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Urgency of the research. The use of computers in technical practice leads to the extension of the possibility of solving
mathematical models. This makes it possible to gradually automate complex calculations of equations of mathematical models.
1t is necessary to input the relevant inputs of the mathematical model, to build a simulation computer model and to monitor
and evaluate the output results using a computer's output device.

Target setting. The possibilities of modeling a four-bar linkage mechanism by classical analytical methods and methods
using computer modeling are presented in this paper. The problem is to describe the creation of a computer model and to show
the mathematical model and its solution in the classical ways.

Actual scientific researches and issues analysis. The inspiration for the creation of the article was the study of the mech-
anisms in the work [1-3] and the study of other resources available in library and journal materials, as well as prepared study
materials for students of Technical university Kosice.

Uninvestigated parts of general matters defining. The question of building a real mechanism model. The possibilities to
building a real model, based on the result of simulation.

The research objective. The aim of this paper is to develop a functional model of the mechanism in ADAMS/View and
Matlab and its complete kinematic analysis.

The statement of basic materials.

The task was to create a computer model in MSC Adams and Matlab and to perform a four-bar linkage mechanism
kinematic analysis. At the same time the classical procedure of analytical methods of kinematic analysis was described. Kine-
matic characteristics of driven members and their selected points were determined. The movement of the parts of the mechanism
in its significant points was analyzed. The results of the solution were shown in both programs in graphical form. Kinematic
analysis was performed by both vector and graphical methods. Finally, the results with a graphical representation of param-
eters such as angular displacement, angular velocity and angular acceleration of mechanism members are presented in this
work. The results of these solutions are created in the form of graphs.

To ensure that the results do not differ from the model real, a good computer model gradually was created by its verifica-
tion and modification, which is one of the advantages of MSC Adams.

The practical applicability of the mathematical model was limited by the existence of an analytical solution.

Conclusions. The development of computer technology has expanded the limit of solvability of mathematical models and
made it possible to gradually automate the calculation of equations of mathematical models. In a computer model the auto-
mated calculation can be treated as a real object sample. In various variations of calculation, we can monitor and measure
the behavior of an object under different conditions, under the influence of different inputs. Graphical and vector methods were
used for classical analytical methods. MSC Adams and Matlab were used for the automated calculations.

Keywords: kinematics, mechanical system, four bar linkage mechanism, computer simulation.

Fig.: 13. References: 18.

Introduction. When solving the movements of machine parts, machines and equipment it
is necessary to create a kinematic model first. The kinematic solution of the mechanisms is to
detect individual driven members or some points of these members depending on the known or
prescribed movement of the drive members. This involves determining the dependence of po-
sition, velocity and acceleration, rotation of angles, angular velocity, and angular acceleration
of the investigated members and points depending on the movement of the drive member. The
graphical and vector method also play an important role in the analytical solution of mecha-
nisms. The kinematic model of the mechanism schematically captures all its properties, which
are necessary in kinematic analysis, individual members with dimensions, kinematic pairs. The
classical numerical solution of kinematics is often time consuming and difficult especially for
complex kinematic models with different movements. Today, we can use a graphical solution
to simplify and speed up the analysis. This is currently being replaced by a computer-based
solution using a variety of software products. These software products facilitate the efforts of
the solver. The solver enters the model configuration and input data, and the program then
calculates the required outputs. These data can be presented in form of graphic results [1-4].

Description of the mechanical system. The presented paper shows the solution of kine-
matic analysis of mechanisms by classical methods of analytical mechanics and computer pro-
grams available today. Graphical method and vector method from analytical methods of solving
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mechanisms and computer programs Matlab and MSC Adams are used. In the kinematic anal-
ysis of the model of four-bar mechanism, the following parts of the paper show the solution by
the graphical method, then the model is created in the MSC Adams program and the vector
method is shown and its solution is performed using Matlab.

B

Fig. 1. Mechanical system of the four-bar mechanism

A four-bar mechanism shown in Fig.1 consists of four members, called bars or links. They
are connected in a loop by four joints. A link connected to ground by a joint is called a crank.
Driving link O21A has a counter clockwise angular velocity m21=1 (rad/s). Our task is to deter-
mine angular displacement @41, angular velocity w41 and angular acceleration a41 of the link
041B graphically for the crank position indicated and then to create a model of a mechanism in
MSC Adams/View and next in MATLAB environment. The crank O21A rotates around point
021, motion of the connecting member AB is a general plane motion and member O41B rotates
around point O41. We indicate velocities of the points A and B [1-5].

Examples of mechanical systems. In engineering practice we can meet the following forms
of the four-bar mechanism of mechanical systems. Examples of mechanisms are shown in Fig.
2 and Fig. 3 [1].

Fig. 3. Mechanical system: a — rear-window wiper mechanism, b —kinematic scheme [1]

Kinematics analysis of the model. The velocity of points A and B can be obtained by using
the rule of the viewing angles [4]. Tangent of the angle Bv21 under which we see the endpoints
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of velocity from the permanent center of rotation is proportional to the angular velocity of the

VB
VBA;E Ya

rotating member (Fig. 4).

K31

Fig. 4. The four-bar mechanism with velocity in point A and velocity in point B

If we denote the angular velocity 21 of the member 2 with respect to 1, then for the velocity
va and acceleration aan at point A shall apply [5-8]:

vy =074 0y )
Normal component of the acceleration in point A:
2

a,gy = =2 @)
An 021 A
Angular velocity m21:
V4 .
V21 Oy 21 = @21 (3)
Angular velocity m31:
V4 VB
I3 ==
231 Kod KB w31 “)
Velocity of point B:
— vy
vp = K3 1B- ===
p=taif (%)
Angular velocity w41 of the member 4 we determine:
VB
W41 = 6
o0 ©)
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The member 3 is moving in the plane in form 3:1=3:2+2:1 and also 3:1=3:4+4:1. For the
velocity of the point A:

V31 = V432 TV 21 (7

For the velocity of the point B:
VB31 = VB34 T Vp4i (8)
VB3l = V431 T VB431 )

Acceleration ag of the point B [6-7]:

ap =ay +dpy (10)
Where agpi — known direction,
agn — can be obtained by Euclidean construction,
aat — 18 zero because

(021=k0n/b@0!21=0,(114t20521'02114:0 (11)
aan — 1s normal component of the acceleration of the point A:
2
V4
ay, ===
An Oy 4 (12)

Graphical solution of the above vector equation is in the Fig. 4. Angular velocity w41 and
angular acceleration 041 is then calculated according to:

w4 ==L 13

41 OaiB (13)
ap:

oy = —2

N=5. 5 (14)

In Fig. 4 there is the model in graphic form with velocities of points A and B.
Normal component of the acceleration in point A and B is shown in Fig. 5.
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Fig. 5. The four-bar mechanism with acceleration in point A and velocity in point B

Model of the four-bar mechanism using MSC Adams/View. The given four-bar mecha-
nism was modeled in MSC ADAMS/View and the initial parameters were provided [1-5]. In
the initial window of the program MSC Adams we set data folder, name of the project, units
and the working grid. We created the individual bodies of the mechanism. We selected the rigid

body link from the Toolbox.
J 7777

(180, 180 |
(60,80, 0)
(0,0,0) (180, 0, 0)

Fig. 6. The four-bar mechanism and creation:
a — points, b — members, c — joints; d — motion

We defined the geometry, length, width and depth. Driving link O21A (Fig. 1) has a coun-
terclockwise angular velocity m21=1 rad/s, [8-12]. We select point tool in Main Toolbox.
Move the cursor to (0, 0, 0) position and points 1, 2, 3 and 4 are created a named automati-
cally (Fig.6, a). Then move the cursor to (180, 0, 0) position and created the member 4
(Fig.6, b). The member 2 should be rotated about point from horizontal position to counter
clockwise rotate. Then connected the members 3 with member 2 and 4 (Fig. 6, b). Next we
created joints between the members and ground (Fig. 6, ¢). Select the rotational joint motion
tool with speed 1 rad/s [6-7] (Fig. 6, d).

The final model of the mechanism is shown in Fig. 7. We create the measure windows for
angle @41, angular velocity 41 and angular acceleration a41 of the member 4. Then we start
simulation and we determine angle displacement @41, angular velocity 41 and angular acceler-
ation o041 of the member 4 (Fig. 8-11). The graph in Fig. 8a-b) describes the motion of the
member AB.
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R
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Fig. 7. Model of a four-bar mechanism in MSC Adams View (a), trajectory of the points A, B
and xt3 of the members of mechanism (b)
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Fig. 8. Displacement x4 = f(t),magnitute of angular velocity w s = f(t)and wpc = f(1) (a),
displacement x4 = f(t), angular velocity w4p = f(t)and wpc = f(t) (b)
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Fig. 10. The angular velocity wip=f(p41)and wpc=f(p41)

In the window of the Postprocessor we selected window with animation of the mechanism
and windows with results data in graphics form for angle @41, angular velocity 41 and angular
acceleration o1 of the member 4 (Fig. 11).
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Fig. 11. lllustration of the Postprocessor windows with model of mechanism, angular velocity
w4p, angular velocity wpc, displacement of x4, X, y4, yB, XT3, Y13 versus angle ¢2;
Simulation of four-bar mechanism in Matlab. When applying the vector method, we
replace the mechanism with vectors that connect individual kinematic pairs. The result is a
closed polygon in Fig.12.

0. A

Fig. 12. Indication of vectors in vector method

We write a vector equation (15) for this polygon (Fig.12) and two scalar equations (16) and
(17) for its components. The matrix equation of the polygon [8-13]:

N+rn+ry+r=0. (15)

Scalar equations in form:
[1cos@y +1,cospy +13c0sp3 +14c0504 =0 (16)
[ysing| +1,sin @y +/3s8in @3 +14sin @y =0 (17)

After the differentiation of the equations (16) and (17) over time, we obtain the equations
for determining angular velocities shown in matrix form:

{13Sin((/’3) 14Sin(¢4)} {(/?3} _ {—lzci’z Sin((ﬂz)} (18)
I3c08(p3) 14c08(p4)| @4 | | ~126072 cOS(9)

After the differentiation of the equations (18) over time, we obtain the equations for deter-
mining angular acceleration in matrix form:

[1 3sin(p3) {4sin(py )} '[(?53} __ |~ sin(¢py )1 2(/')22 cos(py)—1 3(/')32 cos(p3)—1 4(/’)% cos(pq) (19)
I3c08(p3) 14c0(p4) || B4 — 15y cos(gy ) +1 2(/)22 sin(py)+1 3(/')32 sin(p3 ) +/ 4(/')4% sin(py)
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These problems can also be solved for example, using the Matlab [13-18]. The results of
the simulation are in (Fig. 13a-b), where:

P31 = W31, Pa1 =041, P31 =031, Pa1 =A4.
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Fig. 13. The angle-time, angular velocity-time and angular acceleration-time graph
of the member 3 (a), of the member 4 (b)

Conclusions. The paper presents the possibilities of modeling a four-bar linkage mechanism
by classical analytical methods and computer methods using computer modeling. The aim of this
paper is to develop a functional model of the mechanism in ADAMS/View and its complete kine-
matic analysis. Furthermore a solution is also realized in the Matlab software. We analyze the move-
ment of the members of the mechanism of its significant points. Kinematic analysis was performed
with vector and graphical methods. Finally, the work presents results with a graphical representation
of parameters such as angular displacement, angular velocity and angular acceleration of mecha-
nism members. The results of these solutions are created in the form of graphs.
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Jlapuna I ponyosa
KOMIT'IOTEPHE MOJAEJKOBAHHSA TA AHAJIITUYHE PINEHHSA
YOTUPUIIAHKOBOI'O MEXAHI3MY

AKmyanvHicms memu 00¢ni0xceHHA. Bukopucmanns komn'tomepie ¢ mexHiunii npakmuyi npuzeooums 00 pO3UUDPEHHS
MONCIUBOCMETl CMBOPEHHSL MAMEeMAMUyHUX mooenei. Lle dae modciusicmo nocmynoeo agmomamu3syéamu cKiaoHi oouuc-
JIeHHA PIGHAHb MamemamuyHux mooenell. Heobxiono eéeecmu 6i0nogioHi 6xioHi Oani MamemMamuyHoi mooeni, nobyoyeamu
iMimayiiHy KomMn'tomepHy Mo0eib, a MAKO}C KOHMPONIO8AMU | OYIHI8AMU 6UXIOHI pe3ylbmamu 3a 00NOMO200 NPUCIPOIO
Komn'tomepHoi nepugbepii.

Ilocmanogka npodnemu. Y cmammi npedcmagneHi MOXCIUBOCHT MOOENI08AHHA YOMUPULAHKOBO2O0 BANHCIILHO20 MEXAHi-
3MY KIACUYHUMU AHATTMUYHUMU MemoOamu i Memooamy KOMR'IOmepHo20 MOOent08aHHs. 3a60aHHS NOAS2AE 6 MOMY, W00
onucamu CMeopeHHs1 KOMN'tomepHol Mooeli i NOKA3amu MamemMmamuyHy Mooeib ma ii po36 A3aHHs KIACUYHUMU CROCOOAMU.

AHaniz ocmannix oocniocenv i nyonikayin. HamxuenHsam Ona cmeopenns Cmammi noCiyHCuno 6U4eHHs MexaHismie 6
pobomax [1-3] i euguenns inuwux pecypcie, 00CmMYNHUX 6 OIOIIOMEYHUX MA HCYPHATLHUX MAMEPIANAX, A MAKOHC NiO20MO6IeHT
HasuanvHi mamepianu ons cmyoenmis Texniunozo ynisepcumemy Kowuye.

Buoinenna nedocnioxncenux uacmu 3a2anvHoi npooaemu. [lumannsa nodyoosu peanvroi mooeni mexauismy. Moocau-
6ocmi n06Y006U peabHOL MOOENT Ha OCHOBI Pe3yIbMany MOOeIO6aHHSL.

Mema cmammi. Memoro oanoi pobomu € pospobra yHkyionanoHoi mooeni mexanizmy ¢ ADAMS / View i Matlab ma
11020 NOGHULL KIHEMAMUYHU AHANI3.

Buknad ocnoenozo mamepiany. 3asoanunsm 6yno cmeopumu komn'tomepny mooeio 6 MSC Adams i Matlab ma euxonamu
KIHeMamuyHuil aHani3 YOMUpUIAHKO8020 GANCLTIbHO20 MexaHizmy. OOHOYACHO 6yna onucana KiacuyHa npoyedypa anaiimuy-
HUX Memooie KiHeMamuyHo2o ananizy. bynu eusHaueni KiHeMamuuHi Xapaxmepucmuxi Keposanux uieHie ma eudpaHi HuMu
mouxu. IIpoananizosano pyx wacmun mexamizmy y 11020 3Hauywux mouxkax. Pezynomamu piuenns 6ynu nokazaui 6 060x npo-
epamax y epapiunomy euensioi. Kinemamuynuil ananiz npogoouil sk 6eKmMopHUMu, mak i epagiunumu memooamu. Hapewmi,
6 Yitl pobomi npedcmasneHi pe3yibmamii 3 2pAQiuHUM 300PAN’CEHHAM MAKUX NAPAMEmpIs, K Kymoee nepemiujeHHs, Kymoea
WBUOKICIMb Ma KYMOoge NPUCKOPEeHHsL eleMenmie mexanizmy. Pezynomamu yux piwens npedcmaeneni y uensoi epagixis. [1[oo
pe3yTomamu He GIOPI3HANUCA 610 PealbHUX MoOelell, NOCMYN080 0Y1a CMEOPEHA XOPOoUuLd KOMN TOMepHa MOOeb ULTAXOM ii
nepegipku ma mooughixayii, wo € oouicio 3 nepesaz MSC Adams. [Ipaxmuuna npudamuicme mamemamuyHoi mooeni oyna
00MedHceHa ICHY8AHHAM AHATIMUYHO20 DIUEHHS.

Buchoeku 6i0nosiono 0o cmammi. Po3eumok o0uUCI08aNbHOT MEXHIKU POZULUPUS MEHCY PO36'IZHOCIE MAMEMAMUYHUX
Mooeetl [ 00360118 NOCHYNOB0 AGMOMAMU3YEAMU 0OUUCIEeHHS. PIGHIHb MAMEMAMUYHUX mooeiet. Y komn'tomepHuii mooeni
aAsmMoMamu3068aHull pO3PAXYHOK MOICHA PO32ISI0AMU K PeaibHUll 3pa3ox ob'ekma. V pisnux eapianmax po3paxyHkie mu mo-
DHCEMO KOHMPONIO8AMU MA UMIPIOAMU NOBEJIHKY 00'€Kma 3a PI3HUX YMO8, Ni0 6NAUEOM PI3HUX 6XIOHUX OaHuX. J[is KiacuuHux
AHANTMUYHUX MemO0i6 BUKOPUCTOBY8ANUCL epADIUHUL MA 6eKMOPHUT Memoou. [[ia agmomamu308aHux po3paxyHKie 6uKo-
pucmosyeanu MSC Adams i Matlab.

Knrouosi cnosa: kinemamuxa; mexaniuna cucmemad; YOMUPUIAHKOBUTE MEXAHIZM 3UeNIIeHHS, KOMN TOMepHe MOOCTIO6AHHSL.
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