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Urgency of the research. Computer models mean new quality in the knowledge process. Using a computer model, the proper-
ties of the subject under investigation can be tested under different operating conditions. By experimenting with a computer model,
we learn about the modelled object. We can test different machine variants without having to produce and edit prototypes.

Target setting. The development of computer technology has expanded the possibility of solving mathematical models and
allowed to gradually automate the calculation of mathematical model equations. It is necessary to insert appropriate inputs of the
mathematical model and monitor and evaluate the output results through the computer output device The target was to describe the
mathematical apparatus required for mathematical modeling and subsequently to compile a model for computer modeling.

Actual scientific researches and issues analysis. When formulating a mathematical model for a computer, the laws and
the theory we use are always valid under more or less idealized conditions, and operate with fictitious concepts such as,
material point, ideal gas, intangible spring, and the like. However, with these simplifications, we describe a realistic
phenomenon where the initial assumptions are only met to a certain extent. In order for the results not to be different from
the modeled reality, it is to be assumed that a good computer model arises gradually, by verifying and modifying it, which is
one of the advantages of MSC Adams.

Uninvestigated parts of general matters defining. The question of building a real manipulator model. Based on the
above simulation, it is possible to build a real model.

The research objective. Using MSC Adams to simulate multiple body systems and verify its suitability for simulating manipula-
tor and robot models. In various versions of the assembled model we can monitor its behavior under different operating conditions.

The statement of basic materials. In computer simulation, MSC Adams-View is used to simulate mechanical systems. It has an
interactive environment for automated dynamic analysis of parameterized mechanical systems with an arbitrary structure of rigid
and flexible bodies with geometric or force joints, in which act gravity, inertia, experimentally designed contact, friction, aerody-
namic, hydrodynamic or electromechanical forces and have integrated control, hydraulic, pneumatic or electromechanical circuits.

Conclusions. Working with a mathematical model on a computer opens space for specific synthesis of empirical and
analytical method of scientific knowledge. Working with the computer model carries the characteristic features of classical
experimentation. It represents a qualitatively new way of solving tasks that can not be experimented with on a real object.
The result is the equivalence of the computer model and the object being investigated with the features and expressions cho-
sen as essential, with accuracy sufficient to the exact purpose.

Keywords: multi body systems; kinematic pairs; transformation matrices; software simulation.
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Introduction. There is a variety of machines and devices consisting of spatial mechanisms
and space-bound mechanical systems. We find them in material handling machines as well as in
precise mechanics products. They are also parts of various manipulators and robots. In order for
the spatial mechanisms to be introduced more rapidly into practice and in order to increase their
performance we need to replace the old computational practices that were largely intuitive and
suitable for individual cases or small groups of mechanisms with more general, accurate and
easily algorithmizable methods which are suitable for use with computing. The following chap-
ters of the paper illustrate the matrix methods of compiling equations of motion. The matrix no-
tation is an optimal approach due to its compactness, efficiency of applying various transfor-
mations and the suitability for useing computers in numerical calculations.

Structured mechanics were dealt with in works [1-9], more recently in [10-17]. Methods
of mechanism description are described in works of Denavit and Hartenberg [5] and others.
General methods of dynamic analysis of planar mechanisms are attributed to authors as Brat
[1], Kozlov, Makaricev, Timofejev, Jurevic¢ [2], Bejczy [3], Koplik, Leu [8], Haug [7],
Stejskal [9], Valasek [9; 12], Shabana [10; 11] and others. In our work, after the introductory
theoretical part we show simple manipulator models compiled in MSC Adams-View.

Geometrics. Matrix notation of the kinematics of the spatial motion of the point and the
body is basis for the development of kinematic and dynamic methods of analysis and is de-
scribed in the work of the authors [1-3]. Its compactness proved successful in investigating
the simultaneous movements of body systems. Next, the use of theory of simultaneous
movements of simple models of open kinematic chains is described. The geometry of the sys-
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tem of bodies in simultaneous movements is described on a manipulator model with 3 degrees

of freedom of movement (3 DOF) (Fig. 1).
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Fig. 1. Manipulator with 3 DOF qi1=¢12, q2=C23, q3=134

Fig. 2. Coordinate systems

Model of a robot with 6 degrees of freedom of movement. The theory of simple open
kinematic chains has direct use in the kinematic analysis of the various manipulators and ro-
bots that are often referred to as such chains. The kinematic scheme of one of these robots is
shown in Figure 3. The chain has seven members and has 6 degrees of freedom. It can occupy
any position in the space and can therefore appropriately manipulate with any object. The
movement of the member 7 is expressed by the basic decomposition to the reference point M,
which is the end point. The transformation matrix is determined:

Tia = Tyors (124 ) Trors ( lZp)' (D
T3 = Tyans3 (Co34 ) Tirans3 (23 » ). (2
T34 = Thrans3 (d3) Tirans2 (1345 ) Trrans 2 (134 » ). 3)
Tys =Ty (d ) Trors (a5 ) Trors | 45p)' 4)
Ts6 = Tyans1 (56 ) Transt (556;; ). Q)
Ts7 = Trans1 (d6) Trora (675 ) Trora | 67p ). (6)
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Fig. 3. Model of the manipulator with 6 DOF

Dynamic analysis. Dynamics of kinematic chains is described by Lagrange equations of
the second kind [10; 11]. Generalized coordinates g1, g2, ..., gn are used to determine the
members position. Equations of motion [2] are compiled in the form:

Zaék"fﬂrzzaljz%qurazk:Qk, k=1,..,n (7)
i=1 Jj=1i=j
where:
i - i kT
ab, = ZS(B,I,B, ) ®)
[=max (i,k)
y 2 - 1 akj=i
Ji _ - SB_]lI BkT - ik =1,...,
1k 0”72.,(' e )» i {2 ak j # i b/ "9
[ =max (z,],k)
n T
Ay = gS @3{2[{ mI-B:(l‘ij , (10)
B, =TT,.T, =[] T, i=l...n (11)
k=1
aor — coefficients of accelerations;
ayr — coefficients of velocities;
@21 — coefficients of gravitation.
Equations (7) in matrix notation:
Aoq'vta(»l +ta, =ag (12)
With modification:
G=ap-a;-a (13)
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Equations (13) show that the motion of individual members of the kinematic chain have
dynamic effect on the other members of the chain. Similarly forces acting on individual
members of the kinematic chain have dynamic effect on the other members of the chain. Dy-
namic coefficients are given by the actual configuration of the kinematic chain.

Computer analysis of robot models. Computer modeling can be devided according to the
modeling process to mathematical modeling and "multibody" modeling. Mathematical modeling
describes the whole model and its behavior using mathematical equations and algorithms.

Mathematical equations defining the motion — equations of motion and equations describing
kinematic dependencies between the individual chain members are used to define the properties
of the elements of the solved model. However, derivation of these equations is time consuming
and laborious and therefore this procedure is only suitable for simple models, for models with a
low degree of freedom. Matlab, Maple, Mathematica are kinds of software used here.

Matlab — is an environment that allows numerical computations, modeling and simulation.

Maple — is a comprehensive computational software that allows analytical calculations,
numerical calculations, graphical display of results and creation of a document describing
the workflow.

Mathematica — is focused on numerical and matrix tasks in various areas of engineering issues.

In multibody modeling we do not directly describe a mathematical model of the whole
system. By using multi-body modeling software, we can model the real elements of the sys-
tem by using a predefined bodies of respective geometry. There are a number of softwares
that have different hardware requirements and designer skill requirements. Some of them are
Matlab / SimMechanics, Matlab / Simulink, Dynast, MSC Adams.

Matlab / SimMechanics — this Matlab extension was developed to address kinematics and
rigid body dynamics.

Matlab / Simulink — this Matlab module was developed to create and solve dynamic sys-
tems using block diagrams.

Dynast — allows simple mathematical calculations and simulations.

MSC Adams — uses object-oriented programming environment with graphical output. Systems
are defined directly by geometry of bodies, kinematic bonds, force effects and motion generators.

Software realization of the manipulator. The simulation of manipulator arm movement
and the positioning of the basket at its end are shown in Fig. 4 a-f.

Fig. 4. Model of the manipulator

The position of the basket after processing the results of the simulation in the Postproces-
sor is shown in Figure 5.
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Fig. 5. Model of the of the manipulator — position xy and yu

The trajectory of the end effector of the manipulator is shown in Fig.6.
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Fig. 6. Model of the robot and trajectory of the end effector
The torques in joints of the arms is shown on (Fig. 7) and (Fig. 8).
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Fig. 7. The torque M1
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Fig. 8. The torque M2

The moments M1 and M2 in rotational joints and the balancing moment for the positioning
of the basket of the mobile manipulator after processing in the Postprocessor is shown in Fig. 9.
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Fig. 9. Balancing torque SFORCE 1

Thanks to computer simulation, we can easily modify individual model parameters and
track their impact on the results. One of the advantages of computer simulation is the speed
and great flexibility in solving various problems [12-17].

Conclusion. User friendly environment with graphical output of the simulation allows to
define the parts of the model by using a number of basic geometric shapes. Systems are de-
fined directly by geometry of bodies, kinematic bonds, force effects, motion generators. It al-
lows to shorten the test time, reduce the risk of error, obtain input data and the possibility of
solving complex mechanical systems with many degrees of freedom.
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VIIK 004.4
Hapuna I ponyosa
HOBYOBA PIBHSHB I KOMIT’'IOTEPHE MOJIEJIFOBAHHS PYXY
BATATOEJIEMEHTHUX CUCTEM

Axkmyanvnicmbs memu docnioncenns. Komn tomepui mooeni ghopmyroms HO8y AKiCmb npoyecy nisHawHa. 13 euxopuc-
MAHHAM KOMN'IOMepHOL MOOeli, 81acmugocni O0CHiONCYBaAH020 06 '€Kma Modicymob Oymu nepegipeHi 8 pPI3HUX YMOBAX
excnayamayii. Excnepumenmyiouu 3 KOMN'1OMEPHOIO MOOe0, MU OI3HAEMOCA NPO MOOenboganuil 00'ekm. Mu modcemo
npomecmysamu pisHi 8apianmu Mauiut 6e3 HeoOXIOHOCHIE CMBOPIOBAMYU MA pedazy8ami RPOMOMUNIL.

Ilocmanogxa npoonemu. Po3sumox komn 1omepHux mexnono2ivi po3suupus MoNICIUGOCHI po36 A3aAHHI MAMEMAMULHUX
Modenetll I 003601U8 NOCMYNOBO AGMOMAMU3YE6AMU PO3PAXYHOK PIGHIHb Mamemamuynoi mooeni. Heobxiono ecmagumu
8ION0GIOHI BXOOU MAMEMAMUYHOT MOOETL, a4 MAKOIC MOHIMOPUMU MA OYIHIOBAMU GUXIOHT Pe3yibmamu 3a OONOMO20I0 NPU-
cmpoio 8usedenHs Komn omepa. Mema nonseana 6 momy, woob onucamu MamemMamuyHuti anapam, HeoOXionuti 01 mame-
MAMUYHO20 MOOENIOBAHHS, A NOMIM CKOMNINIO8AMU MOOENb 0I5l KOMN TOMEPHO20 MOOETIOBAHHS.

Ananiz ocmannix 0ocnioxwcens i nyonikayiii. Ilpu po3pobyi mamemamuuroi Mooeni 05t KOMR'IOmepa 3aKOHY | meopis,
SIKI MU GUKOPUCIOBYEMO, 3A84COU OILUCHI 6 OLlbU-MEeHW 10eali308AHUX YMOBAX | ONepyIomb QIKMUSHUMU NOHIMMAMU, Ma-
KUMU AK MamepianbHa mouka, ioeanvrull a3, HemamepianvHa npyscuna mowo. OOHaK 3 MaKuMu CNpoUeHHAMU MU Onu-
cyemo peanicmuuHe siguuje, KOAU NOYAMKOSL NPUNYIYEHHST 3YCMPINalombcss minoku 6 neguiil mipi. 11Jo6 pezynomamu e
GIOPIZHANUCS 810 MOOEIbOBAHOI PEAbHOCHI, CIIO NPUNYCIMUMU, WO XOpowda KOMR'TomepHa Mooens GUHUKAE NOCHYNOBO,
wiaxom ii nepesipku i moougixayii, wjo € o0num 3 nepesaz MSC Adams.

Buoinenns nedocnioxcenux pamime wacmun 3a2anbhoi npoonemu. Iumanns nodyoosu peanvHoi Mooeni MaHinyis-
mopa. Ha niocmasi nageoenozo suiye MoOemnosanHst MoJiCHa nooyoyeamu peaibhy MoOeb.
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ITocmanoska 3aéd0anna. Buxopucmanna MSC Adams onsa mooenosanns bazamoeneMeHmHux cucmem ma nepesipKu
NPUOAMHOCII Oist MOOENIO8AHHS MAHINYIAMOpPI6 ma moodeneti pobomis. V pisHux eapianmax nobyooeaHoi mooeni mu mo-
HCEMO KOHMPONIOBAMU 1020 NOBEOIHKY 8 PI3HUX PEeXHCUMAX POOOMIUL.

Buxnao ocnosnozo mamepiany. B komn tomepromy modenosanmi MSC Adams-View suxopucmogyemovcs 0nst MOOENO8aH-
Hs MexaHiynux cucmem. Bona mae inmepaxmueHe cepedosuiye 05 A8MOMAmMU308aH020 OUHAMIYHO20 AHANI3Y NAPAMEMPU306a-
HUX MEXAHIUHUX CUCIEM 3 O0BLIbHOIO CIPYKIMYPOIO HCOPCHIKUX MA HYUKUX MIJL 3 2e0MEMPUYHUMU ADO CUNOBUMU 3 EOHAHHAMI,
6 SIKUX OlIOMb 2Pagimayiiiti, IHePYItiHI, eKCNEPUMEHMAILHO CIBOPEHUTI KOHMAKM, MEPNs, aepoOUHAMIYHI, 2I0POOUHAMIYHE a60
ENLeKMPOMEXAHIYUHE CUTIU | MAIOMb GCMPOEHE KOHMPOJIbHI, 2LOPAGIIYHL, NHEGMAMUYHI 60 eNeKmMPOMEXaHIYHI IAHYIOZU.

Bucnoeku 6ionogiono 0o cmammi. Poboma 3 mamemamuyror MOOeLIO Ha KOMN 10mepi 8IOKpUSAE Npociip Ol KOHKpeni-
HO20 CUHME3Y eMNIPUYHO20 MA AHATIMUYHO20 MeMOOy HAYKOBO20 3HAHHSA. Poboma 3 Komn 1omepHoio MOOeio MAE XapakmepHi
PUcU K1acuyHux excnepumenmis. Lle npedcmagnse aKiCHO HOBULL CROCIO GUPIWIEHHS 3080aHb, KOTU HEMOMCIUBO eKCHEPUMEHNTYBA-
mu 3 peanvhum 06'exkmom. Pezynbmamom € exeieaienmHicms Komn'1omepHoi Mooeni ma 0ociiodicy8ano2o 0b ' exma 3 UOpanumu
XAPAKMEPUCIUKAMU MA BUPA3AMU SIKI € HEOOXIOHI MA 3HAYUMI 3 MOYHICIIO, QOCIANMHLOIO 0151 KOHKPEMHOL Memil.

Knrouosi cnosa: bazamoenemenmui cucmemil; KiHemMamuiHi napu, Mampuyi nepemeopeHHs; MoOeOBAHHS NPOZPAMHO-
20 306e3neyeHHs.
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