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Abstract. In this work, the problem of model-
ing the kinematic parameters of a jaw crusher with
a simple movement of the jaw was consider. The
dynamic model of the jaw crusher was consider as
a flat articulated-lever closed mechanism. The
crushing mechanism of the jaw crusher with a sim-
ple movement of the cheek modeled as a mecha-
nism with five moving links and six rotary joints of
the fifth mobility class, with the eccentric shaft
modeled as a crank and the rotary jaw modeled as
a rocker arm. The kinematic chain of the crank and
the movable cheek was consider separately. Using
vector equations, the interdependencies between
the moving elements of the adopted kinematic
scheme of the jaw crusher model were determined.
Since this scheme has one degree of mobility, the
functions of the position of all moving links of the
given kinematic scheme were find, depending on
the angle of rotation of the drive crank. Rotation
angles was define in the Cartesian coordinate sys-
tem relative to the horizontal plane.

In this work, using the obtained kinematic
equations, the proposed simulation model of the
jaw crusher was investigate and compared with a
real SMD-117 machine using its typical dimen-
sions.

The functions of the changes in the angles of
rotation of the links of the kinematic scheme of the
jaw crusher and their angular velocities obtained in
the course of the research are important in the fu-
ture for studies of the dynamics of such machine
structures. Comparative data showed how the
mechanism of changing kinematic parameters was
implement in the design of the real SMD-117 ma-
chine.

Keywords: jaw crusher, mathematical model-
ing, kinematics, hinge-lever mechanism, SMD-
117.
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INTRODUCTION

Jaw crushers occupy a key place in the min-
ing industry, particular such machines are use
it in the first stages of crushing construction
materials. Jaw crushers used for large and me-
dium destruction of stone materials and miner-
als in order to obtain the required particle size.
The principle of operation of a jaw crusher lies
in the fact that material to be crushed is fed
into a crushing chamber, which has a wedge-
shaped form and is formed by two jaws, one of
which is typically stationary, while the other is
movable. Due to the wedge-shaped shape of
the crushing chamber, the pieces of material
arranged along the height of the crushing
chamber depending on their size: larger - at the
top, smaller - at the bottom. When the movable
jaw approaches the stationary or movable (for
models with two movable jaws), the material
between them is crush into smaller parts [1].

Currently, two types of jaw crushers are
widely used, its double toggle jaw crushers
and compound jaw crushers [1-2].

According to research by the Australian Ca-
reer Development Institute, jaw crushers have
low energy efficiency when grinding solid
materials due to an inefficient mechanism for
transferring forces to the grinding elements
[3].

In this work proposed to consider the kine-
matics of a double toggle jaw crusher of the
jaw for the further development of a mathe-
matical model of the crusher and analysis of
the mechanisms of force transmission. The
mathematical model of a jaw crusher is an
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important tool for optimizing its performance
and efficiency [4].

LITERATURE REVIEW

Double toggle jaw crusher is one of the
most common types of crushers. This type of
crusher has a movable jaw that oscillates
relative to a fixed axis of rotation [1].

Works of many authors [3-7], the issue of
kinematics of jaw crushers was consider, but
qualitative research in this direction was not
carried out.

In the researches of Ham C. W., Crane E.
J., Rogers W. L., Cao J., Rong X., Shehuan L.
[4-5], the development of mathematical mod-
els of jaw crushers with complex movement of
the cheek, which takes into account dynamic
changes in the movement of the movable
cheek, is considered. However, the results of
such studies cannot be apply to crushers with a
simple cheek movement.

Some authors it is Oduori M. F., Mutuli S.
M., Munyasi D. M. [6-7] using the equations
of motion, were able to describe the change in
speed and acceleration of the moving jaw in
time of a jaw crusher with simple motion.
However, they did not perform a qualitative
analysis of the obtained parameters on real
systems, therefore it is do not known how the
design of the crusher model affects its effi-
ciency, and their obtained dependencies are
quite simplify for its further use [8, 9].

PURPOSE OF THE ARTICLE

The goal is to determine the interdepend-
ence between the driving and driven links of
the kinematic scheme of a jaw crusher with a
simple movement of the cheek for qualitative
further analysis of the kinematic characteris-
tics of its motion transmission mechanisms
and the development of a mathematical model
of motion.

PRESENTING MAIN MATERIAL
In the research process, a jaw crusher with a

simple movement of the jaw was consider, the
main elements of which are (Fig. 1) [1]:
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Fig. 1. Double toggle jaw crusher

- movable cheek (pendulum) is a part of the
crusher that performs rotational oscillations
around the upper suspension, thereby creat-
ing a crushing force;

- fixed jaw is a stationary part of the crusher,
which is a support for the movable jaw and
holds the material for crushing;

- adjusting device — allows you to change the
distance between the cheeks, which affects
the maximum size of the final product;

- crank or eccentric is a link that transmits
movement from the drive to the swing
mechanism of the movable cheek;

- connecting rod — an element that converts
rotary motion into oscillations of spacer
parts of the cheek.

The movable jaw of the crusher, the eccen-
tric, the connecting rod, the spacer links and
the frame make up the mechanism, which can
modeled as a flat lever articulated mechanical
system (Fig. 2). With the exception of the
frame, class 5 hinges with one degree of mo-
bility all links in such a mechanism can con-
nected.

In the accepted on Fig. 2 kinematic model
of a jaw crusher with a simple cheek move-
ment, the eccentric shaft is modeled as a short
crank length 1, which rotates with a uniform
angular velocity around its own fixed ax-
is O1. The connecting rod modeled as a stiff
link 0204 with in length |2 is which performs a
complex planar movement. The rear spacer
plate is length I3 rotates around a fixed axis at
a point Os.
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Os

Fig. 2. Kinematical model

The front push rod length 14 modeled as a link
0:0s, which also performs a complex planar
movement, i.e. it simultaneously performs
rotation and rectilinear movement. The rotat-
ing cheek in the accepted model it modeled as
a rocker Os0e, in length s, which oscillates
about a fixed axis at a point Oe. In the adopted
model of the jaw crusher, there is a rocker arm
Os0s is a part of the movable cheek and does
not fully reproduce the surface of the crushing
plate. The stationary jaw is consider of a part
machine frame [10, 11].

This kinematic scheme of the machine has a

total of one degree of mobility, which means
that it is possible theoretical determine the
functions of the connection between the drive
link and all the driven parts of the machine.

Two closed kinematic chains are distin-
guished in the considered kinematic scheme is
01020403 (Puc. 3) and 03040506 (Puc. 4),
which separately reflect the movement trans-
mission mechanism from the eccentric to the
oscillating spacer plate and from the oscillat-
ing spacer plate to the movable cheek.

Let's perform a separate kinematic analysis
of chains 01020403 and 0304050,

Fig. 3. Kinematic crank chain
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Fig. 4. Kinematic chain of the pendulum

Determine the angles of inclination of all
moving links of the specified kinematic
scheme of the jaw crusher to the horizontal
direction.

According to Fig. 3 from AO10203 we have
the next vector equation [11]:

S+ =F. (1)

The projections of equation (1) on the vertical
Y and horizontal X axes will be:

s sinQ,+1sinp=rsing,, (2)

s,cosQ,+1 cosp=rcosq,, (3)

: a b

where: s, =va’+b®, sinQ,=—, cosQ,=—

Sl 1

are parameters of the kinematic scheme of the

crusher; a, b — given dimensions of the model,

m.

From equations (2) and (3), it was determi-

nate:

s;sinQ, +1;sing

tang, = :
" s,c0sQ, +1 cose

(4)

From AO10.03 and AO,030, the distance
of the radius vector r1 was find, using the co-
sine theorem:

> =17 +s’-2ls cos(p+Q,), (5)
=17 +12-2l,l,cosq,, (6)
where: Q, =n—Q;.

Then from equations is (5) and (6) have
been get:

I22 + |32 — |12 — 812 + 2I181 COS((P + Ql) (7)

cosq, =
% 21,1,
= \/ I +s?—2ls cos(p+Q,), (8)
or
2 12 _ g2
q, = arccos(|2+||+r1) . 9)
2°3

By the sinuses theorem with A0O2030; it
have next question:

sin(a, +H) ==, (10

1
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then

B= arcsin(w] -q,. (11)
1

It is knows from the studied scheme that:
a, =9, +B . (12)

According to Fig. 4 from AO3040s defined
the next vector equation:

S,+l,=r1,. (13)

The projections of this equation on the vertical
and horizontal axes will give the following
expressions:

s,sinQ, +1;sinB=r,sin(q, +Q,), (14)

s,€0sQ, —r,cos(g, +Q,)=l,cosB, (15)

. C
where: s, =vc? +d?, sinQ, =—,
S

2

cosQ, = d there are parameters of the kine-
S2

matic scheme; c, d there are given dimensions
of the model, m.

The angle of rotation is determined from
equations (14) and (15) g7

0 =arctar{ s, sinQ2+IgsinBJ_Q2. (16)

s, cosQ, —1, cosp

According to the theorem of cosines from
AO10s506 have been define:

12 =12+r7—-2lr,cosq,, (17)
where:
2, 42 2
Qg =arcco m , (18)
2l.r,

ner, = \/522 +12 -2s,l,cos(B+Q,) .

Thus, the scheme in fig. 4, the angle of ro-
tation of the movable cheek to the horizontal is
determined:
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a=n—0;, —0g—Q,. (19)

From AO30406 it have been established
that:

s,c08Q, +1,cosa=r,cos0, (20)

s,sinQ, —l;sina+r,sin6=0, (21)
then

O:arctar( I.sina—s,sinQ, j 22)

I, cosa +s,C0sQ,

From AO3040:s it's obvious that
lbsinB-r,sin6=1,sing,, (23)

r,cos0—1l,cosp=1,cosq,, (24)

0, = arctar{ l,sinB—r;sin6 ] (25)

r,cos—1, cosp

or

where: r, =2 +IZ — 25,l,c0S(C, + G) -

Thus, for this estimated kinematic scheme
of the jaw crusher, geometric characteristics
were determined that connect the drive link of
the eccentric (crankshaft) with all the moving
links of the crusher [12].

The resulting dependencies have a complex
nature of relationships between the host and
the given links. In order to check the obtained
equations for correctness, a simulation model
of a jaw crusher with a simple movement of
the jaw it was define, on which the parameters
of the angles of rotation of the moving parts of
the machine were determined geometrically.
The results of the comparison showed an al-
most complete coincidence of the obtained
values of numerical and simulation modeling.
In the table 1 shows the values of the parame-
ters determined theoretically and on the simu-
lation model (IM1) of the jaw crusher with the
following dimensions of the model: 13 = 100
mm; I> =800 mm; Iz = 700 mm; I = 500 mm;
Is = 500 mm; @ = 400 mm; b = 300 mm; ¢ =
650 mm; d = 900 mm.

Given the high convergence of model pa-
rameters, was also performed research of a real
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Table 1. Results of comparison of theoretical data with data obtained on the simulation model

IM1

0 0, B, degree 1, degree a, degree s, degree

n.n. | degree | graph. | theor. | graph. | theor. | graph. | theor. | graph. | theor.
1 0 32,60 | 32,60 | 78,28 | 76,28 | 79,18 | 79,18 | 5,9 5,16
2 10 30,58 | 30,58 | 75,21 | 75,22 | 78,35 | 78,35 | 3,06 3,07
3 20 28,57 | 28,57 | 73,97 | 73,98 | 77,60 | 77,60 | 0,92 0,92
4 30 26,59 | 26,59 | 72,59 | 72,59 | 76,94 | 76,95 | -124 | -124
5 40 24,70 | 24,70 | 71,08 | 71,08 | 76,40 | 76,40 | -3,37 | -3,38
6 50 22,92 | 22,92 | 69,47 | 69,48 | 75,96 | 7597 | -5/45 | -5,46
7 60 21,28 | 21,28 | 67,80 | 67,80 | 75,63 | 75,64 | -7,42 | -7,43
8 70 19,81 | 19,82 | 66,08 | 66,08 | 75,40 | 75,40 | -9,25 | -9,25
9 80 18,55 | 18,55 | 64,35 | 64,35 | 75,24 | 75,25 | -10,87 | -10,88
10 90 17,50 | 17,50 | 62,64 | 62,65 | 75,15 | 75,16 | -12,24 | -12,25
11 100 16,70 | 16,71 | 61,00 | 61,00 | 75,10 | 75,11 | -13,31 | -13,32
12 110 16,18 | 16,18 | 59,46 | 59,46 | 75,08 | 75,09 | -14,03 | -14,03
13 120 15,95 | 15,95 | 58,07 | 58,08 | 75,08 | 75,08 | -14,34 | -14,35
14 130 16,04 | 16,05 | 56,88 | 56,89 | 75,08 | 75,08 | -14,21 | -14,22
15 140 16,48 | 16,48 | 55,96 | 55,96 | 75,09 | 75,10 | -13,62 | -13,62
16 150 17,28 | 17,29 | 55,34 | 55,34 | 75,14 | 75,14 | -12,53 | -12,54
17 160 18,47 | 18,47 | 55,08 | 55,08 | 75,24 | 75,24 | -10,97 | -10,98
18 170 20,04 | 20,04 | 55,24 | 55,24 | 75,43 | 75,43 | -8,97 | -8,97
19 180 21,98 | 21,98 | 55,85 | 55,85 | 75,77 | 75,77 | -6,57 | -6,58
20 190 24,26 | 24,27 | 56,92 | 56,92 | 76,29 | 76,29 | -3,87 | -3,88
21 200 26,83 | 26,83 | 58,45 | 58,45 | 77,02 | 77,02 | -0,97 | -0,98
22 210 29,57 | 29,57 | 60,37 | 60,38 | 77,96 | 77,96 | 1,99 2,00
23 220 32,36 | 32,36 | 62,62 | 62,62 | 79,07 | 79,08 | 4,91 4,91
24 230 35,05 | 35,05 | 65,06 | 65,06 | 80,29 | 80,29 | 7,62 7,62
25 240 37,48 | 37,49 | 67,55 | 67,55 | 81,49 | 81,50 | 10,01 | 10,02
26 250 39,53 | 39,53 | 69,96 | 69,96 | 82,58 | 82,59 | 11,99 | 11,99
27 260 41,08 | 41,09 | 72,17 | 72,17 | 83,46 | 83,46 | 13,48 | 13,48
28 270 42,10 | 42,10 | 74,08 | 74,09 | 84,05 | 84,06 | 14,44 | 14,44
29 280 42,57 | 42,57 | 75,66 | 75,66 | 84,33 | 84,33 | 14,88 | 14,89
30 290 42,51 | 42,51 | 76,86 | 76,87 | 84,30 | 84,30 | 14,83 | 14,83
31 300 41,98 | 41,99 | 77,70 | 77,71 | 83,98 | 83,99 | 14,33 | 14,33
32 310 41,04 | 41,05 | 78,19 | 78,20 | 83,44 | 83,44 | 13,44 | 13,44
33 320 39,77 | 39,77 | 78,36 | 78,36 | 82,72 | 82,72 | 12,22 | 12,23
34 330 38,22 | 38,23 | 78,22 | 78,22 | 81,88 | 81,89 | 10,74 | 10,74
35 340 36,48 | 36,48 | 77,81 | 77,81 | 80,98 | 80,99 | 9,03 9,03
36 350 34,58 | 34,59 | 77,16 | 77,16 | 80,07 | 80,07 | 7,16 7,16

SMD-117 jaw crusher with simple jaw move-
ment and standard size 1500x2100 mm. The
model of such a crusher has the next dimen-
sions: |1 = 42 mm; I, = 2165 mm; Iz = 1099
mm; l4 = 1839 mm; Is = 3280 mm; a = 1800
mm; b = 1190 mm; ¢ = 3410 mm; d = 2770
mm. The results of modeling listed in the Ta-
ble. 2.

In the table 2 shows the ratio that estimates
the transfer function between a given moving

10

link and the angle of rotation of the drive
crank, which it calculated from this ratio:

AESi — 6i _Si—l (26)

AQ; Q=0

where: 3, the angle of rotation of the given

link (8, qu, o, Qo).
According to the data from the Table 2, it
can seen that the change in the rotation angles
ISSN(online)2709-6149. Mining, constructional,
road and melioration machines, 102, 2023, 5-16
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Table 2. Results of theoretical modeling of changes in the geometric parameters of the SMD-117

jaw crusher

No , , 1, o, 9,

ILIL de(gree degree Ap/Ae de?gree AQ/Ag degree Ad/Ag de?]ree Ads/Ae
1 0 18,92 | -0,039 | 95,10 -0,005 89,25 | -0,008 | 15,35 -0,023
2 10 18,54 | -0,039 | 95,02 -0,008 89,17 | -0,007 | 15,12 -0,022
3 20 18,17 | -0,037 | 94,91 -0,011 89,10 | -0,007 | 14,91 -0,021
4 30 17,83 | -0,034 | 94,77 -0,014 | 89,04 | -0,006 | 14,71 -0,020
5 40 17,53 | -0,030 | 94,62 -0,016 88,98 | -0,006 | 14,53 -0,018
6 50 17,27 | -0,025 | 94,44 -0,018 88,94 | -0,005 | 14,39 -0,015
7 60 17,07 | -0,020 | 94,25 -0,019 88,90 | -0,004 | 14,27 -0,012
8 70 16,93 | -0,014 | 94,05 -0,020 88,88 | -0,002 | 14,19 -0,008
9 80 16,86 | -0,008 | 93,85 -0,020 88,86 | -0,001 | 14,14 -0,004
10 90 16,85 | -0,001 | 93,66 -0,019 88,86 | 0,000 | 14,14 0,000
11 100 16,91 | 0,006 | 93,47 -0,018 88,87 | 0,001 | 14,17 0,003
12 110 17,03 | 0,012 | 93,31 -0,017 88,90 | 0,002 | 14,25 0,007
13 120 17,22 | 0,019 | 93,16 -0,015 88,93 | 0,003 | 14,35 0,011
14 130 17,46 | 0,024 | 93,04 -0,012 88,97 | 0,004 | 14,50 0,014
15 140 17,76 | 0,029 | 92,94 -0,009 89,03 | 0,005 | 14,67 0,017
16 150 18,09 | 0,033 | 92,88 -0,006 89,09 | 0,006 | 14,86 0,019
17 160 18,46 | 0,037 | 92,86 -0,002 89,16 | 0,007 | 15,07 0,021
18 170 18,84 | 0,039 | 92,87 0,001 89,23 | 0,007 | 15,30 0,023
19 180 19,24 | 0,040 | 92,92 0,005 89,31 | 0,008 | 15,53 0,023
20 190 19,64 | 0,039 | 93,01 0,008 89,39 | 0,008 | 15,76 0,023
21 200 20,02 | 0,038 | 93,12 0,012 89,47 | 0,008 | 15,98 0,022
22 210 20,37 | 0,035 | 93,27 0,014 89,54 | 0,007 | 16,18 0,020
23 220 20,68 | 0,031 | 93,43 0,017 89,60 | 0,007 | 16,37 0,018
24 230 20,94 | 0,026 | 93,62 0,019 89,66 | 0,006 | 16,52 0,015
25 240 21,15 | 0,021 | 93,81 0,020 89,70 | 0,004 | 16,64 0,012
26 250 21,30 | 0,014 | 94,02 0,020 89,73 | 0,003 | 16,72 0,008
27 260 21,37 | 0,008 | 94,22 0,020 89,75 | 0,002 | 16,77 0,004
28 270 21,38 | 0,000 | 94,41 0,019 89,75 | 0,000 | 16,77 0,000
29 280 21,31 | -0,007 | 94,59 0,018 89,74 | -0,001 | 16,73 -0,004
30 290 21,18 | -0,013 | 94,76 0,016 89,71 | -0,003 | 16,65 -0,008
31 300 20,98 | -0,020 | 94,90 0,014 89,67 | -0,004 | 16,54 -0,011
32 310 20,72 | -0,025 | 95,01 0,011 89,61 | -0,005 | 16,39 -0,015
33 320 20,42 | -0,030 | 95,09 0,008 89,55 | -0,006 | 16,22 -0,018
34 330 20,08 | -0,034 | 95,15 0,005 89,48 | -0,007 | 16,02 -0,020
35 340 19,71 | -0,037 | 95,16 0,002 89,40 | -0,008 | 15,80 -0,022
36 350 19,32 | -0,039 | 95,15 -0,002 89,33 | -0,008 | 15,58 -0,023

of the moving parts is real jaw crusher SMD-
117 is carried out within small limits with one
complete rotation of the drive crank. From
this, we will assume that the developers of real
systems of jaw crushers try to select the pa-
rameters of their schemes in such a way as to
implement the operation of the machine with
the least expenditure of kinetic energy. The
implementation of the work of destruction by
the moving cheek is perform by the power
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circuit due to the action of the massive moving
masses of the machine
To study the dynamics of the jaw crusher
model, it is necessary to know the angular ve-
locities of the moving parts of the machine.
From Fig. 3, consider the following vector
equation:

—

S+l =1, +1;. (27)

11
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Let's determine the projections of equation
(27) into the Cartesian coordinate system:

s, sinQ, +1;sinp=1,sing, —1,sinP; (28)
s,€0SQ, +1,cose=-I,cosq, +1,cosB. (29)

The left and right sides of the equations (28)
and (29) can be squared, leading to the follow-

ing:

s2sin®Q, +1/sin® @+2s,1, sinQ,sing = 30)
=12sin*q, +1Zsin®B-2L1, sin g, sinf;

s? cos’ Q, +17 cos® p+2s,1, cosQ, cose = 31)
=12 cos® g, +12 cos* B—2l,I, cosq, cosp.

By adding equations (29), (30) and taking
into account that sin?i+cos?i=1, it will re-
ceive:

sZ +17 +2l,s,(sin @sin Q, +cospcosQ;) = 32)
=12 +12 - 2l,1,(sin g, sin B+ cosq, cosp).

From trigonometry, the following formula is
known:

sin @sin Q, +cos e cosQ, = cos(e—Q;) . (33)

Therefore, from equality (33), we will have the
following expression:

s2+17 +2ls, cos(p—Q,) = 34)
=12 +12 -2, cos(g, —B).

From the expression, the formula for the
angle of rotation of the spacer plate is deter-
mined:

0, =B+ arCCOS(Kl — K, cos(p— Qs))1 (35)
I3 +17=sf =17 s,
2L, UL
The resulting expression is similar to for-
mula (12). Differentiating formula (35):

where: K, =

12

dg, _dBde
dt dt dt 36
n Kzsin(Qs — (P)) d_(P - (30)
\/l_ (Kl — K, cos(o - Qs))2 dt
dg | do 1
— =, — -c, |, (387
dt "t 17 -7 &) G0

l, +5, cos(Q; — ) "
where:
2 2 2
(07 +1 -1 i, +)
= — :
L4 1) J (=0 =LY = (, L))
l,ls

In a similar way, the derivatives for all
other angles of rotation of the jaw crusher
movable by the jaw crusher are determined,
however, the analytical form of their recording
does not allow to give these formulas in a
compact form in this work, and therefore it is
suggested to consider their numerical
dependences on the graphs. Analyzing the
function (36), we note that the angular
velocities of the moving links will depend both
on the position of the driving eccentric and on
its speed. Since the main work of the jaw
crusher is performed in a constant mode of
movement, then we will assume that the
angular speed of the crank will be constant. As
a guide, we will use the parameters of the
SMD-117 jaw crusher with a simple jaw
movement, which contains an installed electric
motor with a power of 280 kW and a rotation
frequency of 490 rpm. Given the given drive
parameters, the approximate constant angular
speed of the eccentric of the crusher should be
within 10.5..12.5 rad/s. In the future, the
upper limit for calculations was adopted.

Fig. 5 shows the graphs of the speeds of the
resonant links of the crusher. Fig. 6 shows the
graphs of the angles of rotation of the crusher
links. Fig. 7 and Figs. 8 shows the graphs of
changes in the accelerations of the moving
links of the SMD-117 crusher and the
experimental simulation model IM1 in the
mode of steady motion for one complete
revolution of the crank.
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Fig. 5. Comparative graphs of changes in the angular velocities of the moving links of the kinematic
scheme for jaw crushers of proposed the simulation model IM1 and the real SMD-117 machine in the
mode of steady movement of the crank at a her velisity of 12,5 rad/s
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Fig. 6. Comparative graphs of changes in the angles of rotation of the links of the kinematic scheme for
jaw crushers of proposed the simulation model IM1 and the real SMD-117 machine
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Fig. 7. Graphs of the accelerations of the moving parts of the SMD-117 jaw crusher in a steady mode of
movement at a crank velisity of 12,5 rad/s
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Fig. 8. Graphs of the accelerations of the moving parts of the IM1 jaw crusher in a steady mode of
movement at a crank velisity of 12,5 rad/s
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CONCLUSIONS

The obtained results of the study show a
complex interdependence between the Kkine-
matic parameters of the jaw crusher's motion
transmission mechanism with simple cheek
movement. The speeds and accelerations of
the moving parts of the real SMD-117 jaw
crusher are significantly lower than in the pro-
posed test simulation model. Since the real
model of the SMD-117 has a much larger mass
of moving parts. In part, this difference was
explain by the fact that in the real system of
the kinematic scheme of the jaw crusher with a
simple movement of the jaw, static forces cre-
ated by the drive implement the main mecha-
nism of material destruction.

In the future, in order to determine the
power of destruction, it is necessary to conduct
a study of the dynamics and changes in forces
in the jaw crusher mechanism.

In the future, a model of machine control
based on 10T devices will be develop, as in the
example of work [14] for efficient use of pro-
duction resources.
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MODELING WORKFLOWS

MaTteMaTHYHE MOCJIIOBAHHA KiHEeMAaTHKH
IIOKOBOI IPO0apPKH 3 MPOCTUM PYXOM HIOKH

Eseen Miwyx*, Imumpo Miwyr?®, Onvea Kanycma®

123 Kuigcokutl nayionanvhutl ynieepcumem
OyOisHuYmMea i apximexmypu

AHoTauis. B maniif poOoTi po3risHyTa IMpO-
OreMaTHKa MOJIETIOBAHHS KIHEMAaTUYHHX TapamMe-
TPIiB IIOKOBOI APOOAPKHU 3 MPOCTUM PYXOM IOKH.
JlunaMigHa MOIEIs IOKOBOI IPOOapKH po3Tiisaa-
€THCA, AK TUIOCKUH IMIapHIPHO-BaXIMbHUN 3aMKHY-
TAH MeXaHi3M. MexaHi3M JpOOJIEeHHS IIOKOBOi
OpoOapku 3 MPOCTHM PYXOM IOKH 3MOJeNbOBa-
HUH, K MEXaHI3M i3 I’ SITbMa PyXOMHUMH JIaHKaMu
Ta IICTbMa IOBOPOTHUMH WIAPHIpPAMH I SITOTO
KJIacy PYXOMOCTi, IPUYOMY €KCUEHTPHUKOBUH Bal
3MOZENbOBAHMM, SIK KPUBOIIUI, a TOBOPOTHA IIIe-
nena, — K KOpoMucio. byno po3risHyTo oKpemo
KIHEMaTUYHAH JIAQHIIOT KPHUBOIIMIIA Ta PyXOMOL
IIOKH. 3a JOMOMOTOI0 BEKTOPHHX PIBHSHb BHU3HA-
YeHO B3a€MO3AIEKHOCTI MiXK PYXOMHMH €JIEMEH-
TaMU MPUAHATOT KIHEMAaTHYHOI CXEMHU MOJIEIII I10-
KoBOi apoOapku. Tak sK JaHa cXxemMa Ma€ OIHY
CTYIIHB PYXOMOCTi, Oyno 3HaimeHo QyHKIii mmo-
JIO’)KEHHS BCIX PYXOMHX JIaHOK 3a/IaHO1 KiHEeMaTH-
YHOT CXEMH B 3aJISKHOCTI Bii KyTa MOBOPOTY TpH-
BimHOTO KpHBOIHMIa. KyTH mOBOpPOTY BH3HAYEHO B
JlexapToBiit cucTeMi KOOPAWHAT BiTHOCHO TOPH30-
HTaJbHOI IUIOIUHU.

16

B namiii po6oTi i3 3acTocyBaHHSI OTpPUMaHHX
KiHEeMaTUYHUX DPIBHSIHBb OYJIO JOCIIIKEHO 3ampo-
[IOHOBaHy iMITaIliiiHy MOJAENh MIOKOBOI ApobapKu
Ta MOPIBHAHHA 1I 3 PEaTbHOI0 MAIIUHOI MapKH
CM/I-117 3 BUKOPUCTAHHSM ii THIIOBUX PO3MIpiB.

Otpumani B mporeci gocHiKeHHS (QYHKIIL
3MiHHM KyTiB MOBOPOTY JIAHOK KIHEMaTUYHOI CXEMH
IIOKOBOI Jpo0apku Ta iX KYTOBHX IIBUAKOCTEH
BaYKJIMBI B TIOJAIBIIIOMY UTSI TOCIIPKEHb JHHAMI-
KM KOHCTPYKLIM TaKUX MAlIHH.

3 aHanizy OTpUMaHHUX KIHEMaTUYHUX 3aJI€KHO-
CTed AN CXeMM LIOKOBOI APOOapKH 3 MPOCTHM
PYXOM WIOKH 3a3HAa4MMO, L0 MEXaHI3MU PYHHY-
BaHHS MaTepiaqy B Kamepi ApoOJeHHs € CKial-
HUM, @ TOMY peajbHi KOHCTPYKLii MalluH BHKO-
HYIOTh TaKUM YHHOM, 1100 peami3yBaTh PeKUMHU
iXHBOT pOOOTH 3 MaTUMH JAWHAMIYHHUMH HaBaHTa-
KEHHSIMH Ha pyxomi pobodi opranu. st mporo
po0odi opraHu CTBOPIOIOTH 3HAYHOT MacH, a MeXa-
HI3M pyHHYBaHHS pealli3ylOTh CTATUYHWMH CHJIa-
MH, 10 CTBOPIOIOTH MPHUBOIOM.

KuarouoBi cioBa: mokoBa apobapka, mareMa-
TUYHE MOJENIOBAaHHS, KiHEMaTHKa, IIapHipHO-
BaxinbHUN MexaHizm, CM/J[-117.
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