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Abstract: This article presents a comparative study of two different kinds of processes that produce
oscillatory motion on a work surface during the mechanical separation process. The investigation
began with determining the trajectory produced by the oscillating separator’s active component of
the classical drive mechanism. Based on this, a second mechanism—the six-bar mechanism—was
created using the WATT program, and a mathematical analysis was conducted. The comparative
examination of the two mechanisms was carried out using OriginPro, Mathcad, and Roberts software.
This study’s findings all point to the same conclusion: the newly developed mechanism produces the
same trajectory as the classical mechanism when viewed through the lens of the reference element,
or the element that causes the oscillatory movement. However, when looking at the operating
parameters, there was a noticeable difference in the movement’s speed and the angle of the crank
when producing its maximum speed. Theoretically, this new mechanism increases the speed at
which solid particles move across a work surface. However, this difference cannot be characterized
as positive or negative because further research is required to determine how the nature of solid
particles and the work surface’s inclination affect this process, in addition to this mechanism. The
identification of the mathematical equations of motion for the constituent parts of the mechanism
under study is the novelty produced of this paper.

Keywords: oscillatory motion; six-bar mechanism; geometric coordinates

1. Introduction

The solid products generated by agriculture, and also those resulting from various
industrial processes, are heterogeneous mixtures, i.e., mixtures of components with different
characteristics or structures. To be marketed and subsequently used as raw materials in
various processes, these products must undergo various operations, including mechanical
separation [1-5].

The process of the mechanical separation of a heterogeneous mixture of solid particles
can be carried out on surfaces provided with orifices, which, to make this process as efficient
as possible, are subject to different types of movements, including the following [6-10]:

- Linear motion—with various types of mechanical devices, horizontal movement
is imparted to a work surface to increase the efficiency of the sieving process and
prevent smearing.

- Circular motion—this motion is generally found in vibrating screens with circular
motion and is used for sorting particles into several fractions according to thickness or
grain size or for sieving ground products with separation according to particle size.
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- Elliptical movement—this is a combination of the two types of movement presented
above, which is why its efficiency is much higher.

- Centrifugal motion—by imposing centrifugal motion on the mass of solid particles
inside a perforated drum, the separation of a heterogeneous mixture into at least two
fractions can be achieved.

- Gyroscopic motion—this requires highly efficient machines used in the long filtration
processes of light particles, which use the gyroscopic motion generated by a series of
vibrating motors.

The simplest and most commonly used method of driving a classic mechanical sepa-
rator is the crank-rod or four-bar mechanism [11-14]. Depending on its position on the
oscillating surface, and, more precisely, on the free end of the tie rod, different working
conditions for this separator can be generated. This mechanism, with its four bars, is widely
used because of its simplicity of construction, and according to the literature, it has been
subjected to analyses using various methods [15-18].

The study of the influence of design parameters on mechanism kinematics is essential
for several reasons. First, it allows engineers to better understand how different mechanisms
work and how they can be improved to work more efficiently. Design parameters such
as the size, shape, material, and position of the components of a mechanism can have
significant impacts on how the functional parameters, such as the speed and acceleration
of the mechanism, vary. For example, changing the dimensions of a mechanism element
may improve or deteriorate its performance [19-21].

Second, understanding the influence of these parameters on mechanism kinematics
can help design new mechanisms that are more efficient, durable, and reliable. This can
lead to the development of new and better types of equipment that may be more attractive
to users.

In general, a mechanism analysis is carried out using different methods, such as
kinematic models [22-24], methods based on different calculation algorithms [25-27],
mathematical synthesis [28], different mathematical models [29-31], etc. Depending on the
reference system in which the study is to be carried out, an analysis can be carried out both
planarly [32-36] and spatially [37-39].

Studies found in the specialized literature have also approached this field from the
finite element point of view, and many simulations of the movements of different types of
mechanisms have been identified [40—-43].

Within the scientific literature, many comparative studies focused on several types of
mechanisms, and the main purpose of these studies was to identify the movements they
generated [44-48].

Also, according to the literature, many studies have determined the movement of the
components of specific mechanisms using a very complex calculation that involves the
analysis of each component of a mechanism [49-51].

This paper aimed to identify a six-bar mechanism that generated the same motion
as a reference element, corresponding to a classical (four-bar) mechanism widely used
in driving oscillating systems. This study started by identifying the trajectory of the free
end of one component of the classical mechanism (i.e., the free end of the rocker arm).
We kept only two reference elements of the classical mechanism (the crank and the tie
rod/rocker arm) in addition to the other kinematic elements that were introduced into
the mechanism, and these were arranged in such a way as to keep the same trajectory
of the reference element (the final scheme of the mechanism used for the comparative
analysis that was generated by the specialized program WATT [52]). The new mechanism
obtained was theoretically analyzed in order to identify the movement of the components.
At the end of this study, a comparative analysis of the operating characteristics between
the classic mechanism (with four bars) and the new mechanism (with six bars) was carried
out (i.e., the movement of the free end of the tie rod and its speed variation were analyzed
comparatively). This study was also undertaken to identify the mathematical equations
of motion of certain components of the six-bar mechanism. At the same time, because of
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the existence of a small number of articles in the specialized literature (dealing with the
analysis of this type of mechanism and the generalist mode of the equations obtained),
we consider that this article represents an additional element in the enrichment of this
theoretical and technical field.

2. Materials

As previously indicated, a variety of mechanical separators are utilized in order to
perform size-based separation of a heterogeneous mixture of solid particles. The character-
istics of the product undergoing the separation process (the size and shape of the particles
in the mixtures, the density of the solid particles, the surface condition, etc.), as well as
the type of surface used (a working surface made of different types of materials or made
by different methods—by weaving or by stamping), are the factors that affect how the
separation surface moves [11].

Oscillating screens (linear motion) are a common feature of various technological
processes because of their numerous advantages. These include their simplicity of con-
struction, relatively high feed rate, good displacement efficiency, and simple and low-cost
operation and maintenance. For this reason, this article examines the movement of such a
separator [53].

The initial stage of the investigation involved identifying the type of motion produced
by the classical mechanism that drives an oscillating system. This mechanism is present in
the majority of plane oscillating separators (Figure 1a) [53]. The conventional kinematic
configuration of this type of mechanism is presented in Figure 1b, which features two rocker
elements. Figure 1c illustrates the principle of the corresponding classical mechanism,
which utilizes a single rocker element. This was created using Linkage software. The
mechanism under investigation is composed of the following elements:

- Crank—represented as element AB, in both Figure 1b,c;
- Connecting rod—represented in Figure 1b as element BE and in Figure 1c as element BC;
- Tierod—represented in Figure 1b as elements CD and GF, and in Figure 1c as element CD.

(@) (b)

(©)

Figure 1. Four-bar mechanism: (a) the mechanical separator with oscillatory motion is designed
for the separation of solid particles [53]; (b) a kinematic scheme for driving the oscillating surface;
and (c) a schematic representation of the principle kinematic diagram of the corresponding four-bar
mechanism: the letters A-G represent the couplings of the mechanisms; numbers 1-3 present the
elements of the mechanism in Linkage software (they are presented above).
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The study of the crank’s action is uninteresting since it is a circular movement. Never-
theless, the movement of the rocker’s arm is produced by this kinematic element through
the connecting rod, and the trajectory it describes generates the movement that the oscil-
lating surface performs. The geometrical analysis of this gearing has been discussed in
various articles published in the scientific literature, including [53,54], which refer to it as
the four-bar mechanism.

The trajectory of the tie rod, as illustrated in Figure 1 (which is shown in Figure 2), is
the subject matter of our subsequent analysis. Based on this, we examined various systems
that carry out the same action. The mechanism, illustrated in Figure 3 (the Stephenson
mechanism with six bars), was selected from a total of 47 design options using the WATT
software because of the resulting trajectory’s high degree of similarity.

%1 Trajectory of point C
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Figure 2. The trajectory that the free end of the tie rod describes.

yL
Figure 3. The mechanism under analysis (represented with the help of the Roberts program).

The mechanism chosen for study is a six-element mechanism (Figure 3), which com-

prises the following components:

- The AB element that cranks;

- The DC element, the left side rocker arm, represents a binary element;

- The CEB element, the connecting rod, represents a ternary element;

- The EF element that has the second connecting rod, which could materialize the
movement trajectory of the oscillating screen;

- GFis the second rocker arm from the right side;

- Thepoints A,.. ., G are located at the centers of the kinematic rotation couples.



Appl. Sci. 2024, 14, 5836

50f 16

3. Working Methodology

In order to analyze the movement of the components of the mechanism under investi-

gation (the one shown in Figure 3), the following methodology was employed (Figure 4):

First, the new mechanism’s geometric coordinates for the couplings were determined
(Figure 1);

Several different programs were employed in order to facilitate a comparison of the
outcomes of the checks carried out on the identified equations for many specified values.

As previously noted, many software programs, each with a distinct function, were used:

The shape of a new mechanism executing the movement under examination was
determined using WATT v. 1.6.3. software (from Heron Technologies, Hoogeveen, The
Netherlands) [55];

The software Roberts v. 2.1.0 (from Heron Technologies, The Netherlands) was utilized
to assess and visualize the motion produced by the mechanisms of this investigation,
as well as to analyze and visualize the motion [56];

The software called Linkage v. 3.11.3, created by David M. Rector, was utilized to
confirm the accuracy of the motions generated by the mechanism [57];

The mathematical computation of the relationships associated with the coordinates of
the points under examination was carried out using the Mathcad v. 15 (PTC Mathcad)
application [58];

The graphical representations presented in this article were generated using OriginPro
v. 9.6.5.169 (OriginLab Corporation, Northampton, MA, USA) [59].

Classic mechanism

(4-bars mechanism)

l

The trajectory of the active element
(coupling C in Figure 1)
|
¥
Generate new mechanism WATT software
(6-bars mechanism)

v
Mathematical calculation ‘ Simulation analysis

Mathcad software Roberts software

]

‘ Comparative analysis of the movement ‘

|
\

‘ Comparative movement speed analysis for the active element

Mathcad software ‘ ‘ Roberts software

Figure 4. Methodology of the work.

4. Theoretical Considerations

The mechanism analyzed in this article is presented in Figure 5. It is a six-bar Stephen-

son mechanism.

As illustrated in Figure 5, the coordinates of coupling A (base A) are not provided,

as this point was selected to be located at the origin of the coordinate system (i.e., at the
center). Consequently, the coordinates of the other components of the mechanism were
determined by taking this point into account.

In order to perform the requisite calculations, it was necessary to identify the following

elements from a geometrical standpoint:

The coordinates of fixed points were provided: D (xo, yo) and G (x1, y1);
The dimensional values of the mechanism elements were as follows: AB—a; BC—b;
CD—c; BE—e; CE—d; EF—g; FG—f;
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- The angle generated by the crank AB in relation to the horizontal (OX axis) was noted
in the calculation with «;
- The ECB ternary element was regarded as a rigid element.

Figure 5. The components of the mechanism under study.

The geometrical analysis of the six-bar mechanism permitted the determination of the
calculation relationships for the following kinematic torques: C, E, and F. The computational
relationships of the kinematic torque coordinates, which were previously imposed, were
obtained corresponding to the projection on the two axes OX and OY.

The results of the calculation relations, expressed in terms of the coordinates of the
point in question, are displayed below:

- For coupling C (Equations (1) and (2)):

(b =2+ d2)-(xg—acosx) b+ ctdoVb+C—doVb—Ctdo/—b+Cc+do-(—yo + a-sin )
2 - 2 (1)
242 242
Vb+c+dovVb+c—doyvVb—c+do/—b+c+dy(—a-cos x +x,) N (b — 2+ d3)-(yo — a-sin ) @
2-d2 2-42

Xc = 4:00S x +

Yc = a-sin o« —

- For coupling E (Equations (3) and (4)):

(P> +d* —e*)-(-up+acosex) Vb+dteVbtd—evVb—d+eV—b+d+e (v —asin)

XE = Uy + 212 212 3)

B Vb+dtevb+d—eNb—d+te—b+dte(acosx—uy) (b*+d*—e?)-(—vy+asin )

Ye = 02 2.2 + 2.2 (4)
- With regard to coupling F, the calculation equations are as follows (Equations (5)
and (6)):
o =y L AE ) mws) Vgt ds g —ds /gt dsy/~f ¥ gt ds(—y; +03)

5
2-d2 2-d2 ©)
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VIitgtds/ftg—ds/f-gtds/~ftgtds(ni—us) (—f2+g2+d%)-(y1 —v3)

6
2-d2 2-d2 ©)

Yyr = 3+

Because of the considerable sizes of the equations obtained (for the determination
of the coordinates of the three analyzed couples), a series of sub-annotations were made
(Equations (7)—(15)) as follows:

do = \/(—xo + a-cos )* + (—yo + a-sin ) (7)
dy = \V/b+c+dy\/b+c—dy-/b—c+dor/—b+c+d, (8)
B (b? — 2 +d2)-(—a-cosa +x,)  dp-(—y, + a-sina)
Uy = a-cosw + ¥ ’& )
. dy-(xo —a-cos ) (b* —c* +d2)-(—a-sin « +y,)
vy = a-sina 2 + e (10)
di = Vb+d+evb+d—eVb—d+evV—b+d+e (11)
_ (b +d? —€?)-(a-cos < —up)  dy-(vs — a-sin «)
dy-(—up +a-cos ) (b2 +d? —e?)-(a-sin « —vy)
U3 = Uy + 512 512 (13)
ds = \/(—xl +uz)* + (—y, + 03)? (14)
de = \/f+g+ds\/f+g—ds\/f—g+ds\/—f+g+ds (15)

The final forms of the equations describing the motion of the torques were calculated
by replacing the terms contained in Equations (7)—(15) into Equations (1)—(6) and carrying
out the corresponding solving and reduction of the terms, from a mathematical perspective
as follows:

- For coupling C (Equations (16) and (17)):
(b* —c®+d2)-(xg —a-cos <) dy-(—y, + a-sin )

Xc = a-cos «x + ¥ . 2D (16)

dy-(—a-cos « +x,)  (b* —c®+d2)-(yo — a-sin )

Yyc = a-sin o< — 2& 28 (17)
- For coupling E (Equations (18) and (19)):
(V> +d?> —e®)-(—up +a-cos ) dy-(vy — a-sin «)
XE = Uy + 2.2 - 2.2 (18)
dy-(a-cos « —up)  (b* +d* — e?)-(—vy + a-sin )
YE = U2 — 2.2 2.2 19)
- For coupling F (Equations (20) and (21)):
(=2 + g +di)-(x1 —u3)  de-(—y; +03)
= 20
XF Uz + zd% + Zd% ( )
dé-(xl—ug,) (7f2+g2+d§)'(y1703)
Yr = v3+ (21)

28 2@
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5. Results

In order to perform the analytical validation of the obtained equations (Equations

(16)—(21)), the following set of component values was utilized. It should be noted that
whilst some of these components are shared by the two mechanisms discussed in this
article, they do not match the constructive elements found in real equipment. Furthermore,
the values were only utilized to confirm the precision of the mathematical relationships.

In the case of both mechanisms, the coordinates of point A are (0,0);

The dimensional value of the crank, i.e., the AB element, is 35 mm (for both the
four-bar and six-bar mechanisms);

The coordinates of the point corresponding to the tie rod bearing, which in Figure 1 is
denoted by D and in Figures 3 and 5 by G, are (133, —79);

The size of the tie rod for both mechanisms is 114 mm (element FG in Figures 3 and 5
or element DC in Figure 1);

The dimensional value used for the connecting rod corresponding to Figure 1, i.e., the
value of the CB element, is 133 mm. In contrast, the value corresponding to the same
component but in Figure 3 is 174 mm;

Figure 5 shows the distinctive components of the six-bar mechanism:

The following dimensional values define the ternary element BCE: element BC = 67 mm;
element CE = 24 mm; and element EB = 44 mm;

The binary element CD has a value of 55 mm.

The use of the Mathcad 15 program, a valuable tool for engineers engaged in the

analysis of mechanisms, enabled us to perform mathematical calculations corresponding
to the equations obtained (i.e., Equations (16)—(21)) from a mathematical standpoint. The
use of the Mathcad 15 program can facilitate the simplification and improvement of the
kinematic analysis process.

The trajectories, corresponding to torques C and E, are presented in Figure 6a,b. These

values were calculated by substituting the previously mentioned terms in the calculation
Equations (16)—(19).

Coordinates on the OY axis (mm)

0]
204
304
w0
-50 | -30 1

60 40 |

1oi Trajectory of point C " 1 Trajectory of point E

o
|

-20 -

@) ] (b)

T T T 1
90 -80 -70 -60 -50 -40 -3 -80 -70 -60 -50 -40 -30 20 -10 0O
Coordinates on the OX axis (mm) Coordinates on the OX axis (mm)

Figure 6. (a) The trajectory that coupling C describes. (b) The trajectory that coupling F describes.

A comparison of the two trajectories reveals the following:

The trajectory of coupling C is represented by a circular arc, which is a consequence
of the fact that one of the ends of the binary element DC is a fixed element (i.e.,
coupling D);

The trajectory of coupling E is a complex trajectory, which is a consequence of the fact
that the ternary element BCE is connected at the ends (i.e., in couplings C and B) to
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the binary elements CD and AB, which have a fixed end, and to the binary element EF
which is mobile.

With regard to the trajectory corresponding to point F (as illustrated in Figure 5) the
results obtained were subjected to analysis by comparing the values obtained using two
distinct software programs including the following:

1.  Mathcad [58]—in this program, the trajectory of point F was calculated using mathe-
matical methods;

2. Roberts [56]—this software is designed for the simulation of the movement of the
mechanism with six bars, which allows for the determination of the trajectory of
point F.

Figure 7 displays a comparison of the trajectories, represented by point F, that were
produced by the two work programs utilized.

—l— Roberts

7 —«— Mathcad

35+

34

331

32

311

30 4

29 4

Movement on the OY axis

28

27

T T T T T T T T
90 100 110 120 130 140 150 160 170

Movement on the OX axis

Figure 7. A comparative analysis of the trajectory of point F.

The graphical representation analysis, see Figure 7, indicates that the results obtained
mathematically are comparable to those obtained using the Roberts simulation program.
However, a minor discrepancy is observed on the left side of the trajectory, with a difference
of 0.45 mm on the OX axis and 0.17 mm on the OY axis.

Furthermore, the displacement speed of point F can be calculated using the same
programs. This comparative variation is illustrated in Figure 8.

60

e RO berts
e \athcad

50

40

30+

20

Velocity of point F (mm/sec)

10+

0_

0 2 4 6 8
Times for one rotation (sec)

Figure 8. The variation in the speed of point F's movement.
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The difference between the two sets of values, which describe the linear velocity
variation corresponding to point F, is illustrated in Figure 9. The values obtained from the
Roberts simulation software and those derived from the mathematical computation (using
Mathcad 15 [58]) were subtracted to create this graphical representation. This suggests
there is a maximum difference of 2 mm/s between the two sets of values.

1.0 q
0.5
0.0

-0.5 4

The difference between the values obtained (mm/sec)

-25 T T T T
0 2 4 6 8

Times for one rotation (sec)

Figure 9. The difference between the two methods for determining the velocity of the movement of
point F.

The principal objective of this study is to identify a mechanism that generates the same
motion as that produced by a classical mechanism, which will then be employed in the
drive of an oscillating separator used for the mechanical separation process. The following
analysis therefore concerns the movement executed by the literal end of the tie rod (the
FG element in Figure 5) generated by the mechanism under analysis (six-bar mechanism)
and by the classical mechanism (the DC element in Figure 1) found in the various types of
mechanical separators operating oscillating screens (four-bar mechanism). For this reason,
Figure 10 compares the trajectory produced by the six-bar mechanism (for which the values
obtained using the mathematical calculation and the results obtained with the Mathcad
program were used [58]) with the trajectory described by the four-bar mechanism obtained
using a torque study in the Roberts simulation program (the simulation took into account
the constructive characteristics presented at the beginning of this section).

—m®— 4-bars mechanism
36 1 -+ B-bars mechanism - solving in Mathcad

34

32 A

30

Coordinate on the OY axis

28 A

26 T T T T T T T T T
90 100 110 120 130 140 150 160 170

Coordinate on the OX axis

Figure 10. A comparison of the trajectories of the tie rod’s free end for the two mechanisms un-
der study.



Appl. Sci. 2024, 14, 5836

11 of 16

As illustrated in Figure 7, there is a distinction between the two trajectories in this
specific case. This discrepancy can only be discerned between the two endpoints of the
trajectory as follows:

- It can be observed that the difference between the endpoints of the trajectory on the
right-hand side is 0.35 mm for the OX axis and 0.18 mm for the OY axis;

- For the left side of the trajectories, the difference between the two ends is 1.317 mm
for the OX axis and 1.493 mm for the OY axis.

The trajectory generated by the movement of the free end of the tie rod, for the
mechanism with six bars, was found to be 5 mm greater than that of the mechanism with
four bars. It is important to note that the movement of the free end of the tie rod, for the
four-bar mechanism, was identified using the Roberts program.

A graphical comparison of the velocities obtained for the two oscillatory motion-
generating systems under examination is presented in Figure 11. The data presented in
Figure 10 were obtained using the programs shown above, namely, Mathcad [58] and
Roberts [56]. The representation was performed in accordance with the mechanism repre-
sentation mode (Figures 1 and 3). The value 0 in the graphical representation is indicative
of the starting position of the mechanism analysis, namely, the crank handle. The result of
the change can be observed by analyzing the representation of the change in the speed of
the movement of the tie rod’s free end as follows:

- In the range of 270° to 90° (upper dial) (analysis performed in a counterclockwise
direction), the two defining elements, namely, the linear velocity variation and the
angular value corresponding to this velocity, are found to be close for the two mecha-
nisms under comparison. The difference between the maximum values is 2.39 mm/s
with an angular offset of 12°;

- For the same direction of movement, but for the lower dial, i.e., that corresponding to
the range of 90-270°, the variation curves of the speed of movement of the free end of
the tie rod differ for the two mechanisms analyzed. The maximum speed obtained for
the four-bar mechanism is 31.69 mm/s, while the six-bar mechanism is 20.48 mm/s
higher. Furthermore, the angular difference between the maximum speed values is
48 degrees. The maximum speed value of the six-bar mechanism is observed within
the 90-180° quadrant, while the maximum speed value of the four-bar mechanism is
observed within the 180-270° quadrant. This element is of great importance for the
drive mode of the oscillating site, as it is characterized by the pulling action of the
entire assembly by the crank in the 90-180 dial and by the crank pushing the entire
mechanical assembly in the 180-270 dial.

6-bars mechanism
0 4-bars mechanism

60 30— | T 330

Velocity of point F (mm/sec)

Figure 11. Variation in the linear speed of the free end of the tie rod.

This discrepancy in values is attributable to the drive system of the F element, specifi-
cally, the constructive dimension represented by the “crank-rod” mechanism and the speed
of movement of the free end of the tie rod as follows:
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- The classical mechanism (with four bars) is characterized by the size of the elements
AB and BC (Figure 1);

- The six-bar mechanism under analysis is characterized by the entire structure formed
by the following elements: binary—AB; ternary—BCE; binary CD; and binary EF
(Figure 3);

- When analyzing the two drive systems, it is clear that the drive components in Figures 1
and 3 have different constructional characteristics, and when examining the final
torque, the following is evident:

- The distance between couplings A and B for the four-bar mechanism is constant and
it is equal to 35 mm;

- The distance between couplings A and E, for the six-bar mechanism, is variable and
can be determined using Equation (22).

2
(b2+d2762)~(7u2+a-cosa) dy-(vp—a-sing)
uz + 207 T

lag = )
dg-(—up+a-cosn) (b2+d2762)-(702+a-sin4x)
+ (02— 202 N

(22)

Since point A was assumed to be at the origin of the coordinate system (i.e., has
coordinates (0,0)), by using Equations (18) and (19), we obtain Equation (23):

Lae = \/(xe)* + (ye)* (23)

The graph in Figure 12 shows the variation in the distance between couplings A and
E, which, as can be seen from the representation, can have a minimum value of 9.38 mm
and a maximum value of 79.39 mm.
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Figure 12. Variations in the distance between couplings A and E.

6. Conclusions

The use of agro-industrial raw materials to obtain a series of products requires prior
mechanical pre-processing with the required mechanical characteristics. For this purpose,
several tools have been developed to clean, sort, and categorize agro-industrial products.
Mechanical separators with perforated working surfaces are the most frequently utilized
equipment of this type. They can perform a series of simple or complex movements that
increase the process’s efficiency.

The motions of the separating surfaces are generated by many mechanisms. These
have been studied in the literature in a variety of ways.

The most widely used mechanism, in this field and beyond is the four-bar mechanism.
For this reason, we attempted to find a different and more complex mechanism that
produces the same movement in the present paper.

After analysis using WATT, a program for generating different types of mechanisms,
it was decided to use a six-bar mechanism (Figure 3).
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As a result of the analysis, from a geometrical point of view, it was possible to de-
termine the calculation equations corresponding to the kinematic torques C, E, and F
(Equations (16)—(21)). For these elements, using the equations identified, it was possible to
draw the curves they generate, obtaining (Figure 6) simple curves (circular arc for torques
C and F) and complex curves (for torque E).

In an effort to confirm the precision of the results, from a mathematical point of view,
a parallel study was conducted using Roberts software to simulate the movement of the
mechanism. The investigation revealed that there are no significant differences between the
mathematical calculations performed and the simulation of the movement of the six-bar
mechanism (Figure 7).

In addition, using comparative analysis, the two mechanisms studied were analyzed
in terms of the distance traveled by the reference element (the free end of the connecting
rod), and the following conclusions were drawn:

- For the classical mechanism (the one with four bars) the trajectory generated by the
Roberts simulation program was chosen;

- For the six-bar mechanism, the trajectory resulting from the mathematical calculation
was chosen;

- The difference between the two trajectories generated by the two mechanisms is 5 mm.

This theoretical study also involved an analysis of the variation in the speed of the
kinematic element for the two different types of mechanisms (Figures 8 and 9). This analysis
revealed a significant differentiation in the velocity in the lower part of the dial representing
the variation in this parameter (Figure 10), which is reflected in the position where this
parameter has its maximum value as well as in the difference in its maximum value.

The mechanism generated by the WATT program (the six-bar mechanism) generates a
high value of the kinematic element velocity F (Figure 10) (the one to which the oscillating
sieve is attached), which imposes an increased velocity on the sieving surface, i.e., in the
mass of solid particles. This provides information on the effect of the kinematic element
velocity value on the mechanical separation process. From a theoretical point of view, it
follows that for the same mass on solid particles located on the separation surface, their
velocity in the case of the six-bar mechanism is higher than in the case of the classical
mechanism. This does not mean that the mechanism is better or worse than the classical
mechanism currently in use. Several practical studies need to be carried out to establish this.

This work differs from those in the literature in that it provides mathematical equations
for the motion generated by kinematic couplings. These equations were obtained taking
into account all dimensional components of the mechanism and presented as a whole and
were not made for structural groups of components of the mechanism. The main relations
obtained (Equations (16)—(21)) are intended to help us in the design and realization of a
much simpler mechanism—with six bars—by using a single calculation relation specific
to a certain coordinate compared with the literature where step-by-step analysis of the
mechanism is applied, generating many calculation relations [60-63].

This article did not study the impact that the speed of the driving element (of the crank
handle) in the real case (where the speed of this element can be over 150 rpm) has on the
wear of the components of the complex mechanism.

This study will be continued with the aim of identifying (also from a theoretical point
of view) other types of mechanisms that can be used for the same purpose of generating
oscillatory motion for mechanical separators found in different process industries. We will
also examine the impact of the design elements on the way the motion of the components
under study is achieved.
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