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O ABSTRACT 0O

This research is centered on design of a serial industrial manipulator with 4 degrees
of freedom(4-DOF) in order to manipulation on production linesand packaging tasks of
small pieces, it is characterized by flexibility and the possibility of compatibility with other
robots in the work area.

Research explains the Mechanical description of the manipulator and the study of the
inverse kinematic and direct kinematics in addition to the study of the path of the
manipulator.Manipulator electric engines are servo motors (DC Servo motor). The design
of the electronic driving system of the robot depends on the Arduino Board(Arduino
UNO).

The application interface, which was built within the software (Microsoft Visual
Studio), allows to easily control the manipulator.Where the robot three-dimensional model
(3D) simulates the movement of the robot at work.

In the latter part of the research we discussed practical prototype test results of the
robotic manipulator that we have designed and implemented.

Keywords: Serial manipulator, direct/Inverse kinematics, servo motor, Arduino, Visual
Studio, AutoDesk Inventor.

"Assistant Professor- Department of Industrial Automation — Faculty of Technical Engineering-
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LY LoleS ol 4 cilay b elia Julis sy sl 2805 aranss

:(Programming) el azaxaill -5

CAalas 80l dgals ol 2 (Microsoft Visual Studio) 4yl Lipll (aa CF ) alasinly
Open GLAgs alaaiuly J5lall (3D) abell DUindgai o liy N 28LaY s Nl o8l (g a2adl)
[13] s o sislsliall 48 a Slas

tlall Ao eyl dgalsh —1-5

Sl sy st 5 ssa V) Ay anlad) G Jul i) el Ak gy o 68 Bama s Agals paans o
- it S \gle ¢ gual) Ll o gt (e Gilgaly COU e A ) dgalg) sda (5SS 5L

(13) JSal (Jua) iyl apanissiy o0 V15 canlall o Juai¥) (el Lgtiaga 1 AsY) Agalslim

L t—— JUsy ) (yals 455 'Connect’ et

R | g fy | i mally ptad oS al Jla 35 RS232 aduldll dlia gl s
y .&.AZ\JL»A_) )L@.kl.i(:}s,jzum‘jgsi Sl

<igadDisconnect’ SN Y1 b
S sed @l @8l Aludoall Alagl) (Be)
Jla¥) (e &5 4l gy

&
“ommunication Properties
wailable Ports COM4 v
‘aud Rate 9600 v
wailable Parity Options b
yata Bits s - Gub oo Jhayl Gl wast g
One = syl (3:\323\ ﬁﬂ\ u‘)\;ﬁ&\)d}h 3

wailable Stop Bits Options
."Communication Properties"

sy Juaiy) Agals:(13) Je

oo paall g Juaiy) cliahl sty dubdl) Aol e 553 Ay e JLaiV) iad 2y
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wd Forml

Cupug Py ol | Sipagty aSal | AS aally 2SS

[t P el
— A ..‘.

shia il 534

Card A

Angle 1 Xe Robot Arm
Angle 2 Y=

Angle 3 =

Angle 4 Tool

angle =
Go
| Reset |

Sended frame

(raSally piloall antigl) gigalll) isag LAY aSadl) Agaly :(14) Js

i z3sad Gl anl HLaal) die (Ll it zisa) 5 (eSe el z3sa) Gl Ll

(15) JSall maasy WS g A sladsgiValae (e aigped) 138 HLas) vie:' jilie wdia z3sal®

CaEs ]
‘r&"aﬂl

X=1%cos(&,)*cos(8,) + 1 *cos(&, +6,) *cos(8,) + I, *cos(&, + 6, +6,) *cos(6,)..
Angle 1 X= Y=1,*cos(6,)*sin(6)) + I, * cos(b, + &) *sin(6,) + I, *cos(6, + 6, +6,)*sin(6,)...2
Z=1+1*sin(6,) + I, *sin(@, + 6,) + 1, *sin(6, + 6, +6,)..3

Sl i @5 gad
T eiaa

Angle 2 Y=
a= 9: + 93 + 9‘...4 L1=110mm
Angle 3 z= L2=60mm
Angle 4 Tool ﬁiﬁgm
angle =
z
Go

Sended frame

(el entigh) g dgail) Sigag M LAY aSail Agaly :(15) Jeal
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y B s Yty I bt b I
Angle1 45 X=81 Y=1 *cos(8,)*sin(6,) + I,
Angle2 47 v=81 Z=1+1 *sin(@,)+ L *sin(
a=0,+6,+06,.4
Angle3 24 Z=415
Angle4 ¢ Tool
Angle=77

Go

[ Go |

Fended frame O0x:55 AA 87 89 72 60 00 1C

) il 7 3gal) i (16) JSl

W3l ad e Jpemall sy cpdsal) ilaslan R dayg o dpaill 138 o Bl e outin z3sal
A7 JSE ¥ dapd ) Ll S il

Sl Juad) | Sipaty atal A€ s agad

Co=
P el
S
X 81 Anghe 1~45
Y 81 Angle 63

Z 415 Anghe 3=0

Tool Anghe 4=13
angle
Go |
Reset

Sended frame 0x :55 AA 87 99 5A 67 00 23
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S el (e dlyma IS ualall Ayl Kl DA (e sl Sl Lol Lgiegar A2 dgalshim
saje A AlaYl ety duailly adadll Jas L'gi‘(pick and place) Gukaill aail alll zalinll 240 dsadl)
A8 Sl (Jolial) cilpraa gy S pmall Uy sy s Ml g LAl (3D) alaY) D =3 5as

i.': Fom? - = " -ﬁgﬂ
O
Servo1 -110 ‘ 1o
Servo2 90 90
Servo3 90 90
Servo4 .so ' %0 L’

! Pick and
Reset Place

=

¥ |
= i

N
=

crisna sl Jolial) CilSjaay aSadll dgals:(18) Jsdl)

A, "pick and place " Y1 asiuas paldll (sliding bar ) @lall mcag yaa JS Ay)y @la
Lale glaal) aaasll W ol salef'Reset " 51 dage o Gn b e omapll 2580 8 il Lginays 5 dage
DA L) slal Jsm g A 50 o agndl) )3 e sane

o3 by o581 Abulosl) Aliagll Syl e aulall e el i Crmy g0 VHas )& Aaayy o
Aggllaal) Al Y ail S paall e Lghaliy alY)

teadl 498 B L) aghdl) —2-5

:(Encapsulate) clilyl) caylas als

D) Gl e sV Aapd ) dpulad) dgalsdl G leaaad 5l SlS el Uy ) S
claa )

e Axgisis osis Cu (Header) S G ce sle s ) ssal celial D5 o Y1 138 oS5
£ally e Tygly U Culy (SBytes) il dused e 50y il s S o3l o(2Byte) (bl
Ll JoS i pm ald Adplay alua Jiyg (CRC) @éaill culy g il

CRC Data5s Data4 Data3 Data2 Datal Header2 | Headerl
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)yl Lol alis da oy gl elia Jlulis gy Jolih iy aans

:0pen GLA Sy g
S il 8 lgisai; Open GL agSe alasiulyigng )l J5lall sle) 6 73 gai 6 by Liad
Laillj(Cube ) CanSall Jasiilos cdaih Guulad (5 e alaeWl syl elial aaen ol lid G g piiall
Lagaed e €lldg) sosyll S5l 6l gaen ol Galaail) (dla elesin) &5 45 (ga5 (Cylinder) ilshany)
(and) pgeany oo

: gy Ay Laldl) sl g3l —3-5

Ryl Al DA (e cllyy (ArQUING C ) e Galddl el alaiuls s, Vliagys daay
[15] <[14].(Arduino IDE)

caladl a1 Dl 5 i s Y apd 3 LB JLy) danii o galill 588 o5
(19) LA ¢ gl S o Lk 5 cpng el o3 (hlaty ALALAN ALagll ke

final_code

>

#include <Servo.h>

int Received data_counter = 0,frame received = 0;
byte Frame xor = 0;

int x= 0;

byte frame[8] = {0};

Servo servo, serve2, serve3, servod, servo5;

int val = 0;

m

void setup()

{
Serial.begin(9600);
servo.attach(S);
gservo2.zttach(6):;
servo3.attach(9);
servod.attach(10);
servoS.attach(1l);

}

void locp() -

-9 Ay hiall el gjal) o il :(19) Je

:AdBlially galill
ol o lim sslslaaess dal e otigl Tyl Frasasl libuall ehaliad) 138 i Lk
el (il gl el Y1 Bkt e Al Jlaels o (g 58 ol S Sl
Al Jaad) cilghad Judid cus Sl
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