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MOJACEKIIMS 4.2
MEXAHUKA

V]IK 004.94
3D MODELING OF SPATIALROBOT MANIPULATORS
IN THE MAPLE SOFTWARE ENVIRONMENT

Baltabay Dauren'”,
LL.N. Gumilev Eurasian National University, Astana, Kazakhstan
E-mail: dauren.baltabay.95@mail.ru

3D modeling of any robotic system has become widespread in the last few years and is used for
educational and research purposes, where work with a visual image of an object in three-dimensional
space is required. There are currently many 3D modeling tools available for various fields of robotics
research with some advantages and limitations. Computer 3D modeling of spatial manipulators and their
movements with a visual image of the object allows you to visually observe the results when studying
its kinematic, dynamic, power, control and other aspects. In this paper, a three-dimensional computer
model of the spatial manipulator RRRRT and its movement was obtained by developing and
implementing a program in the Maple environment. To create a 3D model of the manipulator, it is
required to obtain 3D models of the components of the manipulator: kinematic pairs, links, grips and
combine all parts of the manipulator into one system using the developed program in the Maple
environment.

Keywords: computer modeling, 3D manipulator, 3D model, Maple.

Computer 3D modeling of manipulators is one of the most promising directions in the spatial
mechanisms studies [1]. Since with the increasing complexity of the designed systems, while their
analytical study becomes more difficult, the creation of prototypes costs more expensive, the modeling
of spatial manipulators on a computer often turns out to be the leading or even the only available research
method [2].

Modeling the spatial manipulators movement even in a kinematic formulation is a complex
mathematical task. Using the software packages that work with the construction of three-dimensional
models, the creation of objects of any complexity is a painstaking, but solvable task [3].

To create a 3D model of a spatial manipulator can be used CAD systems such as SimMechanics,
Autodesk Inventor, SolidWorks, Adams and software environments Matlab, Maple, etc. [4].

Using the SimMechanics program, the modeling of planar and spatial mechanisms is carried out.
Modeling tools built into SimMechanics allow describing mechanisms and bodies with high accuracy,
taking into account their mass-inertial characteristics, degrees of freedom and connections between
them, as well as measuring the parameters of their motion under the action of moments and applied
forces in various coordinate systems [5].

Autodesk Inventor is a comprehensive set of solutions for mechanical engineering 3D design.
Thanks to Autodesk Inventor, engineers can integrate AutoCAD drawings and other data into a single
model, creating a virtual representation of the final product. The program can also be used in research
on the dynamics and strength of complex structures.

Adams is a software package for virtual modeling and simulation of complex mechanisms.
Adams is used to develop and improve various designs. Using Adams, you can quickly create a fully
parameterized product model or import it from other common CAD systems.

The SolidWorks program has a special library with a variety of standard components and
products, containing parts with different purposes and parameters. You can quickly find any object in it
or use a standard component as a part for modification. The program has the possibility of linking the
entire model using equations rendered in a separate created text format document [6].

MATLAB is a package of application programs for solving technical computing problems.
MATLAB is a high-level interpreted programming language that includes matrix-based data structures,
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a wide range of functions, an integrated development environment, object-oriented capabilities and
interfaces to programs written in other programming languages.

Maple is also a software package, a computer mathematics system. The software environment is
focused on complex mathematical calculations, data visualization and modeling. The Maple system is
designed for symbolic calculations, although it has a number of tools for numerical solution of
differential equations and finding integrals. It has developed graphic tools. It has its own interpreted
programming language.

The process of creating a 3D model of a spatial manipulator is carried out in programs, such as
SimMechanics, Autodesk Inventor, SolidWorks, Adams and further modeling of kinematic research is
completed in other software packages, such as Matlab, importing a finished 3D model created in one of
the above programs [7].

As for the Maple environment in 3D modeling of the manipulator, all operations are performed
only in Maple environment, starting from achievement a 3D model of the manipulator components to
an analytical study of the kinematic analysis of this spatial manipulator, which is simpler and more
efficient.

Modeling and assembling of the RRRRT manipulator links were performed using the Maple
operator parallelepiped(u, v, w, p, options).

As a result, we received the assembled 3d model of links of the RRRRT manipulator, which is
shown in Figure 1.

X0

Figure 1: 3D model and assembling of links of the RRRRT manipulator.

Modeling and assembling of kinematic pairs together with the links of the RRRRT manipulator
were implemented using the Maple operators cylinder(c, r, h, capped=boolean, strips=n, options),
rotate(q, alpha,beta,gamma), translate(q, a, b, ¢) and the following commands.

As a result, we received the gathered 3d model of the RRRRT manipulator, which is shown in
Figure 2.

The modeled RRRRT manipulator has five degrees of freedom. Because of the axes of kinematic
links are mutually perpendicular and parallel, it is possible to use the method of constructing a coordinate
system proposed by J. Denavit and R. Hartenberg in the formation of coordinate manipulator links
systems. Below are the commands for constructing coordinate systems associated with links 0 and 1
using the following Maple operators arrow(base, dir, pv, wb, wh, hh, sh, fr, options), textplot3d(L,
options), display(P), similarly constructed for the other links of the RRRRT manipulator.

To associate coordinate systems with the corresponding links, the following commands are
sufficient for the 0 and 1 links of the RRRRT manipulator.

The received results of the RRRRT manipulator are shown in Figure 3.

To create a full-fledged visualized moving manipulator model with the given laws of generalized
coordinates of a manipulator, it is necessary to combine all parts of the manipulator into one system
using programs in the Maple environment, while specifying the main connections between them. This
was achieved for the RRRRT manipulator using the Maple operators display(P), rotate(q, alpha, beta,
gamma) and the following commands.
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Figure 4 shows one of the positions of the modeled RRRRT manipulator during movements.

i

Figure 2: Assembled 3d model of the RRRRT manipulator.

YO

Figure 3: 3d model of the RRRRT manipulator. Each link, which is rigidly connected by its own
coordinate systems constructed according to the Denavit-Hartenberg laws.

Conclusion.This study proposes a methodology for creating a 3d model of manipulators and
their movement in the Maple environment. It describes simple and understandable methods for creating
any three-dimensional virtual model of manipulators for motion modeling and various types of analysis.
Using the developed technique, you can quickly simulate any other three-dimensional robot manipulator.
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Figure 4: Several of the positions modeled RRRRT manipulator in the movements.

Figure 5 shows the transport position of the RRRRT manipulator.

Figure 5: Transport position of the RRRRT manipulator.
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barnapnay xyienepin o3ipiey OapbICbiHa Fapblll anmnapatbiHbH (FA) 6ackapbulybl KONTEreH
KaFaaniimapaa >KOFapbl JTONIKIEH KaTThl JEHEHIH KO3FalbIC TEHJEYJepiMEH OpHEKTeyre OOajbl.
Anaiifia, KypbUIBIMBIH/IA Y3BIHABIFBI YJIKEH 3JIEMEHTTepi Oap, JKEHUI MaTepuanjgaplaH >KacajfaH
amnmapaTTap oJIapbIH KO3FaJbIChIH MOJIETIBJeyTe OacKaaai Tocil Tanan ereai. MyHiai aIeMeHTTepre
NPaKTHKaJa KEHIHEH KOJIJaHBUIATBIH JKOFAaphl *OHE aca >korapbl menrimiai JKepai KamIbIKTBIKTaH
30HATAY CIYTHUKTEPIHIH, T€OCTAallMOHAPJBIK OailllaHbIC CIYTHUKTEPIHIH KOHCTPYKUUsIapbIHA
SHTI3UITeH IIbIFapbUIaThIH IITaHTaJIap, KYH MaHeIbAepi MEH aHTeHHaJIap MbIcai 00Jja anajbl.

barpiTTay nmommiri OoiipiHIIa OapraH calblH ©CIM KeJie KaTKaH TajanTapra OaitmaneicTel FA
KOHCTPYKIMSACBIHBIH KOFapblJja KOPCETUITEH 3JEMEHTTepiHAe OpOMUTANBIK >KoHE OYPBIIITHIK MaHEBP
&Kacay OapbICBIHAA TYBIHAAUTBIH JIPiT KO3FAJIBICTBIH KAXKETTI PeXKUMICPIH TYPaKTaHIBIPY TJIIriHE
Tepic ocep eTilm KaHa KoWMaii, TINTI oJapJblH TYPaKCHI3ABIFbIHA Ja 9Kyl MYMKIH ()akTop OOJIbII
tabbutagpl. OcklFan OaitnanbicThl KaTrThl emec  aneMeHTTepi(KED) 6ap FA Oarmapein Gackapy
KyHesnepiH xobanay Ke3iHJe:

* OHBIH KOHCTPYKIIMSCHI JJEMEHTTEpIHAeri ipinai eckepeTiH A KO3FaNbICHIHBIH JQJIIT
JKOFapbl MOJIEJIIH XkKacay;

« nipinain FA Garnapeina ocepin eckepetin KED-meH FA OyphITHIK KO3FaIbICBIHBIH OepiireH
PEXUMJIEPIH TYpaKTaHIBIPYyAbIH OeNriii oaicTepid OeliMIey HeMece KaHa 9/IICTEPiH 3ipIey;

» kymbic npouecinae KED-nmeri Tepbenictep MyMmkiHairiHme a3z 6omnatsiH FA OypbIITHIK
KO3FJIBICBIHBIH OCBIH/Ial peXKUMICPIH KYPY.
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