
42 	 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, № 3

© Zalyubovskii M., Panasyuk I., Koshel S., Koshel O., Akimova L., 2024

GEOTECHNICAL AND MINING 
MECHANICAL ENGINEERING, 
MACHINE BUILDING

M. Zalyubovskii1,
orcid.org/0000-0002-9183-2771,
I. Panasyuk2,
orcid.org/0000-0001-6671-4266,
S. Koshel2,
orcid.org/0000-0001-7481-0186,
O. Koshel2,
orcid.org/0009-0006-3788-9298,
L. Akimova3,
orcid.org/0000-0002-2747-2775

1 – Open International University of Human Development 
“Ukraine”, Kyiv, Ukraine
2 – Kyiv National University of Technology and Design, Kyiv, 
Ukraine
3 – National University of Water and Environmental Engi­
neering, Rivne, Ukraine
* Corresponding author e-mail: markzalubovskiy@gmail.com

SYNTHESIS AND RESEARCH OF THE SPATIAL EIGHT-LINK MECHANISM 
OF THE BARRELING MACHINE

https://doi.org/10.33271/nvngu/2024-3/042

Purpose. Geometric synthesis of a statically determined spatial eight-link hinged mechanism with rotary kinematic pairs of a 
barreling machine, in which the working capacity carries out a complex spatial movement, followed by an analytical study of the 
structural features of the machine mechanism.

Methodology. An analytical approach was used in the study of the eight-link hinged mechanism with rotary kinematic pairs, 
which consists of geometric and structural synthesis, and the design of barreling machine was modeled in the SolidWorks 2021 
automated design software.

Findings. One of the possible options for freeing the spatial mechanism of the barreling machine from passive connection is 
proposed, the synthesis of a statically determined spatial eight-link hinged mechanism with rotational kinematics is carried out. An 
appropriate design of a barreling machine with two driving links has been developed, the use of which creates conditions for in­
creasing its reliability during operation and simultaneously increasing the productivity of performing the corresponding barreling 
operations. Analytical studies of the main geometric and structural parameters of the barreling machine were carried out.

Originality. The connection between the corresponding geometric parameters of the synthesized statically determined spatial 
eight-link mechanism is established, which allows determining the rational ratio of the lengths of its links to each other. The rela­
tionship between the lengths of the links, their position and the angle of swing of the rocker arm together with the drive shaft of the 
machine is also established.

Practical value. The synthesis of a statically determined spatial eight-link hinged mechanism with rotary kinematic pairs with 
two degrees of mobility was performed. Based on the synthesis of the mechanism, a new design of the barreling machine with two 
driving links was developed. Mathematical expressions for calculating the main geometric relationships of the link lengths of the 
developed machine structure were obtained.

Keywords: passive connection, statically determined mechanism, rotational kinematic pair, barreling

Introduction. Spatial mechanisms are widely applied in 
technological equipment that is used in various industries 
(chemical and pharmaceutical [1, 2], mining and automotive 
industry [3], machine building [4, 5], etc.). In their composition 
such mechanisms can contain various types of kinematic pairs: 
with several degrees of mobility, for example, spherical or cylin­
drical, as well as translational and rotational kinematic pairs. In 
the great majority of spatial mechanisms, a combination of vari­
ous kinds of kinematic pairs is implemented. The synthesis of 
such mechanisms is not difficult. But the simplicity of the syn­
thesis is followed by the complexity of manufacturing spherical 
joints, the need to use anti-friction materials, increased wear of 
elements of movable links, a short time of use, etc.

Taking into account the above, a more successful variant is 
the use of spatial mechanisms with rotational kinematic pairs, 
which are implemented by standard sliding or antifriction 
bearings. However, it is known [6] that the use in a spatial 
mechanism of only rotational kinematic pairs is an extremely 

problematic aspect from the point of view of the rational syn­
thesis of such mechanisms and their reliable operation. Such 
mechanisms [7] will be characterized by the structural com­
plexity of their structure.

It is known [3] that the formation of passive connections is 
possible in the great majority of spatial mechanisms, specifi­
cally with rotational kinematic pairs. The presence of a passive 
connection in the kinematic chain of the spatial mechanism 
has an extremely negative effect on the operational properties 
of the corresponding technological equipment, in other cases 
it makes it impossible to design it in compliance with the nec­
essary technological requirements.

Literature review. A vivid example of such technological 
equipment is the design of the industrial mixer of bulk fine-dis­
persed substances “Turbula” [8, 9], which has been put into mass 
production by the Swiss company “Willy A. Bachofen AG”. It is 
known [10, 11] that the use of the Turbula mixer made it possible 
to realize the process of mixing two fractions of bulk fine-dis­
persed substances in record time, compared to other types of 
equipment used to implement the same technological processes.
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Since 2014, the authors of the article have successfully 
implemented a mixer for various types of bulk processing of 
parts [12]: improving surface quality (grinding and polishing), 
separating parts from sprues, etc. This mixer is based on a spa­
tial mechanism with rotational kinematic pairs with passive 
linkages. This spatial mechanism with a prototype of the 
movement of its main link, which corresponds to the move­
ment of an oloid on a plane, was invented in 1929 [13, 14] by 
the German sculptor and mathematician Paul Schatz.

Previously, it was found that the functioning of such a spa­
tial mechanism is limited by its structural features, in particu­
lar, it is able to function only if the necessary ratios of the 
lengths of its links, which are defined and presented in the 
works [12, 15]. In addition, the passive connection available in 
the kinematic chain of the mechanism can cause a number of 
operational problems, namely: the need to manufacture parts 
according to tolerances with increased accuracy, the possibil­
ity of mechanism jamming caused by a slight deformation of 
one of its links, etc.

It is known [7, 12] that the use of statically defined “ratio­
nal”) mechanisms allows one to expand tolerances for the 
manufacture of parts, reduce labor intensity and cost of manu­
facturing, and increase the reliability of technological equip­
ment. It is well known [3] that by freeing a spatial mechanism 
from passive connection, the loads arising in the kinematic 
pairs of this mechanism will be determined only by dynamic 
and power technological interactions. Significant works are 
devoted to the problems of synthesis of “rational” spatial 
mechanisms [16], including those by the famous scientists 
L. N. Reshetov “Design of Rational Mechanisms” (1972), and 
S.  N. Kozhevnykov “Fundamentals of Structural Synthesis of 
Mechanisms” (1979).

Based on the six-link spatial mechanism with the rotating 
kinematic pairs of the “basic” construction of the industrial 
mixer of bulk fine-dispersed substances “Turbula”, the au­
thors of the article synthesized several “rational” statically de­
termined spatial mechanisms that allowed expanding signifi­
cantly the functional purpose of the “basic” construction of 
the machine like “Turbula”. The designs of the barreling ma­
chines that are developed based on the synthesis of statically 
defined spatial mechanisms have been successfully imple­
mented in domestic production as a result of the signed license 
agreements between Kyiv National University of Technology 
and Design and PJSC “Molniia” (Baryshivka), LLC “Poli­
plast” (Lviv), LLC “Chervonyi Zhovten” (Fastiv) and PJSC 
“Fakel” (Fastiv), which also demonstrates the perspective of 
such equipment for today.

Unsolved aspects of the problem. As a result, machines 
were designed with two operating containers [17], which are 
kinematically connected to each other. This technical solution 
allows performing simultaneously two different barreling op­
erations on one machine. However, taking into account the 
design features of the formed spatial mechanisms, the inten­
sity of movement of the working mass will differ in each indi­
vidual container, which will lead to different intensity of tech­
nological operations, which makes it impossible to complete 
the technological operation at the same time in both contain­
ers of the machine.

Synthesized seven-link spatial mechanisms of machines in 
which the driven shafts are kinematically connected to the 
rockers, as well as spatial mechanisms of machines with addi­
tional moving links [12, 18], are also known [19]. In one case, 
the rocker arm has a horizontal axis of rotation, and in the 
other, a vertical axis. In this way, it is possible to achieve a sig­
nificant increase in intensity when performing some of the 
barreling technological operations. However, such structural 
features of the machines do not have unified features and allow 
one to perform rationally only some of the barreling techno­
logical operations.

The purpose of the article. Taking into account the above, 
today, an urgent issue is the development of new statically de­

fined spatial mechanisms of the barreling machine, which will 
simultaneously create conditions for increasing their reliability 
during operation, increasing the productivity of the relevant 
barreling technological operations, as well as expanding the 
sphere of use of such equipment.

Methods. The first part of the article presents the synthesis 
of an eight-link statically determined spatial mechanism with 
two degrees of mobility. Due to the release from passive con­
nection, a barreling machine design with complex spatial 
movement of the working container was developed, which al­
lows regulating the intensity of the corresponding barreling 
technological operations. In the second part of the article, an 
analytical study of the spatial mechanism is carried out in terms 
of calculating the main geometric parameters of the developed 
barreling machine, which will ensure its rational operation.

In total, well-known methods of synthesis and analysis 
were used, as well as machine modeling design using Solid­
Works 2021 computer-aided design software.

Presentation of the main material and scientific results. Syn­
thesis of an eight-link statically determined spatial mechanism 
with two degrees of motion. In works [12, 19], a detailed analysis 
of the spatial six-unit mechanism of the “basic” construction of 
the Turbula barreling machine with complex spatial movement 
of the working container was performed. According to the So­
mov-Malyshev formula, which is used to determine the degree 
of mobility of spatial mechanisms, it was found that it would be 
equal to zero. Nevertheless, the barreling machine can function 
successfully, however, only when ensuring the exact geometric 
ratios of the lengths of the links between each other, which were 
previously obtained in works [12, 15]. In practice, it is impossi­
ble to manufacture parts with the calculated ideal dimensional 
accuracy. Thus, the inaccuracy of manufacturing is compensat­
ed by the presence of gaps in the kinematic pairs of the spatial 
mechanism, which, in general, ensures its functioning.

The degree of mobility of such a spatial mechanism, which 
is equal to zero, is explained by the presence of a passive con­
nection in it. In the introduction, the obvious disadvantages of 
operating such equipment are indicated.

Taking into account the need to eliminate the passive con­
nection from the kinematic chain of the machine, as well as to 
create conditions for expanding the sphere of its use by adjust­
ing the intensity of movement of the workpiece inside the con­
tainer, it was synthesized an eight-link statically defined spatial 
mechanism.

The kinematic diagram of barreling machine that contains 
a spatial eight-link mechanism, as well as a model of the cor­
responding barreling machine (without representation of the 
drive) is shown in Figs. 1 and 2, respectively.

The spatial mechanism of the machine includes a frame 1, 
drive 2 located in the frame 1, which consists of an electric 
motor 3 and a drive shaft 4, as well as an additional drive 5 lo­
cated in the frame 1, which contains an electric motor 6 and a 
drive shaft 7. The drive shaft 4  by means of the clutch 8 is rig­
idly connected to the crank 9, which is mounted in the bearing 
support 10. The driven shaft 11 is kinematically connected to 

Fig. 1. Kinematic diagram of a barreling machine containing 
spatial eight-link mechanism
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the crank 9 with the possibility of additional rotation in the 
vertical plane. The drive shaft 7 by means of the clutch 12 is 
rigidly connected to the drive fork 13 of the Hook hinge 14. 
The driven fork 15 of the Hook hinge 14  is rigidly connected 
to the drive shaft 16, which is kinematically connected to the 
rocker arm 17 with the possibility of additional oscillatory 
movement in the horizontal plane. The drive shaft 16 and the 
driven shaft 11 are pivotally connected to each other by the 
other ends with the drive fork 18 and the driven fork 19 of the 
machine, respectively, the diametrically mutually perpendicu­
lar axes of which 20 and 21 (Fig. 2) are the axes of fastening of 
the working container 22. To ensure the functioning of the 
machine, the vertical axis of rotation of the rocker arm 17 must 
coincide with the axis of the center of the Hook hinge 14.

Using the Somov-Malyshev formula, it was found that, for 
a given synthesized mechanism, the degree of mobility will be 
equal to two
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where n is the number of movable links (7 links: drive 16 and 
driven 11 shafts, drive 18 and driven 19 forks, working con­
tainer 22, crank 9, rocker arm 17); ps is the number of movable 
kinematic pairs of s class (8 rotating kinematic pairs: A, B, C, 
D, E, F, G, H).

In a spatial mechanism with a degree of mobility equal to 
two, it is necessary to use two driving links, which will allow 
one to adjust the intensity of movement of the workpiece when 
moving it between the ends of the container in opposite direc­
tions, as well as forming one mode of movement throughout 
the entire process of machining parts. The driving links of this 
mechanism will be the drive shaft 16 and the crank 9.

The spatial mechanism of the machine works in the fol­
lowing way. When the additional drive 5 is switched on, the 
rotational motion from the electric motor 6 is transmitted 
through the drive shaft 7 and the clutch 12 to the drive fork 13 
of the Hook hinge 14. Next, the rotational motion from the 
drive fork 13 of the Hook hinge 14 is transmitted to the driven 
fork 15 and the drive shaft 16, which is rigidly connected to the 
driven fork 15 of the Hook hinge 14. The drive shaft 16, be­
sides the rotational movement, performs an additional oscilla­
tory movement in the horizontal plane together with the rock­
er arm 17 with which it is kinematically connected. The rota­
tional motion of the drive shaft 16 is transmitted to the drive 
fork 18 of the machine. The machine drive fork 18 transmits 
rotation to the working container 22 via axis 20, whereby the 
latter performs a complex spatial movement and additionally 
rotates around its own axis. This motion of the container 22 is 
transmitted through the axis 21 to the driven fork 19 of the 
machine, from the driven fork 19 to the driven shaft 11, which 
is kinematically connected to the crank 9, which is installed in 
the bearing support 10 of the frame 1.

In turn, when the drive 2 is switched on, the rotational 
motion from the electric motor 3 is transmitted through the 

drive shaft 4 and the clutch 8 to the crank 9, which is installed 
in the bearing support 10 of the frame 1. Such rotation of the 
crank leads to an additional rotation of the driven shaft 11 in 
the vertical plane around the axis of the crank. In this way, a 
part of the working container 22, which is connected to the 
driven fork 19 of the machine, receives an additional compo­
nent of spatial movement.

During the performance of the barreling technological op­
eration, depending on the required technological conditions, 
the drive 2 can be either turned on or off, and the angular 
speed of rotation of the drive shaft 4 of the drive 2 can differ 
from the angular speed of rotation of the drive shaft 7 of the 
additional drive 5.

Due to the fact that the part of the working container 22 
connected to the driven fork 19 of the machine will receive an 
additional component of spatial movement, it appears possi­
ble to vary the intensity of movement of the bulk mass between 
opposite ends of the working container 22. In turn, this will 
make it possible to bring the intensity of movement of the bulk 
mass between the opposite ends of the working container 22 in 
both directions closer to the same, which will create condi­
tions for the implementation of high-intensity barreling tech­
nological operations. Further, in §2, we present an analytical 
study of the synthesized eight-link mechanism with the calcu­
lation of the main geometric parameters.

Analytical study of the geometric parameters of the synthe-
sized eight-link mechanism. To begin the analytical study of the 
eight-link spatial machine mechanism, it is necessary to set 
the initial data. In particular, it means taking into account the 
relevant geometric parameters, which are selected depending 
on the size, type, and number of machined parts, as well as the 
type of technological operations performed on this equipment 
and their intensity. So, the interaxial distance of the drive and 
driven forks is lF, the interaxial distance of the working capac­
ity is lWC, the crank length is lC (let us assume that lC = 0.4 lF), 
the length of the drive shaft is ldrive, the length of the driven 
shaft is ldriven, the length of the rocker arm is lrock.

Moreover lWC > lF – when this inequality is fulfilled, the 
machine design, which has a passive connection, loses its 
functionality.

When operating this mechanism of the barreling machine, 
at the appropriate position of the crank 9 (shown in Fig. 3), the 
rocker arm 17, together with the drive shaft 16, will oscillate by 
an angle δ. During the design of such a machine, an important 
task is to establish a rational length l0, which corresponds to 
the distance between the horizontal axis of the driven shaft 11 
and the vertical axis of rotation of the rocker arm 17, and it is 
also important to obtain an expression that will allow deter­
mining the amplitude of oscillation of the angle δ of the drive 
shaft 16 depending on changes in the geometric parameters of 
the machine links. Moreover, for the symmetrical movement 
of the working container 22 in the vertical plane, the axis of 
rotation of the crank 9 and the axis of rotation of the rocker 
arm 17 should be in the same horizontal plane.

For this purpose, let us consider this machine design in the 
position when the crank 9 is located vertically, while the kine­
matic pair B “crank-driven shaft” can be located above or be­
low the kinematic pair A “frame-crank”. The horizontal and 
frontal projections of the machine, which are in projective 
connection, at this position of the moving links of the machine 
mechanism are shown in Fig. 3 (the designations in Fig. 3 cor­
respond to the designations in the kinematic diagram – Fig. 1).

Taking into account Fig. 3, the distance l0 can be deter­
mined as follows

	 0 ,
2

MAX MINl l
l

+
= 	  (1)

where lMAX is the maximum distance, presented in the horizon­
tal projection, between the axis of rotation of the driven shaft 11 
and the center of the kinematic pair F “drive fork – drive shaft”, 
lMIN is the minimum distance, presented in the horizontal pro­

Fig. 2. A model of a barreling machine with two driving links
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jection, between the axis of rotation of the driven shaft 11 and 
the center of the kinematic pair F “drive fork –drive shaft”.

For a similar design of a barreling machine, in works [18, 
19], expressions for determining lMAX and lMIN were obtained. 
The difference is that work [18] investigated the design of a 
barreling machine that does not have an additional moving 
link, the crank, and, with a similar position of the moving 
links, the working capacity was projected onto the horizontal 
plane in full size. Taking into account the differences in de­
signs, we will write an expression for determining lMAX, taking 
into account the design features of the studied spatial mecha­
nism of the barreling machine

	 2 2
. .( ) ,MAX F WC horiz Fl l l l= + - 	  (2)

where lWC.horiz. is the inter-axial length of the working container 
in the projection onto the horizontal plane.

In turn

LWC.horiz. = lWC.front.,

where lWC.front. is the inter-axial length of the working container 
in the projection on the vertical (frontal) plane.

From the right triangle formed on the frontal projection 
shown in Fig. 3, we can calculate the length lWC.front., accord­
ingly lWC.horiz.

	 2 2
. . . . .WC horiz WC front WC Cl l l l= = - 	  (3)

We will write expression (2) taking into account (3)

	 2 2 2 2( ) .MAX F WC C Fl l l l l= + - -  	  (4)

We will adapt the expression presented in [18] to deter­
mine lMIN, taking into account the design features of the stud­
ied spatial mechanism of the barreling machine

	 2 2 24( cos45 ) .MIN WC F Cl l l l= + + 	 (5)

Let us write equation (1) with expressions (4 and 5)

2 2 2 2 2 2 2

0
( ) 4( cos45 )

.
2

F WC C F WC F Cl l l l l l l
l

+ - - + + +
=



The equation makes it possible to calculate the distance l0, 
which will be rational and will correspond to the midpoint of 
the angle δ of oscillation of the rocker arm 17 with the drive 
shaft 16.

The magnitude of the oscillation of the angle δ, which de­
pends on the geometric parameters of the machine design, can 
be calculated as follows
	 d = 2g,	  (6)

where γ is the angle of oscillation of the rocker arm when mov­
ing from the middle position.

In turn, we write the expression for determining the angle γ

	 arcsin ,
d

l
l

gg = 	  (7)

where lγ is difference between distance lMAX (lMIN) and l0; ld – 
the total length of the links that perform the oscillatory move­
ment includes the length of the rocker arm lrock., as well as the 
inter-axial length of the drive shaft ldrive.

Expression for determining ld will have the following form

	 ld = lrock + ldrive.	  (8)

It is recommended that the rocker arm with a length lrock., 
in the position when the driven shaft axis and the drive shaft 
axis are parallel, does not protrude beyond the machine frame.

lγ is determined as follows

	 .
2

MAX MINl l
lg

-
= 	  (9)

Expression (9) taking into account equations (4 and 5)

	
2 2 2 2 2 2 2( ) 4( cos45 )

.
2

F WC C F WC F Cl l l l l l l
lg

+ - - - + +
=



	 (10)

Let us write expression (6), taking into account equations 
(7, 8 and 10)

Fig. 3. Horizontal and frontal projections of the machine in pro-
jective connection
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	 (11)

Equation (11) allows you to calculate the angle of oscilla­
tion δ of the rocker arm 17 with the drive shaft 16 depending 
on the change in the corresponding geometric parameters of 
the links.

An important aspect that ensures the functioning of the 
felting machine is the determination of the maximum permis­
sible interaxial length of the crank lС(MAX), exceeding which will 
lead to jamming of the mechanism, as well as the possibility of 

calculating lС, which depends on other geometric parameters 
of the machine.

For this purpose, let us consider this machine design in the 
position when the crank 9 is located horizontally, with its kine­
matic pair B “crank-driven shaft” located on the left side relative 
to the kinematic pair A “frame-crank”, and the working capaci­
ty 22 is projected onto a horizontal plane in full size. The horizon­
tal projection, with this position of the moving links of the ma­
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chine mechanism, is shown in Fig. 4 (designations in Fig. 4 cor­
respond to the designations on the kinematic diagram – Fig. 1).

Analyzing Fig. 4, we can argue that an increase in the in­
ter-axial length lC will increase the shortest distance lDH be­
tween the geometric axis 21 of the working container 22 and 
the axis of the rocker arm 17, which, in turn, will lead to a de­
crease in the angles β and θ. It is possible to increase the inter-
axial length lC until the angle α between the axis of the working 
container 22 and the axis of rotation of the drive shaft 16 is 
equal to 180°. Thus, the inequality will be reasonable

lDH ≺ lWC + lF + ld.

That is, the maximum allowable length lDH(MAX) will be de­
termined as follows
	 lDH(MAX) = lWC + lF + ld.	  (12)

Let us write down the expression for determining the inter-
axial length of the crank lC

2 2
0,C DH vertl l l l= - -

where lvert is the vertical component of the distance between 
the geometric axis 21 of the working container 22 and the axis 
of the rocker arm 17.

In turn, lvert can be calculated as the sum of the corresponding 
geometric components of the machine structure, in particular

	 lvert = lF + ldriven + lC.vert + lrock,	  (13)

where ldriven is inter-axial length of the driven shaft; lC.vert  – 
crank width.

Taking into account the fact that lvert = сonst and l0 = сonst, 
the expression for determining the maximum permissible in­
ter-axial length of the crank lC(MAX), taking into account equa­
tion (12), will be as follows

2 2
( ) ( ) 0.C MAX DH MAX vertl l l l< - -

Thus, using expression (13), it is possible to calculate the 
maximum allowable value of the crank inter-axial length 
lcrank(MAX), exceeding which will lead to jamming of the 
mechanism.

In general, during the operation of the barreling machine, 
three positions of the crank 9 can be distinguished, at which 
the rocker arm 17, together with the drive shaft 16, can be in 
two extreme positions. Accordingly, for each position of the 
crank 9, the oscillation angle δ of the rocker arm 17 can be 

determined. Moreover, this angle of oscillation, at each posi­
tion of the crank 9, will be different. In particular, such posi­
tions of the crank 9 will be:

1. The crank 9 is positioned vertically (kinematic pair B 
“crank-driven shaft” is located above or below the kinematic 
pair A “frame-crank”). The position is shown in Fig. 3.

2. The crank 9 is horizontally positioned (the kinematic 
pair B “crank-driven shaft” is located on the left side relative 
to the kinematic pair A “frame-crank”). The position is shown 
in Figs. 5 and 4.

3. The crank 9 is located horizontally (the kinematic pair B 
“crank-driven shaft” is located on the right side relative to the 
kinematic pair A “frame-crank”). The position is shown in 
Figs. 6 and 7.

Earlier, an expression was obtained by which it is possible 
to calculate the angle δ of rocker arm 17 at the vertical location 
of the crank 9.

Consider the position of the moving links when the crank 
9 is located horizontally (the kinematic pair B “crank-driven 
shaft” is located on the left side relative to the kinematic pair A 
“frame-crank”), and the rocker arm 17 is in the extreme right 
position. This position of the moving links is shown in Fig. 5.

Fig. 5 shows the oscillation angle δ1 of the rocker arm 17  at 
the vertical position of the crank 9.

The angle j1 of inclination of the axis of the rocker arm 17 
to the horizontal line can be determined as the sum of the an­
gles β1 and ε1, so
	 j1 = b1 + e1.	  (14)

Based on the geometric construction in Fig. 5, we write 
the expression for determining the angle ε1, as well as the ex­
pression for determining the angle β1

	 .
1 1

0
arctg ;driven C vert rock

C

l l l
l l

+ +
e = e

+
	 (15)

	
2 2 2

1 1
( ) ( )arccos ,

2 ( )
CH F d F WC

CH F d

l l l l l
l l l

+ + - +
b = b

⋅ +
	 (16)

where lСН is the distance between the geometric centers of the 
kinematic pairs C “driven shaft – driven fork” and H “frame – 
rocker arm”. The lСН can be found as follows

	 2 2
0 .( ) ( ) .CH C driven C vert rockl l l l l l= + + + + 	 (17)

Let us write expression (16) taking into account equation (17)

Fig. 4. The position of the moving links, when the rocker arm is 
in the middle position and the kinematic pair B “crank-
driven shaft” is located on the left side relative to the kine-
matic pair A “frame-crank”

Fig. 5. The position of the moving links, when the rocker arm is 
in the rightmost position and the kinematic pair B “crank-
driven shaft” is located on the left side relative to the kine-
matic pair A “frame-crank”
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2 ( ) ( ) ( )
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C driven C vert rock F d

l l l l l l l l l

l l l l l l l

+ + + + + + - +
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+ + + + ⋅ +
	 (18)

Let us present expression (14) taking into account (15) and (18)

	
2 2 2 2

0 . .
1 1 12 2 00 .

( ) ( ) ( ) ( )arccos arctg .
2 ( ) ( ) ( )

C driven C vert rock F d F WC driven C vert rock

CC driven C vert rock F d

l l l l l l l l l l l l
l ll l l l l l l

+ + + + + + - + + +
j = b + e

++ + + + ⋅ +
	  (19)

Based on the geometric construction in Fig. 4, we write 
the expression for determining the angle ε, as well as the ex­
pression for determining the angle β
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where lDН is the distance between the geometric centers of the 
kinematic pairs D “driven fork – working container” and H 
“frame – rocker arm”. The distance lDН can be found as follows

	 2 2
0 .( ) ( ) .DÍ C F driven C vert rockl l l l l l l= + + + + + 	 (25)

Let us write expression (24) taking into account equation (25)
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Let us substitute (23 and 24) into equation (22)

Fig. 6. The position of the moving links, when the rocker arm is 
in the rightmost position, and the kinematic pair B “crank-
driven shaft” is located on the right side relative to the kine-
matic pair A “frame-crank”

Fig. 7. The position of the moving links, when the rocker arm is 
in the middle position and the kinematic pair B “crank-
driven shaft” is located on the right side relative to the kine-
matic pair A “frame-crank”

Thus, using expression (19), it is possible to determine the 
maximum angle of inclination j1 of the axis of the rocker arm 
17  to the horizontal line formed at the corresponding position 
of the moving links of the machine.

To obtain an expression for calculating the angle δ1 of os­
cillation of the rocker arm 17, consider Fig. 4. In Fig. 4, the 
rocker arm 17  is in the middle position and divides the angle 
δ1 in half, so
	 d1 = 2g1, 	  (20)

where γ1 is half of the angle δ1.
The angle γ1 can be calculated as the difference of angles j1 

and j
	 g1 = j1 - j.	  (21)

Similarly to (14), an expression can be written to deter­
mine the angle j (Fig. 4) between the horizontal line and the 
axis of the rocker arm 17 when it is in the middle position rela­
tive to the angle δ1

	 j = b + e.	  (22)

	
2 2 2 2

0 . .
2 2 00 .

( ) ( ) ( )arccos arctg .
2 ( ) ( )

C F driven C vert rock d F WC F driven C vert rock

CC F driven C vert rock d

l l l l l l l l l l l l l
l ll l l l l l l

+ + + + + + - + + + +
j = b + e

++ + + + + ⋅
	 (26)

Let us write expression (20) taking into account (21), (19), and (26)
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	 (27)

Equation (27), depending on the change in the corre­
sponding geometric parameters of the links, allows us to cal­
culate the oscillation angle δ1 of the rocker arm 17 together 

with the drive shaft 16, which can be formed when the crank 9 
is horizontally located, in the case when the kinematic pair B 
“crank-driven shaft” is located on the left side relative to the 
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kinematic pair A “frame-crank”.
Let us consider the position of the moving links when 

the crank 9 is located horizontally (the kinematic pair B 
“crank-driven shaft” is located on the right side relative to 
the kinematic pair A “frame-crank”). The position of the 
movable links, in which the rocker arm 17 is in the extreme 
right position, is shown in Fig. 6, and the position of the 
movable links, in which the rocker arm 17 is in the middle 
position relative to the oscillation angle δ2, is shown in 
Fig. 7.

Similar to the previous method, the oscillation angle δ2 of 
the rocker arm 17 can be calculated as follows

	 d2 = 2g2,	  (28)

where γ2 is half of the angle δ2.
The angle γ2 can be calculated as the difference of angles j3 

and j2

	 g2 = j3 - j2.	  (29)

Then we write the expression for determining the angle j3 
(Fig. 6) between the horizontal line and the axis of the rocker 
arm 17 when it is in the rightmost position

	 j3 = b3 + e3.	  (30)

Based on the geometric construction in Fig. 6, we write 
the expression for determining the angle ε3, and an expression 
for determining the angle β3
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The distance lDН can be found as follows
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0 .( ) ( ) .DÍ C F driven C vert rockl l l l l l l= - + + + + 	 (33)

Let us write expression (32) taking into account equation (33)
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Let us present expression (30) taking into account (32) and (34)
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Using expression (35), we can determine the maximum 
angle of inclination j3 of the axis of the rocker arm 17 to the 
horizontal line formed at the position of the moving links of 
the machine shown in Fig. 6.

Based on the geometric construction in Fig. 7, we will 
write the expression for determining the angle j2 between the 
horizontal line and the axis of the rocker arm 17 when it is in 
the midpoint position relative to the angle δ2

	 j2 = b2 + e2.	  (36)
The expressions for determining the angles ε and β will be 

as follows
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Let us find the distance lСН
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Let us write (38) taking into account equation (39)

	
2 2 2 2

0 .
2 2 2 2

0 .

( ) ( ) ( ) ( )arccos .
2 ( ) ( ) ( )

C driven C vert rock d F F WC

C driven C vert rock d F

l l l l l l l l l

l l l l l l l

- + + + + + - +
b = b

- + + + ⋅ +
	 (40)

Let us substitute (37 and 40) into equation (36)
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The resulting expressions (41 and 35) are substituted into equation (28), taking into account expression (29)
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Equation (42), depending on the change in the relevant 
geometric parameters of the links, allows us to calculate the 
oscillation angle δ2 of the rocker arm 17, together with the 
drive shaft 16, which can be formed when the crank 9 is hori­
zontal, in the case when the kinematic pair B “crank-driven 
shaft” is located on the right side relative to the kinematic pair 
A “frame-crank”.

Conclusions and prospects for further development. The 
synthesis of a statically defined spatial eight-link hinge 
mechanism with rotating kinematic pairs was performed. 

Based on the synthesis of the mechanism, a design of a bar­
reling machine is proposed, in which the container performs 
a complex spatial movement. Such a machine is used for 
volumetric processing of parts with an abrasive in the form of 
free granules and mixing of bulk fine-dispersed substances. 
The developed design of the barreling machine creates con­
ditions for increasing its reliability during operation with a 
simultaneous increase in the productivity of the correspond­
ing barreling technological operations and allows regulating 
their intensity.
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The mathematical expressions for calculating the basic 
geometric relationships of the link lengths of the developed 
machine design were obtained by analytical means. Particu­
larly, the expressions for calculating the rational distance be­
tween the axes of rotation of the drive and driven shafts, the 
expression for determining the maximum permissible inter-
axial length of the crank, as well as the expressions for calculat­
ing the amplitude of oscillation of the rocker arm together with 
the driven shaft at the corresponding three positions of the 
crank were obtained. These expressions can be effectively used 
in the design of barreling equipment with working containers 
that perform complex spatial motion.
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Мета. Геометричний синтез статично визначеного 
просторового восьмиланкового шарнірного механізму з 
обертальними кінематичними парами галтувальної ма­
шини, в якій робоча ємність здійснює складний просто­
ровий рух, із подальшим аналітичним дослідженням 
конструктивних особливостей механізму машини.

Методика. Був використаний аналітичний підхід при 
дослідженні восьмиланкового шарнірного механізму з 
обертальними кінематичними парами, що полягає в гео­
метричному та структурному синтезі, здійснене моделю­
вання конструкції даної галтувальної машини в програм­
ному забезпеченні автоматизованого проєктування 
SolidWorks 2021.

Результати. Запропоновано один із можливих варіан­
тів звільнення просторового механізму галтувальної ма­
шини від пасивного зв’язку, здійснено синтез статично 
визначеного просторового восьмиланкового шарнірного 
механізму з обертальними кінематичними парами. Роз­
роблена відповідна конструкція галтувальної машини з 
двома ведучими ланками, використання якої створює 
умови для підвищення її надійності під час експлуатації 
та одночасного збільшення продуктивності виконання 
відповідних галтувальних операцій. Аналітичним шля­
хом виконані дослідження основних геометричних і кон­
структивних параметрів галтувальної машини.

Наукова новизна. Установлено зв’язок між відповідни­
ми геометричними параметрами синтезованого статично 
визначеного просторового восьмиланкового механізму, 
що дозволяє визначити раціональні відношення довжин 
його ланок між собою. Також установлено взаємозв’язок 
між довжинами ланок, їх положенням і кутом коливання 
коромисла разом із ведучим валом машини.

Практична значимість. Виконано синтез статично ви­
значеного просторового восьмиланкового шарнірного 
механізму з обертальними кінематичними парами із дво­
ма ступенями рухомості. На основі синтезу механізму 
розроблена нова конструкція галтувальної машини із 
двома ведучими ланками. Отримані математичні вирази 
для розрахунку основних геометричних взаємозв’язків 
довжин ланок розробленої конструкції машини.

Ключові слова: пасивний зв’язок, статично визначений 
механізм, обертальна кінематична пара, галтування
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