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ABSTRACT

This thesis is to study the design and construction, transport products in industries using a
computer to control the entire manufacturing process. In the thesis. Present theory and design of
the robot arm. The structure consists of control unit, processing unit, servo motor and components
to build robot arm. Procedures starting from the design and structure of the robot arm. Study of

electronic circuits needed to control robot arm and experimented.
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3.1.3 Direct Kinematic: The Arm Equation
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MARNUIN N

Tlsunsumsilszanananazmsnaunu

1 o Jd
ThamsWouTdsunsudmdssurananazarnguasiinuveswuna  laglduesa

Jd 4 S o
stamp1681uInsaouInsianinszna AVRS 1e5 ATmegal68 ¥99 ATMEL 1ilu MCU sz

¢
UDTA

#include <Servo.h>
#include <Keypad.h>

#include <EEPROM.h>

const byte ROWS = 4; //four rows
const byte COLS = 4; //four columns
//define the symbols on the buttons of the keypads

char hexaKeys[ROWS][COLS] =

{'0',']',‘2','3‘},
{'4',‘5‘,'6',‘7'},
{vgv’vgl’vav,vbv}’

{'C','d',‘e','f}

byte rowPins[ROWS] = {3, 2, 10, 9}; //connect to the row pinouts of the keypad

byte colPins[COLS] = {7, 6, 5, 4}; //connect to the column pinouts of the keypad



//initialize an instance of class NewKeypad

Keypad customKeypad = Keypad( makeKeymap(hexaKeys), rowPins, colPins, ROWS, COLS);

Servo servol;

Servo servo2;

Servo servo3;

Servo servo4;

Servo servoS5;

Servo servob6;

/Ivariable

int posl = 90;
int pos2 = 45;
intpos3 =117;
int pos4 =75;
int posS =73;
int pos6 = 90;
int addr =0;

int addr2 =0;
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byte posl1 =0;

byte pos22 =0;

byte pos33 =0;

byte pos44 = 0;

byte pos55 = 0;

byte pos66 = 0;

int val = 0;

void setup()

servol.attach(8); // attaches the servo on pin 8 to the servo object

servo2.attach(0); // attaches the servo on pin 0 to the servo object

servo3.attach(1); // attaches the servo on pin 1 to the servo object

servo4.attach(11); // attaches the servo on pin 11 to the servo object

servo5.attach(12); // attaches the servo on pin 12 to the servo object

servo6.attach(13); // attaches the servo on pin 13 to the servo object

void loop()

char customKey = customKeypad.getKey();
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val = analogRead(1);

servol.write(posl);
servo2.write(pos2);
servo3.write(pos3);
servo4.write(pos4);
servoS5.write(pos5);

servo6.write(pos6);

/uanvin
M+

if (customKey == '0')

posl =posl +2;

if (pos1 > 180)

{
posl = 180;
}
delay (100);
}

1
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/-

if (customKey =="'1")

posl =posl - 2;

if (pos1 <0)

1

112+

pos2 = 180;

delay (100);

i
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12-

if (customKey == '3')

pos2 = pos2 - 2;

if (pos2 <0)

pos3 = 180;

delay (100);

i
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13-

if (customKey =="'5')

pos3 = pos3 - 2;

if (pos3 <0)

pos4 = 180;

delay (100);

i
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//4-

if (customKey =='7")

pos4 = pos4 - 2;

if (pos4 < 0)

posd =0;

delay (100);

pos5 = 180;

delay (100);

i
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115~

if (customKey =='9")

posS = posS - 2;

if (pos5 < 0)

pos5 =0;

pos6 = 180;

delay (100);

i
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if (customKey =='b')

pos6 = pos6 - 2;

if (pos6 < 0)

pos6 =0;

delay (100);

I

// \ue //

if (customKey == '¢')

posll=posl;

EEPROM.write(addr, posl1);

addr = addr + 1;

pos22 = pos2;

EEPROM.write(addr, pos22);

1/
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addr = addr + 1;

pos33 = pos3;

EEPROM.write(addr, pos33);

addr = addr + 1;

pos44 = pos4;

EEPROM.write(addr, pos44);

addr=addr + 1;

pos55 = pos5;

EEPROM.write(addr, pos55);

addr = addr + 1;

pos66 = pos6;

EEPROM.write(addr, pos66);

addr = addr + 1;

if (addr == 512) // addr maximun size

addr=0;

1512 byte //
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delay(500); // dalay \Watloariunisnatudn anavinlianARals /

/ 1

// 811AN //

if (customKey =='¢')

posl1 = EEPROM.read(addr-6);

posl =posll;

pos22 = EEPROM.read(addr-5);

pos2 = pos22;

pos33 = EEPROM.read(addr-4);

pos3 = pos33;

pos44 = EEPROM.read(addr-3);

pos4 = pos44;

pos55 = EEPROM.read(addr-2);



pos5 = pos5S5;

pos66 = EEPROM.read(addr-1);

pos6 = pos66;

if (addr == 512)

addr=0;

delay(500);

I

/lcycle

if (customKey == 'f")

addr2 = 0;

for (int y=1;y<=8;y-++)

posl1 = EEPROM.read(addr2);

I



addr2 = addr2 + 1;

pos22 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos33 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos44 = EEPROM .read(addr2);

addr2 = addr2 + 1;

pos55 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos66 = EEPROM .read(addr2);

addr2 = addr2 + 1;

int old1 = posl;

int old2 = pos2;

int old3 = pos3;

int old4 = pos4;

int old5 = posS5;
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int 0ld6 = pos6;

intnewl = posl 1;

int new2 = pos22;

int new3 = pos33;

int new4 = pos44;

int new5 = pos55;

int new6 = pos66;

if (old1 > newl)

for(oldl ; old1 >newl ; old]l -= 1)

servol.write(old1);

delay(15);

else (old1 <newl);

for(oldl ; oldl <newl ; old1 +=1)

servol.write(oldl);
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delay(15);

posl =newl;

if (0ld2 > new?2)

servo2.write(old2);

delay(15);

pos2 =new2;
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if (old3 > new3)

for(old3 ; 0ld3 > new3 ; old3 -= 1)

servo3.write(old3);

delay(15);

else (old3 < new3);

for(old3 ; old3 <new3 ;o0ld3 +=1)

servo3.write(old3);

delay(15);

pos3 = new3;

if (old4 > new4)

for(old4 ; old4 > new4 ; old4 -= 1)
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servod.write(old4);

delay(15);

else (0ld4 < new4);

for(old4 ; old4 <new4 ; old4 +=1)

servo4.write(old4);

delay(15);

pos4 = new4;

if (0ld5 > new5)

for(old5 ; old5 > newS5 ; old5 -= 1)

servoS.write(old5);

delay(15);
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else (old5 < new5);

for(old5 ; old5 <news5 ; old5 +=1)

servo5.write(old5);

delay(15);

posS =news;

if (0ld6 > new6)

for(old6 ; 0old6 > newb6 ; old6 -= 1)

servo6.write(old6);

delay(15);

else (0ld6 < new6);

for(old6 ; 0ld6 < new6 ; old6 +=1)
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servo6.write(old6);

delay(15);

pos6 = new6;

if (addr2 > 47)

//AUTO

if (val >= 900)

addr2 = 0;
for (int y=1;y<=8;y++)

{
s 2 - Y o U ¥ = =2 Y ! VY o £ &Y 1%
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posl1=EEPROM.read(addr2);

addr2 = addr2 + 1;

pos22 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos33 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos44 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos55 = EEPROM.read(addr2);

addr2 = addr2 + 1;

pos66 = EEPROM .read(addr2);

addr2 = addr2 + 1;

int old1 = posl;

int old2 = pos2;

int 0ld3 = pos3;

int old4 = pos4;
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int oldS = posS5;

int 0ld6 = pos6;

int newl = posll;

int new2 = pos22;

int new3 = pos33;

int new4 = pos44;

int new5 = pos55;

int new6 = pos66;

if (oldl > newl)

for(oldl ; oldl > newl ; old1 -= 1)

servol.write(old1);

delay(15);

else (old1 <newl);

for(old1 ; oldl <newl ; old1 +=1)
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servol.write(old1);

delay(15);

posl =newl;

if (old2 > new2)

for(old2 ; 0ld2 > new2 ; old2 -=1)

servo2.write(old2);

delay(15);

else (0ld2 < new2);

for(old2 ; 0ld2 <new2 ; old2 +=1)

servo2.write(old2);

delay(15);
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pos2 = new2,;

if (0ld3 > new3)

for(old3 ; old3 > new3 ; old3 -= 1)

servo3.write(old3);

delay(15);

else (old3 < new3);

for(old3 ; old3 <new3 ; old3 +=1)

servo3.write(old3);

delay(15);

pos3 = new3;

if (old4 > new4)
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for(old4 ; old4 > new4 ; old4 -= 1)

servo4.write(old4);

delay(15);

else (old4 < new4);

for(old4 ; old4 <new4 ; old4 +=1)

servod.write(old4);

delay(15);

pos4 = new4;

if (0ld5 > new5)

for(oldS ; old5 > news5 ; old5 -= 1)

servo5.write(oldS);

delay(15);
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else (0ld5 < new5);

for(old5 ; old5 <newS5 ; old5+=1)

servo5.write(old5);

delay(15);

po

RAAAAA

ANAR

servo6.write(old6);

delay(15);

else (old6 < new6);

{
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for(old6 ; old6 < new6 ; old6 +=1)

servo6.write(old6);

delay(15);

pos6 = newo;
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S o d
Tlsunsumssenuuunazndaiuaiussuududesyueuinas

iHIUNa

a ad A 2 y o o
TsunsuTada3sna(Solid work) Fudouine ldeonuuugunselluszuud e way

[l Y
Mmsudaaduslfa (G-code) TaeldTsunsuladauny (Solid CAM) oHaaFUa MU0

] ¢ R A [ = Y o [} F [ dy
Yueua Fainanniswen lsunsu lAauazaogisuns Ida aeae 11i

G CODE LIST

command

GO0
GO1
G02
GO03
G04
G09
G10
G17
G18
G19
G20
G21
G22
G23
G25
G26
G27
G28
G29
G30

Description

a d 3
mmﬂmﬁ’umq AIUANAIINLTINTURAPID
a d <
muzﬂm&juma AIUANAITUSTIATUFEED OVERIDE
a o3| Y Yy Aa [ a
mmﬂumuim NANWAIVVUUIWNT CW
a o3| Y Yy a < a
mm‘dmauiﬂa NANWNIHVVUINDT CCW
MEgATNIUF IV Dwell, Exact stop
MYANTIANUS Exact stop
v
c?]’qm%’am Programmable data input

o 9 o :
MTNINTUNIDUAUVDIUNUXPYp plane selection

o £ v &
NIININIUNIDUNUVDIUUNUZpXp plane selection

o 9 v ¢
MAININIUNIDUNUVDIUUNUY pZp plane selection

Y

3R 452DV Input in inch
mM3t1uluseuumaTn Input in mm
an1591971U7H 99U Stored stroke check function on
Pan139191uledu Stored stroke check function off
damsirnuiladu Spindle speed fluctuation detection off
Aansviauilegu Spindle speed fluctuation detection on
ATINABUMIAOUNAUAMNII981989 Reference position
APUATUALIM1ID19D9 Automatic return to reference position
H91BDANNALINUI81989 Automatic return from reference position

(Ao NAUR MM H9S19D97 2nd, 3rd and 4th



G40
G41
G42
G43
G44
G45
G46
G47
G48
G49
G50
G51
G52
G53
G54

G55
G56
G57
G58
G59
G61
G30
G40
G4l
G42
G43
G44
G45
G46
G47
G438

gANAE G41 G42
= a @ 9 9 a Y 19 9 a a
FAFHATANYDINA AANIIAIUSB(UAAADIATUEIUUDINANIINITLAL)

U

Faremsalvedin Aanesdiuun@adaogauunvesiAn1ens@au)
1 =) I

ATNNNYNIVDINANA UJ‘L!‘U?ﬂ

1 s o [

ANANINNYIIVDINANA L‘]J“L!'U'Jﬂ
uASAveIla AATool offset increase
AAMSTANUDINA AATool offset decrease
IUATANUDINA AA2191 Tool offset double increase
AnASANUDIUA AR2IN Tool offset double decrease
BAENAIANE1IUDY WAAAToo! length

Scaling cancel

Scaling

£
N19A938 VY Local coordinate system setting

1i@NMachine coordinate system selection

A1 X0 YO Z0 ¥83UAM 1

v
=

A1 X0 YO Z0 UBI1UAIN2

#1X0 Y0 Z0 ¥oedaii3

#1 X0 Y0 Z0 vosa1ui a4

1 X0 Y0 Z0 993011i 1S

#1X0 Y0 20 vp901uiaii6

THUANYANTI AN HIEXact stop mode
Aou nduA 1819897 2nd, 3rd and 4th
AN G41 G42

vy

1w v 9 9 g a a
‘Bﬂl“ﬁﬂﬂ?ﬁﬁﬁﬂl@ﬁﬁﬂ @ﬂﬂ'lﬁﬂ'lu“])"lﬂ(ﬁﬂﬂﬂ’ﬁ) m%’wmmwmwmsmu)

g
U
1T v A a [ 9 =) [} 19 a a
FAULVIANTANUDIUA mﬂmqmumw(mmagmummmmvmmamﬁmu)
1 S W 3|
ATNITNYNIVDIUAAA Lﬂuﬂ’)ﬂ
1 S W 1<
ATNINYTIIVDIUARNA Ll]u‘]J’Jﬂ
INUANSPIUDIIA AATool offset increase
AnASAUVD9A ANTool offset decrease
INUANSAUBINA AR2iMT Tool offset double increase

AAATANUDINA AN2UNT Tool offset double decrease



G49 ¥ENAINNY1IUDS HARAToo! length

G50 Scaling cancel

GS1 Scaling

Gs2 N9 é%’\i 3¢V Local coordinate system setting

Gs3 1{@onMachine coordinate system selection

G54 1 X0 YO Z0 ¥091ufaf 1

G55 71 X0 Y0 Z0 1039116371 2

G56 A1 X0 YO Z0 Y0111 37

G57 #1X0 Y0 Z0 4030171 4

G58 A1 X0 YO Z0 ¥891ufiaft 5

G59 #1X0 Y0 Z0 ¥es1usi a7 6

G61 THuANYAN I3 @M UIExact stop mode

G62 Tnuad HiWAutomatic corner override

G65 5onu1 a3 1156051 Macro call

G67 Elﬂlﬁﬂﬁn%"ﬂmiﬂi T1l511n53Macro modal call cancel
G73 NI191912LLUD Peck drilling cycle

G74 A159 1N A8 ICounter tapping cycle

G76 A3 UaLIBYAFine boring cycle

G280 ﬂﬂlaﬂﬁW’sé(’QCanned cycle cancel

G8l1 13491¢ Drilling cycle, spot boring cycle

G82 13191 Drilling cycle or counter boring cycle

G83 N131971¥Peck drilling cycle

G84 miﬁ%ﬂaﬁl’JTapping cycle

G8S 3 14non3 uines Boring cycle

G86 A15A1UBoring cycle

G87 M5ABack boring cycle

GS88 13 ﬂ%}iuBoring cycle

G289 N1IA %WuBoring cycle

G90 f1dfaTnefinaingn $1989Absolute command

G91 frdaTasineingad g:ﬂﬁgaqﬂﬁ’w Increment command
G92 Lﬂﬁﬂuizuu coordinate system or clamp at maximum spindle speed

G9%4 Wanou17 Feed per minute



G95
G98
G99

M CODE LIST

command

MO0

MO1

MO02

M30

MO3

Mo04

MO5

Mo6

MO7

MO8

M09

Ml11

M19

M20

M22

75
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Description

Program Stop  HgAN1311191MUB4 11)31tn 51

Optional Program Stop ﬁQﬂﬂWiﬁTﬂuﬂlﬂdLﬂém%ﬂ‘i
End-of-Program NI ldsunsy

End-of-Program  9UN15%11911 1151053

Spindle Start Forward ﬁ’amgumm%umﬁm (CW)
Spindle Start Reverse  #a3unILdiNIRN (CCW)
Spindle Stop ‘ﬁmqﬂmgu

Run Tool Change Cycle , LﬂéﬂumﬁM6 Txx

Thru Spindle

Coolant ON- Flood Coolant Lﬂﬂﬁy'lﬂﬁ 218U

Coolant OFF  Tatimded

Set Tool Carousel position to 1(ATC Tool Changer ONLY)
cycle positioning(Not for spindle orientation) ﬁaaéiuﬁ1sgﬁﬁagﬂﬁﬂuna
Does nothing Standard.

Chip Conveyor Toggle ON/OF option



M29 Rigid Tap M29 Sxxxx in block prior to G84

M4l Low Gear Select

M42 High Gear Select

M48 100%Spindle Speed Override Forced

M49 Released

Mo60 AAxis Brake ON

M61 AAxis Brake OFF

Mo62 B Axis Brake ON

Mo63 B Axis Brake OFF

Mo64 M64/65 Output ON

M65 M64/65 Output OFF

M66 M66/67 Output ON, Chip Conveyor ON

M67 M66/67 Output OFF, Chip Conveyor ON

M68 M68/69 Output ON, Wash Down ON

M69 M68/69 Output OFF, Wash Down OFF

M78 M78/79 Output ON, Cooled spindle ON(2016 &3016L)
M79 M78/79 Output OFF, Cooled spindle OFF(2016 &3016L)
MS80 MIDACO Pallet Changer 2 When the machine has MIDACO pallet option
M85 AAxis Rotary Table Enable

Mg&6 AAxis Rotary Table Disable



Mg7

M&8

M98

M99

B Axis Rotary Table Enable
B Axis Rotary Table Disable
Sub-Program Call (580 subI51n51

Sub Program End 31U subl/sunsu doundu Program Y10

@ ' 9 ~ 9 a Q’I
d10819 Inan 19 1unsHaRF U1

%

O1 (FOOT)

H Y v
i v Fuaunldlumsdioulda

NS5 G0 G40 G49 G80 G21 (Initialisation)

N10 GO G53 Z0 (Retour aux origines machine)

N15 G0 G53 X0 YO

N20 (Outil ng 1 - Diametre 2.0 D1 H1)

N25T1 M6 D1 H1

77



N30 S1000 M3

N35 GO Z5

N40 (F-contour-T1)

N45 GO G54 X-1. Y20.

N50 G43 H1 Z5.

NS55 GO Z2.

N60 G1 Z-0.875 F33

N65 G1 Y80. F100

N70 G2 X0. Y&1.1I1. JO.

N75 G1 X120.

N80 G2 X121.Y80. I0. J-1.

N85 G1 YO.

N90 G2 X120. Y-1. I-1.JO.

N95 G1 XO0.

N100 G2 X-1. Y0. I0. J1.

N105 G1 Y20.

N110 G1 Z-1.75 F33

N115 G1Y&80. F100

N120 G2 X0. Y&1. I1. JO.

N125 G1 X120.

N130 G2 X121. Y80.I0. J-1.
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N135 G1 YO.

N140 G2 X120. Y-1. I-1. JO.

N145 G1 XO.

N150 G2 X-1. YO0. I0. J1.

N155 G1 Y20.

N160 G1 Z-2.625 F33

N165 G1 Y80. F100

N170 G2 XO0. Y81. I1. JO.

N175 G1 X120.

N180 G2 X121.Y8O0. 10. J-1.

N185 G1 YO.

N190 G2 X120. Y-1.I-1.JO.

N195 G1 XO.

N200 G2 X-1. Y0. I0. J1.

N205 G1 Y20.

N210 G1 Z-3.5 F33

N215 G1 Y80. F100

N220 G2 X0. Y8I. I1. JO.

N225 G1 X120.

N230 G2 X121. Y&0. I0. J-1.

N235G1 YO.



N240 G2 X120. Y-1. I-1. JO.

N245 G1 XO0.

N250 G2 X-1. Y0. I0. J1.

N255 G1 Y20.

N260 G1 Y&0.

N265 G2 X0. Y81.I1. JO.

N270 G1 X120.

N275 G2 X121. Y80. 10. J-1.

N280 G1 YO.

N285 G2 X120. Y-1. I-1. JO.

N290 G1 XO.

N295 G2 X-1. Y0. 10. J1.

N300 G1 Y20.

N305 GO Z5.

N310 GO G53 Z5

N315 GO G53 X0 YO M5

M30

%
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Servo motor s3003

Detailed Spei:iﬁcations

+Pulse Width
Control Control Current Drain :
System: 1520usec (4.8V): TanALtg

Neutral

3-5 Volt Peak :
Required Pulse: to Peak Square Curren.t i 8mA/idle

W (6.0V):

ave
Counter
Operating 5 S Clockwise/Pulse
Voltage: 4.8-6.0 Volts ~ Direction: Traveling 1520-
1900usec
Operating 3
Temperature Dzé) :Zggo Motor Type: 3 Pole Ferrite
Range: 9
; 0.23sec/60 ;

Operating Potentiometer : ;
Speed (4.8V): degrees at no i Indirect Drive

load

0.19sec/60

Operating ; : - :
Speed (6.0V): degrees at no Bearing Type: Plastic Bearing

load



Stall Torque
(4.8V):

Stall Torque
(6.0V):

Operating
Angle:

44 oz/in.
(3.2kg.cm)

56.8 oz/in.
(4.1kg.cm)

45 Deg. one
side pulse
traveling
400usec

360 Modifiable: Yes

T-Pro Mini Servo SG-90

Detailed Specifications

Gear Type: All Nylon Gears

Connector Wire 12"

Length:

Dithar sians: 1.6" x 0.8"x 1.4" (41
i X 20 x 36mm)

Weight: 1.30z. (37.29)

-Dimensions: 22.6 x 21.8 x 11.4mm

-Weight: 9g

-Operating Speed (4.8V no load) : 0.12sec / 60 degrees

-Stall Torque (4.8V): 10.20z /in ( 1.98 kg/cm )

-Temperature Range: -30 to +60 Degree C

-Dead Band Width: 4usec

-Operation Voltage: 3.5 - 8.4Volts

82



Esky EK2-0508 8g Digital Servo for Esky

Detailed Specifications

- Standard Voltage : DC5V +/- 1V

- PWM Input Range : Pulse Cycle 20+-2ms, Positive Pulse 1~2ms

- Speed : 60 degrees / 0.1s

- Torgue : > 1KG/cm (Vee=5V)

- Max Corner : > 150 degrees

- Operation Temperature : -20 degrees ~ 70 degrees

- Weight : 7.5g

- Dimensions : 22.8 * 11.5 * 20.8mm

- Color : Black
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