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DEFINITION OF RATIONAL OPERATING MODES OF A VIBRATORY JAW
CRUSHER

Due to the continuous development of the building-and-construction industry, it is necessary to design new or modify out-
moded industrial equipment. Using jaw crushers with the impact action of crushing plates on material is a perspective line of de-
veloping crushing equipment.

Purpose. Developing a mathematical model of a vibratory jaw crusher and studying the operational process which is based on
the mathematical model in order to design new crushers.

Methodology. Definition of the crusher working process is based on the main statements of the theory of mechanical oscilla-
tions and the theory of continuous environment. In the motion equations of the crusher the material is taken into account on the
basis of a discrete model by a continual parameter.

Findings. A physical model is developed on the basis of which motion equations are derived, which include three main condi-
tions of the efficient operation: 1) the elasticity of the second vibrating element must exceed or be equal to crushing force; 2) vibra-
tions of the first and the third vibrating elements must be in phase, and vibrations of the second vibrating element must be in anti-
phase; 3) the summarized displacement of the second and the third crushing plates must ensure crushing of material. Graphs of
the effect of the vibrating elements and elasticity coefficients of elastic systems on the amplitudes of vibrations are plotted and ana-
lyzed. On the basis of the motion equations, with consideration for the optimal parameters of the crusher vibrating elements and
for the elasticity coefficients of the elastic systems, the amplitude-frequency characteristics of the crusher for different frequency
ranges are determined. Set up is an equation describing the displacement of material in the crushing chamber for a time interval
required for the crushing plates to be separated. Presented are graphs of dependency of the amplitude of vertical vibrations of the
crusher casing on the elasticity of the isolating elastic system, and provided are recommendations for selecting and calculating vi-
bration isolation.

Originality. A mathematical model of an experimental vibratory jaw crusher and the characteristics of the experimental crush-
er are presented, on the basis of which recommendations are given for the selection of energy-efficient operating modes of the
crusher.

Practical value. Knowledge on the rational values of the frequency ranges for operation of the studied vibratory jaw crusher
makes it possible to determine the optimal level of power consumed by the crusher and efficiency in processing materials of differ-

ent hardness.
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Introduction. Due to the continuous development of the
building-and-construction industry, it is necessary to design
new or modify outmoded industrial equipment. To a consid-
erable extent, this statement applies to crushing and screening
equipment. This is caused by the fact that significant part of
power resources is consumed by such equipment, operating at
quarries and construction plants, in connection with produc-
tion and processing of construction materials. For example, in
production and processing of construction materials, the an-
nual electric power consumption is about 20 percent of the
total electric power produced in Ukraine, and metal consump-
tion is about 2.5 percent of the total metal produced in
Ukraine. Operational costs for crushing and screening equip-
ment are also considerable.

Jaw crushers pertain to the most commonly encountered
equipment for crushing construction materials and are
known as the most power-consuming equipment. Neverthe-
less, using jaw crushers for crushing construction materials is
efficient because such crushers allow processes of crushing,
abrasion, and, in special conditions, impact grinding to be
combined.

Jaw crushers with the impact action of crushing plates on
material being processed are perspective as crushing equip-
ment. Vibratory jaw crushers are designed as crushers with
impact action of crushing plates on material. But the practical
use of such crushers is limited due to the insufficient study on
interaction between the crusher actuator and material being
processed. The stable resonance vibration modes of the crush-
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er are determined insufficiently. The ranges of the crusher pa-
rameter values that are required for ensuring the stable crusher
operation have not been determined.

Solving this problem is possible by using new methods for
simulating and studying operational process and determining
optimal operating modes for vibratory jaw crushers.

Literature review. Vibration machines for the building
and construction industry were implemented in the last cen-
tury. Those machines had essentially one or two vibrating ele-
ments. Such machines were widely used for compaction of
concrete mixtures in the manufacture of elements of building
structures. The advantage of vibration machines consists in
the possibility to operate the machine in a resonance vibration
mode. In this mode, power consumed by the machine is sig-
nificantly reduced, and vibration amplitudes of the crusher
vibrating elements are increased.

The further development of vibration machines consisted
in designing energy-efficient vibration machines with three vi-
brating elements and in implementing electromagnetic and
pneumatic vibration exciters. Studied in paper [1] is a vibra-
tory compacting machine with an electromagnetic vibration
exciter. In this vibration machine, two related vibrating ele-
ments (a reactive element and an intermediate element) vi-
brate in phase, and the third vibrating element (an active ele-
ment) vibrates in anti-phase to the vibrations of the first and
second elements. The excitation force is generated by a push-
pull electromagnetic vibration exciter. All the three vibrating
elements are connected with each other by elastic connecting
elements. The total elasticity of the elastic connecting element
is determined as follows
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where m, is the weight of the reactive element; w is the forced
vibration frequency; z is the resonance frequency of the elastic
connecting element as a mechanical system; 7 is the relative
part of the total elasticity ¢, that represents the bending elastic-
ity of the elastic connecting element.

In such elastic connecting elements, when the value h is
close to 1, the vibration amplitude significantly increases. The
advantage of the vibration machines according to paper [1]
consists in lower power consumption as compared with vibra-
tion machines with traditional electromagnetic vibration excit-
ers, which is possible due to reduced air gap in the electromag-
netic vibration exciter. The disadvantage consists in higher
dissipative losses and significant power consumption.

Paper [2] contains the results of the studies on a vibratory
jaw crusher with two movable crushing plates. The studies
were performed in order to determine the possibility to de-
crease power consumed by the crusher and increase the pro-
ductivity of the crusher by implementing the rated crusher-
operating mode with compensation of excitation power. The
compensation is provided by the automatic control system that
controls the crusher operation according to a phase shift angle
between vibrations of the crushing plates. The crusher con-
tains two movable crushing plates, which are connected with
an unbalance vibration exciter by links. The movable crushing
plates are suspended on torsion shafts. Crushers of this type
are rated for a rotation frequency of 800—1500 rpm. As com-
pared with eccentric jaw crushers, vibratory jaw crushers with
two movable crushing plates have the following advantages:
1. Power consumption is reduced by 20—30 percent. 2. Granu-
larity of crushed material is not lower than 8 units. 3. The
quality of crushed material is higher.

The disadvantage of such crushers is that the crusher pro-
ductivity is reduced by a factor of about 4. Therefore, it is rea-
sonable to use such crushers for processing hard and super
hard materials.

On the basis of the studies described in paper [2], it is de-
termined that increase in the initial phase difference between
vibrations causes decrease in the crusher productivity, increase
in power consumption, and irregular operation of the crusher
driving motors. When the crusher operates in the mode with
synchronous — antiphase vibrations, the phase difference be-
tween vibrations can be eliminated by controlling such param-
eters of the driving motors as o, and 3 provided that the differ-
ence between the motor rotation frequencies Aw,, = 0. Accord-
ing to the experimental results, the crusher productivity can be
increased by 87 percent. In the paper, there is no information
about to what extent the power consumption could be changed.

Partially, the problem in connection with increasing pro-
ductivity of vibratory jaw crushers is discussed in paper [3] by
the example of an experimental vibration jaw crusher with an
inclined crushing chamber and two movable crushing plates.
The experimental data obtained demonstrate that the crusher
productivity is 2.7—3 times the productivity of a crusher with a
vertical crushing chamber. In this case, the granularity of pro-
cessed material almost does not change.

When studying the parameters of a vibratory jaw crusher
with inclined crushing plates, which is discussed in paper [3],
it is determined that the stable operating mode of the crusher
is ensured at a vibration frequency of 23—30 Hz. At frequencies
over 30 Hz, the crushing process is interrupted due to antisym-
metric resonance. At frequencies under 23 Hz, the reduced
rate of delivery and excessive crushing of material are ob-
served. As is stated in the paper, in a frequency range of 23—
30 Hz, the crusher productivity increases by a factor of 1.5 as
compared with vibratory crushers with a vertical crushing
chamber. When the vibration frequency is close to 30 Hz, ma-
terial granularity Is reduced twofold.

Paper [4] contains the results of studies based on the
known wave equation that describes the motion of material in
the crushing chamber without considering energy dissipation.
To determine stresses in the crushing chamber, standard
methods are used.

The author of paper [4] presents the experimental data ob-
tained for the crusher operation in a narrow vibration frequen-
cy range of 27—35 Hz, because the maximum crusher produc-
tivity is ensured in this frequency range. In the paper, there is
no data obtained for other frequency ranges and no data on
power consumption.

Paper [5] contains experimental data concerning the pro-
cess of crushing material with different hardness values by us-
ing a KW 40/1 vibratory jaw crusher with two movable crush-
ing plates. Materials to be processed include lime, dolomite,
diabase, quartzite, and ceramic waste. On the basis of the ex-
perimental data, it is determined that the processing of raw
material with fractions of 0—50 mm can result in 60—90 per-
cent of final material with fractions of 0—2 mm. Additionally,
the paper contains information about the frequencies at which
corresponding materials were processed, and contains no in-
formation about reasons for using these frequencies. There is
no information about the adjustment of the crusher for opera-
tion in the specified frequency range in order to process mate-
rials with different hardness values in the crushing chamber. It
is the author’s opinion that this vibratory jaw crusher allows
the number of grinding machines at the processing plant to be
reduced.

As is described in paper [6], a KW 40/1 vibratory jaw
crusher is used for crushing rock crystal at the fixed frequency
of the crushing plate vibrations equal to f'= 18 Hz. As a result,
more than 95 percent of the processed material have particles
in size not more than 5 mm, and 30 percent of the processed
material have particles in size not more than 1 mm. The paper
does not contain information about the power consumed by
the crusher and the productivity of the crusher.

The results of the theoretical studies on a vibratory jaw
crusher with a massive casing and a pendulum actuator are
presented in paper [7]. The diagrams that describe the motions
of the movable crushing plates are plotted by using the Runge-
Kutta method. The effect of the crusher dynamic parameters
on final processed material is determined. The study results
presented in this paper are reliable so far as the parameter val-
ues are accurate, and the crusher design characteristics are
considered.

Paper [8] contains data on the theoretical and experimen-
tal studies on a shock-and-vibration cone crusher with two
self-synchronizing vibration exciters, which are installed in the
crusher casing symmetrically to the vertical axis of the crusher.
In the paper, the equations describing the motions of the
crusher vibrating elements and the amplitude-frequency char-
acteristics of the crusher vibrating elements are presented. The
crusher is designed for processing electrocorundum. The am-
plitude-frequency characteristics demonstrate that the fre-
quency of the antiphase vibrations of the crushing cone and
crushing chamber ® > 117 rad/s. The crusher productivity is
4400 kg/h.

Paper [9] contains data on the study on a shock-and-vibra-
tion cone crusher with two degrees of freedom. The mathe-
matical model of the crusher is developed with consideration
for bilinear hysteresis in the nonlinear equations for the crush-
er vibrating elements. The characteristics obtained in the study
demonstrate a slight difference between the calculated param-
eter values and actual parameter values obtained during the
crusher operation.

Purpose. The purpose of this paper consists in justifying
the mathematical model of a vibratory jaw crusher and study-
ing the operational process of the crusher in order to use the
study results for designing new crushers.

Methods. According to this purpose, the following tasks
should be performed:
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1. To develop the physical and mathematical models of the
vibratory jaw crusher.

2. To determine and analyze the ranges of parameters and
operating modes of the crusher.

3. To determine the optimal values of the basic crusher pa-
rameters.

Results. When developing the vibratory jaw crusher, it is
necessary to fulfill the following conditions for the design of
the crusher: 1. High productivity. 2. Stability of operation in
modes close to the resonance vibration modes. 3. Low power
consumption

For the further studies, the physical model of the vibratory
jaw crusher (Fig. 1) was developed.

The vibratory jaw crusher to be studied is presented as a
resonance system with three vibrating elements (Fig. 1). The
first vibrating element is vibration exciter / with a support
plate. The second vibrating element is unfixed casing 3. The
third vibrating element is the central plate with internal cover
strips 5. Each vibrating element is rated for horizontal vibra-
tions along X axis with coordinates x;, x,, and x; and inertial
masses m,, m,, and m; correspondingly.

The active vibrating element is driven by a centrifugal force
F(t) = F, - sinwt generated by rotation of the unbalance ele-
ments of the vibration exciter.

The crusher is adjusted so that vibrations of the first and
the second vibrating elements are in phase, and vibrations of
the third vibrating element are in antiphase to the vibrations of
the first and the second vibrating elements.

All the vibrating elements of the crusher are connected by
elastic elements 2 and 4 (Fig. 1) with elasticity coefficients ¢,
and ¢,. The crusher is isolated from the foundation by vibra-
tion isolators with an elasticity coefficient c,,,. The vibration
isolators support the second vibrating element. In the crusher
system, there are resisting forces, which are neglected in the
analysis in order to simplify calculations.

The motion equations for the crusher system are based on
the Hamilton principle. Analyzed were two states of the crush-
er in operation, that is, the state with material in the crushing
chamber and the state without material in the crushing cham-
ber. The results of the analysis of the process of crushing mate-
rial in the crushing chamber are presented in paper [10].

As a result of mathematical transformations and differen-
tiation, the following two equation systems were obtained:

1. For the state of the crusher without material in the
crushing chamber

mx, +2x,¢, — x,¢; = Fysinot
MyXy +X5€) — X6 +2¢,X) —2¢,X5 + X¢g,, =0. (2)
myXy +2¢,%, —2¢,x, =0

2. For the state of the crusher with material in the crushing
chamber

2
Fit T Mok b

Fig. 1. Physical model of the vibratory jaw crusher

mX, +2x,c, — x,¢, = Fysinot

(m2 +km,, )x2 X0 = X1€) +26,%) = 26,3 + Xp¢,, =0, (3)

(m3 +km,, ))'63 +2¢,%; —2¢,x, =0

where m,, is the weight of material; k is the attached weight
coeflicient.

In order to ensure efficient operation of the crusher, it is
necessary to fulfill the following three conditions [14] addi-
tionally to solving equation systems (2, 3): 1) The elasticity of
the second vibrating element must exceed crushing force F,,,
that is, —c,xn > F,,; 2) vibrations of the first and the third vi-
brating elements must be in phase, and vibrations of the sec-
ond vibrating element must be in antiphase to the vibrations of
the first and the third vibrating elements, that is —x; > 0; x3 > 0
and x, < 0; 3) The summarized displacement of the second and
the third crushing plates must ensure crushing of material, that
is, X, + X3 > C*D,, -

On the basis of equation systems (2, 3), the effect of the
elasticity coefficients of the elastic connecting elements on the
vibration amplitudes of the vibrating elements was analyzed.

The equation for determining the elasticity coefficients of
the elastic connecting elements is the following
mm,
—, (C))

i+mj

¢; =(wyn)’

where ®, is the natural vibration frequency (resonance fre-
quency); # is the coefficient related to the ratio between elas-
ticity and vibration frequency.

The corresponding graphs are presented in Fig. 2.

From (4), it is evident that the elasticity of each of the elas-
tic connecting elements of the crusher system depends on ele-
ment weight and vibration frequency. By varying these param-
eters, it is possible to select the optimal values of the elasticity

X,mm

X,mm

0.5

-0.5F |

Fig. 2. Characteristics of the vibration amplitude as a function
of the coefficient n:

a— oy =104.67 rad/s; b — oy =314 rad/s
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coefficients for the specified operation mode of the crusher
system.

Using equations (2—4), the characteristics of the vibration
amplitude as a function of the coefficient n were determined.

The vibration amplitudes of the crushing plates depend
not only on the elasticity of elastic connecting elements but
also on the weights of the vibrating elements. This effect was
analyzed at the further study stage.

When selecting the relation between the weights m, and
mj, the parameter m1 value is set as a constant value depend-
ing on the design of the crusher system. The ¢, and ¢, param-
eter values are determined with consideration for equations
(2—4). To determine the optimal relation between the weights
of the vibrating elements, the following equations are used

my = (Nyskpz) /(1 + ky3);

(5)
my = Nys/(1 + k),

where N23 =My + ms; k23 = m2/m3.

On the basis of these equations, the characteristics of the
vibration amplitude as a function of the k,; ratio were deter-
mined for different vibration frequency ranges (Fig. 3).

The same method is used for determining the optimal rela-
tion between weights m, and m,.

The characteristics of the vibration amplitudes of the
crushing plates as a function of the excitation force frequency
are presented in Fig. 4.

When the vibratory jaw crusher operates, provided that a
centrifugal vibration exciter is used for generating vibrations,
the horizontal vibrations are accompanied by vertical vibra-
tions. Vertical vibrations are not required for crushing material
in the crushing chamber but have a positive effect on the
crusher productivity. Additionally, when vertical vibrations are
present, there is a necessity to provide sufficient vibration iso-
lation of the crusher foundation. For this purpose, an addi-

X,mm X
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a
X,mm
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20
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15 “‘
{ = Xos
of /|
|
S . . L
4 6 8 10
b

Fig. 3. Characteristics of vibration amplitude as a function of
the ks weight ratio:
a— wy=104.67 rad/s; b — o, =314 rad/s

X,mm
10}

b

Fig. 4. Amplitude-frequency characteristics of the crusher at
oy =314 rad/s:
a — operation without material in the crushing chamber; b — op-
eration with material in the crushing chamber

tional elastic connecting element c;,, for protecting the foun-
dation against vibrations is provided.

So, in calculations concerning the vibration isolation sys-
tem of the crusher, it is necessary to fulfill the following re-
quirements to the system: 1. The system must provide effec-
tive vibration isolation. 2. The system must limit the ampli-
tude of vertical vibrations according to the specified ampli-
tude value.

The efficiency of vibration isolation is characterized by the
following vibration transfer factor [11]

k, = (1/(o/0g)* = 1), (6)

where o is the frequency of forced vibrations (rad/s); o, is the
frequency of natural vibrations (rad/s).

The degree of vibration isolation is characterized by the
isolation efficiency coefficient k,; The dependence of the iso-
lation efficiency coefficient on dimensionless parameters k, =

=o/0n,and k, =b/(2./(cism)) is the following [11]

1+4k2k>

—_— 7)
(1-k2) +4k2k?

The effective vibration isolation is ensured if k5« ;.

The most used vibration isolation elements are steel spring,
rubber, and rubber-metal dampers [11].

Spring dampers should be used at vibration frequencies
below 33 Hz and significant vibration amplitudes.

The spring dampers used in crushers with vertical vibra-
tions have, predominantly, two springs. Such spring dampers
are described by the following equations

= (Cs/z) + (mng/zxr)a

®)
= (Cs/z) - (mng/zxr)a
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where ¢, ¢, are the elasticity of the lover and upper springs,
correspondingly; c,, is the total elasticity of the spring set; m, =
= M/ Ny, is the weight of the spring set; ng, is the number of
spring sets; xr is the resonance vibration amplitude.

When selecting the spring damper, it is necessary to con-
sider that ¢,/c, = 3. When analyzing equation (8), it is evident
that there can be negative values in calculating the elasticity of
the upper spring. For the experimental vibratory crusher, the
characteristics of elasticity of the upper spring as a function of
resonance vibration amplitude are presented in Fig. 5. The av-
erage resonance frequency in the operating frequency range is
specified as o = 104.67 rad/s.

As is stated above, vertical vibrations have a significant ef-
fect on the crusher productivity. This effect is evident as the
distance which is traveled by the processed material in the
crushing chamber for a time interval required for the crushing
plates to be separated. The rotation frequency of the crusher
unbalance shaft should be inversely proportional to the said
distance.

The distance is determined as follows

&y F
=SSy To
17 9 m,m’ ©)

where m,, is the crusher weight; £ is the excitation force; g is
the gravitational acceleration; #,, is the period during which
the material in the crushing chamber is in free falling state.

In another form, the equation for the distance is the fol-
lowing

. g(sin[oc]—ucos[a]) N F,
b Af m,o

where p is the friction coefficient; f'is the vibration frequency
(Hz); o is the material entrance angle.

With consideration for the similarity coefficients and the
above-mentioned study tasks, the physical model of a vibra-
tory jaw crusher for experimental studies was developed [12].

(10)
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Fig. 5. Characteristics of the elasticity of the upper spring as a
function of resonance vibration amplitude:

a—o/wg=7;b—o/n,=3

When performing the experimental studies, the physical
simulation method for engineering systems was used.

To determine the characteristics of the experimental
crusher and the parameters of the crusher operational process,
electronic measuring equipment was used. The displacements
of the elastic elements were measured by resistive strain sen-
sors because such a measurement method is the most appro-
priate for swift-flowing processes.

The measurement data were used for determining the re-
gression coefficients and equations for the crusher. Deter-
mined were the design matrix with consideration for the spec-
ified number of the crusher input variables, confidence inter-
val, statistical significance of the regression coefficients, error
mean square, and model validity. To determine the model va-
lidity, the Fisher method was used. The number of studies ac-
cording to the specified accuracy and reliability of measure-
ment data was determined with consideration for the calcu-
lated standard deviation and mathematical expectation of the
crusher variable values.

The experimental studies were performed in order to
obtain data required for plotting characteristics describing
the effect of the basic parameters of the crusher with three
vibrating elements on the operational process when pro-
cessing material with low and medium hardness. The stud-
ies were performed in accordance with the above-men-
tioned methods. As material to be processed, ceramic mate-
rial was used.

The results of the studies for determining the effect of vi-
bration frequency on the vibration amplitude of the third vi-
brating element of the crusher, with consideration for the
specified parameters of the excitation force and elasticity coef-
ficients of the spring dampers, are presented in vibration re-
cords.

The vibration records obtained for the crusher in the
crushing chamber are presented in Fig. 6.

The characteristics in Fig. 2 demonstrate that the optimal
value of the parameter nis 0.6 <n < 1. If 1 <n < 2.5, the effec-
tive operating range of the crusher is narrow and shifts to high-
er frequencies. At this study stage, the operating mode of the
crusher is efficient if the three conditions in connection with
equations (2, 3) are fulfilled.

When analyzing the characteristics in Fig. 3, it was deter-
mined that the optimal value of the coefficient k,; is in the
range 0 < k,; < 2.5 for resonance frequency 104.67 rad/s, and
in the range 1.5 < k3 < 2.45 for resonance frequency o, =
=314 rad/s.

The maximum value of the vibration amplitude of the
third vibrating element at resonance frequency w, =
104.67 rad/s is at ky; = 1.3, and the maximum values of the
vibration amplitudes of the first and second vibrating ele-
ments at resonance frequency o, = 104.67 rad/s are at k,; =
=0.75. At resonance frequency o, = 314 rad/s, the maximum
values of the vibration amplitudes of all the vibrating elements
are at k23 =1.5.

After determining the ranges of rational values of the n, k3,
and k,, parameters, the amplitude-frequency characteristics of
the crusher were determined on the basis of equations (2, 3)
(Fig. 4).
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Fig. 6. Vibration record for the third vibrating element of the
crusher with material in the crushing chamber:

o= 104.67 rad/s; F— 4111N; ¢, = 234 438 N/m
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According to these characteristics, it was determined that
the efficient operating mode of the crusher is possible at the
second resonance frequency and in the range between the se-
cond and third resonance frequencies. If the design resonance
frequency w0 increases, the frequency range for efficient op-
eration of the crusher shifts to higher frequencies. The efficient
frequency ranges for the corresponding resonance frequencies
®, is the following: 1. 97 rad/s < ® < 121 rad/s, 129 rad/s < o <
<200 rad/s at w, = 104.67 rad/s; 2. 291 rad/s < o < 322 rad/s,
365 rad/s < @ < 400 rad/s at @, = 314 rad/s.

In order to ensure the operation of the crusher with the
values of the elasticity coefficients that were calculated for
natural vibration frequencies 104.67 and 157 rad/s, it is neces-
sary to increase, in lower frequency ranges, the weights of the
crusher vibrating elements. The increased weights must not
exceed the limit values at which the crusher design is econom-
ically inadvisable.

Asisshown in Fig. 5, a, the actual elasticity values of the
upper spring correspond to the range of resonance vibration
amplitudes x € (0.044, «). Accordingly, in the resonance
mode, there are vertical vibrations with high amplitudes
which are not acceptable in the process of crushing material.
If o/w, = 3 (Fig. 5, b), the resonance vibration amplitudes
are in the range x € (0.008, «). In this case, the amplitudes
are far lower, but the efficiency of the spring damper is re-
duced.

Theoretical studies were also performed to determine the
distance which is traveled by processed material in the crush-
ing chamber for a time interval required for the crushing
plates to be separated. According to the study results, equa-
tion (10) was set up for the distance. This equation allows the
number of operational cycles required for crushing material
to be determined and. as a result, to optimize power con-
sumption.

The most efficient frequency range is the range 14.5 Hz <
< f< 26 Hz between the second resonance frequency and the
third resonance frequency. This range was analyzed at three
characteristic frequencies: at frequency f= 16.7 Hz close to
the resonance frequency and at frequencies f = 19 and f =
=22 Hz distant from the resonance frequency. The maximum
vibration amplitude of the third vibrating element at frequen-
cy f=16.7 Hz is 5 mm. The vibration amplitudes of the vi-
brating elements of the crusher at frequencies between the
second and third resonance frequencies decrease at approach
to frequency f'= 22 Hz and then increase at approach to fre-
quency /=26 Hz.

The characteristic in Fig. 6 describe the vibration ampli-
tude of the third vibrating element of the crusher.

Material crushing is ensured in the frequency range 14.5 <
< f< 26 Hz. The crusher efficiency slightly decreases at fre-
quency close to f= 22 Hz due to the decrease in the vibration
amplitudes of the second and third vibrating elements and due
to the decrease in the amplitude of vertical vibrations of the
crusher casing, resulting in the increase in the time interval
during which material is present in the crushing chamber. If
the crusher operating frequency is 16.7 Hz, the maximum vi-
bration amplitude of the third vibrating element decreases to
3.6 mm (Fig. 6).

In studying the effect of the elasticity coefficients ¢; and ¢,
of the elastic elements on the crushing process, the following
characteristic features were detected. When the elasticity coef-
ficient ¢, increases, the efficient operating range of the crusher
shifts to higher vibration frequency values. This feature is
caused by the shift of the resonance frequency to higher vibra-
tion frequency. But excessive increase or decrease in the elas-
ticity coefficient has a negative effect on the crusher operation.
For example, if the elasticity coefficient ¢, > 3 538 800 N/m,
the crusher operation in the frequency range /< 25 Hz is inef-
ficient. In this case, it is necessary to increase the weights of
the crusher vibrating elements and the excitation force. If the
value of the elasticity coefficient ¢, is too low, the efficiency of

transferring energy from the vibration exciter to the third vi-
brating element decreases, and the conditions according to
basic equation systems (2, 3) are not fulfilled. If the value of
the elasticity coefficient ¢, increases, the efficient operation
range of the crusher shifts to zero. If the value of the elasticity
coefficient ¢, is too high, the crusher system with three vibrat-
ing elements converts into a system with two vibrating ele-
ments. If the value of the elasticity coefficient ¢, is too low, the
crusher system is in unstable state, resulting in a negative effect
on the crushing process.

Conclusions. Developed are the physical and mathemati-
cal models of a vibratory jaw crusher. The models include elas-
tic and inertial properties, power characteristics, and dimen-
sional parameters of the crusher-material system. The basic
subject in studying the crusher-material system is the system
amplitude-frequency characteristics. The study results provide
the possibility to determine the values of the system elasticity
coefficients as a function of vibration frequency, which are re-
quired for determining the optimal relation between the pa-
rameters of the crusher vibrating elements. The values of the
vibration amplitudes of the crusher vibrating elements are the
highest if the coefficient n related to the ratio between elastic-
ity and vibration frequency is in the range 0.6 < n < 1. Efficient
crushing of materials is possible in the vibration frequency
range 14.5 < f< 26 Hz. Determined are the values of the coef-
ficients k,, and k,; that are required for determining the opti-
mal relation between the parameters of the crusher vibrating
elements.

References.
1. Gursky, V.M., Lanets, O.S., Shpak, Y.V., & Lozynsky, V.I.
(2011). Influence of nonlinearity of electromagnetic drive force on
dynamics of vibrating machines. Vibratsii v tehnitsi ta tekhnologiiakh,
1(61), 25-31.
2. Turkin, V.Ya., Tyagusheyv, S. Yu., & Shonin, O.B. (2014). Increas-
ing the technological parameters of a vibrating jaw crusher by means
of automated electric drive. Mining informational and analytical bulle-
tin (scientific and technical journal), 2, 130-136.
3. Sablin, R. A. (2014). Experimental studies on the operating mode of
a vibratory jaw crusher with an inclined crushing chamber. Mining in-
formational and analytical bulletin (scientific and technical journal), 1,
406-409.
4. Wolny, S. (2013). Dynamic behavior of a vibrating jaw crusher for
disintegration of hard materials. Archive of metallurgy and materials,
58(3), 1-4. https://doi.org/10.2478 /amm-2013-0092.
5. Sidor, J., & Mazur, M. (2013). The use of a vibratory crusher in
processes of very fine crushing of raw materials and industrial waste
ceramics. Ceramic Materials, 65(1), 71-75.
6. Sidor, J., & Mazur, M. (2014). Examination of crushing rock crystal
in a vibratory jaw crusher. Ceramic Materials, 66(1), 32-36. Retrieved
from http://vadda.icm.edu.pl/yadda/element/bwmetal.element.ba-
ztech-98f90d2c-8bef-48e5-bc49-70ecc04e74d4.
7. Zhang, J., & Wang, L. (2014). Optimization design of vibratory
jaw crusher with double cavities based on MATLAB. Trans Tech
Publications. https://doi.org/10.4028 /www.scientific.net/AMR.945-
949.596.
8. Shishkin, E. V., & Kazakov, S.V. (2017). Application of vibratory-
percussion crusher for disintegration of supertough materials. /OP
Conf. Series: Earth and Environmental Science, &7. https://doi.
org/10.1088/1755-1315/87/2/022018.
9. Jiang, J., Liu, Sh., & Wen, B. (2014). Dynamic characteristics of
vibrating cone crusher with dual exciters considering material effects.
Trans Tech Publications. https://doi.org/10.4028 /'www.scientific.
net/AMR.902.148.
10. Nazarenko, I.1., & Mishchuk, E.O. (2014). Studies on the
working process of destruction in a grinding chamber of the vibrat-
ing jaw crusher. Mining, construction, road and reclamation machines,
84, 55-63.
11. Dyrda, V.1., Lisitsa, N.I., & Lisitsa, N.N. (2013). Development
of vibration isolators for mining machines. Geotechnical mechanics,
113, 116-125.
12. Nazarenko, I.1., & Mishchuk, E. O. (2019). Research on the dy-
namics of a vibratory jaw crusher of bilateral action. Mining, construc-
tion, road and reclamation machines, 94, 5-15. https://doi.

org/10.32347/¢gbdmm?2019.94.0101.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N 4 61



Bu3HaueHHs1 palliOHAJILHUX PEXUMIB POOOTH
BiOpamiitHoi MOKOBOI Apo6apKu
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YHacinok noctitHoro po3BUTKY OYIiBeJbHOI Taty3i Mo-
CTa€ MUTAHHS Y CTBOPEHHI HOBUX a00 MOJEpHi3allil cTapux
3pa3KiB TEXHiKU. 3aCTOCYBaHHS YIAPHOTO XapakTepy Mii Apo-
OMJIBHUX II[iK Ha MaTepiajl € HailOLIbII MepCIEeKTUBHUM Ha-
TIPSIMOM PO3BUTKY APOOUITBHUX MAIIIVH.

Meta. Po3poOka MaTeMaTU4YHOI MOIeJTi BiOpaliitHOl 1110~
KOBOI Ipo0apKu, JOCIiIKEHHsI poOOUYOTro Mpoliecy Ha OCHOBI
MaTeMaTUYHOI MOJIEJIi JIJIs CTBOPEHHST HOBOT KOHCTPYKIIi.

Metoauka. BusHaueHHs1 poboyoro mpoiiecy Apodapku
IPYHTYEThCSI Ha OCHOBHUX IMOJOXEHHSIX TE€OPil MeXaHIYHUX
KOJIUBaHb i TEOpii CYyLiITbHUX CEPENOBUIIL. Y PiBHSHHSX PYXy
JIpobapKu MaTepial ypaxoBYETLCS Ha OCHOBI IUCKPETHOI MO-
NieJTi KOHTUHYaTbHUM TTapaMeTPOM.

Pesyabratn. [loOGynoBaHa ¢izmuHa Momeab, Ha OCHOBI
SIKO1 CKJIaJIeHi PiBHSIHHS pyXy JIpOOapKHu, 110 BKIIOYAIOTh TPU
OCHOBHi YMOBU e(eKTUBHOI poOOTU: 1) MPYKHICTb APYroi
MPY>XHOI CUCTeMU MOBUHHA OyTU Oinbliie abo piBHOW0O cuii
IpoOJeHHs; 2) Tiepliia Ta TPeTsS Macu MOBUHHI KOJIMBATUCS Y
asi, a npyra — y mpotudasi; 3) cyMapHe nepeMillleHHS 1py-
roi Ta TPeThOI APOOMILHMX IIIiK Ma€ 3a0e3reuyBaTh pyiHy-

BaHHsS Martepiany. HaBemeHi Ta mnpoaHanizoBaHi rpacdiku
BIUIMBY KOJIMBAJIBHUX Mac i Koe(illiEHTIB MPY>KHOCTI MPYX-
HMX CHCTEM Ha iX aMIUTITyly KoJuBaHb. Ha OCHOBI piBHSIHb
pyXy OpobapKu Ta 3 ypaxyBaHHSIM palliOHaJbHUX 3HAYeHb
rapaMeTpiB Mac i KoedilliEHTiB PYKHOCTi MPYXXKHUX CUCTEM
noOyaoBaHa aMILTITyq0-4YaCTOTHA XapaKTepUCTUKA pOOOTU
JpobapKu 3a pi3HMX YaCTOTHMX Aiana3oHiB. CKiIaneHo piB-
HSIHHSI, 10 BU3HAYa€ LUISIX, KU TTPOXOAUTH MaTepial 3a
yac Biaxony ApoOwibHUX uT. IlpencrabiaeHi rpadiku 3a-
JIEXXHOCTI BEPTUKAJIBHOI aMIUTITYIM KOJIMBaHb KOPITYCY IPO-
0apKM Bil PYKHOCTI i30/15111ii{HOT MPY>KHOI CUCTeMU i1 Hafa-
Hi pekoMeHaallii i3 BUOopy il po3paxyHKy BiOpOi30IsLIil.

HayxkoBa HoBu3Ha. [IpencTaBieHa MaTeMaTUYHA MOJENIb
JIOCTiIHOI BiOpalliifHOI IIOKOBOI ApoOapKu Ta rpadiku exc-
MepUMEHTAIbHUX TOCTiIKeHb, HA OCHOBI SIKUX HaJlaHi peKo-
MeHJalIii 111070 BUOOpY eHeproe(heKTUBHUX PEXUMIB pOOOTH
JpoOapKu.

IIpakTiyHa 3Ha4uMMicTh. 3HAHHS palliOHAJbHUX 3HAYEHb
YACTOTHUX Jiarma3oHiB poOOTH MOCHiIKYyBaHOI BiOpaliitHOl
LLIOKOBOI 1po0apKy J1a€ MOXJIMBICTb y MOAAJTBIIOMY BU3HA-
YUTU ONTUMAJIbHI 3HAYEHHS 3aTpayyBaHOI eJIEKTPOEHEeprii Ta
MPOAYKTUBHOCTI MpH ApoOJEeHHI MaTepiaiiB pi3HOI MiLIHOCTI.

KimouoBi ciioBa: ibpayiiina wokoea opobapka, koegiuienm
npysjcHocmi, enepeoegheKkmugnicms, Yacmoma KoaAueams, 30)-
DI0BaNbHE 3YCUNNA
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