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ABSTRACT: In the article, the determination of the laws of motion of the belt
conveyor roller mechanisms was considered mainly in the case of being placed at an
oblique angle. In this case, it is observed that during the transportation of the
transported product, the rolling bearings of the roller mechanism with belt elements
move as a result of high loading. For the analysis of these technological processes,
the solutions of vertical vibrations of the belt conveyor with a roller mechanism
consisting of a belt bushing of the bearing support of the new construction, the
analysis of its parameters, and the general vibration laws and graphs are presented.

Keywords: deformation, construction, dynamics, kinematics, eccentricity,
angular velocity, amplitude, frequency, bearing, belt element, roller, belt, conveyor.

INTRODUCTION

It is difficult to imagine the work of modern industrial enterprises, especially
mining enterprises, without the use of belt conveyors. This vehicle allows you to
automate the production process and make the work process more efficient. The belt
conveyor is the most common type of transportation machines, and it is important
because it ensures continuous transportation of products (minerals). It ensures the
continuity of the processes of transportation of various types of goods and materials
in almost all industries. The advantage of belt conveyors over other means of
transport is that due to the significant speed of the belt, high efficiency and
productivity of technological processes, low energy consumption, simplicity of the
device design, reliability and durability are ensured. In addition, reliability in product
transportation, ease of use and maintenance, long-distance delivery, automatic
operation and transportation in combination with technological equipment ensure
high productivity due to the continuity of the process. It is possible to carry out
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certain technological operations simultaneously with the transportation of goods on
belt conveyors.

LITERATURE REVIEW

The main reason for the low-frequency vibration of the roller mechanism,
including the vibration of rolling bearings, is caused by various vibration
components. In a detailed analysis of the spectrum of low-frequency vibrations of the
roller mechanism with a guide element, it was found that there are other components
that differ in the quality of assembly of working elements and the quality of
installation of rolling bearings, as well as the influence of various operating factors
on rolling bearings.

The mechanical vibration of belt conveyor roller mechanisms is caused by the
oscillating motion of the conveyor belt. It is recommended to consider the vibration
phenomenon from low frequency to ultrasonic frequency. Imbalance of the
eccentricity rotating masses, incorrect adjustment of the working elements of the
guide roller mechanism, including incorrect centering of the rolling bearings in the
installation, cause frequent occurrence of low-frequency vibrations (from 0 to 300
Hz). The appearance of medium-frequency vibrations (from 200 to 2000 Hz) is
observed as a result of the interaction of the rotating and stationary elements of the
rolling bearing, as well as due to high vibrations that occur during the transportation
of loads [1].

With lubricant products, due to quality lubrication of the sliding parts of the
mechanism, with low radial loading, it smoothest its non-symmetrical edges, which
leads to a decrease in the medium-frequency vibration of the bearing. At the same
time, in details that act as a loaded sliding support, medium-frequency vibration may
increase [2].

DISCUSSION

It should be noted that the vertical vibration law of the mechanism is based on
the law when the supports are taken the same, when it is considered that the center of
gravity is located in the middle of the load on the roller mechanisms that carry out the
rotational movement of the support on the belt conveyor. Based on this, we determine
the oscillations of the roller mechanism from the following equation [3]:

d? e) ce e e e e

It should be noted that the center of gravity of the transported mineral moves to
the left side of the inclined roller mechanisms on both sides. Therefore, the laws of
torsion ¢, change with respect to the center of gravity in the oscillations of roller
mechanisms have been studied. But it was found that depending on the static
deformation values of bushings with belt elements and the difference between ¢; and
¢, in accordance with the weight of the roller mechanism, the mutual laws of ¢, will
be somewhat different.
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RESULTS
Figure 1 below shows the laws of oscillation of roller mechanisms with belt

element support.
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Figure 1. Belt conveyor belt-supported roller mechanisms are the laws of
oscillation
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The analysis of the obtained patterns shows that the increase in the uniformity
of the belt support of the roller mechanism reduces the amplitude of the oscillations
of the mechanism. The greater the resistance of the transported product, the greater
the amplitude of the oscillation and its speed.

It should be noted that the differential increase in the coefficients of stiffness of
supports with strap elements increases the range of vibration. In this case, the static
deflection angle depends on the values of s1 and s2. Considering that the load is
constant, the static deflection angle is always negative.

Fig. 2 shows the graphs of dependence of the components of the vibration
amplitudes of the belt conveyor roller mechanisms and the ratio of the angular
velocity range to the ratio of the belt support torque coefficients. It is shown that
roller mechanisms have sufficiently high oscillations due to various loads.
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1,2-z1=f(cocy); 3, 4—2, = (ColC1); 1, 2,5 - J, = 2,46 kg'm?; 3, 4, 6 — J, = 3,64 kg-m?
Figure 2. Graphs of the dependence of the components of the vibration
amplitudes of the belt conveyor roller mechanism and the angular velocity range
on the ratio of the belt support torque coefficients

In this case, the shear force corresponding to the deviation angle is determined
from the following expressions.

I | .
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According to the analysis of the constructed graphs, when the values of c¢,/c;
increase from 1.25 to 2.5 and J, = 2.46 kg-m* on the left side of the inclined roller
mechanisms, the values of z; increase from 2.2:10° m to 8.3:10° m Increases
linearly. Accordingly, the values of z; do not exceed 3.61:10° m when J, = 3.64
kg'm® Similarly, z, values are up to 6.69-10° m when J, = 2.64 kg-m® while
increasing J, = 3.64 kg-m” to z, values do not exceed 3.24:10° m. In this case, the
difference between z; and z, is in the range of (4.5 + 5.5)-10° m, respectively.
Therefore, the left side of the inclined roller mechanisms takes up more of the shell
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surface than the right side by (20 + 25) %. It can be concluded that, as can be seen
from the graphs 5, 6 in Figure 2, the impact of the moment of inertia of the roller
mechanisms on the change of its vertical vibration speed is not high. Therefore, the
following parameter values are recommended: c,/c; = (1.75 + 2.25); J, = (2.46 +~ 3.0)
kg'm? 2, — 2, = (8.0 = 12)-10° m ¢, = (0.05 + 0.15) rad.

If we take into account the level of loading of the transported product up to (0.3
+ 0.5) % of the roller shell when using the recommended belt element roller
mechanisms, the vertical and horizontal oscillations of the mechanism allow adequate
product transportation. It should be noted that the product can be used in cases of
deviations up to (20° + 35°).

Figure 3 shows the graphs of dependence of the resistance of the transported
material on the rotation angle and speed ranges of the roller mechanism with belt
element support.
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Figure 3. Graphs of dependence of the resistance of the transported material on
the rotation angle and speed ranges of the roller mechanism with a belt element
support.

When the resistance moment from the transported material increases from
0.5-10* Nm to 3.0-10° Nm, the deflection angle coverage of the roller mechanism
located at the angle of inclination: when c,/c; = 1.5, the values of Ag, are non-linear
from 0.021 rad to 0.11 rad increases in legitimacy. If c,/c; = 2.5, the increase in the
values of Ag, reaches only 0.064 rad (Figure 3, Graph 2). Increasing the values of
increases to 0.22 s* and 0.161 s, respectively. Therefore, in order to ensure that the
roller mechanisms located at an angle of inclination are in the range of (0.05 + 0.15)
rad, the resistance of the transported product should be Mye, > (3.0 = 5.0)-10* Nm.

It is known that an increase in the dissipation coefficients of supports with a
strap element leads to a decrease in vibration amplitudes. Figure 4 shows the graphs
of the dependence of the dissipation coefficients of the bearing belt bushings. From
the analysis of the graphs, it can be determined that when the values of the dissipation
coefficients 6; and s, increase from 0.8 Ns/m to 6.0 Ns/m, the range of oscillations of
the roller mechanism placed at an angle of inclination decreases from 0.125 rad to

0.038 rad for 6;, The values of Ag, for s, decrease from 0.245 rad to 0.092 rad in a
101
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non-linear manner. The main reason for this is that the difference between z; and z, is
mainly when the dissipation coefficient 6, is small and 6 is large.
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Figure 4. Graphs of the dependence of the deflection angle and speed ranges in the oscillations
of the belt conveyor roller mechanism on the variation of the dissipation coefficients of the
bearing belt bushings

Increasing 6; and 6,, respectively, leads to a decrease in the speed of
oscillations of the roller mechanism. In this case, when the dissipation coefficient of
the belt element bushing support on the left side of the roller mechanism increases
from 0.8 Ns/m to 6.0 Ns/m, Ag values decrease from 0.21 s™ to 0.14 s™, depending on

the increase of 6, Ag values increase nonlinearly from 0.0223 st to 0.12 s™.

Therefore, 6; = (2.5 + 3.0) Ns/m and s, = (3.5 = 4.5) Ns/m in order for the range of
vibration of the roller mechanism located at an inclined angle to be in the range of
(0.05+0.15) rad It is desirable to get in the range.

CONCLUSION

It was found that the components of the vibration amplitudes of the roller
mechanism placed under the slope angle of the belt conveyor and the graphs of the
dependence of the angular speed range on the ratio of the belt base stiffness
coefficients, the moment of inertia, and its influence on the change of the vertical
vibration speed are not high. The resistance of the transported product should be My,
> (3.0 + 5.0):10° Nm in order to ensure that the vibration values of the roller
mechanism with belt support are in the range of (0.05 + 0.15) rad. The rotation angle
and speed ranges of the roller mechanism in the oscillations of the rolling mechanism
depend on the variation of the dissipation coefficients of the bearing belt bushings. In
this case, in order for the range of vibration of the roller mechanism to be in the range
of (0.05 + 0.15) rad, take 6; = (2.5 + 3.0) Ns/m and 6, = (3.5 = 4.5) Ns/m is
appropriate.
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