;

311}

312  if (speedX != int(stepperX.speed())) {
313 //Serial.println("new speed x set");
314 stepperX.setSpeed(speedX);

315

316

317  stepperX.runSpeed();

318 }

319

320 void drive_stepperY_res(int joyLeftY) {

321  if (joyLeftY > up_ths && joylLeftY < 201) {
322 speedY = -low_speed;

323 } else if (joyLeftY >= 201) {

324 speedY = -high_speed;

325 lelse if (joyLeftY < low_ths && joylLeftY > 54) {
326 speedY = low_speed;

327  }else if (joyLeftY <= 54) {

328 speedY = high_speed;

329 %

330 if (speedY != int(stepperY.speed())) {
331 //Serial.println("new speed y set");

332 stepperY.setSpeed(speedY);

333 %

334

335  stepperY.runSpeed(Q);
336 }

337

338 void rotate_servo_res() {

339  if (joyRightX > up_ths) {

340 speedServo = 100;

341 servoDist += 10;

342} else if(joyRightX < low_ths) {
343 speedServo = 82;

344 servoDist -= 10;

345

346 if (servoDist < max_servo_dist && servoDist > -max_servo_dist) {
347 servo.attach(servoPin);

348 PS4.setRumble0ffQ);

349 servo.write(speedServo);

350 else {

351 servo.detachQ;

352 PS4.setRumbleOn(100, 100);

—

353 if (servoDist >= max_servo_dist) {

354 servoDist = max_servo_dist;

355 } else if (servoDist <= -max_servo_dist) {
356 servoDist = -max_servo_dist;

357 3

358 3}

359  delay(15);

360 }

361

362 void homeX_res(Q) {

363  stepperX.setSpeed(Chigh_speed);
364  stepperX.runSpeed();

365}

366

367 void homeY_res(Q) {

368  stepperY.setSpeed(-high_speed);
369  stepperY.runSpeed();

370 }



