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O ABSTRACT 0O

In this paper, mathematical model for industrial robot (Mitsubishi RV-2aj)
was found, besides mechanical model for robot was designed using
solidworks software, CAD files were exported to Matlab\Simmechanics
library, besides mathematical model (forward kinematics model, inverse
kinematics model) and mechanical model were merged with user interface
windows designed in Matlab\GUI.

Proposed model presents accurate model describes robot motion, that
allows user to test robot motion.

Besides, virtual paths (rectangular, semicircular paths) were generated
for robot's tool moving to reach to target point, tested paths properties (joint
torque, elapsed time, travel distance) were calculated and compared with each
other according to purpose of robot tool movement.

Keywords: Industrial Robot Arm Modeling, Path Planning, Forward
kinematics, Inverse kinematics, Mitsubishi RV-2aj.
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140 Jort 1 |].
Jont 2
120} Jont 3 | ]
100
£ w} :
¢ o
[~
e
2
0 e — —-.\ [r— = '_~‘_—_ﬁ\ P———
, S ¢
.m L \\\\/

2 4 6 8 1:‘).nh°:‘2(;ﬂu 16 18 20
(Case 2) ,Iild Jiius J88s jlual) Allay Jualiall agie (20)Jei

(case 2) g, diuai JS&y sl Ala

LS (2.5 S€C) Jluall JalS e JEE (305 5 (785 MM) e als Jam) dilse el 124 Slbia,
GV ALYl (CillaadY) Lol diey ludl) D)y 3 aed 35as (21) JSEIL el aill = ajall Lalade o
g Lall Ay Al Alasl) 6 Jesy 435S sl Jsb o Jualiall 4 o ST agial S Jesial) (et

!
Joint Torque vs Time
140F - - - - .
Jont 1
— — Jont 2
12 Jont 3
1ok 4
£ @ [
= -~
g 0 e
S 3
—
E 4 - 1
3 S o
s
20 [ g 4
1] \ / 4
20k ¥ 4
2 3 - 5 6 7 8 9 10 1"
Hteration (3553}

(Case 2) Agls il diual JSy jluall Alay Jualial) agie (21)Jsil
A Jaliil) o i) iy 40 LED cylsl) iy (ya
S leY slaaly S Jeaidl @lat die Lagad dum ) Ldlall U ikl el v
aaiall 138 8 a5ell Axdipe o (o e adell iaie b add sediy e Lae (JiuY)

27



ETI Simmechanics alainly 4 all a3 owled Mitsubishi RV-2a] sy dada

Aoy gidy 4958 Jhadl) g gy caal JSG ) Glb dualidl agie ) Al W v
asse Glhbie o Gfaiy e o W) g hAll ASa slanly Aalie cilysd aag ¥ Gl degll (g 5
Y LA A ey die A Jf lae Lo el 8 aedl) aes o L) Bl Joalidl)

Giluagilly clalitiuy)

st &3 LS ((Mitsubishi RV-2aj) eliall Cipg)ll bl z3sall alay) Giadl 13 3 &
i J CAD 1 wlik ayay SolidWorks 1l maln aladiuly cigigyll  SolKall 23 gal)
Sl ASal) zisaiy el ASal) zisal) bl zisalll mer ) ddlaYL SimMechanics\Matlab
zisadl a3y .GUIWMatlab alasiuly decas padiudl e blas deals oo (SolSall z3gailly (Qigas)l
@ LS S diph alagly Gl GlSa Ll iy Lee aadiusa) Gisng )l Gliaes (Slay Gis z3ga) il
Crsagll 1l A ya e alagly Apuall AS)al) 73 sats AualeY) ASjal) Zhgar Hlidl DA (e zdsalll las)
cpbal) JB (e Bame ASa o L)

1 A0 Jsanll (385 4@ 5 ALY ) Ala 3 ) el WSy Buw b

ASlgtinal) A8Ual) 5 JEY) Ablsa g JWL) (ha) Gun (ra Aagiial) cilaal) S il (4) Jgandl

(mm) ASlany) dalow (Sec) JENY) ()

1000 4.3 (case 1) il Jalatiana
785 2.5 (case 1) il @ Cauai
1000 4.3 (case 2) Jsls Jalaiie
785 2.5 (case 2) Jsls @Al Ca

e angd) Adad ) Aol AL pe JUEDU A1 g5 ASjal cblusall (e de sane Al daad) J5ls
S Ay Gl Pl 5 L caagly Dladl Jhads (g adfise S ASal) jiey Hluddl e (8 Sile dsa
Oo) Jealidll agie Cua e saa o JS Rl Alie S ey o JilEs B Gusiee G e e
e dalay JlEny)

Slo S Ll A JEY) ey QIS 13 caiaall Ay 5 Jaadl e (385 yiaa) b lsal) 4y Calisy
di O o) Gab (fan JSE pomls 5 O g () E LA (e Lk Cslladl) Adead) ) ) des
Oo) Sl Daey (il i JS Slaall ol Asjiall chlud) Gaa e (JlE Gay JE 53 bl Ll
Ol Al 5 Jlan)

el lue Sl gyspall e V) g hAN ClSgan s o olSay) a8 Blial) Cangll (IS 13 L
4 ond L gy (Jualidl agie 8 Aadipe ad J aaill o Aailll Al clescall quiatl IS
(e caal ISy L)

syiial) hlusall w8 iy Jualial) 4y & Leie aliel G Jeaiall agje af daadle liey WS
G Ay A Aeagl 035 Jeady B Jeadall (58 Al ppudi (S Al ALENS 4E8Y) hlud) s

28



Tishreen University Journal. Eng. Sciences Series 2019 (2) 2aall (41) adaall dsxigl aslall @ 05508 daals dlas

Al s @l canls sie 8 oledy o)V Aial) pladis deatl 38 AS o ) dslaYl V) g A
LY g Al 8 Jealiall Ay e il e abief Juatal) 13 e 230

fol Loy ot dalall Lalaill (e de sana o i) WiSay (3w Las

AU e J8) Dlgiads J81 ) ey callaty Jl) ddlae J8 53 lusall v

IS8 lusall) ASall bladl 3 Lalie s a3 bl cuind Y1 8 Cany v

Aadiye agie o A Y A GlSae e LY (Jibiiase
A Lalally Gl ap LS
e S lally dejudl 73l Joadid sl S gaill ki 1
o) z3sail) ) oAl delia sy ¢t dili) 2
ey AlSa) 8l #yiall zisall an (MOVMASTER 5 MELFA) daasll il gad 3
Letrd JS g aSailly iy )l

bl

[1] R. Manseur, "A Software Package For Computer-Aided Robotics
Education”, pp.1409-1412, 26th Annual Frontiers in Education - Vol 3, 2004.

[2] Bakikoyuncu, and Mehmet Guzel, "Software Development For the
Kinematic Analysis Of A AL5B Robot Arm", pwaset volume 24 October 2007 ,1307-
6884.

[3] Osman Girdal, Mehmet Albayrak AndTuncayAydogan, "Computer Aided
Control And Simulation Of Robot Arm Moving In Three Dimension”, Electrical &
Computer Education Department, Isparta / Turkey, 2006.

[4] IldikoPasc, RaduTarca, Florin Popentiu-Vladicescu, The VRML Model
And VrSimluation For A Scara Robot, Annals Of The Oradea University, Fascicle Of
Management And Technological Engineering, Volume Vi (Xvi), 2007.

[5] Martin Rohrmeier, "Web Based Robot Simulation Using VRML",
Proceedings of the 2008 Winter Simulation Conference.

[6] Arya Wirabhuanal, Habibollah bin Haron "Industrial Robot Simulation
Software Development Using Virtual Reality Modeling Approach (VRML) and
MATLAB- Simulink Toolbox", University Teknologi Malaysia, 2008.

[7] Muhammad IkhwanJambak, HabibollahHaron, DewiNasien, "Development
of Robot Simulation Software for Five Joints Mitsubishi RV-2AJ Robot using
MATLAB/Simulink and V-Realm Builder”, Fifth International Conference on Computer
Graphics, Imaging and Visualization, 2008.

[8] E. Kolberg, and N Orlev, “Robotics Learning as a Tool for Integrating
Science-Technology curriculum in K-12 Schools,” 31st Annual Frontiers in Education
Conference.Impact on Engineering & Science Education.Conference Proceedings, Reno,
NV, USA, 2007.

[9] D.P. Miller and C. Stein,”So That's What Pi is For" and Other
EducationalEpiphanies from Hands-on Robotics, in Robots for kids: Exploring new
technologies for learning experiences,

[10] A. Druin, A. & J. Hendler (Eds.) San Francisco, CA: Morgan Kaufmann
2010.

29



TN Simmechanics alainly 4 all a3 owled Mitsubishi RV-2a] sy dada

[11] K. Wedeward, and S. Bruder, "Incorporating Robotics into Secondary
Education,” Robotics Manufacturing Automation and Control. Vol.14.Proceeding of the
5th Biannual World Automation Congress ISORA 2010 and ISOMA, Orlando, FL,
USA.2010.

[12] N. M. F. Ferreira and J. A. T. Machado, “RobLib: an educational program
for robotics,” Symposium on Robot Control , Vienna, Austria, Volume:2, PP 563-568,
2010.

[13] R.R. Murphy, “Robots and Education”, Intelligent.Systems IEEE, Vol. 15,
No. 6, pp. 14 -15, 2011.

[14] K. T. Sutherland, “Undergraduate robotics on a shoestring,” IEEE
Intelligent Systems, VVolume: 15,. Issue: 6, pp. 28-31, 2011.

[15] Mark W. Spong, Seth Hutchinson, and M. Vidyasagar, Robot Modeling and
Control, 1% Edition, John Wiley & Sons.2012.

[16] Johan J.Craig, Introduction to Robotics Mechanics and Control, 3rd Edition,
pp 109-114, Prentice Hall, 2012.

[17] LenielBraz de Oliveira Macaferi, "Construction and Simulation of a Robot
Arm with Opengl”, May 16, 2011.

[18] Sreekanth Reddy Kallem, “Artificial Intelligence in the Movement of
Mobile Agent (Robotic)”, International Journal of Computer Engineering & Technology
(CET), Volume 4, Issue 6, 2013, pp. 394 - 402, ISSN Print: 0976 — 6367, ISSN Online:
0976 — 6375.

[19] Srushti H. Bhatt, N. Ravi Prakash and S. B. Jadeja, “Modelling of Robotic
Manipulator Arm”, International Journal of Mechanical Engineering & Technology
(NMET), Volume 4, Issue 3, 2013, pp. 125 - 129, ISSN Print: 0976 — 6340, ISSN Online:
0976 — 6359.

30



