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Simulating Motions of Robotic Arms
Using MATLAB

Hossein Safaeifar'’, Jafar Gerdabi?

Abstract: Mechanica armshave progressed substantially complete ain recent years. Robotic arms can help people
in remote areas or areas where access is limited, objects move easily and do things with precision and speed. A
robotic arm isusually a programmable mechanica arm, with performancesmilar toahuman arm.

Robotic arm may be total mechanism or part of a complex robot. Robotic hand is able to do any work required to
design, such aswelding, the object is spinning and so on. For exampl e, robotic armsare doing a variety of tasks,
such as welding and the rotating parts (spare parts) during the assembly in car assembly lines.

The purpose of thispaper is motion simulation and design robotic arm by MATLAB software (code and Simulink).
The equations of position, speed, and accel eration and vibration system are being earned.

Then by coding, will be displayed range of motion and how to move an object with one or two armsin space and
system block diagram Simulink environment.
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1. INTRODUCTION

Mechanical armsare formed of solid linkswhich are enabling to connect with each other by the relative motion of
adjacent interfaces. Mechanical arms are capable of operating in variousindustrieswith avariety of pre-programmed
operations. Skilled mechanical arms have progressed substantially completein recent years.

Working with them and maintenance of them are being easy and optima fit between the power, controllability
and skill of them are been created. A unique feature of robotic arms compared with the manpower isthe capacity
of handling large objectsand canwork ashard labor or lessaccurately therisksdo with hundred per cent accuracy
and without risk to do easily.

Robotic armisadevicethat condstsof aseriesof joint axes and the behavior issmilar to ahumanarm. The
robotic arm can perform different tasks of cutting, welding and injection spray paint to do theright thing. Together
robotic arm can work in thefield of welding, moving parts, spray, injection, cutting and fold summed up. Inthis
paper two-dimensional and three-dimensiona smulation of robotic armmoving isdonein MATLAB.

2. OVERVIEW OFWORK DONE

Thearticle presentsan overview of updating mechanismfor industria [1]. A brief description of thetypical client
devicesaswdll asindustria robots hasbeen presented for thefirst time and severa types of multi-purposebeltsare
also presented.

Inarticle about development efficiency equationsfor robot armare used anew way of pardle and perpendicular
concepts and the development of efficient closed-form equationsfor robot armisprovided [2]. These Methods
areappliesfor eachlink rigid robot armwith rotating jointsor transitional. Now the computational efficiency of this
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method makesthe development of the efficiency equationfor therobot armto run onamicrocomputer inreal time.
Overdl, for anindustria robot armwith six degrees of freedom, thismethod requiresamaximum of 568 multiply
and 582 summationsfor the development of coefficients multiplied and the overdl efficiency and driving force or
torquefor armrobot. For thesix-link robot arm, thismethod is certainly much lessthan the number of mathemetical
operations, Dueto thefact that many relationships betweenthelink parale or perpendicular to the axis coordinate
systemarespecified. Overdl, as compared to other available methodsfor the said purpose, the method presented
inthis paper hashigher computational efficiency and computationaly faster than all existing methods.

The optimal synthesisin paper of cranerobot isbased on global motion parameters, amethod for measuring
the mechanical armof theglobal elite[ 3]. This method isbased on anew concept, asthe pace of globa oval, which
representsthe globa skilled mechanica arm. Parameters which indicative of globa consstency and global size of
thetransfer for analysisand optimization of motor speed cranesareused in cranes. Development and operation of
transmission characteriticsto minimizetransmission errors and increase accuracy, job placement and planning is
discussed.

Inapaper chainto therobot arm motion, movement restrictions, classification, connection, and simulated, in
part, as a specific example of the robot has already identified several restrictions on the movements of these
devicesis considered [4]. The method for the synthesis of a number of motor chainsin Section 1 of several
different waysto synthesis chains suitable for applications such asrobot hand, some of the structurethat hasbeen
found isprovided. So to detect movement better than any other chainto chain, anew concept of mobility isdefined
minimum set of chains. Another new conceptsthat are defined and used in avariety of motor chains, extend the
chain connecting themotor relative to thetype of stimulation used pair. The chainsmove according to their types
checked. Thework presented inthis paper is applicationsfor beyond the synthesis of anumber of alternative
gructuresfor therobot.

The optimized route planning paper cranesaccording to a dynamic system, looking for asolution to the
problem of robot motion control withminimal cost along ageometric path specified [6]. Time optimized motion
and mechanical energy minimum from disk (the drivers) are intended to be used to build a multi-objective
function. Theoptimization problemissubject to physical limitations Mahematical modeling of nonlinear equations
of motion leadsto amechanical arm. Numerical resultsfor the three and six degrees of freedom are provided
with amechanical arm.

3. MATHEMATICAL MODELING

Desgniscaculationthelength of three members of the robotic arm. Inthissection, equation of postion, speed and
acceleration areexamined. In general, each member can have an angular velocity and an angular acceleration.
Figure 1 showsthe dimensions of the member 2.

Figure 1: The angles of link 2
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To desgn arobotic arm, the position (or velocity or acceleration) of somepointsof collectionmugt be determined.
That’swhy theequations of joint (wherethe motor is placed) must be specified. Equations of position, velocity and
acceleration of jointsin three dimensionsare according to equation 1 wherep, g and s are, y and zcomponents
of thei-thlink to the beginning of thelink.
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To obtainthe equations of vibrating systems, only thefirst three members are considered where angle between
thei-thmember and y-axisiso..

Theforce diagrameach of thethree membersisdrawn. The equations of torque and power of members1, 2
and 3 must bewritten. Note that the member 2 and 3 hasalinear acceleration and torque equation of the center of
mass can be expressed asEquation 2.

S>Mg =Jsx6+mxa, xd 2

4. SIMULATION

Inthissection, amodel in Simulink is created to determine the scope and motion smulation and robot arm design.
Map of robot arm moving without exaggeration, truly sophisticated. Two different modes of moving arobotic arm
areshowninfigure 2.

Imagine arobot arm that some object in your workspace, and how to movethe armintheworkspacethat is
intended to point?To do this, it isassumed that exactly the same asaroboticarmthat can be controlled inthree-

e BT
Pyl

Figure 2: Movement path of robotic arm in plane
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dimensional space. At the sametime wemust ensurethat thejointsand linksto not hit anything. Doing thisisvery
difficult. Thereare severa modesfor arobotic arm. Each member can make withinaperiod.

If period of 1is45 degreesand period of 2 and 3 of are 180 degrees, the paths of endpoints of 3 membersare
displayedinfigure 3.
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Figure 3: Movement space of robotic arm in plane

5. DESIGNING OF ROBOTICARM ONTHE PLANE

To smplify the design, arobotic arm on the seven-member ischecked in plane. Figure 4 showsthe seven members
of aroboticarm.

......

Figure 4: Robotic arm in plane

To designarobot arm, 7 design parameters (which are the members) must be calculated. To caculate the
length, thereare many initid conditions, which are divided into three categories:

*  Dedgn based on movement of each joint member inparticular member 4

» Designbased on velocity of each joint member in particular member 4
» Dedgnbased on acceeration of each joint member in particular member 4

Design may be based on acombination of the above methods. In any case, 14 parametersof robotic armmust
determine, suchthelength and angle of the 7 are unknown that should be calculated. Notethat the 7 anglesare not
design component, But because these angles are gppear in equations appear, there one condition must befor each
angle so al of the equationsto be solved.

Therange(L,,0,) and (L,, 6,) and (L., 6,) and space of joint 4 also determines so the number of armsthat can
work withthe conditions specified.
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Thenumber of armsthat canbe designed with requirementsin equation 3 isequal to g° = 262144, wheregis
the number of theloop (g=8).

2m<L =L,=L,<6m
10°<0,=6,=0,<80°
AL=05m ©)
If the coordinates of joint 4 arein the period (7,8), the 32768 arm can be designed. This shows that the
gtuation should be much more limited than the number of responses obtained.

If one modeof the 32768 states consdered and changing the anglesof thethree barsdetermined, threelengths
andthreeanglesL , L., L, 0,, 0,and 0, can beachieved using the coordinates of three pointsfromthree levels of
aroboticarm.

By selecting the specific length and angle, the model smulated that box passfrom one specific placeto another.
Thenthismode ismodeled by MATLAB Simulink. For example, two different states of the robot armwith the
equation 4 are showninfigures5and 6.
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Figure 5: One gtate of robotic arm in plane
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Figure 6: Another state of robotic arm in plane
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6. MODEL INSIMULINK

Thefinal version of model after designing in Simulink isshown infigure 7 which is also can be designed with
programming.
Links1and 2 turns 15 degreesand link 3 turns-15 degrees. Onerobot armisshownin figure 8 for example.

Figure 8: One state of robotic arm in SIMULINK

7. SIMULATINGTHEMOVEMENT OFTWO ROBOTICARMS

IN PLANE
Simulating the movement of two robot armsis done by consdering thefollowing characteristics.
L,=L,=L,=6
0<0,<12
0<0,<5.95°
-20°<6,<0

For example, four statesof robotic armsare showninfigures9to 12 for moving abox on the plane.

7. DESIGNROBOTICARM IN SPACE

Desgning roboticarmin spaceissimilar to designin plane design with thisdifference that 3 membersmovein
space. Inthisdesign 9 unknown parameterssuchasl, |, 1., 0,,0,and 0,, &, &, must becaculated with using

of 9. By selecting the specific length and angle, themodel is smulated that box pass from one specific placeto
another. Four states of therobotic arm are showninfigures 13to 16 for example.
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Figure 9: First state of 2 robotic arms in plane Figure 10: Second state of 2 robotic arms in plane
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Figure 11: Third state of 2 robotic arms in plane Figure 12: Forth state of 2 robotic arms in plane
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Figure 13: First state of 2 robotic arms in space Figure 14: Second state of 2 robotic arms in plane
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Figure 15: Third state of 2 robotic armsin plane Figure 16: Forth state of 2 robotic armsin plane

8. CONCLUSIONS

The purpose of designin planeiscaculating thelength of links. Solving equations with MATLAB isvery time-
consuming because they are nonlinear equations. Assuming the endpoints of thelink 3 are passesof three points
with specific coordinateand angles of each link are specified, length 3 members can be calculated. With selecting
the coordinates, the bars may bepositive or negative. Assuming the endpoints of thelink 3 in space are passes of
three points with specific coordinateand angles of each link are specified, length 3 memberscanbe caculated. The
negative lengthisjustified with respect to polar coordinates, but too large size makesit impossibleto design.
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