Description of the tension characteristics of warp and weft yarns for filter nonwoven fabrics used in energy-efficient cement plants
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Abstract. This study investigated the method of incorporating warp and weft yarns into the structure to improve the mechanical and heat-resistant properties of filter nonwoven fabrics made from basalt and wool fibers. The results show that the introduction of reinforcing yarns significantly increases the tensile strength, thermal stability, and operational durability of the nonwoven fabric. - According to GOST requirements for the production of filter nonwoven fabrics, our single-layer nonwoven fabric weighs 550 g per 1 m². - Our two-layer nonwoven fabric weighs 750 g per 1 m². - Our nonwoven fabric resistant to high temperature and pressure has been found to withstand small filters up to 80-280°C and large filters up to 280-600°C.
INTRODUCTION
Since filter nonwoven fabrics are used in high-temperature and aggressive environments, they require high mechanical strength and thermal stability. Traditional nonwoven structures deform quickly under mechanical loads. Therefore, it is important to create a composite reinforcement mechanism by placing warp and weft threads inside the structure [1].
Basalt fibers provide high thermal stability, while wool fibers ensure elasticity and a porous filtration environment. Combining them with yarn reinforcement is considered a scientifically sound solution.
- In cement plants, the filter cloth used is produced by a non-woven fabric manufacturing method, and the processes of product separation, spraying, and separating clean air from dusty air are carried out.
 “Filter nonwoven fabrics are manufactured in accordance with GOST standards; the basis weight of the single-layer nonwoven fabric is 550 g/m²” [2].
The double-layer nonwoven fabric has a basis weight of 750 g/m²
The heat- and pressure-resistant nonwoven fabrics were determined to be capable of operating at temperatures ranging from 80–280 °C for small filters and 280–600 °C for large filters [3].
High resistance to air pressure was determined, withstanding pressures of 4–7 atmospheres.
The dust removal capacity corresponds to 10 g of dust from dust-laden air.
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	FIGURE 1: 1.5-layer nonwoven fabric
	FIGURE 2: 1-layer nonwoven fabric



The tensile strength of the nonwoven fabric in total elongation is expressed as follows:
				(1)
Load distribution in rope-reinforced structures: [4].
 				(2)
The presence of threads here reduces deformation by 30–45%.
Deformation under the influence of heat is evaluated by the following expression:
 						(3)
The inclusion of warp and weft yarns reduces the total thermal deformation by 20–25%
The stability of yarn tension during the reinforcement process of filter-like nonwoven fabrics made from basalt and flax fibers with warp and weft yarns is one of the important factors ensuring the mechanical strength and operational reliability of the material [5]. Therefore, before studying the tension of warp and weft yarns during the incorporation process into the nonwoven fabric structure, it is mandatory to calibrate the measuring instruments [6].
Devices based on mechanical-optical or electrical working principles used to measure tension allow recording the real-time tension of a single thread or a group of threads. However, since the threads in filter-like woven fabrics are not densely packed as in classic woven fabrics and interact with the fibrous layer, it is necessary to calibrate the device specifically for these technological conditions to ensure measurement accuracy [7].
The calibration process is usually carried out by sequentially attaching standard weights with precisely known masses to the yarn path. In this case, the yarn path is positioned in a configuration as close as possible to the working state of the filter-like woven fabric. Standard weights are applied stepwise (for example, 5, 10, 15, and 20 N), and the values indicated by the measuring device are compared with the theoretical tension values to determine the correction coefficient [8].
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	FIGURE 3. Strain gauge calibration. a) for warp yarn; b) for weft yarn.


The calibration graph provides the foundation for analyzing the tension oscillograms [9] of both warp and weft yarns, and of the yarns integrated into the structure of the filter nonwoven fabric (Fig. 4).
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FIGURE 4. Calibration graph of the warp yarn tension gauge
It should be emphasized that during the calibration of tensometers measuring the tension of warp and weft threads, the readings on the sensor's display change due to the tension of the thread (Figure 4). The data obtained from the changes in the sensor readings are recorded, and then the actual values (the calibration conversion coefficient) are determined [10].
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FIGURE 5. Calibration graph  
By analyzing the calibration graphs, [11] it can be concluded that the average division per coordinate is 22 cN. Based on the obtained calibration data, a calibration table is created (Table 1).

TABLE 1. Calibration table
	Applied load, g
	3000
	4000
	5000
	6000

	Oscillograph value, mm
	4
	5
	6
	7

	Single yarn tension, cN
	75
	100
	125
	150



Calibration factor of the warp yarn tension sensor .
EXPERIMENTAL RESEARCH
The primary factor affecting fabric formation on a weaving machine is the tension of the warp yarns. This tension depends on the machine’s structural parameters, shedding mechanism, and the fabric architecture. Warp yarn tension and deformation largely define the operating conditions of the weaving process and are the main cause of yarn breakage.
Changes in warp tension influence not only yarn rupture but also the final fabric structure. Therefore, analyzing the relationship between warp yarn tension, deformation, fabric architecture, and machine shedding parameters is of practical importance, allowing prediction of fabric formation under specific processing conditions [13].
For heat-resistant fabrics, high-strength yarns such as aramid, carbon, basalt, or glass are commonly used. Their high tensile strength and minimal filament elongation or breakage during weaving require robust mechanisms to control tension [12].
Monitoring warp yarn tension and deformation enables pre-assessment of fabric formation conditions. Figure 3.19 presents a single rotation of the main shaft with warp and weft tension curves, highlighting three characteristic stages: (1) average warp tension, (2) tension during shed formation, and (3) tension at beat-up.
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FIGURE 6. Warp and Weft Yarn Tension Curves of the Nonwoven Weaving MachineRotation angle of the main val

During one rotation of the main shaft of the nonwoven weaving machine, the warp yarns (basalt) experience three distinct tension stages (Figure 6). Prior to machine start-up, the warp yarns are at the shedding tension (1). When the machine begins operation and the beat-up occurs, the tension increases to a maximum (3). After the weft insertion and fabric formation, the tension adjusts during the shedding process (2), which also influences the warp tension [14].
Figure 7 presents the tension diagram (tensiogram) of warp yarns during the production of half-layer additional weft basalt nonwoven fabrics on the same weaving machine. These measurements allow evaluation of the dynamic behavior of warp yarns under operational conditions and provide a basis for optimizing machine settings and ensuring fabric uniformity.
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FIGURE 7. Warp yarn tension tensogram in the manufacturing of 1.5-layer nonwoven fabric
In the production of natural twisted yarns on a weaving machine, the tension of the warp threads varies. Mainly, the tension of the warp threads changes in three states: in the normal state  , during the formation of the shed and during beating-up . The tension of the warp threads cyclically repeats in these three states . Thus, the greatest tension occurs during beating-up [15].
RESEARCH RESULTS
The tension of the weft threads on the shuttleless weaving machine also depends on the type of weaving, and in the production of fabrics based on plain weave , in sample 1 fabrics, due to the constant openness of the shed, it remains in that state .
We analyze the results obtained based on installed devices for the dynamic tension of the warp threads in the nonwoven weaving machine (Table 2).

TABLE 2. Warp yarn tension during the nonwoven machine weaving process.
	[bookmark: _Hlk117063141]№
	Samples
	In the average state, cN
	During the passage of warp and weft yarns into the nonwoven fabric, cN
	During twisting, cN

	One-layer nonwoven fabrics

	1
	Sample 1
	67,48
	122,32
	99,44

	2
	Sample 2
	61,22
	123,42
	101,20

	3
	Sample 3
	78,98
	126,72
	97,68

	One-and-a-half-layer nonwoven fabrics

	1
	Sample 1
	75,46
	119,68
	97,90

	2
	Sample 2
	72,36
	118,14
	94,38

	3
	Sample 3
	78,40
	120,56
	98,78



Naturally, the maximum tension of warp yarns is observed in high-linear-density yarns [16]. During twisting, the tension of the yarns is greater than that of the yarns during web formation. However, the elongation property of basalt yarns is only 1%.


CONCLUSIONS
Calculations have shown that for filter nonwoven fabrics based on basalt and wool fibers used in cement plants, when the relative tension of warp and weft yarns is chosen as k ≈ 1.6, the mechanical deformation is minimized, and the service life of the filter material under impulse loads and high-temperature conditions is maximized. A mechanism for controlling the tension of warp yarns has been developed. In the production of heat-resistant filter nonwoven fabric from basalt yarns on a nonwoven weaving machine, it was determined that under dynamic conditions, the tensions of warp and weft yarns vary depending on the nonwoven winding.
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