Development of a porous filter device that reduces the level of pollution in hydraulic systems and research of its technical indicators
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Abstract. In this article, one of the main factors influencing the reliability of hydraulic equipment operating in open-pit mining conditions - the issue of contamination of hydraulic working fluids - is scientifically analyzed. Due to the high dustiness of the mining environment, abrasive wear in hydraulic system parts increases, which leads to a reduction in the service life of equipment and an increase in operating costs. To eliminate this problem, a new composition of a porous filter material based on ammonium bicarbonate, polyorganosiloxane, acrylic emulsion, and copolymers was developed. Experimental tests were conducted using the example of the Tellus-46 hydraulic thinner, and it was established that the degree of filtration porosity significantly affects the liquid flow rate and particle capture indicators. According to the research results, it was noted that the optimal porosity was 40%, which ensured maximum filtration efficiency. The developed filter has high practical significance in reducing the level of contamination in hydraulic systems, protecting parts, and increasing the operational reliability of equipment.
INTRODUCTION
Open-pit mining of minerals is impossible to imagine without a complex of reliable mining machines and mechanisms. High dustiness and pollution in open-pit mines reduce the reliability of mining machinery. Therefore, the development of technical solutions that ensure the reliability of mining equipment with minimal costs and technical operation is one of the urgent tasks of the mining industry [1,2,3].
One of the components that ensures reliable operation of quarry hydraulic equipment is its hydraulic system, the satisfactory operation of which ensures the reliability of the entire equipment.
The technical indicators of the hydraulic system depend on the purity of the hydraulic working fluids used in it. Contamination of the hydraulic working fluid leads to abrasive wear of elements in the hydraulic system, as well as to widening of the gaps due to abrasive wear of friction pairs in the gaps of the hydraulic drive. This, in turn, worsens the technical characteristics of the equipment due to a drop in pressure in the hydraulic system and increases operating costs [4,5].
Most failures in the hydraulic system occur due to contamination of the working fluid. Working fluids become contaminated during transportation, due to improper storage, during equipment filling, and during operation.
An increase in the concentration of pollutants in the hydraulic working fluid above the specified indicators reduces the efficiency of hydraulic pumps by up to 10 times, and hydroelectric parts by up to 8 times. Thus, the organization of reliable and efficient operation of mine hydraulic equipment is achieved by ensuring the purity of the hydraulic working fluids used in it, which is achieved by pouring them into the equipment and effective filtration during operation [6,7,8-38].
Consequently, the development of affordable and high-quality filters to ensure the purity of hydraulic working fluids is one of the urgent tasks.
By ensuring the cleanliness of hydraulic working fluids, it is possible to increase the reliability of hydraulic drives, and ensuring the cleanliness of hydraulic working fluids should be carried out during the pouring of working fluid into vessels, their transportation, pouring into equipment, and operation [9].
For the purification of hydraulic working fluids, several types of filters are used today; according to the method of purifying hydraulic working fluids, filters are divided into filters for coarse purification of oils, i.e., for separating larger volumes of contaminants in the oil, filters for cleaning oils from small particles, and clarifiers [10-38].
The main tasks of hydraulic working fluid filters include maintaining the optimal viscosity of the fluid by reducing the volume of contaminants in the oil, preventing burns, abrasive wear of parts of the hydraulic system, the formation of alkaline soot on the inner surfaces of parts, maintaining the working properties of lubricants, and reducing the coefficient of friction of parts [11,12-38].
EXPERIMENTAL RESEARCH
In order to effectively ensure the cleanliness and performance of the working fluid of the hydraulic system of mining equipment, a porous filter with a special composition was developed.
The search for a porous filter is widely covered in the works of G.V. Golubev and G.G. Tumashev. In our republic, our goal and task is to use porous filters made from local raw materials as a separate filtration system in the working fluid. One of the main tasks of our article is to analyze the microscopic structure of the porous filter and the results obtained during the purification of the working fluid in the hydraulic system from the porous filter [13-38].
Any porous partitions can have 3 media during filtration. (Figure 1)
1. Pores with holes, i.e., wall cracks, consist of microtubules with varying diameters. As a result, it allows for the capture of solid particles.
2. Inserted pores, i.e., pores that are closed on all sides and do not affect particles.
3. Closed pores, that is, one side is open, and the other side is closed. As a result, particles accumulate in these pores [14-30].
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FIGURE 1. Microscopic view of a porous filter
	
Purification of the working fluid in a porous filter occurs only in pores with openings. In this case, we can see a barrier filter with a common coefficient in the classification of pores.
							(1)
where mn is the total porosity coefficient of filter barriers.
Vn - total pore volume of the porous filter.
V-filter volume.
In this case, if we expand V further, it becomes V=Vn+Vm.
Vm - material volume of the filter.
mn, there are calculations with external and internal porous coefficients, and only the filtration method with external porous coefficients can be taken into account. Because the filtration process does not occur at the internal porosity coefficient.
In this case, the filtration coefficient with an external porous barrier looks like this.
 						(2)
 here, - porous pores; - Inscribed pores.
In porous filters, the structure of the pores is irregular, which makes it impossible to construct a mathematical model of the working fluid from it. Therefore, it is considered by determining the average velocity of the working fluid through the porous filter.
 						(3)
 here, - the volume of liquid flowing out of the porous filter; - time of liquid outflow from the porous filter; -porous filter surface.
This is also called the Dupuis-Forchheimer hypothesis.
Based on the above theoretical data, we can conclude that a large number of penetrating pores improves the filtration rate and the flow rate of the working fluid.
The Borusa-Beholda method, i.e., the bubble method, is used to determine the pore size of porous filters. In this process, pore sizes are determined under pressure. In this case, the porous filter begins to exit through the pores under the influence of air pressure, saturating the required amount of liquid. The outlet of the initial bubbles is considered the maximum pressure under pressure. The appearance of bubbles on the entire surface of the filters is considered average pressure.
These results are determined by the following formula.
 						(4)
where, - is the pore diameter, m
- coefficient of surface tension, N/m
-air pressure Pa.
Porosity is the ratio of the pore volume to the total volume of the body. In a broad sense, the concept of porosity includes information about the morphology of the porous body. Structural properties (the size of the holes, the distribution of their sizes, the size of the hole, the specific surface area) are often referred to as "porous body structure." Porous substances are widespread in nature (minerals, plant organisms) and technology (adsorbents, catalysts, foams, building materials, filters, fillers, pigments, etc.) [15,19-38].
The developed porous filter consists of ammonium bicarbonate (NH5CO3), polyorganosiloxane (p2SiO), acrylic emulsion, copolymers, and vinyl chloride.
Preparation of the porous filter was carried out as follows: ammonium bicarbonate (NH5CO3), polyorganosiloxane (p2SiO), acrylic emulsion, copolymers, and vinyl chloride were mixed in the required volume to form a mixture. The prepared mixture is placed in water at 96°C, then the mixture reacts with the water and a bubbling process occurs. The mixture is left in water until the bubbling process is complete [13-38].
The main goal of conducting pilot tests of the developed porous filter is to determine the effectiveness of the use of these filters in the purification of hydraulic working fluids, as well as to determine the filter parameters.
To date, a number of scientists have worked on issues related to porous filters [16,17,18,19-38], they proposed formulas for determining the passage of liquid through the filter, the capture of pollutants by the amount of porosity of the filter, and the capture of particles of a given size relative to the size of the pores. However, determining the quantity and size of particles trapped during the passage of liquid through a porous filter requires experimental work.
The following materials and equipment were used in the experimental work:
- samples of porous filters with pore sizes from 1 μm to 4 μm, thickness from 50 mm to 90 mm;
- Hydraulic working fluid of the "Tellus-46" brand (3088 engine-hours of operation);
- filtration stand of hydraulic working fluids;
- digital microscope (DMX-4);
- micrometer calibration ruler;
- Electronic scales HR-300i;
- instruments for measuring temperature, pressure, and time.
The stand for filtering hydraulic working fluids consists of an electric motor, a hydraulic pump, a filter casing, control and measuring instruments, and a container, the general view of the stand is shown in Figure 2.
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FIGURE 2. Hydraulic working fluid filtration stand

The general schematic view of the experimental setup is shown in Figure 3.
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1 - tank; 2 - hydraulic pump; 3 - hydraulic pump electric drive; 4 - filter casing; 5 - developed porous filter; 6 - manometer; 7 - gate valve; 8 - vinyl; 9 - filtered liquid tank; 10.11 - thermometer
FIGURE 3. Schematic representation of the experimental setup
RESEARCH RESULTS
Based on the results of the experimental work, the dependence of the flow rate of the working fluid through the filter and the amount of particles retained in the filter on the porosity of the filter material was established, which are shown in Figures 4 and 5.
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FIGURE 4. Dependence of the flow time of the working fluid through the filter on the porosity of the filter material
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FIGURE 5. Dependence of the amount of particles trapped in the filter on the amount of porosity of the filter material

The dependencies presented in Fig. 4 and 5 show that the flow rate of the working fluid in a porous filter averaged 50-55 seconds with a filter porosity in the range from 45% to 60%, and with a decrease in porosity from 45% to every 5%, the flow rate of the working fluid decreased by 10-12%. In addition, the maximum indicator was 2.8 grams at a filter particle content of 40%, and 2.2 and 2.0 grams at a porosity content of 50% and 60%.  The porosity content was 2.3 and 2.5 grams, respectively, with an indicator of 30%, 35%.
Based on the foregoing, it can be concluded that the optimal porosity of porous filters used for cleaning working fluids of hydraulic systems is 40%. In this case, the amount of trapped pollutants in the filter and the speed of passage of the hydraulic working fluid through the filter are proportional to each other.
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a - Hydraulic working fluid passed through the developed porous filter; b - Hydraulic working fluid passed through the hydraulic filter used in the excavator
FIGURE 6. Hydraulic working fluid samples
At the end of the experimental work, the amount of pollutants trapped in the body of the porous filter was studied using a microscope and a micrometer calibration line, and the amount of particles trapped in the filter was determined using an electronic scale of the HR-300i brand.
Fig. 6 shows a photograph of samples of hydraulic working fluid, purified from the developed porous filter (Fig. 6a) and passed through a hydraulic filter (Fig. 6b), used in quarry equipment, after 3088 motor-hours of operation.
CONCLUSIONS
The research results confirmed that the main factor directly affecting the performance of hydraulic systems is the cleanliness of the working fluid. It has been established that the developed composition of the porous filter (ammonium bicarbonate, polyorganosiloxane, acrylic emulsion, and copolymers) allows for the effective retention of abrasive particles in hydraulic oil. Experimental tests have shown that the porosity of the filter is closely related to the liquid flow rate and particle capture efficiency: the optimal porosity is 40%, while the filter captures the maximum (2.8 g) pollutant particle and maintains flow stability. Thus, the proposed porous filter allows to increase the operational reliability of hydraulic systems, reduce the number of failures, and reduce maintenance costs.
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