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KINEMATIC AND ANIMATION MODELING OF LINES OF PRODUCTION WORKS

The paper presents cinematic and animation modeling of the movement of production robots.
On the basis of the developed dynamic model the task of function of time for hinged coordinates is rea-
lized in the UM Input program. Animation of movement of links of work KRS that allows the decision
of problems of kinematics and dynamics is carried out. The capabilities of the sofiware package "Uni-
versal Mechanism" allows you to create control systems that implement the kinematic and dynamic
laws of control for the created robotic systems.
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Y pobomi npedcmasneno xinemamuyno-aHimayitne MOOeMOBAHHSA  PYXY GUPOOHUUUX POOO-
mis. Ha ocnogi po3pobnenoi ounamiunoi mooeni peanizosano 6 npoepami UM Input 3ae0anms QyHk-
yii uacy ons wapHipnux xkoopournam. Ilposedeno animayiro pyxy aamox poooma KRS, wo 0dozeonsie
BUpIEHHs 3a60akb Kinemamukuy i ounamiku. Moosxcaueocmi npoepamnozo Komniexkcy « Yuisepcanvuuil
Mexauizm» 00360JIA€ CMBEOPIOGAMU CUCMEMU YAPABTIHHA, WO Peanizylomey KiHeMamuuni i OUHaAMidHi
3AKOHU YIPAGLIHHA 01 CMEOPIOGAHUX POOOMO-MEXHIUHUX KOMNILEKCIS.

Knrowuoei cnosa: supobrnuyuii pooom, 3D-modensv, ounamiuna moodens, KOHeepmayis Mooeli,
MOOENI0BAHHSL PYXY.

Problem’s Formulation

The rapid development of robotics is due to the rapidly growing interest and high activity of
specialists in research, education and production spheres. The priority direction of the development of
robotic systems at the current level is the development, creation and implementation of an advanced
system of automated design and control. Currently, the development of industrial robots consists of the
creation of software modules for automated formation, and the study of mathematical models of the
dynamics of robots both in general and their individual functional parts.

On the basis of technical achievements in the fields of mechanics, automation, electronics and
informatics, the creation of electro-mechatronic systems is carried out, which are based on the coordi-
nation of the design principles of physically disparate components of mechanical and electrical sys-
tems. Such composition ensures the design and production of qualitatively new production robots with
intelligent control and functional movements and ends with the transition to qualitatively new types of
technology, which are widely covered in the scientific literature [1—3].

Analysis of recent research and publications

The stages of the process of evolutionary development of robotic modular systems are de-
scribed in works [4—6]. In these studies, the obligatory application of complex calculations of the
structural parameters of robots is emphasized.

Most of the publications devoted to the creation of robots mainly reflect the design features of
various models of machines of this class, as well as examples of their application in industry. Recent-
ly, works have begun to appear in which research is analyzed in certain areas of this important tech-
nical problem, especially areas related to the dynamic, intellectual, and sensory abilities of robots [7].

At the stage of preliminary assessment of the motor capabilities of production robots involved
in technological processes, computer modeling of movements is used, which requires a large number
of calculations. In mechanical engineering, robotic systems are used to perform a variety of tasks in
order to create and produce qualitatively new high-precision products.
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Formulation of the study purpose

With the development of scientific and technical progress, it became clear that in order to in-
crease the efficiency of the production of new parts, it is necessary to reduce the machine time for op-
erations. To do this, it is necessary to calculate the exact parameters of metalworking, the time to in-
stall the workpiece to the clamping device and change the gears in the machine, which makes it possi-
ble to make the actions of the machine as accurate and repeatable as possible [8].

The purpose of this work is to reduce the time of calculation of changes in the generalized
coordinates of robots and to reduce the trajectory of movement. Solving this problem allows for an
increase in the productivity of a real robotic complex.

Presenting main material

Production works used in mechanical engineering are complex spatial mechanical systems
with five or six degrees of freedom, and sometimes more, which makes their modelling in a kinematic
setting a difficult mathematical problem. At the same time, if you try to move from a kinematic anima-
tion simulation of movement to dynamic modelling, which describes the real behaviour of the simula-
tion object, the analytical construction of a mathematical model of such a complex object as a produc-
tion robot will become practically impossible [9]. Therefore, special computer systems of automated
design, so-called CAD systems (computer-aided design), are used to model complex mechanical sys-
tems.

To create a 3D model of a production robot, the KOMPAS-3D CAD system can be used,
which has all the necessary tools for building complex 3D models, including the creation of assem-
blies, which will be necessary for building a dynamic model.

Assembly of a 3D model of a production robot is performed with pre-designed parts and as-
semblies. The main components that determine the functional purpose of a production robot are links,
which are rigidly connected parts.

We will use the ready-made 3D model of the KRS production robot, available on the official
website of the manufacturer — the company "KUKA Robotics" [10]. The 3D model of this robot,
which is presented on the website in step format, will be loaded into KOMPAS-3D V12.

At the same time, the model file is converted into the format of this CAD system. The con-
verted model will be a single 3D part consisting of separate bodies. Having selected the bodies, and
the components of the robot, we will save them in separate files with the m3d extension. It is conve-
nient to use numbering in the name of these files.

In fig. 1—3 shows the image of the zero link, which is the stationary base of the KR5 robot,
and its third link, which performs rotational movements in the vertical plane. Next, a 3D model of the
entire robot is assembled from the details corresponding to the parts of the robot and the assembly file
is formed (Fig. 4).

Fig. 1. 3D model of rack details Fig. 2. The projection of the detail is stable
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Fig. 3. The model of the third link Fig. 4. 3D robot model

In addition to geometric images in the files of parts and assemblies, the CAD system stores in-
formation about the so-called mass-centering characteristics of the 3D model. These characteristics
contain the value of the density of the material from which the parts are made, their mass and the
coordinates of the centre of mass. To build a dynamic model of a production robot, we use the "Uni-
versal Mechanism" software complex [11] It is necessary to launch the UM Input program, which con-
tains the necessary tools for creating dynamic models of complex mechanical systems.

To transfer a 3D model of an industrial robot to the UM Input program, you should use the
menu commands of this program: "Tools" — "Import from CAD" — "COMPASS-3D". The feature of
implementing data import requires that the corresponding CAD system be installed on the same com-
puter as UM.

When executing the data import command, UM checks whether the application of the corres-
ponding CAD system is active, in this case, KOMPAS-3D, and if it is not active, it starts this program
and loads the selected assembly. At the same time, graphic images and mass-centering characteristics
of each part included in the 3D model assembly are converted. After conversion, a new UM object is
created. The UM object created during the conversion must contain the components of its body, which
must be connected with each other by hinges. When converting the 3D model of the KRS robot, an
object consisting of 7 bodies is created by the number of parts Z0-Z6, corresponding to the links of the
robot.

To simulate the movement of the KRS robot on the basis of the developed dynamic model, we
will use the possibility of assigning the time function for the joint coordinate implemented in the UM
Input program. The program provides tasks of several types of the following functions: "Expression",
"Function", "Schedule", "File", and "Curve". Let's choose the option to set the time function with an
expression. For each joint, we set the expression wit, where wi (i =1 ... 6) are variables that have the
meaning of the relative angular velocity between the corresponding links (bodies) in this joint.

So, for the first hinge jZ1, the expression will have the form wlt. The value of the variable wl
must be set in a special window that opens after completing the time function expression. To ensure
compliance of the created dynamic model with the real prototype, which has, unlike the model with
five degrees of freedom, for the fourth joint jZ4, it is necessary to set the value of the variable w4 = 0.
After completing the formation of the UM object, its dynamic model is saved in the input file. dat,
which must be placed in a special folder (directory) with the name of the object.
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Simulation of the movement of the object under study is carried out in the UM Simulation
program, which can be launched directly from the UM Input program. The UM Simulation program
implements a large set of tools for analyzing the movement of the object under study.

At the same time, it is possible to display an animation window on the desktop of the comput-
er, in which the animation of the movement of the researched object will be displayed, as well as a
graphic window for constructing graphs of the variables created by the researcher. Variables can be
created by the variable wizard through the program menu: "Tools" — "Variable Wizard". As va-
riables, consider the reactions (moments) jJRMm (jZ1), jJRMm (jZ2) and jRMm (jZ3 ) that occur in the
joints jZ1-jZ3 during the execution of the movement for the given time functions, as well as the veloc-
ity projection v: x (Z6), v : y (26) and v : z (Z6) of the characteristic point of the sixth link (body Z6)
in the basic (fixed) coordinate system.

Let's start the program for execution, setting the integration time equal to 16 s. In this exam-
ple, the solution to the inverse dynamics problem for the KRS robot is considered. The task is to de-
termine the generalized forces, in this case, hinge moments, based on generalized coordinates, veloci-
ties and accelerations given by time functions for each of the joints of the dynamic model. The simula-
tion results are presented in fig. 5.

Fig. 5. Animation of the movement of robot links

Similarly, the solution to the direct problem of dynamics can be considered. For this, instead
of the time functions used, the hinge moments must be specified for each joint. Such an opportunity
exists in the UM Input program.

Conclusions

1. An animation of the movement of the KR5 robot links was carried out, which allows for
solving the problems of kinematics and dynamics.

2. The capabilities of the "Universal Mechanism" software complex allow you to create con-
trol systems that implement kinematic and dynamic control laws for robotic complexes.

3. In the future, it is possible to jointly model several objects, including several industrial ro-
bots and service technological and auxiliary equipment with them.

4. The possibility of modelling work processes related to material processing and ensuring the
specified parameters of the quality of the surface layer of parts opens up.
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KIHEMATUYHO-AHIMAIIVMHE MOJIEJTIOBAHHS JAHOK BUPOBHUUHX
POBOTIB
Anekceenko C.B., Kamnabaukosa T.M., Jleuubka O.I'., Jyauixos B.C.

Pedepar

VY MammHOOyayBaHHI pOOOTH30BaHI CHCTEMH BUKOPHCTOBYIOTHCS JJIsl BUKOHAHHS PI3HOMaHi-
THHUX 3aBJaHb 3 METOIO CTBOPEHHS Ta BUPOOHHIITBA BUCOKOSIKICHUX HOBUX BUCOKOTOUHHMX BHpOoOiB. Ha
erarni monepeAHboi OIHKA PYXOBUX MOKJIMBOCTEH BUPOOHHYUX POOOTIB, AKi OEpyTh y4acTb y TEXHO-
JIOTTYHMX TPOLIECax, BUKOPUCTOBYETHCS KOMIT IOTEpHE MOJCIIOBAHHS PYyXiB, IO TOTPEOY€E BEIUKOIO
o0csry obumcienb. s monepeqHbOi OLIHKM PYXOBHX MOXKJIMBOCTEH BUPOOHUYMX pOOOTIB, sKi Oe-
PYTh y4acTb y TEXHOJOTIYHUX MPOLECaX, BHKOPUCTOBYETHCS KOMIT IOTEPHE MOJACTIOBAHHS PYXiB, 110
CKOpOYY€E MAIIMHHUN Yac Ha BUKOHAHHs orepaniii. HeoOXigHo po3paxyBaTu TOYHI mapaMeTpHu MeTa-
71000po0OKH, Yac Ha yCTAHOBKY 3aIrOTOBKU Ha 3aTUCKHHUW MPUCTPIH 1 mepeMUKaHHs Tiepeaay y BepcTaTi.
Bci 1i 3axoam J03BOJSIOTH 3pOOHUTH Aii MAIIMHA MaKCUMaIbHO TOYHUMU 1 TOBTOPIOBAHUMHU.

Jnst MozientoBaHHsI pOOOTH30BaHUX CHCTEM BUKOPUCTOBYIOThCSI CAD-crcremu (KoMm’1oTepHe
MPOEKTYBaHHsI) — CIeLialbHI CHCTEMH aBTOMAaTH30BAHOTO MPOCKTYBAHHS, SIKi MalOTh YCi HEOOXiH1
THCTPYMEHTH AJ1s1 ToOY0BHU ckiagHux 3D-mopenel, BKIIto4aoun cTBOpeHHs 30ipok. OCHOBHUMH BY-
371aMH, 10 BU3HAYal0Th (DYHKIIOHAJBHE IPU3HAUYCHHSI BUPOOHUYOro podoTa, € JTaHKH, 5IKi € JKOPCTKO
3'€ IHAHUMH MK COOOI0 YaCTHHAMH.

Hns mogemoBanHs pyxy podotu KRS Ha ocHOBI po3po0biieHoi qJuHaMiqHOT MoJiesi CKOpUCTa-
ncs peanizoBanoro y nporpami UM Input MokIHuBicTIO BcTaHOBIEHHS (PYHKIIT Yacy Ui MapHIpHOT
koopauHatu. KpiM reomerpuynux 300paxkeHp y ¢aiinax geraneil i By3niB cucrema CAIIP 36epirae
iH(OpMAIiIo PO Tak 3BaHi MacOLEHTPYBaJbHI XxapakTepucTuku 3D-moneni. Jlo X XapaKTepucTHK
BITHOCATHCSl 3HAYCHHS IIUTBHOCTI Martepially, 3 SKOrO BUTOTOBJIEHI JeTanii, iX maca i KOOpIUHATH
LEHTpY Mac. 3AiHCHIOEThCS aHiMalis pyxy JaHok poooru KPS, mo nosBonsie BupimyBatu 3aaadi Ki-
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HEMAaTHKHU Ta JUHAMIKH. MOXIMBOCTI IPOrPaMHOTO0 KOMIUIEKCY «YHIBEpCaJIbHHUN MEXaHi3M» J03BO-
JISIFOTh BUKOPUCTOBYBATH CUCTEMHU KEPYBaHHS, IO PEai3yr0Th KIHEMAaTUYHI Ta IWHAMIYHI 3aKOHOMi-
PHOCTI KEpyBaHHS CTBOPEHUMH POOOTO-TEXHIYHUMHU CUCTEMaMHU.
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