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JUSTIFICATION OF THE
PARAMETERS OF A VIBRATORY
FEEDER OF AN AERODYNAMIC
SEPARATOR FOR SEED MIXTURES

The issue of improving the efficiency of feeding seed mixture
waste into the separation channel of an aerodynamic separator using
a vibratory feeder is considered. The need to ensure uniform and
stable material feeding, taking into account the feeder capacity and
the height of the formed material layer at its outlet, is substantiated.
The influence of the frequency and amplitude of oscillations of the
vibratory feeder on these technological parameters was investigated.
The frequency and amplitude of oscillations were taken as the
controlled experimental factors, while the evaluation criteria were the
capacity of the vibratory feeder and the height of the seed mixture
waste layer (using sunflower as an example) at its outlet.
Experimental studies were conducted according to a full factorial
design for two factors at three variation levels with three replications.

Based on the experimental results, mathematical models
describing the dependence of the vibratory feeder capacity and the
height of the formed material layer on the frequency and amplitude of
oscillations were obtained. A significant interrelated effect of the
investigated operating parameters on feeder capacity was
established. It was determined that the height of the seed mixture
waste layer is primarily dependent on the amplitude of oscillations,
with its effect being distinctly nonlinear.

Technological constraints were established, according to
which the height of the material layer at the outlet of the vibratory
feeder should not exceed 0.036 m, while its capacity should be within
the range of 50-150 kg/h. Based on a combined analysis of the
obtained mathematical relationships, a rational oscillation amplitude
of Ay = 1.6 mm was substantiated. The possibility of regulating the
vibratory feeder capacity at this amplitude by varying the oscillation
frequency was established. The proposed approach provides a basis
for automated control of the material feeding intensity into the
separation channel using a MikroD3 microprocessor controller.

Keywords: vibratory feeder, aerodynamic separator, seeds,
seed mixture, waste, separation, oscillation frequency, oscillation
amplitude, capacity, layer height.

Introduction. Improving the processes of
cleaning and separation of seed mixtures is one of the
pressing tasks in enhancing the efficiency of
technologies for post-harvest processing and
processing of agricultural raw materials. The quality of
the separation process largely determines the
possibility of further rational use of the obtained
fractions, reduction of process losses, and
improvement of the efficiency of processing
enterprises. Of particular importance is the
improvement of technical means that ensure not only
the direct separation of mixture components but also

the creation of optimal conditions for a stable
separation process.

The relevance of this problem is particularly
pronounced in the processing of oilseed crops, which
are an important type of oil-bearing raw material. During
their cleaning and technological processing, waste is
generated along with the main product, which may
include seed particles, hulls, plant-derived fragments,
and other components. Such material is characterized
by considerable heterogeneity in terms of geometric
parameters, mass, density, shape, surface condition,
and aerodynamic properties. Differences in the
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physical and mechanical characteristics of individual
components create conditions for their separation but,
at the same time, complicate the organization of stable
material feeding into the working zone of separators.

Improving the completeness of separation of
such mixtures is important not only technologically but
also from a resource-saving perspective. Effective
fractionation of waste makes it possible to recover
components potentially suitable for further use and
reduce the amount of material that is irreversibly
removed from the technological process. Therefore,
improving separation processes should be considered
as one of the directions for increasing the
comprehensive utilization of raw materials and
reducing losses during their processing.

One of the promising methods for separating
heterogeneous seed mixtures is aerodynamic
separation, the principle of which is based on
differences in the behavior of particles in an air stream.
The efficiency of this process depends not only on the
velocity characteristics of the air stream and the
physical and mechanical properties of the mixture
components but also on the conditions under which
they enter the separation channel. To ensure stable
separation, it is necessary to create a uniform material
flow in which particles enter the working zone of the
separator with minimal fluctuations in flow rate and
without the formation of local accumulations.

Uneven feeding of the seed mixture can lead
to periodic overloading of individual sections of the
separation channel, changes in the conditions of airflow
around the particles, and deterioration of their
separation according to aerodynamic properties. If the
layer thickness is excessive, particles may shield one
another, resulting in unequal interaction with the air
stream. Therefore, the efficiency of aerodynamic
separation is largely determined by the quality of
preliminary material flow formation.

The use of a vibratory feeder is a promising
technical solution for preparing a seed mixture for
aerodynamic separation. Its application makes it
possible to combine material conveying and metered
feeding operations, as well as to create the necessary
conditions for forming the material flow before it enters
the separation channel. The operating principle of such
a feeder consists in the directed movement of bulk
material along a working surface subjected to
oscillatory motion with specified parameters. Under the
influence of oscillations, particles move along the
working surface, while their motion is determined by the
interaction of inertial, gravitational, frictional, and
support reaction forces. Depending on the oscillation
mode, the particle velocity, material feeding intensity,
and distribution pattern over the feeder surface change.
This provides an opportunity to control the
technological process by regulating the parameters of
the vibrational excitation.

The main operating parameters determining
the performance of a vibratory feeder include oscillation
frequency and amplitude. Their variation directly affects
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the kinematic characteristics of material movement
and, consequently, the feeder capacity and parameters
of the formed material flow. In this regard, not only the
absolute value of each parameter but also the nature of
their interaction is important. The same capacity can
potentially be achieved with different combinations of
frequency and amplitude; however, the conditions for
forming the material layer may differ.

In the proposed design, the combined
vibratory feeder is intended for controlled feeding of
seed mixture waste into the separation channel,
followed by its entrainment by the air stream. The
feeder design should ensure continuous material
movement and the formation of a stable flow before its
introduction into the aerodynamic separation zone. To
generate the required oscillation mode, an
electromagnetic vibration exciter with adjustable
amplitude is provided. The oscillation frequency is set
using a microprocessor-based control system, which
enables targeted adjustment of the feeder operating
modes and investigation of their influence on the
technological parameters of the process.

The possibility of independently adjusting the
oscillation parameters is an important prerequisite for
adapting the feeder to the characteristics of the material
and the required separator capacity. At the same time,
increasing the intensity of vibrational excitation does not
always result in a proportional improvement in
technological performance. At certain combinations of
frequency and amplitude, excessive material flow into
the separation channel may occur, leading to an
increase in layer thickness and deterioration of the
conditions for interaction between individual particles
and the air stream.

Conversely, insufficient oscillation intensity
may reduce the rate of material movement along the
working surface, cause instability in material feeding,
and limit the overall capacity of the separator.
Therefore, when selecting the feeder operating mode,
it is inappropriate to focus exclusively on maximizing its
capacity. At least two interrelated technological criteria
should be considered simultaneously: feeding capacity
and the thickness of the seed mixture layer at the
feeder outlet. Consequently, substantiating the rational
relationship between the parameters of vibrational
excitation and the technological performance of the
process is an important prerequisite for ensuring the
specified feeder capacity and stable operation of the
aerodynamic separator.

Review of recent research and
publications. Vibratory feeders have been widely
used in technological processes involving the
conveying, orientation, dosing, and controlled feeding
of bulk materials in various industries [1-6]. Their use is
particularly appropriate in technological lines where
continuous and uniform material flow to the next
working element or processing zone is required.
Compared with conventional conveying devices,
vibratory feeders are characterized by a relatively
simple design, the ability to adjust operating modes,
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and the capability to provide controlled movement of
bulk materials without the use of complex mechanical
drive systems.

The operating principle of vibratory feeders is
based on transmitting oscillatory motion to a working
surface, as a result of which material particles undergo
directed movement. The nature of this movement is
determined by a combination of the structural and
operating parameters of the equipment, as well as the
physical and mechanical properties of the material. The
main controllable parameters include the frequency
and amplitude of oscillations of the working element.
Their variation affects particle velocity, material feeding
intensity, its distribution over the working surface, and,
consequently, the feeder capacity.

One of the main advantages of vibratory
feeders is the ability to regulate the intensity of material
conveying and dosing by changing the operating
parameters of the working element oscillations. This
makes it possible to adapt the equipment operation to
the properties of a particular bulk material and the
technological requirements of the subsequent
operation. This capability is particularly important when
processing heterogeneous mixtures  whose
components may differ significantly in size, shape,
density, mass, and other physical and mechanical
characteristics.

The theoretical principles underlying the
calculation and design of vibratory machines are based
on the laws governing the oscillatory motion of their
working elements and the establishment of
relationships between vibration parameters and
technological characteristics of the process [7]. At the
same time, the efficiency of bulk material movement is
determined not by an individual parameter but by their
combined effect. Changing the oscillation frequency at
a constant amplitude or, conversely, changing the
amplitude at a constant frequency can significantly alter
the nature of particle interaction with the working
surface and with one another. As a result, the material
movement velocity, flow density, and its distribution
across the width and length of the working element
change.

Chandravanshi and Mukhopadhyay analyzed
the dynamic characteristics of a vibratory feeder and
established the influence of its operating parameters on
the velocity of particle movement along the vibrating
surface. The results obtained by the authors
demonstrated that the parameters of the oscillatory
process significantly affect the kinematic characteristics
of bulk material flow [8]. This confirms the need for a
well-founded selection of vibration modes depending
on the required equipment capacity and the properties
of the material being conveyed.

Van Nguyen and Golikov investigated the
patterns of particle movement in a vibratory feeder and
considered possibilities for optimizing its operating
modes. The results of these studies confirm the
feasibility of a comprehensive approach to selecting the
frequency and amplitude of oscillations when designing
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and operating vibratory feeding devices [9]. Thus, their
operational efficiency largely depends on the
coordination of operating parameters with each other
and their correspondence to the characteristics of the
material.

The use of vibratory feeders in technological
lines for cleaning and separating grain and seed
materials is of particular interest. In this case, the feeder
performs not only a conveying or dosing function but
also prepares the material flow for subsequent
technological treatment. The uniformity of feeding
determines the stabilty of loading the separator
working element and, consequently, the efficiency of
separating the initial mixture into individual fractions.

This is particularly important for aerodynamic
separation, in which the components of a seed mixture
are separated as a result of their interaction with an air
stream. The motion conditions of an individual particle
in the separation channel are determined not only by its
physical, mechanical, and aerodynamic properties but
also by the manner in which the material enters the air
stream. Uneven feeding or excessive local
accumulation of material can impair separation
conditions because individual particles will interact with
the air stream under different initial conditions.

Therefore, when a vibratory feeder is used as
part of an aerodynamic separator, an important
technological parameter, alongside capacity, is the
material layer thickness at the feeder outlet. Formation
of a layer of specified thickness contributes to more
uniform introduction of the seed mixture into the
separation channel and the creation of stable
conditions for its interaction with the air stream.
Accordingly, the feeder operating parameters should
ensure not maximum capacity as such, but a feeding
intensity at which capacity is consistent with the
permissible material layer thickness.

For seed mixtures, this issue is of additional
importance due to the heterogeneity of the material in
terms of its physical and mechanical characteristics.
Waste generated during seed cleaning and processing
may contain components that differ in geometric
dimensions, mass, density, and aerodynamic
properties. Under such conditions, stable flow
formation before the material enters the separation
channel is one of the prerequisites for effective
subsequent separation of the mixture.

Analysis of existing studies indicates that
researchers have primarily focused on establishing the
laws governing the movement of bulk materials along
vibrating working surfaces, investigating the dynamic
characteristics of equipment, and determining the
capacity of vibratory conveying and feeding systems.
At the same time, the use of such equipment directly as
part of an aerodynamic separator imposes additional
requirements on the technological parameters of the
material feeding process. In this case, it is important to
simultaneously ensure the required feeder capacity
and form a uniform seed mixture layer of a specified
thickness before it enters the separation channel.
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The frequency and amplitude of oscillations
may exert an interrelated influence on these
technological parameters. Increasing the intensity of
vibrational excitation can contribute to an increase in
material movement velocity and feeder capacity;
however, under certain operating modes, it may alter
the conditions for forming the mixture layer at the outlet.
Conversely, insufficient oscillation intensity may result
in reduced capacity and unstable material feeding.
Therefore, determining a rational range of operating
parameters requires their comprehensive experimental
investigation.

Thus, establishing the patterns of the
combined influence of oscillation frequency and
amplitude on the technological performance of a
vibratory feeder, particularly its capacity and the
thickness of the formed seed mixture layer, remains a
relevant and insufficiently studied issue. Experimental
substantiation of rational feeder operating parameters,
taking into account the technological requirements of
aerodynamic separation, will make it possible to ensure
stable material feeding and create the necessary
conditions for its effective separation in the separation
channel.

Aim and Objectives of the Study. The aim of
the study was to experimentally determine the patterns
of influence of the oscillation frequency and amplitude
of a vibratory feeder on its capacity and the height of
the formed layer of seed mixture waste (using
sunflower as an example), as well as to substantiate
rational operating parameters to ensure uniform and
stable material feeding into the separation channel of
an aerodynamic separator.

At the first stage of the study, the structural and
functional characteristics of the combined vibratory
feeder (Fig. 1), designed to form a moving flow of seed
mixture waste and subsequently provide its controlled
feeding into the aerodynamic separation zone, were
investigated. In its upper part, the vibratory feeder is
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connected to the loading device by means of an elastic
gasket, which provides the necessary mobility of the
working element during oscillations.

The source of mechanical oscillations of the
working element is an electromagnetic vibration exciter.
Under the action of the oscillations generated by it, the
material acquires directed motion along the working
surface of the vibratory feeder toward the separation
channel. At the feeder outlet, the formed seed mixture
flow enters the working zone of the separator, where
the particles are entrained by the air stream and
subsequently  separated according to their
aerodynamic properties.

The equipment design allows the vibratory
feeder to be disconnected from the loading device,
which simplifies its maintenance and cleaning, together
with the separation channel, of residual material. To
provide access to the internal working elements, an
inspection hatch with locking latches is provided on the
front of the separator. This design solution enables
prompt inspection, cleaning, and maintenance of the
equipment working zone.

The electromagnetic vibration exciter (Fig. 1,
a) is structurally designed as an electromagnetic
system with adjustable oscillation amplitude. The
required amplitude value is set according to the
specified operating mode before starting the separator.
Changing this parameter makes it possible to regulate
the intensity of vibrational excitation of the material and,
consequently, the nature of its movement along the
feeder working surface.

To improve operational reliability and safety,
the vibration exciter is equipped with a thermal relay
designed to monitor its thermal condition. If the
permissible temperature is exceeded or an overload
occurs, the system automatically switches off the
vibration exciter, preventing overheating and possible
equipment damage.

Fig. 1. Vibratory feeder of a column-type aerodynamic separator: a— schematic diagram; b
—general view; 1 — base; 2 —springs; 3 — lower frame; 4 — spring element (plate); 5 — upper frame;
6 —tray; 7 — hopper; 8 — electromagnetic vibration exciter.



ISSN 2306-8744

Ne 3 (122) Bibpauii e mexHiyi

Since the determination and optimization of
the structural parameters of the vibratory feeder
were not included in the objectives of this study,
their values were adopted based on calculations
performed according to established methods [7-9].
As a result, the following structural parameters of
the vibratory feeder were established: H; = 185
mm; H, = 150 mm; L; =200 mm; L, =300 mm; a =
78°; B = 15°. The adopted geometric characteristics
remained unchanged throughout all experimental
studies, which made it possible to focus on

L QF0 SAl
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determining the influence of vibration operating
parameters on the technological performance of the
feeder.

The operating modes of the vibratory
feeder were controlled using a MikroD3
microprocessor controller according to the electrical
circuit shown in Fig. 2. The use of the controller
provided the possibility of regulating and
maintaining the specified operating parameters of
the vibration exciter during the experiments.

HL1 HL2

INV1

Mains
on (utility)

Fan

Dosing unit
SA2 EM (feeder)
HL3
T2
=S Rl MikRA D3
l)r();;é; lunil ——{3—— Output 1
er) 220V AC
(220 W) Output 2
PE SA2 Sensor +
_’./ - - Sensor -
Input +
— - Input -
T3 * Power supply
Trl
+ Power supply
230V AC zi 24V AC

Fig. 2. Electrical circuit of a column-type aerodynamic separator

The oscillation frequency of the vibratory
feeder wv and the oscillation amplitude Ay were
selected as the controlled experimental factors. The
oscillation frequency was varied using the MikroD3
microprocessor controller, while the required
amplitude was set by changing the working length
of the armature of the electromagnetic vibration
exciter. The ranges and variation levels of the
investigated factors are presented in Table 1.

The evaluation criteria for the efficiency of
the vibratory feeder were its capacity q and the
height of the sunflower seed mixture waste layer at
the feeder outlet h,. The capacity characterized the
intensity of material feeding into the separation
channel, while the height of the formed layer
determined the conditions for subsequent
interaction of the particles with the air stream.
According to the results of preliminary theoretical
studies, the limiting value of the layer height h,
should not exceed 0.036 m, which was adopted as

a technological constraint when determining
rational operating modes of the vibratory feeder.

The experimental studies were conducted
according to a full factorial design for two factors,
each varied at three levels. Thus, the experimental
design included nine combinations of operating
modes. Each experiment was performed in
triplicate, providing the possibility of statistical
processing of the experimental data obtained and
evaluation of the reproducibility of the results.

Based on the experimental results, the
dependences of the vibratory feeder capacity g and
material layer height h,, on the oscillation frequency
wv and amplitude A, were established. The
obtained relationships were used to determine the
range of rational operating parameter values that
ensure the required feeder capacity while
simultaneously  satisfying the technological
constraint h, <0.036 m.

Table 1
Variation levels of the factors in the experimental studies of the vibratory feeder
Variation level Vibratory feeder oscillation frequency wv | Vibratory feeder oscillation amplitude Av
Lower (1) 20 0.001
Zero (0) 60 0.002
Upper (+1) 100 0.003
Interval (A) 40 0.001
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Presentation of the Main Material. The
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results of the first stage of the experimental studies
are presented in Table 2.

Table 2
Results of experimental studies of the vibratory feeder
Wy, Ay, q, kg/h hp, m
Ne | xao | Xan | |y 1 2 3 [ Average 1 2 3 | Average
1 ]-1]-1]20 |0.001 | 432 | 421 | 419 42.4 0.023 | 0.017 | 0.023 0.021
2 |-1] 0] 20 | 0002 | 59.2 | 57.1 | 58.6 58.3 0.035 | 0.024 | 0.028 0.029
3|-1] 1| 20 | 0.003 76 733 | 72.1 73.8 0.045 | 0.038 | 0.035 0.039
4 1 0]-1)60 |0001]| 7912 | 76.8 | 76.9 77.6 0.029 | 0.024 | 0.024 0.026
5] 0| 0] 60 | 0002 | 133 | 127.2 | 125.3 128.5 0.042 | 0.026 | 0.038 0.035
6 | 0| 1] 60 |0.003]185.5]| 175 |177.1 179.2 0.053 | 0.035 | 0.057 0.048
711 ]-1]100]0.001 | 111.4 | 107 | 109.2 109.2 0.033 | 0.023 | 0.038 0.031
8 | 1 | 0 |100]| 0.002 | 194.9 | 189.4 | 191.7 192 0.047 | 0.033 | 0.048 0.043
91 1] 1 |100]0.003 |277.2 | 269 | 277.3 274.5 0.061 | 0.052 | 0.063 0.059
Using the Wolfram Cloud software capacity on the experimental factors was obtained

package, a second-order regression equation (1)
describing the dependence of the vibratory feeder

q = 128.332 + 66.8666 x10 - 3.39 x102 + 49.7166 x11 + 33.474 x10 x11 - 0.149 x112,

where ¢ is the vibratory feeder capacity, kg/h; x1o,
x11 are the coded values of the vibration frequency
wy and amplitude Ay of the vibratory feeder.

The calculated statistical parameters are
presented in Table 3. The regression coefficients
for which the calculated Student's t-value is lower
than the tabulated value t5.95(9) 2.26 are
highlighted in gray. These regression coefficients
will subsequently be disregarded as statistically
insignificant. The calculated Fisher criterion is F =

in coded form:
ey

26822, which is greater than the tabulated value
F.(6; 3; 0.05) = 8.94. This means that the null
hypothesis can be rejected and that the model has
a statistically significant effect on the dependent
criterion.

After decoding the variables and removing
the statistically insignificant regression coefficients,
the following equation is obtained (Fig. 3):

q = 21.374- 495.832 Av + 0.252916 wv + 836.874 Av wv - 0.002124 wv2 (2)
Table 3
Statistical parameters of regression equation (1)
a Estimate Standard Error t—Statistic P—Value
aoo 128.332 0.807852 158.859 5.50026-107
a0 66.8666 0.442479 151.118 6.38925-107
aiio 49.7166 0.442479 112.35 1.55425-106
a1 33.474 0.541924 61.7707 9.34785-106
a0 10 -3.39 0.766396 —4.43635 0.0212888
a1 -0.149 0.766396 —-0.195721 0.857334
The vibration amplitude Ay has a negative
effect on capacity in the linear term; however, in
combination with frequency, it makes a significant
positive contribution through the term 836.874Avwyv.
250 This means that an isolated increase in amplitude
¢, kg/h 200 0.0030 reduces capacity, whereas simultaneous increasing

150

100
50

0.0025

Ay, mm

W e 0.0010
100

Fig. 3. Dependence of vibratory feeder

capacity q on vibration frequency wv and
amplitude Ay

10

of the frequency can compensate for this effect or
even result in increased capacity. The term
-0.002124w? indicates that at excessively high
frequencies, the capacity begins to decrease. Thus,
achieving the required capacity requires appropriate
selection of the vibration frequency and amplitude,
avoiding excessively high frequencies and taking their
interaction with amplitude into account.

Using the Wolfram Cloud software
package, a second-order regression equation (3)
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describing the dependence of the height of the
sunflower seed mixture waste layer on the
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experimental factors was obtained in coded form:

hp = 0.0340555 + 0.00708332 x10 + 0.000716666 x102 + 0.0113832 x11 + 0.00224 x10 x11 +

+ 0.00181666 x112,

where h;, is the height of the sunflower seed
mixture waste layer at the vibratory feeder outlet, m.

The statistical parameters were calculated
and are presented in Table 4. The regression
coefficients for which the calculated Student's t-
value is lower than the tabulated value ty.¢5(9) =
2.26 are highlighted in gray. Since these
coefficients are statistically insignificant, they are
not considered in the subsequent analysis. The

3)

calculated Fisher criterion is F = 28493, which
exceeds the tabulated value F(6; 3; 0.05) = 8.94.
This allows the null hypothesis to be rejected and
confirms the statistically significant effect of the
model on the dependent criterion.

After decoding the variables and removing
the statistically insignificant regression coefficients,
the following equation is obtained (Fig. 4):

hp = 0.0162932 + 0.741666 Av + 1816.66 Av2 + 0.0000108332 wv + 0.05624 Av wv

+ 4.47916 - 10 — 7 wv2. 4)
Table 4
Statistical parameters of regression equation (4)
a Estimate Standard Error t—Statistic P-Value
aoo 0.0340555 0,000202351 168,297 4,62568:107
awo 0.00708332 0,000110832 63,92 8,44076-10°
aiio 0.0113832 0,000110832 102,706 2,0347-106
aio11 0.00224 0,000135741 16,5754 0,000477975
a10 10 0.000716666 0,000191967 3,73324 0,0334996
ai111 0.00181666 0,000191967 9,46335 0,00250117
coefficient 0.0000108333 is very small, while the
quadratic term 4.47916-107"w\? indicates a slight
accelerated increase with increasing frequency. A
significant effect is exerted by the interaction
between amplitude and frequency, described by the
0.05 term 0.05624A.wv. This indicates that increasing
hy, m 0.04 the frequency at a fixed amplitude additionally

0.0010
100

w,, Hz

Fig. 4. Dependence of the height of the
seed mixture waste layer at the vibratory feeder
outlet h, on vibration frequency wv and
amplitude Ay

Analysis of the equation makes it possible
to identify the main trends in the influence of the
parameters. The linear term 0.741666A. indicates
that the layer height h, increases with increasing
vibration amplitude. The quadratic term 1816.66A.?
indicates a significant nonlinear effect of amplitude,
meaning that the layer height increases at an
accelerating rate as Av increases. The vibration
frequency wv also affects the layer height, although
its effect is considerably weaker: the linear

11

contributes to an increase in the waste layer height.
Thus, the height of the waste layer at the vibratory
feeder outlet depends primarily on the vibration
amplitude, with its effect being distinctly quadratic.
Vibration frequency also affects h,, but this effect is
less significant compared with amplitude.

According to the numerical modeling
results, the height of the sunflower seed mixture
waste layer at the vibratory feeder outlet h,, should
be less than 0.036 m, while the vibratory feeder
capacity g should be within the range of 50-150
kg/h:

h.(o,,A,)<0.036,
[t o

50<q(wm, A, ) <150.

Solving system (5) together with equations

(2) and (4) yields Ay = 0.0015 m, while the vibratory

feeder capacity depends on its vibration frequency
(Fig. 5):

q = 20.6313 + 1.50822 wv - 0.002124 wv2. (6)
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q, kg/h
150
140

120

100

80

60
50

20 40 60 80 100

w,, Hz
Fig. 5. Dependence of vibratory feeder
capacity q on its vibration frequency wy

Equation (6) will be used to determine the
vibratory feeder capacity by regulating the vibration
frequency using the MikroD3 microprocessor

controller.
Conclusions. The experimental studies
established that the oscillation frequency and

amplitude have a significant effect on the main
technological performance indicators of the vibratory
feeder, particularly its capacity and the height of the
formed seed mixture layer. Based on the experimental
data obtained, mathematical models describing the
dependence of these parameters on the vibration
operating conditions were developed.

It was established that the oscillation
amplitude has the most significant effect on the height
of the material layer, with this dependence being
nonlinear. Taking into account the technological
requirements for the operation of the aerodynamic
separator, it was determined that the height of the
seed mixture layer at the feeder outlet should not
exceed 0.036 m, while its capacity should be within
the range of 50-150 kg/h.

Based on the analysis of the obtained
relationships, a rational oscillation amplitude of Ay =
1.5 mm was substantiated. At the established
amplitude, it is advisable to regulate the capacity of
the vibratory feeder by varying the oscillation
frequency. This approach enables operational control
of the intensity of seed mixture feeding into the
separation channel and provides the basis for
automating the material feeding process using a
microprocessor controller.

The substantiated operating parameters can
be used when configuring the control system of the
vibratory feeder of the aerodynamic separator to
ensure stable material feeding and improve the
efficiency of the separation process.
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egpekmusHocmi nodayi 8i0xodig HaciHHESOT CyMmilui
0o cenapauiliHoeo KaHasry aepoOuHaMi4HO20
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JKUBUJTbHUKA. ObrpyHmosaHo HeobXxidHicmb
3abeaneyeHHs1 pisHoMipHOI ma cmabinbHoi nodayi
Mamepiany 3 ypaxyeaHHAM podykmugHocmi
JKUBUIMbHUKa ma 8ucomu cghopmMoeaHo20 wapy Ha
tioeo suxodi. [ocnidxeHo ernnue yacmomu ma
amrnimyou KonugaHb 8ibpayiliHo20 XXueusbHUKa
Ha 3a3HadyeHi MexHOMO2iYHI  MoKa3HuKu. 5K
KepoeaHi (hakmopu eKkcriepumMeHmy nputiHaImo
yacmomy ma amniimydy KonueaHb, a K Kpumepil
OUjHIOBaHHSI — MNPOBYyKMuUeHicmb 8ibpauitiHo20
JKUBUJSTIbHUKA ma sucomy wiapy 8ioxodie HaciHHe8OI
cymiwi (Ha npuknadi COHAWHUKY) Ha o20 8uxooi.
EkcrniepumeHmaribHi 00CniOXeHHsT rposedeHo 3a
MOBHUM ¢hakmopHUM ririaHom Onsi 08ox ¢hakmopie
Ha mpbOX pPiBHSX eapito8aHHs 3 MmpupPas’neor
rnoemopHicmio docnidis.

3a pesynbsmamamu ekcriepumMeHmarsnbHUX
docnidxkeHb ompumaHo MamemamuyHi  modeni
3anexHocmi  npodykmueHocmi  eibpauiliHo2o
JKueUMbHUKa ma eucomu cgopMo8aHoz0 wapy
Mamepiany 8id yacmomu U amnninimyou KonueaHsb.
YcmaHoeneHo  cymmeesul  83aemoriog’ssaHull
8risiug O0C/IOXKy8aHUX PEXUMHUX rnapamempie Ha
npodykmueHicmb XueusibHUKa. BusHauyeHo, wo
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Haubinbwo MIpor 3anexums 6i0 amrnimyou
KonueaHb, rpuyoMy i ennue mae eupaxeHuli
HeniHiGHUU xapakmep.

YcmaHo8neHo mexHonoaidyHi 0OMeXXeHHs,
8i0rosidHO 00 AKUX gucoma wapy mMamepiany Ha
8uxo0di 3 eibpaujliHo20 XXU8Us/bHUKA He [08UHHa
nepesuwjyeamu 0,036 m, a (io20 npodyKmueHicmsb
mae nepebysamu 8 mexax 50-150 ke/200. Ha
OCHO8I CYyMIiCHO20 aHanisy ompumMaHux
MamemMamuy4HUX 3anexHocmel 06rpyHmMoeaHo
paujioHanbHe 3Ha4yeHHs amnnimyou KonueaHbe Ay =
1,6 MM. YcmaHoerneHo Moxrugicmb peayroeaHHs
npodykmueHocmi 8ibpayiliHo2o XueuslbHUKa 3a
Ub020 3Ha4YeHHs amnnimyoOu WIAsSxXoM 3MiHU
Yyacmomu KosueaHb. 3arnporoHosaHul  nidxid
cmeopioe nepedymosu Orsi agmMomMamu308aH0O20
KepysaHHs1 iHmeHcusHicmio nodayi mamepiany 00
cenapauyiliHoeo  KaHary 3  8UKOPUCMaHHSIM
MiKkporpouyecopHo2o koHmposnepa MikPA [3.

Knroyvoei cnoea: gibpauitiHuli XususbHUK,
aepoduHamiyHuli cernapamop, HaciHHsl, HaciHHesa
cymiw,  ei0xo0u,  cernapysaHHs, yacmoma
KosiueaHnb, amnimyoda KoJsiueaHb,
rpodyKkmueHicmb, eucoma wapy.

eucoma wapy 8i0xodie  HacCiHHE8OI  Ccymiwli
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