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ABSTRACT

In this paper were discussed the development ohenadtical models and algorithms of optimal conabthe
functioning of industrial robots on the moving baseensure the accuracy of the trajectory and jpogitg. Obtained
equation of the operation of the industrial roboetomobile base to perform complex spatial openatend on its basis the

mathematical model of optimal control.
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INTRODUCTION

The motion model and control of industrial robats asually developed based on two components afytbiem:
the base and the actuator of industrial robots.oAdiagly, the control system of industrial robotscaconsists of two
parts. For base, the office will direct, and fotuator control with feedback. The analysis of resleas shows that there

are some drawbacks of the actuators controllethdyeedback system.

*  When the movement of the robot together with thitlef the existing models of the force of grawiti/the part
is only taken into account when calculating the lexk — exciting element, and the calculation loé remaining

intermediate links, this factor is not taken intz@unt.

* Nonlinearity effects produced by the movement duistrial robots to power factors connections istakén into
account, the movement of the intermediate linksdmscribed by differential equations of the secordkr, as
shown by the analysis of the literature with constaoefficients. According to practice, these diffatial

equations should take into account the variabdftthe coefficients.

* The primary error motion of industrial robots oretmoving base is determined using the logical tée
possibilities (LTP) and statistical tests. LTPlies short and simple way, which ensures positiooelii@cy of the
robot on the basis of laws of distribution of deter primary errors. But this method has its drawbatn this
model is not clear and the decision is based omlagdge and insights of the person who makes thésidec
During a manipulation, not all parameters are takémaccount, and the logical movement of partegesented
in the tree-like form. LTP is more consistent witie units which make consistent motion. It doesapyly to

units performing the movement at the same time.

 The main goal pursued by attracting robots to thedpction process is accurate and fast executioallof
operations process and timely provide customers auiiality product or semi-finished product. Thiegpecially

noticeable, for example, in the machining processemechanical engineering. When compiling the opoti
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equations of the robot into account external fordmg internal forces are neglected. For exampleenvthe
movement of the robot with the detail necessamgottsider both external and internal forces.

» Development of methods for control of investigatdjiects devoid of the above disadvantages is otfeeaiirgent

problems in the field of research.
STATEMENT OF THE TASK

Industrial robot impermissible criteria in the stand positional accuracy robots play an importahe in the
implementation of specific process or operationer€fore, in this paragraph, the management of tsecisor, the robot

motion on the issue of increasing positional accyia detail.

Industrial robot work zone in the form of a clostdee-dimensional space, touching the device isetlcas a

result of movement in space is important to iskgenecessary trajectory.

Is drawn inside the zone parallelepiped. Becausdhiee-dimensional space is larger than the citicui figures
parallelepipeddir.

Cylindrical coordinate system for robots workingtie zone height and the radii of the inner forntafcentric
cylinders. This came to be drawn inside the inyinder, parallelepiped and the projection of thaipview of Figure 1
[1, 2].

In accordance with the right sides of the rectar)1(émndx2 get. The participation of the partit]acQ(xl’ XZ)

fo (X, X
function to be formed. As a result,o( 1 2) suspended the issue of finding the maximum of tinetfon.

fo (X, %) = X X, - max

Figure 1 fl(xl’ X2) a Oshould be.

2
fL (X, Xo) = (1 +%)? + X—22 -R?=0

X

>

s

Figure 1: Concentric Cylinders and the Interior Parallelepipedning Plane
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Projection
Lagranj factors such practices.

2
%2

(X, X0, A) = XX, + A (1 + %)% + y -R?

Extreme necessary conditions

oL _
ax 0
oL _
ax, °
oL _
67—0

As a result, the following system of equationsoisyied.

X, +2A(r +x,) =0

x1+X72/1 =0

2
(r+x1)2+[x72] -R?=0

=H
This equation system s the unknowns w)ﬁ3 be found. Spherical coordinate system for mobileots is
the radius of the base of the zone in view of thignder and sphere radius drank deeply figure. i€fand angular

coordinate system moving robots work zone analysisved that the shape of the geometric point of/vtee size of the
space, draw concentric sphere figura that thislieéepiped. (Figure 2).

Parallelepiped activ)e<1’ X1 %3 get.

Figure 2: Draw Concentric Spheres, and Parallelepipdning Plane Projection
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The issue is to find afo(Xl, X2, X3) function to achieve the maximuml, X2 , X3 respectively.

fo (X X5, X3) = X X, X5 — Max

At the same time,fl(Xl, Xy, X3) = Oyou need to know.

2 2
fl(xl,xz,x3)=(r+x3)2+(%j +(X—22J ~R2=0

Lagranj function.
2 X 2
L(Xs %5, A) = XpXoXg + A| (1 +%5)° -{%j +(_j R

Extreme necessary conditions

As a result, the following system of equationsoisrfed.
X,Xg + A% =0

X X3 +AX, =0

X Xp +2A(r +%5) =0

2 2
o5 2]

This equation system thKl, X2 , X3unknowns found.

R. Siddikov

Recognized by the sensor, the robot after the cajplevice can determine where parallelepipedniagdsng.

[1] parallelepipedning nine points, each point drawmall parallelepipedlar. Industrial robot motibajectory
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study of the decline of the trajectory that transitinto a nine point names in the chain of use].[6Zamilton chain
ordinary chain, once a nine point of the brokee lirajectory. The participation of a large paralgbed can make lots of
chains of Hamilton. Therefore, it must be named Htamchains in the chain tanlansinki, the minimlength.
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In this case, the accounting books after the clesigth of at least equal to the following:
X 2

L =4xX;+3X +1—=+X]
4

This approach has the following advantages:

In the form of a sensor, the robot is the main zZsrfermed,;

Graph theory through the use of a closed three-tkineal space, trying to touch the robot trajecteffprmed;

Parallelepiped aspects of determining the lengtithef sensor, the robot does not need to expressuthe

kinematics analytical response.

TOUCH CONTROL FOR INDUSTRIAL ROBOTS ALGORITHM FOR D ETERMINING THE
POSITIONAL

Touch control sensor on the robot positional acopissues are resolved as follows: the appearanaespherical

coordinate system for the robot motion sensor zadais of the base of the cylinder, the sphereusadf the inner figure,

and the height of the cylindrical space objectdlanbasis of the drawing and they find out the fienef parallelepiped

The third point mentioned in chapter nine timestigh the issue of selection of names in the brdikes in the minimum

uzunlikdagisini algorithm developed. Algorithm blosequence diagram in Figure 3.

the beginning.

The first information to verify the sensitivity tfie sensor, the robot: the robot sensor mechanitimgansecure

spent during the first point to the second pointim‘e(tO,T) , Directions parallelepipedniﬁgL,Xz,XS, that

characterizes the work zone cylinder radiuR, the height of the cylinder, the lengths of serstot insecure

Ii 1 =1 N multilinkin t = tgthe speed and location coordinates.

The objective function

2 2
— - 2 _Dp2—
fo (X1 X0 %3) = XXX — max (X, %5, X,) =(r +X3) +(_J +(—J R“=0
to create the equation.

Lagranj function.

2 2
L(X;, Xy, A) = X X%, + 4 (r+x3)2+(%j +(§j -R?

Lagranj Extreme conditions necessary for the fmctiheck.

create a system of algebraic equations.
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e 6-Kramer method of solving the system of equatimirthe block.

»  found X, X,, X5solutions to create a chain of Hamiltdn = 4X3 + 3X1 =X

dimL — min must do, 10-otherwise block 2-unit.

e atthe end.
CONCLUSIONS

Thus, as a result of the system analysis of rotsytstems found that existing mathematical modetsmnvide a
high degree of performance and positional accucddgdustrial robots on a movable base. The rasyléquation of the
operation of the industrial robot on a mobile baseerform complex spatial operations and on isidthe mathematical
model of optimal control. On the basis of theomtiand experimental results of the constructed mntmensure a local

minimum of errors in the equations for the coeéius.
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