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MODELING IN MSC ADAMS/VIEW
AS MODERN APPROACH TO MECHANISM DESIGN

The paper deals with the kinematic analysis of a pressure mechanism. It is a four-member mechanism. The mechanism
transforms rotational motion into translational motion. It has one degree of freedom of movement. The position and speed of
the piston, the magnitude of the force in the spring and the angle of the arm of the drive member at different values of the load
of the drive member are determined. The task is solved using the program MSC Adams / View. The result of the simulation is
the calculated trajectory of the movement of the selected point of the mechanism. The trajectory is shown in graphical form

Keywords: mechanism; simulation; kinematic and dynamic analysis; trajectory.
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Urgency of the research. In today's world of technology, we encounter a wide application
of spatial mechanisms and bound mechanical systems. Movement from simple to more complex
is examined. We then examine the given movements on the basis of the characteristics that we
need to find out. The kinematic and dynamic properties of the mechanism are determined. There
are several methods to solve them. The oldest possible solutions are analytical and graphical
solutions. At present, software solutions using available computer programs are being used.

This paper shows the use of one of the software products in the kinematic and dynamic
analysis of a mechanical system. Software solutions are preferred, but knowledge of graphical
and analytical methods is still needed. The graphical method of solving improves our
imagination about the system during its movement. However, the graphical method gives
information about the quantities only in the specific investigated position. It is therefore time
consuming. A number of the computer products are currently available for kinematic analysis.
One of them is the MSC Adams program. In it, a mechanical system with one degree of freedom
is modeled and its kinematic analysis is performed as an example of its use. After building the
model and starting the simulation, the program offers to process clearly searched kinematic
quantities in its postprocessor. It allows their processing in graphical and numerical form. It
also allows to get an animation of the movement of the mechanism, which gives you an insight
into the behavior of the mechanism during the workload. This paper is devoted to this issue.

Target setting. Computer modeling is currently being developed in various areas of
industrial production. It is significantly used in the automotive industry but also in other areas.
It focuses on reducing the development time of new product models and making the
development and production less expensive.

Computer modeling is commonly used in engineering tasks to obtain information about
system behavior at low cost. It allows you to change the parameters of the models and monitor
their impact on the final solution. The advantage of computer modeling is the speed and
flexibility in solving problems in the process of product design, development and innovation.

Computer modeling can be divided according to the process of creating and processing a model
for mathematical modeling, in which we work with a mathematical model of the solved mechanical
system. Here we can include, for example, Matlab/Simulink, Mathematics and Maple. Or when
using multibody modeling software, we only need to know the overall design of the model and its
load during the movement. These programs, where we define the mechanical system directly
through the direct definition of the geometry of its elements, constraints and loads, also include the
MSC Adams program used, and here we speak of "multibody" modeling. Here we could also
include the Toolbox SimMechanics of the Matlab/Simulink.
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Actual scientific researches and issues analysis. In mathematical modeling, we describe the
whole model and its behavior using mathematical equations. To define the properties of the solved
model, mathematical equations are used, which define the motion and call their equations of motion
of the system, as well as equations describing the kinematic dependencies between the individual
members of the mechanical system. The compilation of equations of motion is time consuming and
therefore this procedure is only suitable for systems with a lower number of degrees of freedom.
Here we can use, for example, Matlab/Simulink, Maple and Mathematics.

Matlab is a program that allows numerical calculations, modeling and simulation.

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

Mathematica is a program focused on numerical and matrix problems in various areas of
technical problems.

The difference in "multibody" modeling from mathematical modeling is that this
"multibody" modeling does not describe the model by mathematical equations. Only the shape
of the geometry of the individual bodies from which the model is built is defined. There is no
time to compile the equations of motion, which leads to time savings. However, computer
programs in this area of modeling are more demanding on hardware and knowledge of the use
of software. Theoretical knowledge and skill of the designer is required.

SimMechanics as an extension of Matlab was developed to address the kinematics and
dynamics of a rigid body.

Simulink as a Matlab graphical environment was developed to create and solve dynamic
systems using block diagrams.

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

Analysis of existing research and publications. Much attention has been paid to the
spatial mechanisms in the literature since the last century. The first works include the work of
Burmester, Reuleaux and Assur. The work of Artobolevsky and Franke, Srejtra on newer
authors. The methods of describing mechanisms are the work of Denavit and Hartenberg [1]
and the work of Kalicin, Kislicyna, Lebedeva, Litvin [2]. The matrix methods in kinematics has
been studied by Hartenberg, Denavit and Uicker. The vector methods of kinematics analysis
was devoted to Zinoviev, Novotny, Chace [2].

Methods of mechanisms description are described in works of Denavit and Hartenberg [1]
and others. General methods of dynamic analysis of planar mechanisms are attributed to authors
as Brat [2], Kozlov, Makari¢ev, Timofejev, Jurevic [3], Bejczy, Koplik, Leu, Haug [2], Stejskal
[4], Valasek [4] and others.

Fourth order matrices were introduced by J. Denavit and R. S. Hartenberg. Similarly, G. S.
Kalicin solved some problems of planar and spherical mechanisms by matrix calculus. The
possibility of using quaternions or biquaternions in the kinematics of the body was pointed out
by J. Novék. The general methods of analytical solution were dealt with by S. G. Kislicin and J.
F. Moroshkin. In the kinematics of spatial mechanisms, the Czech mechanic V. Brat also
introduced the use of matrix calculus [2], V. Stejskal and M. Valasek [4], K. Julis, R. Brepta [5].

In our work, after the introductory theoretical part we show models of the mechanism
compiled in MSC Adams-View.

Article objective. The presented paper shows the solution of the kinematic analysis of a
mechanical system by the currently available computer program MSC Adams. The model of
the pressing mechanism is solved, which represents a mechanical system with one degree of
freedom. After building the model in the MSC Adams View program, the results of the
kinematic analysis of the mechanism are obtained after starting the simulation.
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The paper shows the mechanism shown in Fig.1. In terms of kinematics, the mechanism
consists of four members, one of which is the basis. The mechanism has one degree of freedom.
Performs a translational motion [4-5].

Pressure mechanism on the Fig. 1 consists of the crank 2, connecting rod 3, piston 4 and
spring. The mechanism is used to convert angular motion of the crank into linear motion of the
piston. A mechanism is used to produce mechanical transformations in a machine.

The solved mechanism transforms the rotational movement of member 2 into the
translational movement of member 4. Our task is to investigate the movement of its individual
members and significant points.

Fig. 2. a)-b) Model of the Mechanism in MSC Adams/View

The aim is to describe the movement of the piston 4. We solve the crank slider mechanism
of the pressure mechanism.

The kinematic scheme from the point of view of the kinematic solution contains the
dimensions of the members and the connecting kinematic pairs. Individual members are marked
with numbers. The base is marked with the number 1, the crank drive member with the number
2, the connecting member with the number 3, the sliding member with the number 4. The spring
has a stiffness k = SN / mm. Individual dimensions of the mechanism:

OB = 100mm, OA = 200mm, BC = 200mm, the spring is mounted in the center of gravity
of member 4 and on the base in place (0, -300.0). Width of individual members Width = 20mm,
Depth = 10mm. The force F acts on the driven member 2. Next we solved the problem for
variants P1 to P4 at different parameters of the loading force F.

General overview of the system.

We solve the problem for variants P1 to P4 with different parameters of the loading force
in the following parts.

A local coordinate system is associated with each member. The motion of a point located
on a member with a local coordinate system is then described with respect to the global
coordinate system (Fig. 3). We are interested in the position of the selected point of the member
of mechanism with respect to the global coordinate system in which the mechanism is located.
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The following table (Table 1) shows the parameters of the model of the mechanism on (Fig. 1):

Table
Variant of the Mechanism with Force and Time of the Solution
Variant F [N] Time [sec]
P1 140 0.0800
P2 160 0.0632
P3 180 0.0531
P4 200 0.0474

Kinematic analysis of the model in MSC Adams software.
The next figure (Fig. 3) shows a manipulator model created in the MSC Adams/View.
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Fig. 4. Front view of the rendered model of the mechanism in MSC Adams/View

A 3D computer model of the manipulator is created in MSC Adams [12]. Modelling
elements and procedures for the creation of bodies and their kinematic bonds were used. After
proposing the model, the functionality is verified and the simulation is started (Fig. 5) [6-11].
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Fig. 5. a) — d) Mechanism in the motion with force F=200N
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The resulting graphs of trajectory of point obtained by the simulation are displayed in a
graphical form with the postprocessor are in the following figures (Fig. 6 a-b).
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Fig. 6. a) — b) Measure of the kinematics quantities

The representation of the trajectory of the points in various views (Fig. 7 a-c) is shown
below.

a b c
Fig. 7. a)-c) Model with MOTION in Joint and Trajectory of the Point of the Member

The kinematics parameters of the selected point of the members is shown in Fig. § a) to h).
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Fig. 8. The kinematics parameters of the selected point of the members of the mechanism
a)-b) variant P1, c)-d) variant P2, e)-f) variant P3 and g)-h) variant P4

Conclusions. Computer programs allow us to interactively simulate and visualize the
model. They allow us to conveniently edit the model and quickly visualize the results. Outputs
in the form of graphs allow the display of current values of measured quantities in real time
during the ongoing simulation and also bring visualization of the animation of the mechanism
movement. It is also possible to create a video output of the simulation in AVI format.

The MSC Adams/View postprocessor is part of the computer prototype modeling process
and is a convenient tool for creating, processing, editing and presenting simulation results in
the form of graphs. It is also possible to display the model in the current state and print the
results prepared in this way. We also calculated the position of the center of gravity of the
pressure member 4.

MSC Adams works with a 3D model. The advantage is the ability to simulate the movement
of the prototype model and its control in the program environment and verification of
functionality in the form of 3D visualization. Based on the results obtained from the simulation,
it is possible to modify the proposed model and test its behavior at different magnitudes of the
loading force. The software used allows us to quickly assess the behavior of mechanisms under
load and thus saves time that would be needed to create real prototypes of mechanisms.
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MOJAEJIIOBAHHS B MSC ADAMS/VIEW SIK YACTUHA CYYACHOI'O
maxoay 10 NIPOEKTYBAHHA MEXAHIYHUX CUCTEM POBOTIB

YV cyuacnomy ceimi mexuonoziii mu cmuxaemocs i3 WUPOKUM 3ACMOCYBAHHAM NPOCHIOPOBUX MEXAHIZMIG Ma NO8 SI3AHUX
Mexaniunux cucmem. Mu 0ocniodcyemo oami pyxy Ha OCHOGI Xapakmepucmuk, AKi Ham nompiono 3'acyeamu. € kinvka cnocobie
ix eupiwumu. Haticmapiwi 3 Mooicnugux piuens — ye ananimuuni ma spa@iuni piwienus.

Huni ona kinemamuunozo ananizy oocmynuuii psao Komn'tomepnux npooykmis. Oona 3 nux — npoepama MSC Adams.
Jlozeonse epagpiuny ma uuciogy 06podKy oOuUCIeHUX 3HAUEeHb, AKA 0ACHb 8AM 3a2aNbHe YA8NeHHs NPO NOBEOTHKY MEXAHI3MY.
Memoou onucy mexanizmie — ye poboma [lenagima ma Xapmenbepea ma poboma Kaniyuna, Kucniyuna, Jlebeoesoi, Jlumauna.
3acanvhi memoou OuHamMiuHo20 ananizy RAOCKUX MexaHismie npunucylomocsa asmopam: bpam, Koznos, Maxapuuis, Tumoghees,
FOpesuu, Beiiui, Konnix, Jley, Xaye, Cmeiickan, Banawex ma inui.

Ilepesazoto komn'tomeprozo moodentosanis € WeUOKiCmb ma 2Hy4Kicmb GUPIUWEHHS 3A80aHb Y NPoyeci NPOeKmy8anHs,
PO3pobKU ma enposaddicenns inHosayiu. Y nagedeniii cmammi NOKA3AHO PiEHHA KIHEMAMUYHO20 AHANI3Y MEXAHiuHOT
cucmemu ¢ MSC Adams.

Bupiweno modens npumucknoeo mexamizmy, wo npeocmasisie MexaHiuiy cucmemy 3 OOHUM cmynetem c8oboou. Mema
nonseac 6 momy, wob eupiwumu Kinemamuxy 3a oonomozcoio MSC Adams View. Pesynomamu piwenns epagiuno
06pobIAIOMbCA Y NPOSPAMI, WO BUKOPUCMOBYEMbCA. Bukopucmani enemenmu mooentoeanis ma npoyedypu QopmysanHs min
ma ix xinemamuunux 36'a3kie. Ilepesacolo € modciugicms mooenosamu pyx Mooeni-npomomuny ma Kepyeamu HUM y
NpoSPamMHOMy cepedo8uIlyi, a MAaKodic Kepysamu npooykmusHicmio y euensaoi 3D-eizyanizayii. 3a pesynbmamamu mooentosanHs
MOdICHA NOOYJY8amMU peanvHy MOOelb ma CHpoeKmysamu O1oKu.

Ilpoecpamne 3abes3neuenns Onsi MOOeNOBAHHA — ye 3PYUHUL THCIMPYMEHm NPOeKMYBAHHA, AKUU 3a0uaddicye 4ac ma
pecypcu. Bin makooic nioxooums 015 0emansHo2o 00CaiONCeH sl MA NPAKMUYHOLO BUBHEHHS MEXAHIUHUX CUCTEM.

Knrwouosi cnosa: mooentoganns; KinemamuyHuii ma OUHAMIYHUN aHani3; Mpackmopis.

Puc.: 8. Tabn.: 1. bién.: 12.
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