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Abstract. The object of the research is the vibrational feeders with vibro-impact adaptive drive, the characteristic
feature of which is the multifrequency excitation and self-adjusting of the oscillations parameters, including the frequency
spectrum, to change the mass of the technological load. The basis of the problem solution is the excitation of vibro-
impact oscillations of the working body (tray) of the feeder, at which in its vibration drive the resonant frequency
oscillations are realized, the intensity and frequency spectrum of which increase with increasing the technological load
on the feeder tray, which distinguishes such vibrators from those used in typical feeders. When increasing the load on
the tray from the bulk medium at output from the bunkers or reflacted ore from the chambers of ore blocks, the vibro-
impact drive adapts to this by increment of parameters and the oscillations spectrum of the vibro-impact drive impactor,
which, respectively, are transmitted to the tray and bulk media. Vibro-impact systems with such vibro-excitement with
parameters and dynamic loading, identical with analogues, have, depending on their purpose, from 3 to 8 times less
power consumption, and from 3 to 5 times increase in the intensity of oscillations. So when changing the mass of the
tray with the attached mass of bulk medium from 300 to 3000 kg, its acceleration increases by 2.4 times, from 60 to 143
m/s2. At multifrequency excitation, an increase in the level and depth of vibration spreading in an massive of bulk media,
the destruction of frozen bulk material, static equilibrium bonds, and reduction the forces of adhesive and friction
between particles of bulk material. Thus, the vibro-impact drive of the vibrating feeder is adapted to change the load on
the feeder tray from the bulk medium on it. At the same time, due to polyfrequency excitation, the mobility of the
technological medium that is being processed is improved, which is especially important for the control of freezing and
adhesion of materials in the bunkers, or in the pillar of the reflacted rock mass during its output by the vibrating feeders
from the chambers of the wining blocks at the underground mining of minerals. All this compared with the harmonic
excitation of a typical feeder tray will lead to an increase in the productivity and efficiency of the vibration output of bulk
media from bunkers or chambers of ore blocks.

Keywords: underground mining of minerals, vibrational feeders, bulk medium, vibro-impact adaptive drive,
multifrequency excitation, oscillations parameters, frequency spectrum, power consumption.

Introduction. Vibratory feeders have been widely used for the output and loading
of various loose media from bunkers, tanks, reflacted ore from chambers of wining
blocks, etc. [1-6]. Constructions of vibratory feeders differ in diversity, which is
explained by the difference in their technological purpose, the properties of the
unloaded loose medium, the conditions of its storage and output. The classification of
feeders is carried out according to the following features: the number of oscillating
masses, the type of drive, the purpose, the properties to conrtol the oscillation
parameters, the method of montage.
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According to the number of oscillating masses, vibro-feeders are classified into
single, double, and multi-mass systems. Single-mass constructions usually operate in
over-resonance mode and require significant excitation efforts to obtain the required
amplitudes of oscillation, which is a disadvantage of such systems. Another
significant disadvantage of single-mass feeders with the most common debalanced
vibration drive is the excitation of significant amplitudes of oscillations during
transition the resonance zone during the system startup. This can be the reason for the
breakdown of various elements of the construction of the vibration feeder, and leads
to the transfer of significant dynamic loads on the foundation and elements of its
supporting construction. In addition, to overcome the resonance on its own
oscillations frequency of such system during its startup, it is necessary to significantly
overvalue the nameplate capacity of the electric motor vibrational generator, in
compared with the required capacity for the realization of stationary over-resonance
oscillation modes. As a result, the capacity consumption of a electric motor in
working modes does not exceed 30-70 % of the nominal, selected under the
conditions of system startup and passage the resonance, which reduces system
efficiency and power factor of the electric motor. Usually in such systems, using the
debalanced drive, the speed of vibration transport of the process medium at a level of
0.25 m/s is provided at an excitation frequency of 1500 rpm and 0.35 m/s, at a
frequency of 1000 rpm. The maximum amplitudes of oscillations, respectively, are 5
and 8 mm. Limits of amplitudes and excitation frequencies are due to permissible
accelerations, which, in the conditions of durability and reliability of the vibration
fedder construction, generally do not exceed 100 m/s?.

Despite these disadvantages, single-mass vibratory feeders with an inertial
debalanced vibrator, due to its simplicity and exploatation reliability, have been
widely used, especially in heavy performance in mining at output in the outlets
(hollows), and the loading of refined ore from wining blocks chambers at the
underground mining of minerals [1, 2]. These vibrofeeders are subject to high
requirements for the strength and reliability of the construction, due to they operate in
conditions of bulk, under ore heavy load, and explosions at the destruction of
oversized bits of the rock mass and the elimination of its freezings in the chamber, as
well as significant shock loads from the bites that fall on the feeder tray.

The process of output the refined ore from the chambers through the outlets
(hollows) is accompanied by cluster formation and its freezings in the chamber,
which significantly reduces the output productivity and worsens the working
conditions of miners due to the need to eliminate freezings, in the vast majority, by
explosions means. At vibration output, compared with other methods, the statistical
number of ore freezings is significantly reduced. This is due to the fact that
vibromechanisms carry not only the displacement of the reflacted rock mass for
loading, but also provide its excitation in the depth of the array. At the same time,
vibration actively influences the parameters of the zone of reflected ore flow due to
the destruction of the static equilibrium bonds and the reduction of the adhesive
forces, and the friction between the bites of the bulk medium. Limit angles of the
leakage of bulk material under the influence of vibration sharply decrease (up to 32-
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36°, in comparison with 43-55° natural angles of the slope) [2]. Therefore, vibration
improves forced output due to the development of the shape of the loosening in the
chamber and increases the speed of displacement the reflected rock mass. In this case,
in comparison with other methods of output, vibration increases the speed of ore
leakage and flow parameters with constant parameters of outlets - hollows, which
sharply increases the throughput of the outlet. This, with the use of vibration output,
provides an opportunity to increase the distance between the outlets in the block and
outlets in a row, which significantly reduces capital costs for their arrangement [1].

The depth of excitation of the reflacted rock mass depends on its physical and
mechanical properties and vibration parameters. As a rule, vibration in a lumpfill
medium during the excitation of a vibro-tray of a typical feeder, and its maximum
acceleration of 100 m/s?, extends to a distance not exceeding 2-3 m due to the
dissipation of energy in the rock massife [1, 2]. In addition, vibration parameters of
the vibrating feeder tray with excitation from debalanced vibrators depend on the
weight of the bulk material on the tray and decrease with its growth. When operating
under a blockage it is possible to completely oscillation stoping of the vibration
feeder tray and, accordingly, the ore outut. To restore the feeder operating it is
necessary to reduce the load on the working body, which is a rather labor-intensive
and dangerous operation for miners. In view of the above, an increase in the depth of
excitation of the bulk medium, and the non-interruption of the excitation of the
vibration feeder tray under any load from the bulk medium, is important for
intensification and increases the output productivity.

Double-mass constructions of vibration feeders due to the possibility of
realisation expedient resonance modes are more common in other industries.
Resonant oscillation modes allow, on the one hand, to increase the feeder efficiency
(resonance machines consume about twice less power than over-resonance ones), on
the other hand - to improve the dynamic balance of the system, which enables them
to be installed without the foundation. Operating modes of double-mass vibratory
feeders are near-resonance (about 0.85-0.95 of the eigenfrequency of the system).
With such a pre-resonance setting it is possible to prevent the passage of the
resonance zone during the system startup and run-off, as in single-mass systems.
With these advantages, the essential disadvantage of such systems is their sensitivity
to changing the workload from the technological medium, which leads to the exit the
system off the pre-resonance mode and a significant decrease in the oscillation
parameters, or to its possible occurrence in non-stationary resonance oscillations.
Therefore, to reduce the sensitivity of the machine to the changing of technological
load, when using the active mass as a working body, its reactive mass should be
significant. The presence of a massive reactive element significantly increases the
vibration feeder mass, which is a significant disadvantage of this type dynamic
systems.

In view of the above, it is important to create vibration feeders that combine the
benefits of single- and double-mass systems, and do not have the above-mentioned
disadvantages of these systems.
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The purpose of the work is to create vibrational feeders with vibro-impact
adaptive drive, which are self-adjusting to change the technological load mass.

From the foregoing it follows that the best for vibration feeders are resonant
oscillation modes, which must be resistant to changes in the technological load mass
and other parameters of the system. They must also be equipped with the most simple
in design and in operation debalance drive, with the electric motor capacity, which
does not exceed the power required for the realisation of stationary oscillation modes.
For this purpose, a double-mass dynamic vibrating feeder system is proposed, which
combines the advantages of double-mass resonant and single-mass over-resonant
systems, which has no inherent disadvantages for these systems.

Method. The dynamic scheme of a vibratory feeder with a vibro-impact adaptive
drive is shown in Figure 1.

The vibration feeder is a double-mass dynamic system of interconnected with a
fixed base using two-side and one-side elastic bonds and damping elements. The
system consists of a tray with mass m; and a impactor with mass m,. The tray is
installed on a stationary basis by holding elastic bonds with stiffness cy, and
viscosity byo. The impactor is fixed to the feeder tray by holding the elastic bonds
with the stiffness ¢y, and the viscosity by, and has a one-way and one side elastic
constraint with stiffness, respectively, ¢, and c¢,; and viscosity by, and by,;. The
gaps o1, and J,; are set up between the tray and the constraints to facilitate system
start-up. The debalanced oscillator is fixed on the impactor, whose axle rotates in a
horizontal plane with the debalanced masses m,, using an asynchronous motor with
nominal power N,. The debalanced masses m, are set with an eccentricity r and have
a moment of inertia J. Debalanced masses at rotation create a centrifugal force of
inertia that excitate small forced fluctuations of the feeder masses. We consider
oscillations of the feeder mass only on the central axis. Therefore, the system is
characterized by two connected coordinates: the angle - the angle of rotation of the
vibration rotor and the oscillating - displacement of the feeder mass along the axis.
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Figure 1 - Estimated dynamic scheme of vibration feeder with vibro-impact adaptive drive of
limited capacity
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The system of equations, which describes the motion of the dynamic system,

shown in Figure 1 has the form
(m, +my )%, + P, — Py, + P, = myrsing+m,re? cos @
mX +R—P,+Fy; —F, =0 (1)
Jo =myrX, sine+ L(¢) —R(¢p) +mygrsine

where x, - movement of the tray; x, - movement of the impactor; r, - force in holding
elastic bonds of the tray; p, - force in holding elastic bonds of the impactor; p,, P, -
forces in elastic constraints; ¢ - angle of debalances rotation; L - moment of rotation
on the debalance axle; r - moment of frictional force rotation resistance in bearings;
g - free fall acceleration.

Forces in two-side elastic bonds are determined by dependencies

R = Co0% +bp10Xl ;
P, =C 00 (X, —X) +b,5 (X, = %) .
Forces in one-side elastic bonds are calculated by formulas

P01 = (Cr12812 + br12812) H (_612) :

Poz = (€210 +br21821)H (-8,1),
where H(-s;) - the Heviside functions, which are determined as follows

1 6,>0
0, 8,<0’

1, 95, >0

H(—821)={0 5. <0
' 21 =

H(-5,) ={

Flat gaps (tensions) in one-side elastic bonds are determined by dependencies
3, (1) =X, (1) =X (t) + 6y, ;
81 (1) = %, (1) — %, (t) + 3, .

The moment of rotation on the debalanances axle of the oscillator is calculated by
the formula

LGuM ,

where n - coefficient of effectiveness; u - transmission ratio of the drive; m -
moment of rotation on the electric motor axle.

The three-phase asynchronous motors with short-circuited rotor are used as an
energy source in vibrating feeders. For such motors, the mechanical characteristic
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(the dependence the moment on the axle of rotor sliding) is determined by the Clause
formula
V- M,
s/s. +s,/s’

where M., - critical moment of the motors; S.,. - critical slide of the rotor; s - current

slide.
The critical moment of an asynchronous motor is determined by the dependence

MCV :CMH

where ¢ - reloading characteristic of the motor, characterizing its ability to short-

lived overload; M, - nominal motor moment.
The nominal moment of an asynchronous motor is determined by the formula

_ 1000N,

n )
(’On

M

where N, - nominal motor capacity; », - nominal angular motor speed.
The critical slide of the rotor of the asynchronous motor is determined by the

dependence
Se =8, (C+4/C* -1)

where s, - nominal slide, which is determined by the formula

where o, - the synchronous angular speed of rotor rotation, which is calculated by

dependence
_ 2xf,

C 1

P

Q)

where f- current frequency in the power supply network; p - number of an

asynchronous electric motor poles pairs.
Current slide is determined by the formula

where o - the current value of the angular speed, which is determined by the formula
o=Up,
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The moment of resistance to rotation from frictional forces in bearings is
determined as

R=0.5uFd

where . - conditional coefficient of rolling friction; F - centrifugal force of
debalance; d - the diameter of the debalanced axle.

The centrifugal force created during the rotation of the vibrator axle with the
debalance is determined by the dependence

F=m,ro’,

To solve the equations of motion of system (1) it is necessary to supplement them
with initial conditions. We will assume that at the initial moment of time (t=0) the
system is at rest, that is

x,(0)=0, %,(0)=0; 2)

It is difficult to obtain an analytic solution of equations (1), (2), so their solution
can be found by methods of numerical integration. The algorithm of the calculation
of equations (1), (2) by this method and its program relisation is analogous to the
solution and program realization of the mathematical model equations of the
vibration polyfrequency sieve with the limited power of its oscillator drive [7].

In the first stage of the computational experiment, a numerical integration of the
system of motion equations (1) is performed by means of the calculation algorithm,
which is presented in [7]. As a result, the time series of the system mass motion are
calculated. At the second stage of the computational experiment, the study of the
obtained time series is carried out using:

- autocorrelation functions for determining the period of forced oscillations;

- spectral analysis of motions, speeds and accelerations;

- phase diagrams in “motion-speed” variables;

- dependencies of motions, speeds, accelerations, energies, powers, actions ect. of
changes in the parameters of the dynamic system, received by the method of
continuation by the investigated parameter, or by the method of discrete switching of
this parameter. The algorithm of time series study is presented in [7].

The mathematical model of oscillations of a vibrating feeder with an adaptive
vibrator with limited power drive and a calculation algorithm for its numerical
researches are realized as a computer program for PC.

Research results and discussion. Researches of the oscillation of the vibrating
feeder model by a numerical method were performed at the basic parameters of the
feeder, shown in Table 1.
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In order to establish the declared advantages of the proposed feeder, comparative
studies of vibrating feeders with a vibro-impact drive and a typical feeder, as a single-
mass model with harmonic excitation of oscillations, are performed. As the basic
parameters of a typical vibration feeder, the parameters of the vibration feeder
indicated in Table 1, were accepted. The transformation of the model of a feeder with
a vibro-impact drive into a typical model of a single-mass feeder is carried out by
assigning zero intervals to one-side elastic bonds and increasing the stiffness of the
Impactor elastic bonds to a level that eliminates the relative motions of the masses of
its oscillatory system.

Table 1 - Basic parameters of a vibrating feeder for research

Parameter Symbol Value
Mass of impactor, kg m, 160
Mass of feeder tray, kg m, 300
Stiffness of two-side elastic bonds between m, and the base, kN/m Cp10 1680
Viscosity coefficient of elastic bonds c,, (O 2000
Stiffness of two-side elastic bonds between m, and m,, N/m Coat 278260
Viscosity coefficient of elastic bonds ¢, b, 2000
Stiffness of the upper constraints, kN/n Cryy 20000
Viscosity coefficient of elastic bonds c,,, b1, 2000
Static gap c,,,, m 81 0.003
Elasticity of the lower constraints, KN/m Croy 20000
Viscosity coefficient of elastic bonds c,,, [ 2000
Static gap c,,,, m Sy 0.003
Type of vibrating oscillator - electromechanical vibrator EB100L6U3 -
Synchronous angular speed of vibrator rotation, rad/s o, 104.67
Nominal angular speed of vibrator rotation, rad/s o, 97.34
Weight of debalances, kg m, 12.28
Eccentricity of debalances, m r 0-0.061
Force of excitation of forced oscillations at synchronous frequency, kN m,ro’ 0-8.2
Static moment, kg-m mer 0-0.75
Nominal power of an asynchronous electric motor, kKW N, 2.4
Number of pairs of electric motor poles, pairs p 3
Coefficient of engine capacity to overload g 2.4
Frequency of current in the network, Hz f. 50

In Figure 2 and Figure 3 shows fragments of oscillograms of stationary
oscillations of the masses of feeders with vibro-impact and harmonic excitation.
From the above oscillograms it is seen that the tray and impactor of the feeder with a
vibro-impact drive carry out synchronous oscillations that differ in amplitude, and
due to the slight divergence in the oscillations phases close to sinphasic. In this case,
the amplitudes of the tray vibrations are more than 2.6 times higher then the
amplitudes of the impactor oscillations and, accordingly, equal to 4.22 and 1.6 mm.
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Figure 2 - Oscillograms of stationary oscillations of a feeder with vibro-impact excitation
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Figure 3 - Oscillograms of stationary oscillations of a feeder with harmonic excitation

The amplitudes of mass accelerations (Fig. 4) differ by 1.37 times and,
accordingly, are equal to 82.2 and 60 m/s®. In a single-mass model, the oscillation
amplitude of the tray (Fig. 3) is 2.34 mm, while the accelerations (Fig. 5) is 25.3
m/s®, which is 2.5 times less than the accelerations of the feeder tray with a vibro-
Impact drive.

The maximum kinetic energy of the feeder tray oscillation with a vibro-impact
drive (Fig. 6) up to 2.42 times higher than the maximum of the kinetic energy of the
feeder vibrations with harmonic excitation (Fig. 7), accordingly, having a value of
22.18 and 9.16 J.
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Figure 5 - Oscillogram of stationary oscillations acceleration of a feeder with harmonic excitation

The spectrum of the acceleration of the feeders masses oscillations with vibro-
impact and harmonic excitations are significantly differ (Fig. 8 and Fig. 9,
accordingly). The vibro-impact fedder spectrum is represented by a discrete set of
superharmonic frequencies that are in the frequency of forced oscillations ® of the
ratio, which is determined by the dependence o, =(2k —1)», where k=1, 2, 3, ... . At

the same time, in the spectrum of the impactor oscillations, there are harmonics with
amplitudes of accelerations that are higher than the amplitude of excitations at the
frequency of forced oscillations, that indicating a resonant amplification of the
impactor oscillations [8-10]. In feeder oscillations with harmonic excitation (Fig. 9),
the harmonics of polyfrequency oscillations are absent.
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Figure 6 - Change of the kinetic energy of the feeders mass oscillations with vibration vibro-impact
excitation for 16 periods of stationary oscillations
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Figure 7 - Changing of the kinetic energy of the oscillations of the feeder with harmonic excitation
for 16 periods of stationary oscillations

Comparative study of feeders oscillations with equivalent to the parameters and
characteristics with the same parameters of vibrators but with various characteristics
of the vibrational influence of drive, shows significant advantages in the effectiveness
of oscillations at their excitation by vibro-impact drive. Amplitudes, accelerations,
energies of oscillations of the feeder working bodies (trays) at such excitation at
times exceed the indices of feeders working bodies oscillations the with harmonic
excitation. Of course, this will help increase the efficiency of the output of bulk
media from bunkers, or reflacted ore from the chambers of wining blocks at the
underground mining of minerals.
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Figure 9 - Spectrogram of accelerating oscillations of the feeder with harmonic excitation

Researches of the effect of increasing the load on feeders from bulk media
indicate that the amplitudes of of their working bodies are decrease (Fig. 10 and Fig.
11) and the amplitudes of the feeder impactor oscillations with vibro-impact
excitation are significantly increase.

Compared with the oscillations in the basic parameters (Fig. 2), when the mass of
the feeder tray increase from the mass of the attached mass of bulk medium up to
3000 kg (Fig. 10), the amplitudes of the impactor oscillations increases more than 2.5
times from 1.6 to 4.14 mm, and its acceleration from 60 m/s* (Fig. 4) to 143 m/s®
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(Fig. 12). The phases of oscillations of the masses also change, oscillations become
antiphase (Fig. 10). That is, with increasing load on the feeder tray from the attached
mass of the bulk medium, the phases of the vibration of the tray and the impactor of
the vibro-impact drive are changed from just sinphase (Fig. 2) to the antiphase (Fig.
10). Dynamic gaps to one-side elastic bonds also grow (Fig. 13). The vibro-impact
drive of the feeder adapts to the change in the load on the tray on the mass of the bulk
medium on it, by increasing the oscillation parameters and the kinetic energy of the
impactor from 2.14 (Fig. 14) to 17.4 J (Fig. 14).
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Figure 10 - Oscillogram of stationary oscillations of a feeder masses with vibro-impact excitations
at a mass of a tray with an attached mass of bulk medium equal to 3000 kg

o L

00001

0.0000

~0.0001

R RN RN NN

00003
119,10 119.25 1 19.40 119,55 119.70 119.85 120000

Figure 11 - Oscillogram of stationary oscillations of a feeder with harmonic excitation at its mass
with an attached mass of bulk medium equal to 3000 kg
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In Figure 15 shown the dependences of changes in mass accelerations of a feeder
with an adaptive multi-frequency drive when the mass of the tray increases due to the
attached mass of the bulk medium up to 3000 kg, in increments of 300 kg.
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Figure 12 - Oscillogram of accelerated feeder mass with polyfrequency excitation at the mass of the
tray with the attached mass of bulk medium equal to 3000 kg
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Figure 13 - Dependencies of the growth of dynamic gaps to one-side elastic bonds with increasing
load on the feeder tray

Analysis of dependencies on Figure 15 shows that at the interval of mass growth
from 300 to 600 kg there is a characteristic point of intersection of dependencies, in
which the acceleration of the tray and impactor are aligned and with further growth of
mass, the acceleration of the tray become smaller than acceleration of the impactor. It
is obvious that the settings of the feeder should be such that the nominal vibrations of
the bulk medium the acceleration of the tray were greater than the acceleration of the
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Impactor, and far from the limits on the conditions of critical permissible loads. In the
case of short-term critical loads, when the acceleration of the impactor is maximal,
their values should approach the permissible ones. Note, that under any load, due to
stationary gaps between the impactor and one-side elastic bonds, the vibro-impact
drive will excite the feeder tray and the bulk medium on it. The parameters of this
excitation depend on the parameters of interaction between the impactor and the tray.

With increasing load on the feeder tray with vibro-impact excitation the spectrum

of oscillations of the masses also changes (Fig. 16).
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Figure 14 - Changing the kinetic energy of stationary oscillations of the feeder masses with
vibro-impact excitation at the mass of the tray with the attached mass of bulk medium
equal to 3000 kg
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Figure 15 - Dependences of mass accelerations of a feeder with an adaptive vibro-impact drive at
the load is increased from the attached mass of bulk medium

In comparison with the spectrum of oscillations acceleration under the basic
parameters of the model (Fig. 8), additional harmonics are excited in the oscillations
of the feeder with increasing the load. Unlike the spectrum in Figure 8, the spectrum
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in Figure 17 is represented by a discrete set of superharmonic frequencies, which are
in aliquot ratios to the frequency of forced oscillations » and are determined by the
dependence oy = ko, where k=1, 2, 3, ... . That is, when the load on the feeder tray
increases, the spectral density of the frequency spectrum of oscillations increases due
to the increase of the number of harmonics generated in the oscillatory feed system.
Also, as in Figure 8 in the spectrum of the impactor oscillations in Figure 16 there are
harmonics with amplitudes of accelerations which are larger than the amplitude of
excitations at the frequency of forced oscillations, which indicates a resonant
amplification of the impactor oscillations [8-11].
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Figure 16 - Spectrogram of the feeder masses oscillations with vibro-impact excitation at the mass
of the tray with the attached mass of bulk medium equal to 3000 kg

Researches of the spectrum of oscillations show that in the deformation of one-
side elastic bonds, the reaction of their elastic elements is multifrequency, which,
accordingly, affects the impactor oscillations and the feeder tray, by changing their
speed and acceleration and excitation of additional harmonics of oscillations imposed
on the forced oscillations of the feeder. It has been shown that the spectral density of
these oscillations and the amplitude of additional excited harmonics depend on the
interaction parameters of a feeder tray with one-side elastic elements.

It should be noted that multifrequency oscillations facilitate to the increase of the
efficiency of the technological processes of vibration output of bulk media from
bunkers, or of wining ore blocks, by increasing the intensity and depth of excitation
of bulk media in a bunker or an ore block above the feeder tray and the speed of its
motion. The depth of excitation of the massive of the reflacted rock mass in ore block
or bulk media in a container or bunker, depends on its physical and mechanical
properties and parameters of vibrational action excited by the feeder. Vibration in a
lump bulk medium at harmonious excite of vibromotor of a typical feeder and its
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maximum accelerations up to 100 m/s? extends over a distance not exceeding 2-3 m
[11], which is due to the energy dissipation in the massive. Obviously, in order to
reduce the number of freezing bulk medium in containers or reflacted ores in the ore
block and, accordingly, increase the productivity of the vibration output, it is
necessary to ensure an increase in the depth of excitation of the bulk media above the
feeder tray. When multifrequency excitation of an massive of bulk media, conditions
are created which promote the processes of vibration output. The massive of bulk
media in a bunker or an ore block after crushing by an explosion, under the action of
gravity, are in an intense state. In this case, the forces of friction, elastic deformation
and various forces of elastic linkage (adhesion, electrostatic, coulomb, and others) act
on particles or pieces of the medium. For the shift and realisation of relative
displacements between particles in an equilibrium intensive massive, it IS necessary
to provide additional energy to it, for example, due to the vibrational impact on the
massive located above the vibrating feeder tray. Obviously, the most favorable
conditions, and the smallest amount of required energy entering the massive to
overcome the various forces acting on the particles of the bulk medium in the
massive, and the realisation of their relative displacements, are those in which the
vibrational excitation frequencies coincide with their own oscillation frequencies of
particles under the action of these forces. Given the diversity of bonds between
particles, the constant and wide change in the parameters and conditions of their
interaction, to overcome the forces of cohesion and the relative shift of particles in
the massive, it is necessary to excite the multifrequency oscillations of a bulk
medium in an massive whose spectra overlap the own frequencies of oscillations of a
bulk medium bound by the elastic forces. Vibration frequencies close to the own
frequencies of particles bound with the elastic forces, with a minimum of oscillation
energy brought to the massive, will contribute to their relative motion and increase
the depth of vibration spreading in the massive, to reduce the freezing of bulk media
in bunkers or ore blocks when vibration ore output by feeders. Accordingly, the most
favorable conditions for the displacement of particles in an massive of bulk media,
which are exposed to various elastic forces of contact interaction, and the smallest
amount of required energy for this, occures at multifrequency force influence on an
massive with a overall and wide spectrum of frequencies that overlaps its own
oscillation frequencies of bulk medium particles connected by contact elastic forces.
In this regard, the multifrequency oscillation of the vibration feeder tray is conducive
for vibrational output of bulk media from bunkers or ore blocks. At multifrequency
excitation, an increase in the level and depth of vibration spreading in an massive of
bulk media, the destruction of frozen bulk material, static equilibrium bonds, and
reduction the forces of adhesive and friction between particles of bulk material.
Conclusions. The results of the researches of the proposed model of the vibration
feeder show that at the vibro-impact multifrequency excitation the accelerations of
the feeder tray (Fig. 4) in comparison with the oscillations of the typical feeder with
harmonic excitations (Fig. 5), with the same basic parameters, increase more than
three times. When increasing the load on the tray from the bulk medium at output
from the bunkers or reflacted ore from the chambers of ore blocks, the vibro-impact
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drive adapts to this by increment of parameters and the oscillations spectrum of the
vibro-impact drive impactor, which, respectively, are transmitted to the tray and bulk
media. So when changing the mass of the tray with the attached mass of bulk medium
from 300 to 3000 kg, its acceleration increases by 2.4 times, from 60 to 143 m/s®
(Fig. 15). At the same time, due to the increase in the number of harmonics excited in
the oscillatory system of the feeder as a result of vibration oscillations, the spectral
density of the frequency spectrum of oscillations increases, which contributes to the
growth of the intensity and depth of the dissemination of vibrational influence in the
massive of bulk media above the tray. Thus, the vibro-impact drive of the vibrating
feeder is adapted to change the load on the feeder tray from the bulk medium on it.
All this compared with the harmonic excitation of a typical feeder tray will lead to an
increase in the productivity and efficiency of the vibration output of bulk media from
bunkers or chambers of ore blocks in the underground mining of minerals.
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Ykpainu (I'TM HAH Ykpaiuu), [Hinpo, YkpaiHa, gashevchenko@ua.fm

LllesyeHko Bonodumup [eopeilioguy, [OKTOP TEXHIYHWUX Hayk, Npodiecop, BYEHWUt cekpeTap, IHCTUTYT TreoTexHIYHOI
mexaHikn im. M.C. T[lonskoBa HaujoHanbHoi akagemii  Hayk Ykpainm (IF'TM HAH  VYkpainw), [uinpo, VYkpaiha,
V.Shevchenko@nas.gov.ua

Myxanbcbkull Bikmop Mukonalioguy, KaHOUOAT TEXHIYHMX HayK, rOMOBHWA iHxeHep, [epxaBHe nignpueMcTBo «CXigHWi
rpiHnyo-36aradyBarnbHuin kombiHaT» (A «Cxinl3K»), XKosTi Boau, YkpaiHa.

AHotauis. O6’ekTomM [OCTipKeHHs € BiOpaUiiHi KUBWMBHUKM 3  adanTUBHUM  BiOPOyAapHMM  MPUBOLOM,
XapaKTepHOI0 0COBNMBICTIO SIKMX € NONIYaCTOTHE 30yMKEHHS Ta CaMOpErynoBaHHs NapameTpiB KONMBaHb, BKIKYaKUm
YaCTOTHUIA CMEKTP, MPW 3MiHi Mack TEXHONOTYHOrO HaBaHTAXEHHS. B OCHOBI BMPILIEHHS 3afavi NexuTb 36YmKEHHS
BiOpOyOapHuX KonMBaHb POBOYOro Tifla (NOTKA) XMBMIbHMKA, NPW SKOMY B MOrO BibpaLinHOMY NpUBOi peanisyoTbes
PE30HAHCHI KOMMBAHHSI, IHTEHCWBHICTb | 4aCTOTHMIA CNEKTP AKUX 36inbLUyOTHCA 3i 3BiNbLIEHHAM TEXHOMOMYHOro
HaBaHTa)XXEHHS Ha NIOTOK NMoAavi, WO Biapi3Hsie Taki BibpaTopu Big TVX, LLO BUKOPUCTOBYIOTHCS B TUMOBMX XMBUITbHMKAX.
MMpu 36iNbLUEHHI HABAHTaXEHHS Ha NTOTOK CUMYYOro cepeoBuLLa npu Bumycky 3 ByHkepis abo BigbuTol pyam 3 kamep
PyAHMX 6r1okiB BiOpOyaapHMiA NMpKBiA aganTyeTbes O LbOro 3a paxyHoK 30iNnblUeHHs napaMeTpiB Ta CrekTpa KonvBaHb
BibpoyaapHoro npueoay, Sk BigNOBIAHO NepeaatoTbCs Ha NIOTOK Ta cunyye cepeposuLLe. BibpoygapHi cuctemu 3 Takum
BiBPO3OYMKEHHAM 3 NapameTpaMut Ta AUHAMIYHUM HaBaHTAXEHHAM, B MOPIBHSHHI 3 aHanoramu, MakoTb 3anexHo Bi
CBOTO Mpu3Ha4eHHs B 3-8 pasiB MEHLUE eHeprocrnoxmBaHHs Ta B 3-5 pasiB 30inbluylTb iIHTEHCUBHICTL KONMBaHb. Tak,
npw 3MiHi Macy noTka 3 Macoto cunydoro cepegosuiya Big 300 go 3000 kr ioro npuckopeHHst 3BinbLLyeTbes B 2,4 pasu,
3 60 go 143 w/cZ TMpu baratou4actoTHOMY 30yKeHHi 36iMbLUYOTLCA PiBEHb i MMMOMHA PO3NOBCIOMKEHHS Bibpallii B
MacuBi CUNYy4oro CepefoBWLLA, PYWHYBAHHS 3aCTUIMOrO CUMy4oro Matepiany, CTaTUYHi  PIBHOBaXHI  3B'SA3KM,
BinOyBaeTHCA 3MEHLUEHHS CUN aaresii | TePTA MiXK YaCTUHKAMM CUMKOro MaTepiany. Takum YWHOM, BibpoyLapHWiA npuBig
BiOpaLiiHOrO XMBMUTbHUKA afdanTOBaHWA OO0 3MiHW HABAHTAXEHHS Ha NOTOK Nodavi 3 CUMYYMM CEPedoBMLLEM HA HBOMY.
Y TOM e yac, 3aBAsKM 30YDHKEHHIO NOMIYacTOTHUX KOMWUBAHb, NOMINWYETLCS PYXMBICTb TEXHOMOMYHOMO CepeaoBmLLa,
sike 06pobnseTbCS, WO 0COBNMBO BAXIMBO ANSt KOHTPOSKO 3aMep3aHHs Ta aaresii Matepiania y OyHkepax abo B cToBni
BigbWTOI ripcbkoi Macy Mig yac Ti BUNyCKy BiGpaUiHUMK XUBUMbHUKAMU 3 Kamep OYWUCHMX BokiB Npu nig3emMHoMy
BMAOOYTKY KOPUCHMX konamuH. Bce Le MOpiBHAHO 3 rapMOHIYHAM 36YymMKEeHHSM TUMOBOMO XKVUBMIbHWKA Npu3Bede Ao
NiOBULLEHHS NPOAYKTUBHOCTI Ta eheKTMBHOCTI BibpaLiHOrO BMMYCKy cunyunx cepegosuly i3 OyHkepis abo kamep
pyaHUX 6rokis.

KnioyoBi cnoBa: nigzemHuin BMAOOYTOK KOPUCHUX KOMamnuH, BiBpaLiiHi JXMBWMbHWKK, CUMKE CEpPEeaOBMULLE,
BibpoyaapHuiA  ajanTWBHWA  NpwBid, NOMiYacToTHe  30y[KEHHS, nNapameTpu KONuBaHb, YaCTOTHWA  CEKTP,
€HEeprocnoXnBaHHS.

AHHoTauus. OOBLEKTOM KCCreoBaHNs SBNSIOTCA BUOPALMOHHbIE NUTATENN C BUOPOYAAPHbIM aaanTUBHBIM
MPUBOZOM, XapaKTepHOM OCOBEHHOCTbIO KOTOpbIX SIBMSETCS MONMYacTOTHOe BO3OYXAEHWEe W CaMOHACTpoiika
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napameTpoB konebaHWi, B TOM YMCRe YaCTOTHOTO CMeKTpa, MPU W3MEHEHWW MacChl TEXHOMOTMYECKOM Harpysku. B
OCHOBE peLUeHunst 3agaun nexut Bo3byxaeHue BMOpoyaapHbix konebaHuin paboyero opraHa (noTka) nuTaTens, npu
KOTOpPOM B €ro BUOPALMOHHOM MPUBOAE peanuayloTcs Pe3oHaHCHbIe KonebaHWsl, MHTEHCMBHOCTb W YaCTOTHbIN CEKTP
KOTOpbIX BO3PACTalOT C YBENYEHNEM TEXHONOMMYECKUX Harpy3ka Ha IOTOK NoAaYM, YTO OTNMYaeT Takue BUBpaTops! OT
TEX, KOTOpble UCMOMb3yTCA B TUMOBLIX NUTaTensx. [pu yBenWYeHWW Harpysku Ha FOTOK OT Cbinyyen cpedbl npu
Bbinycke 13 OyHKepoB unu OoTOUTON pyabl U3 Kamep pyaHbix GnokoB BUOPOyAapHbIA NpuBOA npucrocabnuBaeTcs K
9TOMy nyTeM ajanTauuu napameTpoB U crnektpa konebanuin BUOpO-yaapHOro MpuBOAa, KOTOPbIE COOTBETCTBEHHO
nepeaaloTcs Ha NoTOK U Cbimyyyto cpedy. BubpoygapHbie cuctembl ¢ Takumm BUOPOBO3OYXaEHMEM, napameTpbl 1
AVHAMUYECKast Harpy3ka KOTOPbIX MAEHTUYHBI aHanoram, MMetoT B 3-8 pa3 MeHbLUyo noTpebnsemyto MOLWHOCTb 1 B 3—
5 pa3 yBennuMBatOT WHTEHCUBHOCTb konebaHwi. Tak, nMpu M3MEHEHUM MaccChbl NOTKa C MPUCOEOMHSIEMON Maccom
coinyyent cpebl ot 300 go 3000 kr ero yckopeHue yeenuumBaeTca B 2,4 pasa, ¢ 60 go 143 m/c2. Mpu MHOrO4acTOTHOM
BO36YXOEHUM NPOMCXOANUT YBENNYEHWe YPOBHSA U MMyBUHbI pacnpocTpaHeHuns Bubpauu B Maccuee Cbinyuux cpep,
paspyLUeHne CAMMLErocs ChiyyYero Matepuana, YMEHLIAloTC CTaTUYeCKMe paBHOBECHbIE CBSA3WM W CUMbl aaresvm u
TPEHWS MeXZy YacTuuamu cbinyyero matepuana.Takum obpasom, BUOpOyAapHbI NpuBOg BUOPALMOHHOMO nuTaTens
npucnocobneH K U3MEHEHUO Harpysku Ha FOTOK nMuTaTens C CbiMyyel Cpedon Ha Hem. B To xe Bpems Gnarogaps
NONMYaCTOTHOMY BO3GYXAEHMIO yNyyLIaeTcs NOABWKHOCTL 06pabaTbiBaeMOi TEXHONOMMYECKO Cpeabl, YTO 0COBEHHO
BaXHO [N KOHTPONS 3aMep3aHns W aaresun matepuanos B ByHkepax wWnu B CTonbe Hamuniien ropHOM Macchl BO
BpeMms Bbinycka ee BUOponMUTaTeNsMu U3 Kamep OYUCTHbIX BIIOKOB MpW NOA3eMHON [06blve NONesHbIX UCKOMaeMbIX.
Bce 9T0O NO CpaBHEHMO C rapMOHWYECKMM BO3DYXOEHWEM TWUMOBOrO MWUTAaTENs MNPUBEAET K  YBENNYEHWIO
NPOU3BOANTENBHOCTU 1 3(HPEKTUBHOCTU BMOPALIMOHHOMO BbIMyCka Cbinyunx cped W3 OyHKEPOB MM Kamep PyaHbIX
B10KOB.

KnioueBble cnoBa: nogsemHas Aobblda MONesHbIX MCKOMaemblx, BMOpaLWOHHbIE NUTATenu, cbinyyas cpeda,
BMOpOyAapHbIN afanTuBHbIA NPUBOA, MOMMYACTOTHOE BO3OYXAEHWe, napameTpbl konebaHwil, YaCTOTHbIA ChekTp,
3HepronoTpebnenue.
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