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Abstract. The article provides information on improving the efficiency of cleaning air filters of mining machines in
Uzbekistan and methods of their mathematical modeling. Analysis of single-injector and double-injector methods for
cleaning air filters of mining machines has been carried out, and the existing shortcomings of these methods have been
proven based on mathematical modeling and graphs obtained using them. The possibilities of increasing productivity and
the efficiency of cleaning reliability compared to the methods used in the cleaning of air filters have been scientifically
analyzed.

INTRODUCTION

Due to the shortcomings observed in the processes of capturing dust particles of air filters during the operation of
mining machines used in mining enterprises in recent years, many malfunctions are occurring in the operating modes
of internal combustion engines of mining machines. Based on research conducted at mining enterprise facilities and
analysis of literature, the article initially conducted theoretical analyses as measures to improve the efficiency of
cleaning the air filters of mining machines, and measures to eliminate these shortcomings were substantiated using
theoretical and mathematical expressions [1, 2-34].

Figure 1 below shows the air filters of the main mining machines used today in mining enterprises:

a) b) c)
FIGURE 1. Air filters used in mining machines
a) View of the actual air b) air filter prepared for c) air filter cross-section
filter used by mining the experiment in appearance. 1 - shell;
machines computer graphics 2 - filter
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Today, at mining enterprises, work on preparing minerals for extraction, that is, drilling wells for drilling and
blasting hard rocks, is carried out using hydraulic and electric drilling rigs, and the task of extraction and loading onto
vehicles is mainly carried out using hydraulic and electric excavators. Figure 1 above shows the main and prepared
views of the air filters of mining machines for experimental testing. Below, using mathematical expressions, we will
develop mathematical models for increasing the efficiency of air filter purification, shown in Figure 1:

EXPERIMENTAL RESEARCH

Below we will compose mathematical expressions for increasing the efficiency of cleaning the air filters of mining
machines. The main task in cleaning air filters is the uniform distribution of air supplied from the compressor using
harmless and rotary motion for effective cleaning of the filters [3, 4-34].

There are various theories for considering the dynamic and kinematic parameters affecting filter operation in
different ways, as well as their driving laws and formulas. Establishing the laws of rotational and linear motion of a
filter with a proposed new structural design, developing solutions based on them, and obtaining results based on
analysis is a pressing issue. From the following expression, we form the equation of motion.

Pz = ¢2(t)
{Ze=Ze(t) t+0 ¢,#0 €))
If we connect the motion with the following parameters;
2nn
P, =w-t Pz = T t

)

I . .
Ze = Zg * SIN Py Ze = Z, - Sinwt

Let's formulate the law of change of the angle of rotation of the filter around its axis depending on time as follows.

@z =2mv-t 3
We formulate the equation of upward and downward movement of the filter under the action of a spring as follows.
Z, = 7, - Sinwt > t=& 4
e Te 2y
From the expression of time in the laws of angular and translational-return motion, we derive formula 5.
ze=zg,-sin(cu~ i ) 5
2y

To determine the particle velocity at an arbitrary point due to the formation of complex motion in the filter, we
derive the following expression for the analysis of dynamic and static states.
Qe = Yo = W = 2TV (6)
As a result of obtaining the first derivative of the law of angular change above, we express the angular velocity of
the filter axis in rotational motion.
Ze =(2,) =v, =2, w-coswt (7
As a result of obtaining the first derivative of the law of change of reciprocating motion from expression 7 above,
we express the angular velocity of the moving filter axis.

v = w, -+ (1y)

{ve =Z, W coswt (8)

Absolute velocity of a particle,
Vg = \/vrz + vZ + 2v,v, cos @ 9)
(@) =€ =0 w = const. (10)
(z.)" =a, =z, - w?-sinwt (11)

Absolute particle acceleration,
a»=w?-r= Q2av?-r (12)

aq = \/a +(ag)? 13)

Here; z,-coordinates of translational and reciprocal motion (m), ¢, - change in angle during rotational motion
(rad), ¢ - time (second), w - angular velocity (rad/s), ¢, -angle of oscillation (rad), v -rotational frequency (1/r), v,-
rotational speed (m/s), v,.-reciprocating speed (m/s), v, -absolute velocity in the filter (m/s), €, - angular acceleration
of the filter (rad/s?), a,- tangential acceleration (m/s?), a? - normal acceleration (m/s?), a,- absolute acceleration
(m/s?).
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Analysis of the spatial coordinates of the forces acting on the unit mass in dynamic processes occurring in the filter
is shown in the figure below.

YFy=P,+F, —P — F,=max

Y E, =Fr=ma, (14)
YF,=F —G=ma,
z
—
Fy
y
—
Fr
— —
Py P
— H T :
Fq F
G

FIGURE 2. Directions of forces generated in the filter

_PatbnPiFg o Fr_ . FIZG (15)
ay ay az
a—i\/F2+(F—G)2+(P +F, —P, —F,) (16)
T m T I 2 n 1 q
_ FTZ+(F,—G)7-+(P2+Fn—P1—Fq)2
- aZ+(ah)? a7
mzf(FTIFIJwae'tl(p) (]8)
Here: m - mass of the particle emitted from the filter (kg), Fr - tangential force (N),
F;- force arising during translational motion (N),P, - pressure supplied by the pump (Pa),
x.- walking distance (m);
We compile the following formula for the mass of dust released in the filter [7,8,9].
o FT2+(ze~sin(“;‘T”v)—G)2+(P2+Fn—P1—Ru2)2 (19)

2 ny2
ag+(ag)
Based on the above formula, we can construct the function of the amount of dust released as a function of time,
pressure, travel distance, and forces using expression 20.

@0, = @, (1)
{m = [ (Ze, 92, AP) (20)

RESEARCH RESULTS
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Today, at mining enterprises, various types of air filters are purified by each mining enterprise using various
methods and devices based on its internal needs. Figure 3 below shows 4 types of air filter purification of mining
machines:

ittt tstiss ) |

JES
I o |

a) device for cleaning by
supplying air from the inner
part of the filter

¢) device for cleaning by
supplying air from the inner
and outer parts of the filter

b) device for air purification
from the outer part of the filter

d) the proposed improved
spring filter cleaning device

FIGURE 3. Existing and proposed filter cleaning devices

In this analysis, various analyses were carried out for four different designs of air filter dust cleaning: a device for
cleaning air from the inner part of a simple filter (Fig. a), a device for cleaning air from the outer part of a filter (Fig.
b), a device for cleaning air from the inner and outer parts of a filter (Fig. c¢), and a proposed improved spring filter
cleaning device (Fig. d). In each case, there is rotational motion inside the filter, which significantly influences the
process of dust separation from the filter surface.

In a simple rotating filter, only rotational motion is present, and no additional mechanical vibrations or elastic
elements are used. As a result of rotational motion, a centrifugal force is created, and dust particles adhere to the filter
surface under pressure. Over time, a dense dust layer forms on the filter surface. Rotational movement contributes to
the partial displacement of dust, but the destruction of the layer is limited. Therefore, the intensity of dust separation
is relatively low, and there is a possibility of dust particles getting stuck in the filter [1-6].

In a rotating filter without springs, but with channels of complex shape and direction, along with rotational motion,
the direction of the airflow is changed. The channels and guide elements inside the filter create unevenness in the dust
flow. This leads to the loosening of the dust layer on the filter surface in some places. However, due to the absence of
an elastic element, the dense layer formed on the filter surface is not completely destroyed. As a result, dust separation
is higher than that of a simple rotating filter, but the process is unstable and efficiency decreases over time [7, 8].

Based on ongoing analyses and calculations, it has been proven that a special filter cleaning device with a double-
sided air spraying device without a spring has higher productivity and efficiency compared to the above devices with
only internal and only external air spraying devices, but the result of cleaning air filters using this device also shows
cases of decreasing its efficiency over time, since the air spraying process is only a circular trajectory [9-34].

In the proposed device for cleaning a rotating filter, moving with the help of a spring, the rotational movement is
carried out in combination with mechanical vibration. The spring gives elastic motion to the filter elements, causing
their periodic displacement. As a result, a continuous process of deformation and cracking occurs in the dust layer
formed on the filter surface. The centrifugal force generated as a result of rotational motion, combined with mechanical
vibration, ensures the rapid and effective separation of dust particles from the filter surface. Therefore, in this case,
the intensity of dust separation is highest, and the self-cleaning capacity of the filter increases [1-15].

In general, in all cases, rotational motion is the main factor in the process of dust separation. However, in simple
filter cleaning devices, limited only by rotation, the efficiency remains low. Combining the direction of the rotational
flow with the direction of the rotational flow improves the cleaning efficiency of air filters, but the highest efficiency
is observed when the rotational flow is used in combination with mechanical vibration, i.e., movement through a
spring. This situation is the most optimal solution in terms of extending the service life of the filter and increasing the
efficiency of dust separation in air filter purification systems at mining enterprises and industrial enterprises. From the
analysis of formula 19 above, based on the graph in Figure 4 below, we analyze the dependence of the amount of dust
released in filters in 5 different states on time:
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FIGURE 4. Graph of the time dependence of the amount of dust released from the filter

In all cases, the mass of the released dust increases monotonically over time. This is explained by the gradual
accumulation of dust on the filter surface and its subsequent release under various mechanical and aerodynamic
influences. However, the intensity of dust removal directly depends on the filter design [12, 13-34].

The graph shows the change in the mass of dust emitted by the filter over time for five different design cases. In
general, in all cases, the amount of dust released gradually increases over time. This is explained by the accumulation
of dust on the filter surface and its subsequent release as a result of various aerodynamic and mechanical influences.
However, the intensity of dust removal directly depends on the filter design and the type of impact applied to it.

In simple air filter cleaning devices, due to the absence of additional air injection or mechanical movement, dust
forms a dense layer on the filter surface. As a result, the dust separation process is slow, and the lowest values were
observed on the graph above. This situation indicates that the efficiency of the filter cleaning device, which has a
purge nozzle, is relatively low [14].

In the filter cleaning device, where air is supplied through an external nozzle, an external aerodynamic influence
is exerted on the filter surface. The airflow partially loosens the dust layer and contributes to its release. Therefore,
the amount of dust released will be slightly higher compared to a filter cleaning device by supplying air from the
inside. However, due to the fact that the influence is only external, the effectiveness remains limited.

Aerodynamic influence is exerted on the filters from both sides by supplying air together with the internal and
external nozzles. As a result, the process of deformation and splitting in the dust layer increases. On the graph, this
situation is represented by high values, indicating that double-sided air injection significantly increases dust emissions.
However, since air supply occurs only with the help of rotational motion, the productivity and cleaning efficiency of
this cleaning device also decrease over time.

For the purpose of effective cleaning of the air filters of mining machines at mining enterprises, the proposed filter
cleaning device, moving with a spring oscillation along with internal and external nozzles, is the most effective
cleaning device. In this case, the acrodynamic effect is combined with mechanical vibration. The oscillatory movement
of the filter continuously disrupts the dust layer, causing its rapid and abundant release. Therefore, the largest dust
mass in all time intervals is observed in this case [15, 16-34].

In general, the efficiency of cleaning air filters from accumulating dust ranges from simple filter cleaning devices
to external air spray and internal air spray, internal and external. Air-jet and internal and external and internal the
cleaning efficiency increases depending on the effectiveness of the spring-operated filter cleaning devices with air
sprayers. This shows that not only air flow, but also mechanical movement is important in the process of effective
dust separation. These results are practically important for the ventilation of the mining industry, compressors, and
devices operating in a dusty environment.

CONCLUSION
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The article presents theoretical and mathematical analyses conducted to enhance the efficiency of air filtration
systems in mining machinery. Deficiencies that occur during air filtration, particularly the accumulation of dust
particles on filter surfaces and system blockage, adversely affect the performance of internal combustion engines in
mining equipment. To address these issues, the study proposes one or two injector systems and describes their motion
patterns using mathematical models.

The possibilities of increasing filter efficiency using three analyzed types of filter cleaning device designs were
considered. The results show that the efficiency of the dust removal process in simple rotating filter cleaning devices
is low. Spring-loaded rotating filters significantly increase efficiency under the influence of mechanical vibrations. In
this case, the integration of mechanical motion and aerodynamic influences, that is, the combination of a two-way
airflow and a spring, demonstrates the highest and most effective cleaning performance.

Thus, the mathematical models and design modifications proposed in the article play an important role in
enhancing the efficiency of air filtration systems in mining machines. This approach has practical significance for
ventilation systems in the mining industry, compressors, and devices operating in dusty environments, allowing for
an extended filter service life and improved dust separation efficiency.
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