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The article deals with kinematic analysis of quick-return mechanism that is executed by three various methods. The modern methods are computer aided with
the special software for analysis processing, which can simulate not only the motion of the mechanism, but can define the position, velocity, acceleration,
forces, moments and other parameters at every moment of time, but verification and mechanics laws understanding are necessary. The goal of the kinematic
analysis is to investigate the motion of individual components of mechanism (or its important points) in dependence on the motion of drivers. The article
describes the basic principles of three approaches, as well as the advantages and disadvantages of presented solutions. The obtained results can be compared, if
the same input parameters are used.
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Kinematicka analiza Whitwordovog mehanizma u tri razliCita pristupa

Struéni ¢lanak

Clanak se bavi kinemati¢kom analizom Whitwordovog mehanizma koja je izvedena u tri razli¢ite metode. Suvremene metode su radunalno potpomognute s
posebnim softverom za analizu obrade, koji moze simulirati ne samo gibanje mehanizma, ve¢ moze odrediti i poloZzaj, brzinu, ubrzanje, sile, momente te druge
parametre u svakom trenutku vremena, ali je potrebna provjera i razumijevanje zakona mehanike. Cilj je kinematicke analize istraziti gibanje pojedinih
komponenti mehanizma (ili njegovih vaznih to¢aka) u ovisnosti o gibanju pobudivaca. Ovdje su opisani osnovni principi triju pristupa te prednosti i nedostaci

prezentiranih rjeSenja. Dobiveni se rezultati mogu usporediti, ako su rabljeni isti ulazni parametri.

Kljuéne rijeci: brzina, kinematicka analiza, mehanizam, numericko rjesavanje, polozaj, racunalno potpomognuto rjeSenje, ubrzanje

1
Introduction
Uvod

Mechanisms have become a part of our life and are to be
found not only in technical practice, but along every step of
our everyday life [1, 2, 6]. They help us to do our work more
easily and more comfortably.

The mechanism is usually a part of a machine where two
or more pieces are combined, so that the motion of the first
compels the motion of the others, according to a law
depending on the nature of the combination. The operation
of any machine depends upon two things:

1. the transmission of certain forces,
2. the production of determinate motions.

In designing, due consideration must be given to both of
these, so that each part may be adapted to bear the stresses
imposed on it, as well as have the proper motion relative to
the other parts of the machine.

The structure that supports the moving parts and
regulates the path motions, or kind of motion, is called the
frame of a machine [3]. In discussing the motions of the
moving parts, they are considered in regard to the frame.
The frame absorbs the forces or moments that originate at
the transformation of motions [7]. The components which
actuate the mechanism are called the drivers, the other
components whose motions are caused are called the
followers.

It is often needed to define the velocity and acceleration
of a rigid body or some point of mechanism in
manufacturing practice, if the input parameters of driver are
known. The kinematic analysis is concerned with the
problems listed below.

The goal of the kinematic analysis is to investigate the
motion of individual components of a mechanism (or its
chosen points) in dependence on the motion of drivers. To

investigate the motion means to determine the dependency
of the position, velocity and acceleration of examined
members and important points on the motion of driven
members or on the time.

Although all real machines must exist in three-
dimensional space, there is a very important class of
motions in terms of which the action of most human-made
machines can be analyzed. This class of motions is known
as planar or two-dimensional motion, and the machines to
which it applies are known as planar machines or planar
mechanisms. The planar motion is the motion in which all
points in the system are assumed to move so that the
distance from each point in the system to some reference
plane remains constant. That is, all displacements in planar
motion are parallel to that plane, and they can be represented
by their projections onto that plane. [9]

2
Kinematic analysis approaches and problem solution
Pristupi kinematicke analize i rjeSenje problema

The comparison of the numerical, graphical and
computer aided solution of kinematic analysis was realized
on the planar quick-return mechanism that is usually used as
the base for shaping machine in technical practice.

To present the mechanism of motion behaviour to
students studying at the Faculty of Manufacturing
Technologies of Technical University in Kosice with the
seat in PreSov, in Slovakia, five times reduced physical
model of the mechanism was prepared (on the basis of real
mechanism) as shown in Fig. 1.

A simple representation of real mechanism that serves
as the basis for the next processing is the kinematic scheme.

The kinematic scheme of a quick-return mechanism,
drawn up on the basis of real mechanism, is shown in Fig. 2.
Individual components of the mechanism in this scheme are
numbered due to the next solution limpidity.
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Figurel Physical model of reduced mechanism
Slika 1. Fizicki model smanjenog mehanizma
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Figure2 Kinematic scheme of mechanism
Slika 2. Kinematicka shema mehanizma

The input values of the studied mechanism, shown in
Fig. 1 and Fig. 2, are:

h =360 mm
b =570 mm
=135 mm
0, =30°

w,,=1,745rad/s.

The frame is numbered by number 1; the driver is the
crank with number 2 that rotates at constant angular speed
@,;.

The goal of the kinematic analysis of this mechanism is
to define the motion of the component 6 whose all points
describe the line path. At the end of the bar number 6 can be
located a tool for machining. The kinematic analysis can be
done in several ways, such as: analytical solution, graphical
solution, and computer aided solution.

21
Analytical solution
Analitiko rjeSenje

There are several types of analytical solution that is
usually focused on the task of the solution position. Most
often the numerical method uses the trigonometric rules and
mathematical definitions such as functions, differentiation,
equations, etc. The advantages of this method include
minimal cost for its realization and the possibility to use the
table applications for obtaining mathematical function
through out-put values.

The disadvantages of this method are:

o the expression of mathematical equations is time

consuming,

e itrequires an excellent mathematical knowledge of the
operator,

o this method does not solve the collisions of
components.

For analytical solution the coordinate system of
mechanism is located into the point O,,, the position of the
important points is described by their x and y coordinates.
The parameter that changes with time ¢ is the angle ¢, ,.
Kinematic dependency of ¢,, on time if w,, is constant, can
be expressed:

do
Wy =——,
21 dt
d(D =w21 . dt,
P21 L

J‘dgo =0, -J.dt,
0 0
Py =Wy L. (1)
The dependency of the x-coordinate of point B on the

angle ¢, is defined by trigonometric method. The position
of point Bis given by:

b
XB= 5
tany 4
Xg = b = b = b =b-tang,,
tan(90° —@,,)  cotang,, 1
tan g,
tan(p41:£A _ r-sing,, 7
A'O41  h—r-cosgy
-s1 -t
g = r-sin (@, ) @)

h—r-cos (@y,-1)

Velocity of the point B is simultaneously the velocity of
the whole body 6 and it can be expressed by relation:

F0y. [h-cos(co21 £) =1 -cos* (@, -1) —r-sin’ (o, -I)J
[h—r~cos(co21 ~t)]2
. re@y; ‘[h -cos(@w,; -t)— r}

o = [h —r-cos(w,; -t)}2

Xg =

)
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The final equation for a,in regard to the frame is:

dvg . .
dyp =dp =~ =Vg = Xp,
* dt

Xg =—b-r-w3, -sin(w,, -1)-C,
B h-[h—r-cos(a)2, ~t)]+2r-[h-cos(a)21 -t)—r]

c 3
[h—r'cos(a)21 ~t)]

)]

The results achieved after substitution of concrete value
30°to parameter ¢,, in the equations (3) and (4) v, =0,40169

m/s, az=1,10303 m/s’.

2.2
Graphical solution
Graficko rjeSenje

Graphical solution is suitable only for the solving of
planar mechanism and proceeds from the kinematic scheme
of mechanism sketched in the selected scale with the scaled
input parameters (velocity, acceleration) in vector form.
The advantages of this method are:

o minimal cost for its realization,

o possibility to use graphical software,

o relatively quick solution of obtaining output values for
one concrete combination of defined input parameters.

The disadvantages are:

o foreverychange of input value it is necessary to process
anew graphical solution,

e Inaccuracy,

o itdoesnotsolve the collisions of components.

This solution consists of investigation of velocity and
acceleration field of important mechanism points. It
provides information about kinematic parameters for a
concrete time moment, which means it provides
information on the values corresponding to the concrete
immediate mechanism position.

Graphical solution is suitable for investigation of planar
mechanism. This method uses vectors and the principles of
operating with them, it is based on the application of
simultaneous motion theory and the knowledge of
kinematics. Input parameters are drawn in the needed scale,
of course it influences the output values which have to be
changed after solution according to the scale.

The example of graphical solution of wing mechanism
is shown in Fig. 3.

2.3
Computer aided solution
Racunalno potpomognuto rjeSenje

Computer aided solution uses a special software
designed for it. Today there are very interactive and user
friendly 3D softwares 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 at every moment of time in a graph or vector
version. Inside the computer application it is necessary
primarily 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.

Figure3 The graphical solution
Slika 3. Graficko rjesenje

The degree of approximation to the real situation is higher at
the more difficult systems than at the simpler software,
which increases the demands for hardware. Therefore it is
important to choose the simulation tool correctly so as not to
over-price the manufacturing, but so that the achieved
results accordingly correspond to the specified conditions
on the other hand. This approach requires not only the
software control, but it demands the knowledge of the
mechanics field, too.
The advantages of this method are:

o visualisation of the mechanism motion in virtual
environment with its details,

. fast data processing and fast output data acquirement
for variable combination of input values,

o possibility to use the output data for other applications,

o thematerial characteristics definition and consequently
the possibility of dynamic [5] characteristics
generation,

o thechance for direct transmission to dynamic analysis,

o the ability of components impact determination in
virtual background.

The disadvantages are:

o cxpensive software and hardware equipment,

o necessity for the operator to be able to work with the
equipment (software, hardware).

The virtual model of wing mechanism shown in Fig. 4
was created by software Pro/Engineer on the basis of
kinematic scheme (Fig. 2).

The software includes the simulation tools of
Pro/Engineer, which are suitable for the analysis and the
control rationalization of complicated processes. It provides
the engineers within the product development process to
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Figure 4. Virtual model of mechanism
Slika 4. Virtualni model mehanizma

perform the kinematic motion simulation and behavioural
insight into the assembly through easy definition and
animation of connections, such as pin joints, ball joints,
sliders and other. These connections and the resulting
assembly constraints facilitate the assembly of closed loop
systems. They can be used compatibly and in combination
with packaging and traditional like mate, align insert, offset
and so on.

Once the mechanism is assembled, engineers can
observe how their mechanism designs will behave
geometrically through interactive part dragging and user-
defined motion simulations. Any point on a mechanism
assembly can be dragged interactively by the user to
animate the mechanism. Predefined motion simulations,
using drivers to simulate motors or actuators, also provide
animation. There is a powerful design tool enabling
engineers to create industry-best mechanism designs by
clearly building and communicating "design intent" into
mechanism assemblies and subassemblies in this software.

1\
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Figure 5. Output data of kinematic analysis in graph form
Slika 5. Izlazni podaci kinematicke analize u grafickom obliku

After the modelling mechanism, joints and input
parameter definition, it is possible to provide the kinematic
analysis. Output data can be designed direct in CAD/CAM
system Pro/Engineer as graphs (Fig. 5) or as vectors (Fig. 6)
or it can be sent to the other software for the next processing.

The red line in Fig. 5 represents the position of
component 2 as input parameter ¢,, measured in degrees (°),
the blue curve of graph shows the velocity profile (mm/s) of
the bar 6, and the green curve describes the acceleration
profile (mm/ s”) of the output slider 6, after analysis has been
executed.

For example it is possible to determine the maximum
value of acceleration on the basis of the graph, which is
achieved in two positions ¢, =45° and ¢,,=315°.

acceleration 951,336

Figure 6. Output data of kinematic analysis in vector form
Slika 6. Izlazni podaci kinematicke analize u vektorskom obliku

The vector shown in Fig. 6 represents the kinematic
parameter in actual position; in this case it is the
acceleration. The advantage of vector representation is the
possibility to obtain not only the value of kinematic
parameter, but its orientation, too.

The values obtained by all approaches of kinematic
analysis are presented in Tab. 1. The value for the
comparison of all types of solutions, numerical, graphical
and computer aided, was done for the concrete position of
crank 2 at ¢,,=30°.

Table 1 Obtained kinematic values
Tablica 1. Dobivene kinematicke vrijednosti

Kinematic analysis — Meth® ds
p’int B o I
. mputer .
Values 21 ¢5,=30° Analytical ai dI:e d Graphical
Speed vg/m/s 0,40269 0,402951 0,40
Accelerati®n | ag/m/s? 1,10303 1,09970 1,10
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It can be said that the results are the same and so the
final decision about which of the methods will be selected
depends only on investigators and their possibilities. If they
are good in math, they can choose the numerical method; if
they have hardware and software for kinematic analysis at
their disposal, they can use the computer aided method. In
all three cases they have to know the basic principles of
mechanics.

3
Conclusion
ZakljuCak

The design of a machine or a mechanism or any moving
mechanical system always starts with a consideration of
kinematics because kinematics is the study of the geometry
of motion. That is, kinematics deals with the functional
relationships between the parts 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. [9, 4]

Fortunately, today, the 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. 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.

Actually before engineers can start to use a computer
for synthesis or analysis of a machine, they must develop
some initial concept of how the machine will operate.

Even though the virtual simulation of a mechanism has
a firm place in engineering practice, it seldom conforms to
real conditions, due to outside and inside influences, which
can be difficult to predict and define. Therefore it is
necessary to consider random influences and to multiply the
results by surety factor.
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