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Abstract. In the article, a kinematic scheme of the conveyor and a calculation scheme of the machine unit were developed
for the dynamic analysis of the working bodies of the belt conveyor and machine units with a driving mechanism. According
to them, the laws of change of angular velocities and loads on the shafts of the driving, leading and driven drums of the
belt conveyor were obtained. Based on these laws, graphs of the dependence of the angular velocity and torque of the
driving shaft of the proposed belt conveyor machine unit on the efficiency of the angular velocity and torque of the driving
and driven drums and the load on the mass of gold ore, the angular velocity and torque of the driving and driven drums on
the efficiency of the vibration ranges, the angular velocity and torque of the vibration ranges of the driving and driven
drums on the change in the force of their moments of inertia were developed and recommended values were obtained.

INTRODUCTION

Today, the deterioration of technical and economic indicators of rock extraction in mining enterprises with
increasing quarry depth is becoming increasingly important, mainly due to the costs of transportation. The problem of
transportation for removing rocks from quarries up to 90% deep remains one of the most serious problems. The use
of belt conveyors as a transport vehicle for transporting rocks allows you to significantly simplify the route, reduce
the length of transportation and improve the environmental situation at mining enterprises. Since modern belt
conveyors produced today are capable of operating at an angle of up to 90° and are capable of continuously delivering
10 000 m*/h of cargo over a distance of 250...300 meters.

One of the components of a belt conveyor is roller mechanisms, which are distinguished by an important place in
the equipment. The quantitative share of roller mechanisms is also significant, which allows for the effective solution
of a number of important technical and economic problems in belt conveyors. Therefore, the creation of a single
method for designing belt conveyors with the maximum formalization of all design procedures is currently a very
urgent scientific and technical task. Its solution will significantly simplify the work of design organizations, allow
finding optimal solutions in various design situations, allow comparing the effectiveness of their use on a particular
conveyor, and also expand the scope of areas for creation.

LITERATURE REVIEW

When analyzing the reliability of belt conveyors used in mining enterprises, the roller mechanism and belt
conveyor units, which are its components, have the shortest resource and require the greatest labor and financial costs.
According to statistics, conveyor roller mechanisms account for up to 40 % of all repair and maintenance costs and
up to 30 % of the cost of the entire conveyor. The service life of conveyor rollers in mining enterprises in loading
units is from 0.5 to 1 year, and in the rest of the conveyor - from 0.7 to 2.5 years, an average of 1.7 years. The estimated
service life of the roller on the middle supports, as the most loaded, is on average from 25 to 35 thousand hours, which
is several times higher than the actual service life. On average, each roller on a conveyor is replaced 3 to 5 times
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during its entire service life, meaning that the need for rollers is always there and increases as the length of the
conveyors increases [1].

Belt conveyors operate in open and closed quarries under extreme conditions of temperature changes in winter,
high humidity in summer and dust, and these factors affect different conveyor assemblies differently. Thus, in a three-
roller support with rollers of equal length, the load on the middle roller is approximately 70 % of the total load per 1
m of the conveyor length, the weight of the belt and the rotating parts of the roller support. The side rollers account
for approximately 30 % of the load, so the load on the middle roller bearings is 2.5 times greater than on the side
rollers. Incorrect selection of the roller support design leads to premature failure of the belt and rollers. An increase in
belt width leads to an increase in the load on the roller bearings, especially the horizontal support rollers, which leads
to an increase in the number of failures and a decrease in the overall reliability of the belt conveyor [2].

Thus, roller mechanisms are one of the mass components of a belt conveyor. Roller mechanisms are one of the
most important components that determine the performance and reliability of a belt conveyor. Conveyor roller
mechanisms are used not only in belt conveyors, they are also used in roller conveyors for transporting piece and
packaged goods, where the cost of roller mechanisms is 50-80 % of the cost of continuous conveyors. Inter-conveyor
transfer devices have a roller bed, and they are also widely used in various storage elevators. For example, in
Kazakhstan, the demand for roller mechanisms, according to average statistical data, is 25 thousand units per year,
and this demand is increasing with the commissioning of new mines and enterprises [3].

DISCUSSION

Development of computational schemes for belt conveyor machine assemblies. In the proposed design, the
primary working element is considered to be a composite roller mechanism in which the structural working
components are mounted on the outer side of the shaft bearing through rubber shock absorbers. When the roller
mechanism interacts with the loads applied to the belt, the shock absorbers undergo deformation, resulting in combined
rotational and oscillatory motions. Determining the magnitude of these oscillations through theoretical investigations
is of significant importance, as such vibrations can cause the roller mechanisms to experience high angular acceleration
—i.e., impulsive forces — leading to premature wear and frequent maintenance requirements.

In establishing the laws of motion, the electric drive, gearbox, and both the driving and driven drums are taken
into account, allowing the system to be analyzed as an integrated machine assembly.

Figure 1 shows the kinematic diagram of a belt conveyor. This belt conveyor operates in the following order: the
movement is transmitted from the SAM250M4 electric drive 1 through the coupling 2 to the reducer 3. Then the
movement is transmitted from the reducer 3 through the coupling 4 to the driving drum 5 using the belt 7 to the driven
drum 6. During the transportation of minerals, rollers 8 are used to provide support and tension on the belt.
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1 - electric drive, 2 - belt, 3, 4 - pulley, 5 - reducer (cylindrical bevel gear), 6 - coupling, 7 - driving drum, 8 -
driven drum, 9 - roller mechanism (bearing support with belt bushing), 10 - tape (tape)
FIGURE 1. Kinematic diagram of a belt conveyor



In order to obtain the results of the laws of motion of each working body with sufficient accuracy, theoretical
studies were considered as machine units. In this case, the mechanical dynamic characteristics of electric drives, the
belt-dissipative properties of transmission mechanisms, transmission ratios and technological loads are taken into
account [4, 5].

To date, in the general theory of machines and mechanisms, the issue of the dynamics of each machine unit has
been considered separately. In the belt conveyor machine unit we are considering, the laws of change in the angular
acceleration of the technological resistance acting on the machine unit, which includes the electric drive, reducer and
drum shafts, were taken into account (Fig. 2).

Yu B2 Mq + Mishq

C1 2 —-
1 Uyu J2 Urb1 J3 Upibz  Ja
1-mass, rotor of the electric drive; 2-mass, the masses of the rotating elements of the reducer brought to the
output shaft and the mass of the half-coupling; 3-mass, the mass of the half-coupling and the driving drum; 4-mass,
the mass of the driven drum is taken
FIGURE 2. Calculation scheme of the belt conveyor driving mechanism machine unit

Accordingly, in the calculation scheme of the belt conveyor drive mechanism machine unit, J; - moment of inertia
of the driving electric drive rotor and half-coupling, J> - moment of inertia of the half-coupling and driven pulley, J3
- moment of inertia of the driving drum, J4 - moment of inertia of the driven drum, ci, ¢, ¢3, vi, v2, v3 - coefficients of
inertia and dissipation of the corresponding belt elements, M., - driving torque on the electric drive rotor shaft, M.,
Mj; - moments of technological resistance and friction forces, Uem, Urea, Ug ,d, - transmission ratios between the
masses are given.

RESULTS

A mathematical model representing the motion of a belt conveyor machine unit with a roller mechanism
consisting of a bearing support and a belt bushing. To derive the equations of motion of the machine unit including
the working bodies of the proposed resource-saving design of the belt conveyor, we use the existing Lagrange equation
of the second order [6, 7]:

d (dr dr | dF | dP
E(d—%)—d—%+d—m+d—%—Qi(Q) (1)
where, T, P, F are the kinetic and potential energies of the system and the Rayleigh dissipative function,
respectively, g; and §; are the generalized coordinate and its velocity; Q; are the generalized forces [8].
According to Lagrange’s second-order equation (1), the kinetic energy of the machine unit has the following form:

T = JedPed | JredPred | Jd1dzPdidy : 2)
2 2 2
where, Jed, Jrea, and J4, 4, are the moments of inertia of the electric drive rotor, the reducer output shaft, and the
leading and trailing drum shafts, respectively; @eq, @req> Pa,a, — are the angular velocities of the electric drive rotor,
the reducer output shaft and the leading and trailing drum shafts, respectively.
Accordingly, the dissipative functions of the elastic elements (Relay) of the belt conveyor machine unit [9]:

1 . . 1 . . 2
F = 2 61 (<P - ued(pred)z + 2 62 ((P - ured(pdldz) (3)

where, 81, 6, are the rotational dissipation coefficients of the elastic elements in the machine unit; ueq, tred — are
the transmission ratios of the transmission mechanisms.

The potential energy of the structural elements of a belt conveyor machine unit is as follows [10]:



1 . 1 . 2
P = Ecl((p - ued(pred)z + ECZ ((P - ured(pdldz) (4)
where, c1, ¢, are the rotational stiffness coefficients of the elastic elements in the machine units.

The driving torques of a belt conveyor machine unit are determined from the mechanical dynamic characteristics
of the drive. In theoretical studies, we use mathematical models recommended by I.S. Pinchuk to determine these
characteristics [11]:

1 . S wot+¢
M+ y =209, (5)
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where, M, M, M,, — are the driving torques in the drive rotor and their critical values; w,, w; — are the source
rotation frequencies for ideal calculation; S;, — are the critical slip values of the electric drive [12].

We determine the integrals of the Lagrange equation for the considered belt conveyor machine unit [13]:
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Correspondingly generalized moments of forces [14, 15]:

M(p) = M, M(Peq) = My = (Myeq AMred)TrZed‘bred (7N

By substituting the obtained (4), (5), (6) and (7) into the Lagrange II-order equations (1), we obtain a system of
generalized differential equations expressing the motion of the interacting machine unit, which includes the
mechanisms of the working bodies of the proposed belt conveyor:
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As a result of obtaining the numerical solution of the derived system of equations (8), the motion laws and loads
of the electric drive rotor, the output shaft of the gearbox, and the drums are determined.

To obtain the numerical solution of the system of differential equations (8), which describe the motion laws of the
working components of the belt conveyor machine assembly, the initial values of the parameters were taken as follows
[16, 17].

t=0; Pod = Paga, = 91 = @2 = 0; M,q = 198 km; N, = 12 kvt;
Neg = 1500 7pm;  Upgq = 1,0, Upeq =5,0;  Ugq, = 1,0;  nyq = 3151pm;
Jea = 0,213 kgm?;  Jyeq = 0391 kgm?;  Ju, = Ja, = 0,42 kgm?;  ky = 1,0 + 1,15;
c, = (260 +380) 7= 6= (10 +12)7;
¢, = (200 = 250):’(1—’2; 6 = (8,0 + 10)1”‘1—'2;
My + Mppie = (1,0 + 1,5) - 102 Nm.

The peculiarity of solving the problem is that the equations of the belt conveyor machine unit were implemented
simultaneously. In this case, the law of change of ¢ in the solution of the machine unit is taken into account as the
technological resistance to the leading and driven drums of the corresponding mass. Accordingly, the law of change
of ¢4 formed in it is taken into account as the technological resistance to the movement of the drive shaft. The results



were implemented on a computer based on a special program. The results obtained based on the solution were obtained
as the laws of change of u @¢q, Mrea and @, q,, Mpic Over time.

In particular, Figure 3 shows the patterns of changes in the angular velocities and loads of the drive shaft and the
leading and driven drums depending on the change in the performance of the belt conveyor.

The analysis of the obtained results shows that when the belt conveyor throughput is 650 kg per minute and the
variation limit is & (7.0 + 8.2), the values of @4 and @4, 4, are at the average nominal output, and the oscillation
ranges of A@.y and A, ,d, do not exceed (3.0 + 6.2) %. Accordingly, when the belt conveyor throughput increases
by almost 1.3 times, the oscillation ranges of angular velocities increase to (8.0 + 14) %. In general, the increase in
Aoy and A@y 4, affects the periodicity of the roller mechanism, at the same time, the increase in Ay and A@y g4,
increases the reaction force on the supports of the working bodies, increases the vibration amplitudes, and increases
the noise in the equipment. Therefore, excessively large A¢,.; and Agy, 4, can lead to negative consequences. Based
on the obtained laws, graphs of the interrelation of parameters were constructed.
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FIGURE 3. Patterns of angular velocities and loads on the shafts of the driving, leading and driven drums of a belt
conveyor

In particular, Figure 4 shows graphs of the dependence of the angular velocity of the proposed belt conveyor drive
shaft and the torque of the drill on the performance. According to the analysis of the obtained graphs, when the
technological resistance, that is, the mass of gold ore increases from 12 kg to 18 kg and J.q = 0.75 kgm?, the angular
velocity of the drive shaft in the belt conveyor machine unit decreases from 12.2 ¢! to 8.41 ¢! in a nonlinear manner,
the values of the turning torque in it increase from 24.6 Nm to 54 Nm in a nonlinear relationship. Accordingly, when
the moment of inertia of the drive shaft increases to 0.26 Nsm?, its angular velocity decreases from 20.2 ¢ to 12.2 ¢
!, the values of the turning torque in it increase from 24.8 Nm to 32.4 Nm. This is because an increase in the working
capacity of the belt conveyor increases the load on the drive shaft, and accordingly the angular velocity decreases. The



constructed graphs were obtained at the average values of the parameters and the influence of the values of u ¢4 and
@a,a, didnotexceed (4.2 +6.2) %, respectively. Therefore, in order to ensure that the angular velocity of the working
body, which is the driving mechanism, does not decrease too much and the load does not increase, it is desirable that
the mass of gold ore does not exceed the range my 4, < (650 + 1150) kg at the same time.
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FIGURE 4. Graphs of the dependence of the angular velocity of the proposed belt conveyor drive shaft and the

torque of the drill on the efficiency

It is known that during the transportation of gold ore on a belt conveyor, the angular velocities of the drive shaft,
leading and driven drums, i.e. the values of the moment of impulse, depend on the value of the moment of force.
Figure 5 shows graphs of the dependence of the angular velocity and loading of the leading and driven drums of the
improved design belt conveyor machine unit on the mass (performance) of gold ore.
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FIGURE 5. Graphs of the dependence of the angular velocity and loading of the leading and driven drums of the
belt conveyor machine unit on the mass of gold ore (performance)



That is, during the separation of cottonseed hulls, variations in the angular velocity and load of the mesh-surfaced
drum, as well as its rotational vibrations, play a crucial role in the process. Specifically, when the mass of the gold ore
increases from 12 kg to 18 kg, and the moment of inertia of the driving and driven drums is /4, 4,, the angular velocity
®a,a, decreases nonlinearly from 1.55 ¢ to 1.35 57", while the corresponding torque rises from 129 Nm to 218 Nm.
Likewise, when the moment of inertia of the driving and driven drums increases to 2.275 kgm?, the angular velocity
®a,a, further decreases nonlinearly from 1.55 ¢ to 1.25 ¢!, and the torque M, 4, correspondingly increases
nonlinearly from 165 Nm to 275.5 Nm. It is well established that in slow-rotating working bodies, the torque tends to
have higher values. The primary reason for this phenomenon is that the moment of the inertial force decreases as the
angular acceleration ¢4 4, becomes smaller.

Figure 6 shows graphs of the dependence of the angular velocities and turning moments of the roller mechanisms,
which are the shafts of the leading and driven drums of the belt conveyor machine unit and the bearing support with
a belt element, on the performance (mass of gold ore) of the vibration ranges.
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FIGURE 6. Graphs of the dependence of the angular velocities and torques of the roller mechanisms with a
bearing support with a belt element and a shaft of the leading and driven drums of the belt conveyor machine unit on
the performance (mass of gold ore) of the vibration ranges

If the increase in productivity increases the load fluctuation, the values of A@y 4, and A¢, increase significantly.
It should be noted that the values of Agg, 4,, A@, and AM,., AM,_ 4, are also significantly affected by the values of
A@y, Apg, q,- Their influence affects the composition of technological resistances. In the general theory of machines
and mechanisms, the values of the moments of inertia of rotating shafts and working bodies are increased in order to
save on the movement of their working bodies. If the roller mechanisms with a bearing support with a belt element
and a shaft of the leading and driven drums in the belt conveyor machine unit rotate smoothly, the vibrational motion
of the gold ore is reduced, since the impulse forces are also reduced due to A@,.— 0, and A@y, 4,— 0. This, in turn,
also reduces the technological resistance.

Figure 7 shows graphs of the angular velocities and turning moments of the roller mechanisms with a bearing
support with a belt element and a shaft of the leading and driven drums of the belt conveyor machine units, as a
function of the force of change in their moments of inertia. Based on the analysis of the above graph, it can be noted
that when the moment of inertia of the leading and trailing drums increases from 0.3 kgm? to 1.5 kgm?, the values of
A@, decrease from 3.1 ¢! to 1.425 ¢! in the nonlinear coupling, while the values of AM, decrease from 24.2 km to
15.7 km in the nonlinear coupling. The main reason for this is that the larger the rotating mass, the more accurate its
rotation, in which case the values of A@g, 4, and AMy_ 4, also decrease. It can be seen that when the moment of inertia
of roller mechanisms with a bearing support with a sliding element increases from 0.354 kgm? to 3.6 kgm?, the angular



velocity range of the roller mechanisms decreases in a nonlinear manner from 0.64 ¢! to 0.308 ¢!, respectively, and
the range of the turning moment decreases from 26.5 Nm to 12.5 Nm (Figure 7; graphs 3, 4).
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FIGURE 7. Graphs of the dependence of the angular velocities and turning moments of the roller mechanisms
with a bearing support with a belt element and a shaft of the leading and driven drums of the belt conveyor machine
units on the force of change of their moments of inertia

When analyzing the motion of interacting machine units, the values of the angular velocities A@,. and A@ 4, that
are formed with a decrease in the values of Ag, and A@g, 4, also decrease. At the same time, the transported gold ore
slows down, that is, the technological resistance in the machine unit also decreases. Therefore, when the values of
A¢, increase by (2.0 + 2.5) ¢! and to ensure that A@4, 4, > (0.65 + 0.75) ¢!, it is advisable to set the recommended
values of the moments of inertia /4 4, < (1.95 + 2.4) kgm? and ], < (0.42 + 0.42) kgm”.

CONCLUSION

Thus, dynamic and mathematical models of machine units with mechanisms of working bodies of the proposed
belt conveyor were developed taking into account the mechanical characteristics of the electric drive, the friction-
dissipative, inertial properties of the rolling elements, and technological resistances. Accordingly, taking into account
the angular accelerations of the leading and driven drums of the roller mechanisms with a bearing support with rolling
elements, formulas for determining technological resistances were obtained, and it was concluded that the laws of
motion of the working bodies should be constantly monitored for changes in the efficiency and moments of inertia,
the efficiency of the angular velocity and the torque of the auger, the amplitudes of the oscillations of the drum angular
velocities and torques of the auger on the mass of gold ore, and the changes in their moments of inertia.
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