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The crushing equipment is characte-
rized by a significant energy-consuming
system during the crushing workflow. The
current trend in the development of such
processes puts forward requirements for
the development of new or improvement
of existing energy-saving equipment. The
essence of the solution to the problem in
this work is determined by using reso-
nant modes, which are inherently the
most effective. The practical implemen-
tation of the resonance mode has been
achieved taking into account the condi-
tions for the interaction of the resonant
vibration crusher with the material at
the stages of its destruction. The degree
of the stress-strain state of the material
is taken into account, which was a pre-
requisite for identifying the potential
Jfor the development of a vibration load.
Composed equations of motion based on
a substantiated discrete-continuous model
of a vibration crusher and processing
material. An approach is applied to de-
termine the stepwise destruction of the
material with the determination of the
required degree of energy. This metho-
dological approach made it possible to
reveal the nature of the process of mate-
rial destruction, where energy costs at the
stages of crack formation, their develop-
ment and final destruction are taken into
account. It was revealed that the greatest
energy consumption during the operation
of crushers goes into the kinetic energy
of the crushing plates and the potential
energy of deformation of the springs. The
proposed model is common for any design
of a vibration machine and its operating
modes. The stable resonance mode has
made it possible to significantly reduce
the energy consumption for the course
of the technological process of material
grinding. The results obtained are used
to improve the calculation methods for
vibratory jaw and cone crushers that
implement the corresponding energy-sav-
ing stable zones of the working process
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1. Introduction

volume of world GDP is today about 13% and continues to

The construction industry is one of the leading industries
worldwide. Thus, the share of construction work in the total

grow every year. An increase in the volume of construction
work cannot but lead to an increase in energy consumption
for the production of building materials. On the other hand,




the rate of development of scientific and technological prog-
ress is growing every year. In this case, this leads to increased
requirements for the quality of construction work and mate-
rials, as well as the introduction of new methods and ap-
proaches to the implementation of construction work.

A significant part of the energy consumption in the pro-
duction of building materials is spent on the crushing or grind-
ing process. The main equipment used for crushing materials
is crushers. Therefore, one of the methods to reduce energy
consumption for the production of a unit of building material
is to increase the energy efficiency of crushing machines.

In general, all approaches to improving the energy efficien-
cy of a crushing machine can be divided into three categories:

1) development of a new design;

2) improvement of the existing design;

3) optimization of the workflow.

It is advisable to consider the methodology for solving
the problem, which belongs to the third category, since the
optimization of the workflow allows to propose those modes
and parameters that will ensure the energy saving of the ma-
terial crushing process. The working process of any crusher is
the destruction of the material in the crushing chamber. The
energy that is spent on the execution of the working process
consists of the energy of the movement of the elements of
the machine and the energy of the destruction process. The
process of destruction of material in the crushing chamber is
a rather complex process, which is influenced by a number of
different factors that have a probabilistic character. The main
factors include the shape of the material and its strength, the
presence of cracks in the material (the size of the crack, its dis-
location relative to the applied force and the number). It is also
necessary add the location of the material itself in the crushing
chamber (resting on the working surfaces of the machine or
interacting with other pieces of crushing material), etc.

Thus, an urgent task, in addition to creating new crush-
ing equipment, is the task of reducing the energy consump-
tion of the existing crushing equipment.

2. Literature review and problem statement

In [1], the regularities of crack propagation on the sur-
face of a turbine blade are investigated using the Ansys
package (USA). The process of blade failure in the presence
of a crack is considered based on the use of two parameters
of the stress intensity factor and the J-integral. In general,
the problem is solved by the finite element method using the
Crack object and Fracture Tool packages built into Ansys.
The advantages of this modeling method are the flexibility
and speed of modeling objects of the same type, however, it
does not have a clear understanding of the mathematical ap-
paratus that is used by the program to solve the problem. In
addition, it is not clear how the program takes into account
the change in the stress intensity factors and the J-integral
when simulating the volumetric propagation of a crack.

The study of the energy of destruction of a rock mass
based on the improved dependence of Griffiths is considered
in work [2]. The dependence on the determination of the
energy of destruction contains the parameter of the critical
crack length and the corrected parameter of the specific
surface energy based on the regression analysis of the expe-
rimental data. This dependence is somewhat difficult to use,
since it includes the critical crack length and specific surface
energy, the determination of which is not an easy task. On the

other hand, this dependence is suitable for use when consid-
ering the problem of destruction only on a plane.

In the source [3], the author argues that the growth of
the crack and the destruction of the material occur along the
shear lines, that is, the forces of contact friction play a key
role in the destruction. However, using these dependencies to
optimize the crushing process is difficult because they include
the geometric characteristics of the fracture. In addition,
shock loads should be taken into account when vibrating the
material [4]. When exposed to shock loads, chips occur in the
material due to the passage of the shock wave. In this case,
shear stresses may not play a key role in crack propagation.

In work [5], the fracture energy is proposed to be de-
termined on the basis of the dependence of J. Swensen and
J. Murkes, which is based on the hypothesis of F. Bond. By
correlating the dependence of J. Swensen and J. Murkes
with the consumption of electricity, the author deduces the
parameter of constant current strength, necessary to reduce
the particle size, is destroyed. As it is known, the Bond hy-
pothesis is best suited to describe the crushing process in
the middle range of particle size. Thus, the description of the
crushing process in [5] is given for a narrow range of crushing
machines. The classical hypothesis of energy consumption
for the destruction process (hypothesis of volumes) is used
in [6] to calculate the critical speed of material ejection from
the rotor of a centrifugal impact crusher. This hypothesis is
best suited for describing the energy consumption for coarse
crushing [7]. The hypotheses given in the sources [5, 6] do
not take into account the presence of breaks in the material
structure in the form of a crack.

In [8], the magnitude of the normal and landslide compli-
ance of a three-dimensional crack is calculated, taking into
account the contact between the shores. Compliance is the
relative movement of points to which a load is applied. At
the same time, there is no experimental confirmation of these
results. In [9], studies of crack propagation in reference spe-
cimens made of quartz sand and high strength bassanite (cal-
cium sulfate hemihydrate) are presented. However, the use
of exclusively static loads limits practical use. This is due to
the fact that in most crushing machines, dynamic loads also
arise next to static ones. In [10], the modeling of the pro-
cess of crushing the material of a jaw crusher is considered.
The software Rocky (USA) is used for modeling, designed to
simulate technological processes of bulk materials. Thus, the
computational model of the material is discrete. To determine
the granulometric composition of the crushing products, the
work uses the formulas of A. Gaudin and A. Rosen-E. Rammler.
In addition, it is noted that the results of the experiment on
crushing single pieces of material may be inaccurate, which
is due to the failure to take into account the continual model
of the material. The work [11] investigates the dynamic de-
struction of material in a vibratory jaw crusher. To determine
the specific energy consumption, dependence is used, which
is built on a combination of the theory of volumes and the
theory of surfaces. A brittle material is used as a working
fluid, as exemplified by sandstone, and a plastic material, as
exemplified by talc. This work is based on energy hypothe-
ses that do not take into account the presence of a crack in
the material, and the fracture process itself is considered as
a single process.

The above methods for determining the energy of de-
struction of a material differ significantly from each other,
based on various energy hypotheses, both according to the
accepted assumptions and according to the results obtained.



Thus, the lack of a generally accepted model of the grind-
ing process and a unified methodology for determining the
energy consumption of the process of destruction of materials
of crushing machines is the problem that needs to be addressed.

3. The and objectives of research

The aim of research is to determine the energy costs for
the process of material destruction in the crushing chamber
of a vibratory jaw crusher. This will enable the development
of energy-saving and efficient grinding equipment.

To achieve this aim, the following objectives are identified:

— to investigate and analyze changes in the main param-
eters affecting the zones to ensure the reduction of energy
consumption of the vibration crusher;

— to determine the modes and rational parameters to en-
sure a decrease in energy consumption and an increase in the
efficiency of the technological process of material grinding.

4. Materials and methods for the study of energy costs

The study of the process of material destruction and the
determination of energy consumption is based on the basic
principles of the mechanics of fracture of solids, the generally
accepted principles of the theory of strength, the theory of
mechanical vibrations and the theory of continuous media.

The mathematical model of the «crusher — material»
vibration system is based on the following assumptions.
The material to be destroyed behaves like an absolutely
elastic body and is isotropic. The shape of the material to
be destroyed is assumed to be spherical. First, a solid sphe-
rical body is considered to which of two opposite sides an
external force is applied from the action of crushing plates.
A spherical coordinate system is taken as the main compu-
tational system. Next, a system of equations is written that
determines the movement of the body in three coordinates.
Volumetric spherical functions are used to solve these equa-
tions. Then the corresponding displacements and stresses are
found. Next, let’s consider a body that contains a crack at the
center of coordinates. The crack shape is ellipsoid. Then the
displacements on the crack surface from the action of tensile
forces in elliptical coordinates are determined. Further, based
on the superposition of two stress states (a body without
breaking the integrity and a body with a crack), their dis-
placements are summed up. Thus, solutions to the problem
of fracture of a body in which there is a crack are obtained.

The structural elements of the machine take an elementa-
ry form, the gravitational forces of individual links are applied
at certain points, the forces of resistance to destruction are
presented in the form of a total force that is applied to the cen-
ter of the cheek. When compiling the equations of motion of
vibrational systems, Hamilton’s variational principle is used.
When calculating the parameters of a vibrating jaw crusher,
the crushing material is taken into account by adding to the
corresponding masses of the system interacting with the
working material, the coefficient of added mass multiplied by
the total mass of the material. At the final stage of the study,
the total energy consumption of vibration crushers is deter-
mined taking into account the stress state of the material
with a crack. To perform mathematical operations in solving
the problem, the software Wolfram Mathematica 11.3 (USA)
was used. When calculating a cone crusher, the material is

taken in the form of the Voigt model, it was successfully used
in works [12, 13] using a discrete model [14].

Based on the Poincaré hypothesis [15], according to the
generalized physical model of the shape of the material, one
can take the sphere. The main provisions and the final proof
of the Poincaré conjecture are presented in [16].

All possible contacts are reduced to several models [17]:

a) contact at two points;

b) contact at three points;

¢) contact by point and area;

d) contact in two areas.

To determine the stressed and deformed state of a body
under the influence of an external force on it and in the pres-
ence of a crack in it, the following method can be used [18].
The idea of the method is to apply the principle of superposi-
tion of solutions to two separate problems, namely:

1) the problem of the load is applied to the solid material
of destruction;

2) the problem of the load is applied to the surface of the
crack, which is in the material.

A diagram for solving these problems is shown in Fig. 1.
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Fig 1. Scheme for determining the stresses and deformations
of a material in the presence of a crack

The equations for the displacement functions in expand-
ed form are written as follows [19]:
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where fi, f5, f3 — arbitrary harmonic functions; G — shear
modulus; v — Poisson’s ratio.

The solution of these equations is reduced to finding
three harmonic functions fi, f5, f3. As these functions,
volumetric spherical functions are taken, which have the
following form:
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— module; P,,(1) — Legendre function of the first
kind, degree n and order m; Q,,,(1) — Legendre function of
the second kind, degree n and order m; Q,(u) — Legendre
function of the second kind; P,(1) — Legendre function of the

u=cos[o]

first kind; A,, B, Coy Dy Ly Fyum — constants.

For calculations it was accepted nl1=4, m1=1; n2=5,
m2=2; n3=6, m3=3, 1<u<1. Thus, the corresponding equa-
tions for displacements and stresses were obtained. Then
equation (2) will be written as follows:
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where 8, =(sin[m8]D, +cos[mB]C,,) — coefficient depend-
ing on the change in the azimuthal angle of rotation;
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— coefficients;

After substituting the system of equations (3) into (1),
let’s obtain the corresponding equations for the displace-
ments. Knowing the displacements by a similar substitution
method, let’s find the stresses. The equations for displace-
ments and stresses are not given due to their large volume.

The next step is to consider a simplified spatial problem
of the destruction of a body in the presence of a crack. An
ellipsoid is taken as the shape of the crack. In this form, by
changing the ellipticity, it is possible to realize various de-
grees of curvature of the crack boundary (Fig. 1).

In this case, the boundary conditions have the following
form: 6,=—F, £E=0, w=0, k=0, where E=const is a family of
ellipsoids; k¥ — hyperboloids with another cavity; w — dis-
placements in the direction of the z axis; 6, — stress in the
direction of the z axis.

Based on mathematical transformations, displacements
from the action of normal forces at any point of the body in
spherical coordinates were obtained:
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where r — radius of the sphere; p — polar radius, the coor-
dinate of the stress point of which it is necessary to know;
¢ — zenith angle; O[p—7]® — members of a number of higher
orders; A=—ab?F/ApE(m) — constant;

1—m? (sin [(p])2 de

— complete elliptic integral of the second kind; p=m/2 — am-
plitude of the elliptic integral in the Legendre form;
m=sin[o] — modulus of the integral; oo — modular angle.

When solving the problem, let’s assume that the displace-
ment in the direction of the azimuthal angle 6 is equal to 0.
That is, the stress and displacement in the body with a crack
do not change with respect to the angle 0.

Thus, knowing all the components of stresses and dis-
placements for two states of the material, it is possible to
calculate their total values and determine the total energy of
destruction in the presence of a crack in the body.

On the basis of the equations of the minimum potential
energy of a deformed body [20] with the use of strain compo-
nents [18], it is possible to determine the energy that is spent
on fracture. Thus, it is possible to proceed to the determina-
tion of energy consumption for the process as a whole.

The total energy consumption in the destruction of
a solid body of radius r in the presence of a microcrack in it is
equal to the ratio of the form [21]:

272
E= nbG —— In (&)+ 4yx —
4r(1-v) \x
n(t-v)(o)+1))x”
2G

where o, and T, — components of normal and shear stresses
in the crack plane; 6 — angle between the slip plane and the
crack; v — Poisson’s ratio; G — shear modulus. The first term
in (5) reflects the elastic energy of the edge dislocation; the
second is the surface energy of the crack; the third is the
elastic deformation energy of a solid with a crack; the fourth
is the work of external forces to increase the volume of the
crack during its opening [22].

When using impact destruction, in contrast to the con-
sidered approaches to the process of energy intensity of
crushing, the method of physical analogies is used [23], on
the basis of which the following dependence is recommended
to determine the overall work:
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where K — coefficient that takes into account the conversion
of shock load into forces that breaks the material; P, — contact



strength of the rock; § — area over which the material is split, m%;
n — the number of blows to destruction; b and ¢ — indicators
characterizing the scale effect and the effect of fatigue, respec-
tively, which depend on the structure and strength characte-
ristics of rocks. All indicators of this equation are valid only
when a load is applied at a speed of v<<7-13 m/s.

Of course, the indicated hypotheses (5), (6) make it pos-
sible to determine the useful energy, which is spent only on
the process of material destruction. Turning to real crushing
systems, it is necessary to additionally take into account the
energy consumption for internal supports in the system and
its heat dissipation [24].

In general, the total energy consumed by crushers for
the process of crushing the material will have the follow-
ing form [25]:

E, . =T+P, )

where T — kinetic energy of the movement of the masses of the
crusher; P — potential energy of deformation of the springs.

5. Results of the study of energy costs for the process
of material destruction in the crushing chamber
of a vibratory jaw crusher

5. 1. Research and analysis of changes in the main
parameters affecting the zones to ensure the reduction of
energy consumption of the vibration crusher

The study of stresses and strains in a material during its
crushing [18] opens up the possibility of calculating their
total values and determining the total energy of destruction
in the presence of a crack in the body.

Based on the superposition of equations for determining
the displacements of a body without breaking the integ-
rity (2) and equations for determining the displacements
of a body with a crack (4), the corresponding graphs were
constructed. The graphs of the dependence of the principal
stresses on the size of the major semiaxis of the crack ellipse
are shown in Fig. 2. The graph of stress versus zenith angle ¢
is shown in Fig. 3. The change in stress 6, depending on the
radius r is shown in Fig. 4.

As follows from the graphs (Fig. 2), the dependences of
stresses on the size of the major semiaxis of the ellipse have
a linear characteristic within the framework of the calcula-
tions, the numerical values of which were used to determine
the parameters of the crusher.

Assignificant effect of the angle of application of force on the
change of stresses is observed in the range of 0.3-0.5 (Fig. 3).

A more complex law of variation of normal stresses o,
depending on the radius r is noted within 9—12 mm, Fig. 4.

When crushing material, the working cycle of oscillation
of the crushing jaws of a vibrating jaw crusher can be condi-
tionally divided into 3 stages:

1) leaving the crushing jaw and advancing the material
in the direction of its unloading due to the forces of gravity;

2) convergence of the crushing jaw and the material, due
to which external zones of destruction are formed and inter-
nal stresses accumulate;

3) further movement of the stripping cheeks, compres-
sion of the material and an increase in internal stresses, as
aresult of which the destruction of the material occurs. Thus,
in some approximation, a static model can be taken as a mo-
del of the destruction process.
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5. 2. Determination of modes and rational parameters to
ensure a decrease in energy consumption and an increase in
the efficiency of the technological process of material grinding

Consider two vibration-driven crushing systems shown
in Fig. 5. The vibrating jaw crusher (Fig. 5, a) is made in the



form of a three mass resonance system, in which rectilinear
vibrations are realized and the dynamics of which occurs in
a three-mass scheme. The vibration exciter 1 with the base plate
is the first or active mass, the moving body 5 is the second mass,
the middle plate with the inner armor 4 is the third mass. All
masses of the crusher are connected in pairs by elastic systems 2
and 3. Vibration cone crusher (Fig. 5, b) consists of a vibration
exciter 1, mounted on a stationary cone 7 of the crusher. The
fixed cone 7 is connected to the crusher body 4 through the
adjusting ring 6 and the elastic system 2. The crusher body 4 is
installed on the foundation through the elastic system 3. The
movable crusher cone is driven through the drive 5.

The energy consumed by the electric motors of the cru-
shers (Fig. 5, a, b) is spent on performing work on crushing
the material. Additionally, energy costs are spent on defor-
mation of the elastic system, overcoming friction forces, heat
losses, deformation of crusher parts and other losses. How-
ever, the greatest energy consumption during the operation
of crushers goes into the kinetic energy of the crushing plates
and the potential energy of deformation of the springs.

Fig. 5. Design diagram of vibrating crushers: g — vibrating jaw crusher with three
vibrating masses; b — cone crusher with vibrators on the body

Based on the general equation of energy consumption for
a vibratory jaw crusher with three vibrational masses (7), the
following equation was derived:

2
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2

n=1

+c, (xz — X )2

where m, — respectively, the n-mass of the crusher, kg;
¢y, ¢o — stiffness of the springs connecting the masses of the
crusher; x1, x5 and x3 — the corresponding displacements of the
masses of the crusher, mm; ¢s — the stiffness of the connections
of the system that connects the machine to the foundation.

When determining the total energy of a vibratory cone
crusher (Fig. 5, b), let’s assume that the movable cone is an
absolutely rigid cylinder that rolls over a solid undeformed
body, which has the shape of an ellipse. In turn, let’s assume
that the crusher body with vibrators is a solid body with
a mass My, and a moment of inertia I, fixed on a fixed base by
springs with a stiffness of the ¢
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— kinetic energy of the rolling of the moving cone [7];

— kinetic energy of vibrations of a stationary cone; m,, is the
mass of the movable cone; I,, — the central moment of inertia
of the cone; xy, y; — Cartesian coordinates of the center of
the cone; @ — angle of rotation of the movable cone around
its axis; ms. — total mass of the sta-
tionary cone; v, — speed of vertical
displacements of a stationary cone;
¢4 — material stiffness coefficient;
c¢1 — stiffness coefficient of the elastic
system that connects the stationary
cone and the crusher body.

Sandstone with a tensile strength
of up to 20 MPa was taken as a mo-
del of the material of destruction.

Based on the equations of mo-
tion of a vibratory jaw crusher [25],
the speeds of movement of the vi-
brational masses of the crusher were
determined numerically, which are
shown in Fig. 5.

Regarding graph 6, it should be
noted that these velocities of mass

b fluctuations are valid under the con-

ditions of the disturbing force fre-
quency /=19 Hz and the total mass
of the laboratory setup m;,;=334 kg.

Fig. 6. The speed of movement of the masses
of the vibrating jaw crusher: 1 — first mass;
2 — second mass; 3 — third mass

Using the first part of Eq. (4) and the equations of mo-
tion of the masses of the vibratory jaw crusher [25], graphs
of the kinetic energy consumption were constructed, which
is spent on moving the vibrational masses of the vibratory
crusher Fig. 7.

From the graphs in Fig. 7, it is clear that the total kinetic
energy of mass motion is within 120 J. However, equation (8),



which were used to plot the graphs in Fig. 6, do not take into
account the losses due to the forces of dry and viscous friction.

Ey, ]

01 02 03 o4°

[

Fig. 7. Graph of changes in the kinetic energy of vibrational
masses of a vibrating jaw crusher: a — first mass;
b — second mass; ¢ — third mass

To build graphs of potential energy consumption for the
crushing process, it is necessary to find the displacement of
the vibrational masses.

The equations of motion of a vibratory shock crusher are
as follows [25]:
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The displacement of the vibrational masses of the crusher,
determined by the numerical method based on the equation
of motion, is shown in Fig. 8.

The graph of Fig. 8 shows that the system setting is cor-
rect, i. e. the second and third masses oscillate in antiphase.
The total amplitude of movement of the second and third
oscillating masses is in the range of 8—10 mm. The minimum
required value of the oscillation amplitude of the crushing
plates of the vibrating crusher, at which the failure occurs, is
in the range of 3—-5 mm.

The graph of the total potential energy consumption
for the destruction process in the crushing chamber of the
vibrating jaw crusher is shown in Fig. 9. This graph was con-
structed numerically using equations (8) and (10).
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Fig. 8. Changing the amplitude of the oscillating masses
of the vibrating jaw crusher: 1 — the first mass;
2 — another table; 3 — third table
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Fig. 9. Graph of potential energy change
of vibrating jaw crusher

Graphs in Fig. 7 and Fig. 9 indicate insignificant energy
consumption for the destruction process. It should be noted
here that the system is tuned to a resonant mode of operation.
That is, the graphs in Fig. 6 and Fig. 8 do not show the energy
consumption for the system to enter the resonance mode and
to maintain its operation in this mode. In addition, it should be
borne in mind that for the sake of simplicity, the equations of
motion [25] do not take into account the dissipation of energy.

To assess the energy of destruction of a body containing
a crack, graphs of the instantaneous force were plotted, which
occurs when the crushing plates of the second and third masses
of the vibration crusher collide with the material in Fig. 10.
Equations (8) and (10) were used to construct this graph.
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Fig. 10. The value of the instantaneous force when
the vibrational masses of the vibrating jaw crusher move:
1 — first mass; 2 — second mass; 3 — third mass

The given graph (Fig. 10) testifies to the adequacy of the
calculation scheme to the accepted prerequisites. So, the first
mass moves in antiphase with the second mass. The third
mass, accumulating energy, is an auxiliary source of energy
transfer to the material crushing process.

In equation (4), to determine the energy consumption
of a vibratory jaw crusher, the fracture resistance of the ma-
terial is considered as the added mass. That is, the indicator
of the stiffness of the material is the parameter that includes
energy consumption at the micro level. In equation (5) for
a vibratory cone crusher, this parameter is directly the
material stiffness coefficient. Thus, the obtained analytical



dependences (4), (5) reveal the physical essence of the grind-
ing process, take into account the conditions of interaction
between the crusher and the material to be crushed. The
practical application of the obtained dependences requires
the numerical values of the characteristics of a particular
material, which is the subject of further research.

6. Discussion of the results of studying the energy
characteristics of material destruction in the crushing
chamber of the crusher

The studies carried out and their results indicate that the
main stresses that cause the destruction of the material are
the displacement stress. With an increase in the size of the
major semiaxis of the crack ellipse, the total stresses decrease,
which indicates the destruction of a brittle body. Howev-
er, the stress 6, acting along the radius slightly increases.
Graphs (Fig. 3) reflect the picture of stress distribution in
a spherical body relative to the point of application of the
force along the angle ¢. The graph (Fig. 4) shows the change
in normal stresses depending on the distance . Analysis of
the graph (Fig. 4) makes it possible to conclude that at » —>0,
the stress grows indefinitely. As a result, stress and strain in
a cracked body must be determined in the vicinity of the
center of the body. In addition, it was found that the complete
elliptical integral of the second kind has an insignificant effect
on the change in the stress pattern in the body. It should be
noted that when solving the problem using the Legendre func-
tions, 15 constants appear in the stress equations, which in
total have a significant effect on the stress pattern in the body.
These constants were found by a numerical method based on
the equations of the potential energy of a deformed body.

Equations (4) and (5) fully reflect the picture of energy
costs, since they include energy costs for the movement of
the crusher links and costs for material destruction. Such
studies are planned as a continuation of the topic under con-
sideration through experimental studies and consideration
of several members of the series and optimization of the
parameters of crushing machines. The proposed approach for
studying the energy characteristics of material destruction
in the crusher chamber with a guaranteed zone of stability
of parameters in the resonance zone can be used for other
processes. Such processes include the destruction of ma-
terials during dynamic cutting of soils, processing in mills
and sorting of materials, which are widely used in various
European countries.

7. Conclusions

1. The change in the amplitude of vibrational masses
of a vibrating jaw crusher is investigated: the main param-
eters affecting the zones of ensuring a decrease in energy
consumption of a vibratory crusher. The total amplitude of
displacement of the second and third vibrational masses is in
the range of 8—10 mm. The condition for tuning the system
to the required mode is provided, that is, the second and third
masses oscillate in antiphase.

2.1t has been determined that the minimum required
value of the vibration amplitude of the crushing plates of
a vibration crusher, at which destruction occurs, is with-
in 3—=5 mm. The greatest energy consumption during the
operation of crushers goes into the kinetic energy of the
crushing plates and the potential energy of deformation of
the springs.
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