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Summary. In the paper, the technical and operational peculiarities of vibratory conveying and
manipulating machines, as well as their implementation fields, are considered. The improved design diagram of
the conveying and manipulating device is proposed and its advantages are substantiated. The principal schemes
of piece products conveying process are presented. The methodology of determining the parameters of the spring
system of the improved conveyer is developed taking into account the necessity to ensure safety operation of
springs being under the influence of longitudinal, lateral, and angular vibrations. The electric circuit diagrams of
feeding the coils of electromagnets are designed and various processes of the products conveying are considered.
The principal schemes of implementing the proposed vibratory conveying and manipulating machines in the field
of industrial automation are presented.
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Introduction and statement of the problem. The processes of conveying,
manipulating, stacking, packing, separating, sorting the piece products are of the most
important parts of industrial mechanization and automation. The automation of various
industrial processes allows more efficient using of technological equipment and even helps to
solve some social problems due to dispensing the human beings from the non-creative
monotonous manual labour [1 - 8].

Vibratory conveying and manipulating machines with electromagnetic drive can be
effectively used in various automated and mechanized industries, robotic systems, flexible
manufacturing systems etc. Such devices provide conveying the products in any direction of
the conveying plane and rotating them round their axes in any zone of the plane. These
peculiarities of vibratory conveyers allow arranging and sorting the products, moving them to
any zone of the conveying plane with further feeding of different technological equipment. Due
to the mentioned advantages, these devices are characterized by high operational flexibility and
efficiency. Despite such peculiarities, their small power consumption, absence of friction pairs,
relative simplicity of structures, they have not yet been widely used in industrial processes. This
can be explained by the lack of information representation of vibratory equipment and the low
interest of enterprises in implementing new technologies.

While developing new vibratory machines, an important task is to maximize their
efficiency, in particular, the efficiency of their mechanical oscillatory systems, electromagnetic
vibration exciters, multicomponent spring systems etc. Therefore, the designers face quite
complicated problems of improving the known or developing new structural and design
diagrams of vibratory devices in order to expand their technological capabilities, and to
substantiate the methods of parameters determination.

Analysis of the available investigations. A major contribution to the development of
industrial automation was made by numerous famous scientists and researchers, in particular
by N. Kamyshnyi, I. Klusov, A. Malov, A. Rabinovich and others. However, the problems
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related with manipulating and transporting the products in any direction of the conveying plane
are not paid enough attention. Herewith, the problems of arranging the products in sets,
manipulating and transporting easy-to-damage (damageable) products along a plane, group
orientation of outsized and off-gauge products are of the most complicated ones. The research
on products manipulation without their gripping was carried out by A. lvanov, V. Povidailo,
Z. Stotsko, V. Shchigel [1, 2, 5, 9 — 11]. These researchers solved the problems of arrangement
in sets of the simple-shape piece products with a rather strong surface layer and with sufficient
rigidity. The most well-known foreign enterprises working on the similar problems are: Vimarc,
FMC corp., Hoesler Machine Tools, Tissen Industry, Sanko-Koto, Okura, Farchild, Delta
Design, Daymarc etc.

The first vibratory conveying devices with electromagnetic drive and elliptical
oscillations of the working body were designed and implemented in practice by the team of
researchers under the direction of Professor Povidailo V.O. in the early 80s of the 20th century.
The developed equipment was mainly designed on the basis of two copyright certificates [1, 2]
and launched an active investigations on implementation of an entire range of vibratory
reversible and shuttle conveyers, as well as numerous conveying and manipulating machines.
The implemented equipment was effectively used in the processes of automation and
mechanization of products manufacturing and in robotic technological complexes. Most
equipment was experimentally tested in order to provide the optimal operation modes while
conveying piece products in different directions along a plane using elliptical oscillations of the
working bodies [5, 10, 11].

This paper presents recent achievements of the Department of Mechanics and
Automation Engineering of Lviv Polytechnic National University in the field of industrial
automation by means of vibratory technologies. A significant part of this research have already
been published in [6 — 8], and this paper considers the peculiarities of developing the improved
designs of vibratory conveying and manipulating equipment.

The objective of the present work consists in improvement of the known designs of
vibratory conveying and manipulating devices in order to extend their operational capabilities,
to develop the methodology of determination of their parameters, and to simplify the
possibilities of their implementation while performing automation of various manufacturing
and technological processes.

Analysing the improved design of vibratory conveying and manipulating machine.
The known designs of vibratory conveying and manipulating devices allow transporting of the
piece products (parts) in any direction of a square (rectangular, circular) conveying plane
(Fig. 1, a), and rotating the parts in any zone of the plane ( Fig. 1, b) [5].

Conveying plate

[Conveying plate
j

Conveying direction

Part

onvevine direction

a) b)

Figure 1. Schemes of conveying piece products on a plane: a — translational conveying in any direction
of a plane; b — parts rotating in any zone of a plane
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The improvement of vibratory conveying devices consists in extending their
functionality and operational capabilities. The improved device (Fig. 2) is designed on the basis
of three-mass mechanical oscillatory system and consists of three oscillating masses m;, m,

and m, connected by combined spring systems.

The working body (mass m;) consists of conveying and manipulating plate 1, rigid
square drum 2, electromagnet 12 of vertical vibrations, two pairs of electromagnets’ armatures
of longitudinal vibrations and two pairs of electromagnets’ armatures 11 of lateral vibrations.
Herewith, the pairs of electromagnets are placed at the angle of 90°. All the parts of the working
body form a rigid structure.

B-B 7

Figure 2. Design diagram of the improved conveying and manipulating machine: 1 — comnveying and
manipulating plate; 2 — rigid drum of the working body; 3 — rod-type cylindrical spring elements; 4 — rigid
square box of the intermediate mass; 5 — thick-wall square bar; 6 — flat springs; 7, 8 — vibration isolators;
9 — unmovable base; 10, 11 — ores and armatures of the electromagnets of horizontal vibrations;
12 — electromagnet of vertical vibrations; 13 — armature of the electromagnet of vertical vibrations;
14, 15, 16, 17 — electromagnets of longitudinal vibrations; 18, 19, 20, 21 — electromagnets of lateral
vibrations; 22 — coil of the electromagnet of vertical vibrations
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The intermediate mass m, is designed as a rigid square box 4, to the external surface of

which two pairs of electromagnets 14, 16 and 15, 17 of longitudinal vibrations and two pairs of
electromagnets 18, 20 and 19, 21 of lateral vibrations are attached. The pairs of electromagnets
are placed at the angle of 90°; their surfaces are parallel to the surfaces of corresponding
armatures, and between the magnets and armatures there are set the same gaps. Each pair of
electromagnets is located at the same distance from the coordinate axes (central axes of
symmetry of the machine structure).

The reactive mass m; consists of the thick-wall square bar 5, to which the armature 13

of the electromagnet of vertical vibrations is attached.
The masses m; and m, are connected by rod-type cylindrical elements 3 placed

vertically. The intermediate mass m, and the reactive mass my are connected by flat springs 6
placed horizontally along the coordinate axes. The vibration isolators 7, 8 made of the elastic
rubber are placed between the masses m, and mj in the zones of the weakest horizontal

vibrations. Between the isolators, there are placed the brackets with a help of with the device is
mounted on the base 9.
The described design diagram of vibratory conveying and manipulating device has four

degrees of freedom: longitudinal, lateral, vertical and angular vibrations of the masses m;, m,
and my (herewith, the masses m, and m; move as one body in steady-state operation modes).

Developing the methodology of determining the parameters of the improved
machine. The device should be designed and set up on the near-resonance operation mode. By
determining the corresponding dimensions of the rod-type springs 3 and their placement, it is
necessary to set the natural frequencies of longitudinal, lateral and angular vibrations equal to
1.04...1.06 of the forced frequency of the system (the frequency of the voltage applied to the
electromagnets) [5]. The natural circular frequency of longitudinal and lateral oscillations can
be determine by the following formula:

C i
@y, = ; 1)
mn—n
m-(m, +m
where m,_, = M is the reduced mass of the vibratory system under the conditions

m; +my, + My

of longitudinal or lateral vibrations; ¢, = 12-E

1
single rod-type spring under the conditions of its bending and rigid fixation of its ends; i is the
number of rod-type springs; | is the moment of inertia of the cross-section of the spring under

the conditions of its bending. If a rod-type spring has circular cross-section, its stiffness in
4

is the longitudinal (lateral) stiffness of a

longitudinal and lateral directions is equal, and we can write | = i , Where d is the

diameter of the spring’s cross-section; | is the length of the non-fixed part of the spring; E is
the modulus of elasticity of the spring’s material. Taking into account the fact that most such

springs are made of spring steel, thus we have E = 2.1-10" Pa.

The stiffness of the spring system under the conditions of longitudinal and lateral
vibrations can be determined by the following system of equations:
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In the second equation of the system (2), there was taken into account the rigid fixation
of the springs’ ends. This allows us to consider the fixation coefficient as k, — 1 [6]. The

natural cyclic frequency is equal to wy, =27y where Vo, _, is the natural frequency

of the system’s vibrations (i.e., the number of vibrations per second [vq]=Hz). Using the

second equation of the system (2) and adopting the certain value |, of the working length of the

rod-type spring and the number of springs i, we can derive the expression for determining the
diameter of the spring’s cross-section. If we need to provide the natural frequency of the

system’s vibrations equal to vo  =52...53 Hz (when the forced frequency is v =50 Hz), the

following formula can be used for determining the diameter of the rod-type spring’s cross-
section:

3

2
d=286- %{/ Yon-n 'Em’?‘” b 3)
|

Considering the design diagram in Fig. 2, where i =12 and the springs are made of the
spring steel, we obtain:

13, (4)

n-n 1

d=227-102 42 _,-m

The natural frequency of the angular vibrations (rotary vibrations about the vertical axis
of symmetry of the structure) is equal to:

@op = | (5)

I -(12-13)

Lo is the reduced central moment of inertia of the vibratory system under
1+l + i3

where |, =

the condition of angular vibrations; 1,, 1,, |5 are the central moments of inertia about the
vertical axis if symmetry of the working, intermediate and reactive masses, respectively;

Cp = i-(c1 2y cKp) is the angular stiffness of the spring system; r? = } > 2 is the average

I k=1
) ] ] ) ) G-1,
radius of placement of the springs with respect to the vertical axis of symmetry; ¢, = I
1
: . . . . N . dt .
is the torsional stiffness of the rod-type spring about its longitudinal axis; 1, = 7[32 is the

polar moment of inertia of the spring’s circular cross-section; G is the shear (rigidity) modulus
of the spring’s material (for the spring steel G = 8,1-10"° Pa ).
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The natural frequencies of longitudinal, lateral and angular vibrations should be equal:
@y =g, I this case, let us substitute their values in (1) and (3) and determine the value of

the radius r, which provides the equality of corresponding frequencies:
I c

(o |t Cw (6)
m Cl

n-n

Substituting the expressions for c,, and ¢, into (6), we obtain:

I G
r:\/ 36 ——~|12. (7)
m,., 6-E

The vibratory conveying and manipulating device designed with a help of the presented
above formulas has the dimensions of the working plate of 500500 mm and the radius r is
in the range of 200...240 mm.

The natural frequency of vertical vibrations is to be 1.15...1.3 times larger than the
forced frequency (the frequency of the voltage applied to the electromagnet 12 of vertical
vibrations (see Fig. 2)). The larger deviation of the working (forced) frequency from the natural
one is explained by the necessity to satisfy the conditions of self-stabilization of vibrations [5].
This allow conveying the piece products in wide range of their masses. The necessary value of
the resonance correction coefficient is provided by choosing the appropriate dimensions of the
flat springs 6. The natural circular frequency of vertical vibrations can be determined by the
formula:

a0, = |21, ®)

(m1+m2)-m3
m, +m, +ms

. . 3 .
12-E-1p is the bending stiffness of the flat spring; I, = a_-b

where m, = is the reduced mass of the system under the conditions of vertical

is the moment

vibrations; ¢, =
2
of inertial of the rectangular cross-section of the spring; a, b are the thickness and the width
of the spring’s cross-section, respectively; I, is the working length of the flat spring (the length
of the spring’s unfixed part); i' is the number of flat springs.
Using the system of equation (5) and (8), let us determine the spring’s thickness, which
provides the necessary deviation of the natural frequency from the forced one:

4-7% . v2 .m
a=l, 3}——% ¢ 9
2\/ E-b-i'k, ©

where v, is the natural frequency of vertical vibrations; k, =0,8..1,0 is the fixation

coefficient, which takes into account the difference between the real and ideal fixation of the
flat spring [6].
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In the case when there are used eight flat springs (i’ = 8), and when there is ensured a
large ratio of the thickness a of the spring’s working part to the thickness of the spring’s fixed
part (>5), we can adopt k, — 1, and the expression (9) can be rewritten as:

2
a=286-101, -13/V°“b M (10)

In order to ensure the necessary durability of the device operation, the stresses occurring
in the spring elements during their bending should be less than admissible ones. For the quality
(fine) heat-treated spring steel (e.g., for 60C2 steel quality), the admissible stress is

[0_1]=3-108 Pa. According to [5, 9], the bending stresses occurring in springs can be
determined by the following formula:

3.-E-d-
o =|—2yg [o.4], (11)

where y is the deflexion the spring.

Taking into account the expression (3) and the necessary amplitudes of vibrations
depending on the springs’ deflexion, we obtain the formula for determining the minimal length
of the circular rod-type spring:

E3.v2 y? m
hmin =5.58-5 on-n yrir_] L (12)
[o=a] -

For the design with i =12 and with steel springs, we obtain:

2 4
by min =3.49- y Von-n " Yn-n "Mn_n- (13)

For the flat springs, the minimal length is equal to:

E2.,2 .\3.
lomin =10.2- g — 0 Yo Do (14)
(o] b-i"k,

where vy, is the deflexion of vertical springs.
In the case when i' =8, the simplified expression (14) can be rewritten as:

2 3
i = O.565-$/W. (15)

The natural frequency v,, of vertical vibrations is to be chosen according to the

recommendations presented in [5, 9] and should be 1.15...1.3 times larger than the forced
frequency.
The deflexion of the springs of vertical vibrations:
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Ye = Al,26 '(14_ Mj’ (16)

ms

where A ,, is the amplitude of vertical vibrations of the masses m;, m,, which vibrate as one

body. Taking into account the necessity to provide the intact conveying of products, the value
of A ,, should be following [5]: 1) for the frequency of v =50 Hz — A ,, = 0.1 mm for the

frequency of v =25Hz — A ,, =0.4 mm.

The deflexion of the rod-type springs under the conditions of longitudinal and lateral
vibrations:

Yn-n = Ain-n '£1+ o j’ (7)

where A,,_, is the amplitude of vibrations of the mass m,;, which can be determined taking
into account the necessary conveying speed:

Vmpzz'ﬂ-'v'Aln—n'km7 (18)

where k,, =0.6...0.7 is the coefficient of the conveying speed.

In the case of diagonal conveying, the amplitude of vibrations is equal to the vector sum
of the component amplitudes of longitudinal and lateral vibrations.

Using the formulas (4) and (11), we can derive the expression for determining the
diameters d of circular rod-type springs ensuring their strength:

d=58-10"2.108 .md4 .08 (19)

n-n " Ynin-

Similarly, for the flat springs, we obtain the necessary thickness:

% %
3.y .m/3
a=172.104 %0 Yo Ms” (20)

073

Example of determining the parameters of vibratory conveying and manipulating
device. On the basis of the proposed design diagram (Fig. 2), there was developed,
manufactured and investigated the experimental prototype of the conveying and manipulating
machine with the following parameters: 1) the dimensions of the working plate 500x500 mm ;

2) the values of the oscillating masses m; =30 kg, m, =30 kg, my =15 kg ; 3) the number of
cylindrical rod-type springs i =12 ; 4) the number of flat springs i'=8.
For the given conveying speed V,,, =0,2 m/s and forced frequency v =50 Hz, in

accordance with (18), the amplitude of the longitudinal and natural vibrations of the working
plate is following:

- Vinp - 0.2 =103
2-r-v-k, 2-7-50-0.6

Aln—n
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The reduced mass of the system under the conditions of longitudinal and lateral
vibrations is equal to:

_ my-(m, +mg) 30-(30+15)

m = =
m+m,+mg 30+30+15

18 kg.

n—n

In accordance with (17), the springs’ deflexion under the conditions of longitudinal and
lateral vibrations is following:

Yn-n = Ain-n ‘[1+ M ]:10_3 '£1+

my + Mgy

-1.66-10"° m.
30+15

Adopting v;,,_, =53 Hz and using the formula (13), we can determine the working
length of the rod-type springs:

4
limin = 349 S8 - yip My = 3.49-%/532 -(1.66-107%) -18 =0.182 m.

Adopting |, =0.185 m, let us determine the diameters of the rods with a help of
formula (4):

d=227102 4G o -m,, -1¥ =227-10°-453%.18.0.185° = 9.6-10% m.

n

Adopting i'=8, b=0.08 m, A,, =107 m, vy, =58 Hz, k, =1, let us determine
mg-(my+m,) 15-(30+30)
m; +m, +m;g ~ 30+30+15

the reduced mass m, = =12 kg and the deflexion of the flat

m; +m,

springs Yy, = A ,, -[1+ j:lo_4 -(1+ 30;3()) =5.10"* m. Therefore, the minimal

M3
length of the flat springs can be determined in accordance with (15):

2 3 58” -(5-10°* )3 12
. . m
lomin = 0.56530e Yo Mo _ g 5.2 ~0.0225 m.
b 0.08

Since there is a necessity the ensure the frequency reserve for vertical vibrations (e.g.,
when using detached vibratory conveying), taking into account the design peculiarities of the
proposed device, the working length of the flat spring of vertical vibrations was adopted as:

ly = 2-lyin = 2-0.0225 = 0.045 m.

Therefore, the thickness of the flat spring of vertical vibrations can be determined
according to the formula (9):

2 2
a:|2.3w:o,045.i/ 4-7°-58" 12 =0.001 m.
E-b-i"k, 2.1-10'.0.08-8-1
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Using the expression (20) for flat springs, and taking into account the strength
conditions and the double increase of the vertical deflexion, we can write:

583 -(2-5-10—4)-12%

0.08%

The obtained results substantiate the adequacy of the derived formulas. Thus, they can
be used by engineers and researchers while designing and investigating new vibratory
equipment based on the proposed structure.

Operational peculiarities of the improved machine. The proposed conveying and
manipulating device operates as follows. The power is applied to the electromagnets’ coils from
the three-phase network of alternating current through the voltage regulator and half-wave
rectifier. If the voltage is applied to two pairs of electromagnets’ coils 14, 16 and 15, 17 of
longitudinal vibrations through two rectifiers (diodes) connected oppositely (Fig. 3, the power
is supplied according to the push-pull (two cycle) circuit), there are implemented the
longitudinal vibrations of masses in horizontal plane. If we similarly apply the voltage to two
pairs of electromagnets’ coils 18, 20 and 19, 21, there are implemented the lateral vibrations of
masses in horizontal plane. Horizontal longitudinal and horizontal lateral harmonic vibrations
do not provide vibratory conveying of parts placed on the conveying plate. If the voltage if
applied to the electromagnet’s coil 22 of vertical vibrations through the half-wave rectifier
according to the push-pull (two-cycle) circuit (Fig. 3), there are implemented vertical vibrations
of masses. The amplitudes of these vibrations can be changed by means of changing the voltage
value applied to the corresponding electromagnets. The working and the intermediate masses
vibrate in antiphase. The coils of electromagnets of vertical and horizontal vibrations are
supplied from different phases of the three-phase power network.

If the vertical acceleration of the conveying plate does not exceed the free-fall

A, o
g

a=172-10"*. —0.001 m.

acceleration or if W = <1 (where A, is the amplitude of vertical vibrations,

o =2-7-v is forced cyclic frequency of oscillations), the parts move on the conveying plate
with no rising off (detaching) it.

If the voltage is simultaneously (concurrently) applied to the electromagnets of
longitudinal (lateral) and vertical electromagnets from different phases (Fig. 3), depending on
the method of switching the phases and rectifiers, the conveying plate performs elliptical
vibrations in longitudinal or lateral direction.

The reversal direction of conveying can be provided by means of changing the switching
method of the mutually opposite diodes or the diode of the electromagnet of vertical vibrations.
If the electromagnets of longitudinal and lateral vibrations are simultaneously (concurrently)
connected to the same phase and the electromagnet of vertical vibrations is powered in
accordance with the single-cycle circuit from the other phase, and when the independent push-
pull (two-cycle) power supply circuit is used for applying different controlled voltages to the
electromagnets of longitudinal and lateral vibrations, the device can convey parts in any
direction of the working plate.

The direction of conveying depends on the ratio of amplitudes of longitudinal and lateral
vibration and on the method of witching the coils of corresponding electromagnets. The optimal
phase shift between the voltages applied to the electromagnets of horizontal and vertical
vibrations is in the range of 60°...90° (in some cases it can reach 120°). Such phase shifts can
be provided by the special device called phase shifter.
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Let us consider the case when the electromagnet of vertical oscillations is not powered.
If we apply the same voltage to the electromagnets of longitudinal and lateral vibrations in
accordance with the push-pull (two-cycle) circuit ensuring the phase shift of 90 between them,
each point of the conveying plate will be circumscribing a circle. Then the pars with small
contact pressure (ratio of the part’s weight to the area of its contacting surface) placed on the
conveying plate will rotate about their longitudinal axes regardless of where they are located
due to the different friction forces in different contact points. The sense (direction) of the parts’
rotation depends on the phase shift between the longitudinal and lateral vibrations (90° or 270°).

If the in-phase voltage is applied to the electromagnets 15, 16, 18, 21 and the other four
electromagnets 14, 17, 19, 20 operate at the opposite phase (Fig. 4), there occurs the angular
moment trying to transport the parts along the circular paths (trajectories). If the electromagnet
of vertical vibrations is powered, then the parts are conveyed along the circular paths about the
vertical axis of the structure symmetry. The direction of the parts motion (clockwise or
anticlockwise) depends on the the phase shift between the voltages applied to electromagnets
15, 16, 18, 21 and 14, 17, 19, 20. The radius of the path of parts conveying depends on the
initial position of the parts at the beginning of conveying process.

We can use the mentioned above operation mode if we need to build up (gather) the
parts on the plate in helical grooves (Fig. 5, b). In addition, we can discharge the conveyer
switching the reversal motion of parts.

o
8 20
YV Y Y
4 5
A 5
® 77
76
336
6 77
\AAS] AN
79 27
or o2
o3 o1 02 03
¢
B A 0 B A
Figure 3. Power supply circuit of the Figure 4. Power supply circuit of the electromagnets of
electromagnets of horizontal longitudinal and longitudinal, lateral and vertical vibrations for
vertical vibrations for implementing the implementing the vibratory conveying along
longitudinal vibratory conveying the circular paths

The improved conveyer (Fig. 2) allows moving the piece products in any direction of
the working plate with their simultaneous rotating about their longitudinal axes (Fig. 5, a), as
well as moving the parts along the circular paths (Fig. 5, b).
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Figure 5. The methods of conveying piece products with a help of the improved device: a — in any direction
of the working plate with simultaneous rotation; b — along the circular paths

The principal schemes of vibratory conveying and technological systems developed on
the basis of the proposed machine are presented in Fig. 6.

According to the scheme in Fig. 6, a, the parts fed by the belt conveyer to the vibratory
device are distributed in three directions and charge other belt conveyers. The scheme in
Fig. 6, c, presents the process of dense (compact) building up (gathering) the parts on the plate.
According to the scheme in Fig. 6, b, the parts are built up (gathered) in the spiral hopper
(magazine) and then are fed to another conveyer. The scheme in Fig. 6, d, provides the
placement of products on the moving belt of the conveyer [8]. The density (compactness) of
the parts placement depends on the feeding speed and belt speed.
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Figure 6. Principal schemes of vibratory conveying and manipulating systems: a — feeding the parts to the
vibratory device and their distributing in three directions; b — gathering the parts in the spiral hopper
(magazine); ¢ — dense (compact) building up (gathering) the parts on the plate; d — placing the products on the
moving belt of the conveyer
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Conclusions.

1. The improved design of the vibratory conveying and manipulating device was
developed. Its structural and operational peculiarities, as well as major advantages, were
considered. The possibilities of conveying piece products with a help of the improved device
were analysed.

2. The methodology of designing and determining inertial, stiffness and excitation
parameters of the improved vibratory machine was developed. The example of calculating the
parameters of its mechanical vibratory system was presented.

3. The power supply circuits of the electromagnetic drive of the improved device were
developed. One of the circuits was used for providing longitudinal vibratory conveying, and the
second one — for implementing the vibratory conveying along the circular paths.

4. The principal schemes of vibratory conveying and technological systems developed
on the basis of the proposed machine were considered. In particular, the processes of
distributing the parts in three directions, gathering the parts in the spiral hopper, dense
(compact) building up (gathering) the parts on the plate, and placing the products on the moving
belt of the conveyer were analysed.
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YJIOCKOHAJIEHHS BIBPAIIIMHUX TPAHCIIOPTHO-
MAHIITYJIIOIOYNX MAIINH

Birauniii Kopenniii; Bnaguciaas lllen6op; Osexcanap I'aBpuiib4eHko;
Boaoaumup bpycenuosn

Hayionanvnuii ynieepcumem «Jlvgiecoka nonimexuikay, Jlveis, Yxpaina

Pe3tome. Biopayivini mpancnopmyoui MAuuky 3 e1eKmpoMAasHimHUM RPUBOOOM KOIUBAHL YHPOOOBI’C
KIIbKOX OCMAHHIX 0eCimuiimes 3 YCNIXOM 3ACMOCO8VIOMbCs Ol MeXauizayii ma asmomamusayii pizHux
supoonuymes. OOHuM i3 HAUNOWUPEHIWUX MUNIE8 TMAK020 00JAAOHAHHS € MAWUHU 3 eINMUYHUMU D eNCUMAMU
KONUBAHbL MPAHCHOPMYIOUUX elleMeHmis. 3acmocy8ants 6a2amoKoMNOHEHMHO20 el1eKMPOMAZHIMHO20 NPU8ood
KOJIUBAHD | MEeMAIesux NPYJICHUX eleMeHMI8 y U0l NIOCKUX, IPAMKOBUX I CMEPICHEBUX NPYIHCUH 00360UIO0
cmeopumu Ho6i MoOeni MpaHChOpmMyIOuux i MpaHCHOPMHO-MAHInyIoowUX Mawun. Ix ocobrusocmamu €
He3anexcHe HAOAHHSA MPAHCROPMYIOYIL NIOWUHI KOTUBAHb 30 MPbLOMA KOOPOUHAMAMYU 3 KEPOBAHUM 3CYEOM (Pa3
MIJDIC  KOMROHEHmMaMmu  KOMuganv. Heckinuewna muodMCUHQ  KOMOIHAYIL  MAKUX — KOAUBAHb  O0380JA€
mpancnopmyeamu eupoou, wo 3HAX00sMbCs HA MPAHCHOPMYIOUIL NAOWUHI, 3a 0)Y0b-AKUM HANDAMKOM Md
obepmamu demani 6 6yOb-AKill MOYYI NIOWUHU 3A YU NPOMU 200UHHUKOB0I cmpinku. TexHiuni moodicausocmi
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MaKux Mawux 00360J510Mb 2PYRY8AmMu i po3nooisimu eupobu, nooagamu eupobu Ha iHuwe 001AOHAHHS,
Kacemysamu 6upoou ma 30iliCHIOBAMU HU3KY THUUX MPAHCROPMHUX | MPAHCROPMHO-MEXHONI02INHUX Onepayii. B
OaHill nyoaikayii 3anponoHO8any YOOCKOHANEHY MOOelb MPAHCHOPMHO-MAHINY 100401 Mawunu. Bona mae mpu
KOIUBANbHI MACU, GICIM eleKMPOMASHIMHUX 6I0PO30YOHUKIE 20PU3OHMALHUX MA OOUH eleKmpPOMASHIMHUL
8IOPO30YOHUK BEPMUKANLHUX KOAUBAHb. TIpydicHa cucmema cKiaoacmscs 3i CMEepICHEGUX NPYICUH, BCINAHOBNIEHUX
Y 6epMUKANbHUX NIOWUHAX, WO 3 EOHYIOMb POOOYY | NPOMIJICHY MACU. {5l GeDMUKANLHUX KOAUBAHB 3ACMOCOBAHO
NJOCKI NPYACUHU, BCMAHOGICHI 6 20PU3OHMANbHIN NJIOWUHI, SKI 3 €OHYIOMb RPOMINCHY | PeakmuHy MAcu.
Konusanoni cucmemu 20pusoHmanvHux i 6epmukaibHUX KONUEAHL HANAUIMOBYIOMbCA HA OLNAPe30HAHCHUL
pedicum  pobomu, 3a0e3neuyiouu Maxy CHOJICUBAHY ROMYdCHICmb | docmammuio cmabiibHicms podoomu 3
MOCIUBICIIO  MPAHCROPMYBAHHA UPODIE Y WUPOKOMY Oianazoni Mmac 3a8aHmadicenHs. YOocKoHaneHna
KOHCMPYKYisl 000AMKO80 00380JIA€ MPAHCNOPMYsamu 0emaini no Kouax pisnozo padiyca i0HOCHO YeHmpanbHoi
8epMUKanbHOI oci cumempii npucmporo. B nybonikayii po3pobieno memoouxy po3paxyHKy NpYHCHoi cucmemu
NPUCTPOIO HA dHcopcmKicmb ma miynicms. Ompumani 3a1e4CHOCMI 0alomb MOXCIUBICIb 3ACMOCO8Y8AMU iX HA
emanax npoeKmyeaHHa makux MawuH, abo pooumu nepegipkosi po3paxynku 3a HasAHOCMI eCKi3HO20 NPOEeKmy
npucmpoio. Po3pobneno memoouxy po3spaxyHKy npyacHoi cucmemu Kymosux koausans. [ns pospobnenoi mooeni
npucmporo posmipamu mparcnopmyroyoi naowunu 500 x500 mm nposedeno pospaxynxu npyscHoi cucmemu Ha
arcopemricmo i Miynicmo. Posenanyeuiu Moxcaugocmi KitbKox cucmem JHCUBIeH s eneKmpomMasHimmo2o npueooa
YOOCKOHANEHOT Mawuny, po3poblieHi NPUHYUNOGI CXeMu PIZHUX MPAHCNOPMHO-MEXHON02IUHUX cucmem i3 il
BUKOPUCHAHHAM.

Knrwuosi cnoea: sibpayitinuii KoHeeep, MpancnopmHO-MAHINYIOIOYUI NPUCMPILL, NPYICHA CUCmeMd,
6ibpayis, KOHCMPYKMUEHA CXeMA, NPUHYUNOBA eNeKMPUUHA CXeMd, A6MOMamu3ayis 6UpOOHUYMEd.
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