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MexaHI3MH CTalM YaCTHHOIO HAIIOrO KUTTS, BOHU
TIPUCYTHI HE JMIE B TEeXHiYHIH cdepi, aje W y HaOMy
TIOBCSIKIICHHOMY KUTTi. BOHM oNIOMararoTh HaM BUKOHYBATH
poboTy Jerko i mBuIKO. MexaHi3M — I, SIK TPaBHIIO,
YacTHHA MAIIMHY, ¢ 3 €HaHi ABi ab0 Oinlblie aeTaneil Tak,
IO pyX MEpHIol JeTayli NPU3BOJUTH JI0 PYXY IHIIMX, SKUH
3TIHO 3 3aKOHOM 3aJISKHTH Bifl IpUpoM 3’ €qHaHHs. YacTo y
BUPOOHUIITBI TIOTPIOHO BUSHAYUTH IBU/IKICTH 1 IPHCKOPEHHS
TBEPIIOrO TiJIa YK SKOICh YACTUHU MEXaHI3MY, SIKIIO BiJOMi
BXIi/IHI ITapaMeTpH MPHBIHOTO MEXaHI3MY.

HainornmpeHiimmM MexaHi3MoM, SIKAi BUKOPHUCTOBYEThCS
Ha TIPaKTHIl, BBAYKAETHCS KPUBOIIMITHUKA MeXaHi3M; BiH €
YaCTHHOIO PI3HOMAHITHAX MAalldH, & TaKOX IPAKTHYHO
KO)KHOrO aBTOMOOLISL. Ilell 4OTHMpHOX-TaHKOBHI MEXaHi3M
Mae Jesdki OcoONMBI KOH(Irypalli, CTBOpPEHI IIIIXOM
3a0e3MeYeHHs HECKIHUEHHOCTI JIOBXKMHM JIaHKH, 1 4YacTo
BUKOPHUCTOBYETHCSI [UTsl TIEPETBOPEHHSI 00EPTOBOTO PyXy Ha
npsiMortiHIHHNHA. ODKe KPUBOIIMITHO-TIOB3YHHUI MEXaHI3M €
OCHOBHHM MEXaHI3MOM, SIKHH JIOCITIDKYEThCSI KIHEMATHIHUM
aHal30M y HaBYAIBHOMY TMporeci Ha  (haKyibTeTi
BUPOOHMYMX TexHoIorii TexHiyHoro yHiBepcutery Korrie
posramoBanoro B [lpsieBi B pamkax kypcy «Texniuna
MexaHika». CTyIeHTH OMaHOBYIOTh 3aCTOCOBYBAHHS 3aKOHIB
KiHEMaTUK{ Ha TPAKTHUIN, BOHA TaKOX MOXYTh MOPIBHATH
TPU pi3HI PO3B’s3KM 3a/avi. BOHM BUAThCS 3aCTOCOBYBATH
rpadiuHUi, YUCIOBUI Ta KOMIT IOTEPHHI MiIXOIH, a TAKOK
0auath nepeBary Ta HeOMiKA OKPEMUX MeToAiB. Pe3ynbraTn
BCIX TPhOX PO3B’S3KIB TOBWHHI CIIBI/ATH, TAKUM YHHOM
CTYyZIEHT MOXKe ce0e TepeBipUTH.

Bapro 3a3HaumTH, 10 HAWIOMIMPEHINIMM TMiAXOIOM €
KOMIT IOTEpHUM, OCKUIbKM BHKOPUCTAHHS  BiJIIOBITHOTO
MIPOrPaMHOTr0o 3a0e3MeYEHHSI TIOJIETIITYe POOOTY, OTHAK CTaTTs
HaroJIonlye Ha TOMY, IIO 3HAHHS TEOPETUYHMX IPHHIIUIIB
MEXaHIKH € HeOOXITHUM JIsI PO3B sI3aHHS 3a/1ad.
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The article deals with the kinematics analysis of crank
mechanism realized by three methods followed by
comparison of achieved results. The crank mechanism is
the most commonly used mechanism in practice; it is the
part of the various machines and almost every car. It
belongs to the fundamental mechanisms whereon the
kinematic characteristics of mechanism are investigated
by students on FMT TU Kosice with seat in Presov within
the scope of Technical mechanics lessons. Article hints
that the utilization of suitable software can saves labour
but the knowledge of theoretical mechanics principles for
the problem solution are necessary. The paper was written
thanks to support provided by the project KEGA num.
270-014TUKE-4/2010 and VEGA 1/0884/10.

Keywords — mechanism, kinematic analysis, methods,
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[. Introduction

The slider-crank mechanism is the Dbasic
mechanism, which kinematic analysis is investigated
as first in educational process on FMT TU Kosice
with seat in PreSov within the Technical Mechanics
subject. This four-bar mechanism has some special
configurations created by making link infinite in
length and it is often used to transform rotary motion
into linear motion. Students learn to use the laws of
kinematics in real situation. Figure 1 shows the real
slider-crank mechanism of minibike Jawa 90 showed
in Figure 2. [1]

Fig. 1. Real slider-crank mechanism
of minibike Jawa 90

The aim of the kinematic analysis is to investigate the
motion of individual components of mechanism (or their

104 “ENGINEERING MECHANICS & TRANSPORT 20117 (EMT-2011), 24-26 NOVEMBER 2011, LVIV



choices points) in dependence on the motion of drivers.
To investigate of the motion means to determine the
dependency of the position, velocity and acceleration of the
examined members and important points on the motion of
driven members or on the time. A point moving in space
describes a line called its path, which may be rectilinear or
curvilinear. The motion of a body is determined by the paths
of three of its points not on a straight line. If the motion is in a
plane, two points suffice, and if rectilinear, one point suffices
to determine the motion. [3].

Fig. 2. Minibike Jawa 90 [1]

The input values of this specific mechanism and its
position for comparison of values achieved by three
various methods are:

Il. Graphical solution

Graphical solution is suitable only for the solving of
planar mechanism and come out from the kinematic
scheme of mechanism sketched in the selected scale with
the scaled input parameters in vector form.

The example of graphical solution of wing mechanism
is shown in the Fig.2.

This solution consists in investigation of velocity and
acceleration field of important mechanism points; in this
case it is point B, so it was necessary to determine velocity
Vg and acceleration ag in immediate mechanism position
(angular position of crank 2 is given by angle ¢,;=35°).

Graphical solution is suitable for investigation of planar
mechanism. This method use vectors and the principles of
operating with them, it is based on application of
simultaneous motion theory and they prop oneself upon
kinematics knowledge. Input parameters are drawn in
needed scale, of course it influences the output values
which have to be changed after solution according to scale.
Students can use the colour lines for the higher limpidity of
solution. For length parameters is used scale of length my
and for velocity parameters is used scale of velocity m,.
After graphical solution it is needed to measure the
obtained vectors of kinematic parameters and consequently
to calculate the real obtained values of kinematic analysis.
From the Fig.3 are visible measured values, but actual

Fig. 3. Graphical solution in selected position of mechanism

— length r=24mm;

— length 1=90,25 mm= 0,09025 mm;
—angular position of crank 2 ¢,;=35%

—angular velocity of crank 2 wx= 31,416 rad/s,

The kinematic analysis can be done by several
manners such as analytical, graphical and computer aided
solution.

achieved values after

calculations are:

of wvelocity and acceleration

v 10,55 s

Vg = B-measured _ 1Y =0,53 nglS IH
m, 20

ag = AB_measured :ﬁ =21,45 éms-Zg

m, 0,4 € u
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lll. Analytical solution

There are several types of analytical solution that is
usually concerned on the task of the position. Most often
analytical method uses the trigonometric rules and
mathematical definitions as are functions, differentiation,
equations, etc.

The simple representation of real mechanism that
serves as the basis for next processing is the kinematic
scheme. The individual components of mechanism in this
scheme are numbered due to the numerical solution
limpidity. The frame has number 1, the driver is the crank
with number 2 that rotates with angular speed w,; and the
goal is to define the motion of the slider (component 4),
which all points describe line path. The kinematic scheme
of crank-slider mechanism was prepared on the basis of
real slider-crank mechanism and it is shown in the Fig. 4.

Fig. 4. Kinematic scheme of mechanism

The coordinate system of mechanism was for
numerical solution located into the point Oy, position of
the important points is described by X a Yy coordinates. The
dependency of these coordinates on the angle @z is
defined by trigonometric method. It can be said, that the
kinematic values of component 4 is determined by
kinematic values of point B, because slider 4 executes the
linear motion and all its points make the same move.

Angle position of the crank 2 is determined by angle
@21 that is changed with time. The position of slider 4 is
changed with time, too, because its motion depends on the
motion of crank 2. Kinematic dependency of angle ¢,; on
time if angular speed w»; is constant can be expressed:

Wi -4
dt
i 21 t
Odi =w, (¥t
0 0
J 21=Wy (1)
For point B holds

r2W21 sin 2W21 t

2\/(|2 - r2 Sin2 W21 t)
VBy = g(B =0 (3)
Due to the linear motion, the total velocity of the point

B is the same as its horizontal velocity, what can be
expressed:

VBX =- rW21 SinW21 t-

)

VB:|VB|:\/M=|&B| gms-lg @)

Particular and total acceleration of point B are given
by relations:

r2W221

aBX =- rW221 COSW21 t- y .C
4('2 - r2 Sin2W21 t) 2

c= g4.(|2 - 1% sin? W, t).cos(2W21 t)+ r2.sin2(2W21t)g

aBy = ‘&By = 0 (6)

2 2 _ [L2 _ -
ag = \/aBX +a2 =\a2 +0=a, [ms?| (@
After institution of concrete values r, |, ¢ and wy

into the equations (2), (3), (4) , (5), (6) and (7), the values
of velocity and acceleration are:

Vgx =-0,528644964 ms*
ag, =-21,37024049 ms?

Vpy =0ms’ !
agy = oms 2
Vg =-0,528644964 ms*
ag =-21,37024049 ms’?

IV. Computer aided solution

Computer aided solution use the special software
dedicated for it. Today there are very interactive and user
friendly 3D software in the market, which can simulate
not only the motion of the mechanism, but they can define
the position, velocity, acceleration, forces, moments and
other parameters in every moments of time in graph or
vector version, for example. [6] Inside computer appli-
cation primarily it is necessary to create the 3D models of
individual components of mechanism, secondary to join
them by kinematic linkage which removes needed number
of the degree of freedom. The virtual model of slider-
crank mechanism was created in software Pro/Engineer
and it is showed on the Fig.5.

Fig. 5. Virtual modd of real dider-crank mechanism

The simulation tools of Pro/Engineer belong in the
software, which are suitable for the analysis and the
control rationalization of complicated processes. It
provides students to perform the kinematic motion
simulation and behavioural insight into the assembly
through the easy definition and animation of connections.
Once assembled, students can observe how their
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mechanism designs will behave geometrically through
interactive part dragging and user-defined motion
simulations. Predefined motion simulations, using drivers
to simulate motors or actuators, also provide animation.

After the modelling mechanism, joints and input
parameter definition, it was possible to provide the
kinematic analysis. Output data could be designed direct
in software Pro/Eas values or as graphs or it can be sent to
other software for the next processing. Fig.6 shows the
velocity [mm/s] and the acceleration [mm/s’] profile of the
slider 4 after analysis has been executed depending up the
angle position crank 2 measured in Deg [°].

1750000 _

2000.00

¢ 1500.00
=]

@ 4
E—‘I‘lOOO.OO i

-20500.00

-30000.00

T [ T | T | T | T

0.00 7300 146,00 219.00 Z29Z.00

angle (deg)
velocity (mm / sec)
acceleration {mm /sec™2)

Fig. 6. Output data of kinematic analysis

Conclusion

The wvalues obtained by all approaches to
kinematic analysis are presented in Tab.1. It can be said
that the results are the same and students can compare the
achieved values. If one of them is different, they have to
look for the mistake.

That is, kinematics deals with the functional
relationships between the parts are interconnected, and how
those parts move relative to each other. Only after choices
have been made regarding those three factors can matters such
as strengths, materials, fabrication techniques, and costs be
seriously addressed. Failure to devote the proper attention to
kinematics “up front” can, and often does, result in the design
of a system with substandard or nonoptimum performance
and/or with unsatisfactory reliability. [5]

Fortunately, today, the ready availability of very
powerful personal computers and the associated software
allows kinematic synthesis and analysis, which were
formerly laborious, to be performed quickly and cheaply.
There is no longer an excuse for avoiding doing careful
kinematic design up front. [4] Because of the availability
of these computer aids and the consequent incentives to
apply kinematic principles in design, it is becoming
increasingly important for the practicing engineer to have a
good understanding of those kinematic principles. [2]
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