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Development of technology for producing 
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Abstract. The article presents the development of technology and the 
determination of technological, structural parameters with variable 
thicknesses of functional fabric. The results of literary and analytical 
studies are also presented and it is revealed that the range of hospital 
products for severely immobile patients is extremely limited and does not 
meet modern medical requirements. Cotton yarn with a linear density of 
25x2 tex was used as the main yarn for all test samples. For weft yarns, 
Cotton and Modal yarns have been used as raw materials for the 
production of woven materials, taking into account the use of the designed 
fabric for mattresses of heavy immobile patients against bedsores. 

1 Introduction

Currently, weaving enterprises are equipped with modern electronic weaving equipment. 
The use of shuttleless looms not only increases the productivity of the weaving process but 
also leads to an expansion of the range of woven fabrics and the development of new fabric 
structures. 

Thus, work aimed at developing design methods and technologies for producing new 
woven structures is in demand and relevant today. Solving this problem will make it 
possible to create fabrics of a given purpose and properties at the stage of their design, 
reducing time and material costs for experimental development, as well as expanding the 
range of functional fabrics of complex structures and the possibility of their further use. 

Based on the study of the problem of creating new assortments of fabric for patients 
with limited mobility, it should be noted that the design of fabric with specified properties 
must have an integrated approach. 

Based on the results of literary and analytical studies, it can be concluded that the range 
of hospital products for severely immobile patients is extremely limited, does not meet 
modern medical requirements, and does not take into account the capabilities of modern 
technologies, the properties of new materials and their special finishes [1-2]. 

Domestic and foreign research and experience show that the positive properties of 
cellulose fibers are best manifested in optimal mixtures: 25-50% cellulose fiber and 50-
75% cotton. The production of mixed fabrics makes it possible to give textile products 
made from them sufficient comfort and significantly improve consumer properties 
compared to cotton ones [3-7]. 
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In this work, the task was to study the influence of tissue structure parameters during 
the production of tissue with a complex structure. Since the samples have a fabric structure 
with variable thicknesses of raw weft thread, it is to be expected that the threads have 
different stress states both when forming the fabric on the loom and after removing the 
fabric from the loom. 

To determine the basic technological and structural parameters of the fabric, a new 
method for designing complex fabric structures was developed. 

For a completely objective assessment of the new fabric samples obtained, the main 
geometric parameters were determined: The degree of filling of the fabric with warp and 
weft threads, the diameter of the warp and weft threads, the processing of the warp and weft 
threads, the surface density of the fabric, etc. 

To select the structure and technology for producing functional fabrics, the Itema R9500 
weaving machine (Italy) was chosen. Experimental studies of the process of obtaining a 
new fabric structure were carried out on a weaving loom using the rapier method of 
inserting the weft thread into the shed, tucked with plain weave fabric. The healds are 
controlled by a carriage electronic cam shedding mechanism, the number of healds is 16 
[8]. 

2 Research methods

100% cotton yarn with a linear density of 25x2 tex was used as the main thread for all test 
samples. The weft threads used were 100% cotton for version I, 100% Modal for version II, 
and 50% cotton +50% for version III. The I, II, and III variants of the samples have a fabric 
structure with variable thicknesses of the weft thread raw material. A weft thread with 
variable thicknesses was laid into the shed, that is, yarn with a linear density of 30x4 tex 
with 800 twists and yarn with a linear density of 30 tex (Fig. 1). 

In this case, weft thread 1 with linear density T=30x4 tex (section on fabric a) 
alternate with weft thread 2 with linear density T=30 tex (section on fabric b), 
intertwining with the main threads of the same number 3, 4. Consequently, stripes are 
created on the fabric of grooves and bulges on the fabric's surface along which airflow 
moves. Contact of the human body with the airflow causes good blood flow in the skin's 
capillaries [9]. 

 
Fig 1. Fabric cutting diagram. 1- Weft thread with high linear density; 2- Weft thread with low linear 

density; 3,4- warp threads;  а – thickened part of the fabric; b – thinned part of the fabric 

 
The dimensions of the groove depend on the alternation and thickness of the weft 

threads. An increase in the number of thick threads leads to an increase in the contact of 
the body area with the fabric, in this place, the air exchange decreases, which leads to 
bedsores. Increasing the area of fabric made of thin threads leads to a decrease in the 
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relief effect and contributes to the overlap of the groove due to the sagging of the body 
lying in this area. 

Contact of the patient's body with the airflow ensures good blood flow in the skin's 
capillaries. This fabric structure provides a massage effect, improving blood circulation 
and preventing pressure wounds on the patient’s body. 

The correct choice of the type of thread or yarn when designing a fabric depends on 
the linear density of the yarn, strength and elongation, twist, cross-sectional size of the 
thread, endurance, wear resistance, humidity, hygroscopicity, etc. 

3 Research results

To determine the filling parameters of the fabric samples, a technical calculation of the 
fabric was carried out using the existing methodology.  

Table 1. Results of determination of filling parameters

Parameters Sample I Sample II Sample III

Fabric structure 

Single-layer 
fabric, with 

variable 
thicknesses of 
raw materials 

Single-layer 
fabric, with 

variable 
thicknesses of raw 

materials 

Single-layer fabric, 
with variable 

thicknesses of raw 
materials 

Fibrous composition: 
Warp 
Weft 

100% Cotton 
100% Cotton 

100% Cotton 
100%  Modal 

100% Cotton 
50% Cotton + 
50% Modal 

Linear thickness of raw 
material: tex 

Warp 
Weft 

 
25х2 

1.30х4 
2. 30 

 
25х2 

1.30х4 
2. 30 

 
25х2 

1.30х4 
2. 30 

Thread density in fabric, 
yarns/dm: 

Warp 
Weft 

 
240 
150 

 
240 
150 

 
240 
150 

Number of warp threads, 
pieces 4400 4400 4400 

Width of finished fabric, 
mm 180 180 180 

Connectivity coefficient 18 
 

Since the produced fabric samples have a complex structure: variants I, II, and III have 
a fabric structure with variable thicknesses of the weft thread raw material, the 
determination of the filling parameters given in Table 1 does not provide an objective 
assessment, since it does not take into account the structure of the fabric. 

The work aimed to study the influence of tissue structure parameters during the 
production of tissue with a complex structure. Since the samples have a fabric structure 
with variable thicknesses of the weft thread raw material, it is to be expected that the 
threads have different stress states both when the fabric is formed on the loom and after the 
fabric is removed from the loom. 

To determine the basic technological and structural parameters of the fabric, a new 
method for designing complex fabric structures was developed. 

For a completely objective assessment of the new fabric samples obtained, the main 
geometric parameters were determined: The degree of filling of the fabric with warp and 
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weft threads, the diameter of the warp and weft threads, the processing of warp and weft 
threads, etc. 

For the experimental samples, the warp threads should predominate on the supporting 
surface of the fabric, therefore the VI order of the fabric structure phase is accepted, where 
Kho = 1.25 Khy = 0.75. To obtain fabric with a high degree of filling with fibrous material, 
we take KHo = 0.92 and KHу = 0.86. Thread collapse coefficient ηог = 1,2,  ηов = 0,8; ηуг 
=1,3, ηуг = 0,69. 

Based on each type's share of fiber input, we determine the values of coefficient C for 
yarn before weaving. For blended 50% cotton + 50% Modal 30x4 and blended yarn 30 tex 
per weft [10]. 

С =  1,25 · 0,5 +  1,1 ·  0,5 =  1,18 

It is known that one of the main parameters of the fabric structure is the interlacing of 
threads in the fabric, i.e. their relative position relative to each other. The placement of the 
warp and weft threads changes the structure of the fabric as a whole. 

Figure 2 shows the geometric parameters of the formation of a variable fabric structure. 

Fig. 2. Geometric fabric model with variable structure 

As can be seen from Figure 2 parts of the variable thickness of the weft thread, rapport 
along the weft -𝑅𝑅𝑎𝑎1, parts - a, repeat along the weft - 𝑅𝑅𝑎𝑎2, parts - b, in turn, depends on the 
diameter of the weft thread - 𝑑𝑑𝑎𝑎1, 𝑑𝑑𝑎𝑎2, the height of the bending wave of the threads in the 
fabric - ℎ𝑎𝑎1 , ℎ𝑎𝑎2 [11, 12]. 

Considering that the thickness of the fabric depends on the diameter of the warp and 
weft threads of each variable structure, the following formula is obtained: 

𝑇𝑇𝑡𝑡𝑡𝑡 = 2𝑑𝑑0(𝑑𝑑𝑦𝑦1 + 𝑑𝑑𝑦𝑦2)    (1) 

It is known that the processing of the main threads affects the structure of the fabric, 
which is indicated in the scientific works of famous scientists such as O.A. Novikov, V.A. 
Gordeev, S.S. Yukhin, et al. As preliminary experimental results have shown, the 
processing of threads has a significant impact on the structure of the fabric and its 
properties. Various methods for determining the processing values of warp and weft threads 
apply to fabrics with constant and variable thread densities. For fabrics with variable weft 
thread thickness, the type of warp thread processing value for each part is calculated using 
the formula: 
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Calculations to determine the geometric parameters of fabric with a variable structure 
were made for samples I and II; the calculation results are given in Table 2. 

Table 2. Geometric parameters of fabric samples with variable structure 

Parameters Samples 
I II III

Fabric structure 

Single-layer fabric, 
with variable 

thicknesses of raw 
materials 

Single-layer fabric, with 
variable thicknesses of 

raw materials 

Single-layer 
fabric, with 

variable 
thicknesses of 
raw materials 

Fibrous 
composition: 
Warp 
Weft  

 
100% Cotton 
100% Cotton 
 

 
100% Cotton 
100% Modal 

 
100% Cotton 
50% Cotton + 
50% Modal 

Linear thickness of 
raw material: tex 
Warp 
Weft 

 
25х2 
1.30х4 
2. 30 

 
25х2 
1.30х4 
2. 30 

 
25х2 
1.30х4 
2. 30 

Thread diameter, 
mm 
Warp 
Weft d1 
Weft d2 

 
0,268 
0,432 
0,216 

 
0,268 
0,382 
0,191 

 
0,268 
0,408 
0,204 

Wave height, mm 
Warp 
Weft h1 
Weft  h2 

 
0,335 
0,324 
0,162 

 
0,335 
0,285 
0,142 

 
0,335 
0,306 
0,153 
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Geometric density, 
mm 
 
Warp lo1
lo2 
Weft ly1 

Weft  ly2 

 
 
 
0,61 
0.34 
0,62 
0,45 

 
 
 
0,55 
0,31 
0,58 
0,43 

 
 
 
0,58 
0,33 
0,6 
0,44 

Fabric fill factor 
КНТ1

КНТ1 

 
1,76 
0,83 

 
1,5 
0,74 

 
1.63 
0,79 

Fabric thickness, 
mm 

1,13 
0,75 

1,03 
0,73 

1,08 
0,74 

Thread 
utilization,% 
Warp        

1оa   
                 

1ya        

                  2оa  

                 21уa
      

 
13.03 
25.67 
 
11.7 
12 

 
13.03 
22.4 
 
11.7 
10.8 

 
13.03 
24.9 
 
12.02 
11.5 

 
The results of determining the processing of warp and weft threads in fabrics with 

variable thickness experimentally are shown in Table 3. 

Table 3. Results of processing warp and weft threads in fabric with variable thickness 

The average value of thread 
utilization,% Sample I Sample II Sample III 

Warp    1оa  

Weft      1ya
 

12,5 
23,5 

12,5 
20,0 

12,5 
22,0 

Warp    2оa  
Weft       𝑎𝑎у12 

10 
11 

10 
9,0 

10 
9,0 

4 Conclusion

Analysis of the results of design calculations, the surface density of the fabric depends on 
the processing of the warp and weft threads, which depends on the type of raw material, the 
linear density of the thread, the shape of its cross-section, the weave, the density of the 
warp and weft, the order of the phase of the structure, the parameters of thread making and 
production of fabric on the weaving machine, physical, mechanical and rheological 
properties of threads. Based on processing, the consumption of raw materials is determined. 
Therefore, thread processing can be taken as a criterion for assessing the fabric structure. 

Based on theoretical and experimental results, the following conclusions were obtained: 
a new technique has been developed for determining the technological and structural 
parameters of the structure of fabric with a variable thickness of the weft thread. A 
geometric model of variable-thickness fabric with a complex structure has been developed, 
based on which the processing of warp and weft threads has been analytically determined.  

 
 
 

6

E3S Web of Conferences 538, 04020 (2024)	 https://doi.org/10.1051/e3sconf/202453804020
IPFA 2024

RETRACTED



References

1. Sevaraxon Xamrayeva, Dilfuza Kadirova, Saidvoris Raximxodjayev; Study of the 
parameters of functional bed linen. AIP Conf. Proc. 11 March 2024; 3045 (1): 
030021. https://doi.org/10.1063/5.0198814 

2. Marek Sniecherski. Functional fabric with a controlled friction coefficient to prevent 
pressure ulcers. : https://www.researchgate.net/publication/41649817. 

3. Nanotextiles (electronic resource)- URL: http://www.nanonewsnet.ru.  
4. H. R. Mattila. Intelligent textiles and clothing. Published by Woodhead Publishing 

Limited in association with The Textile Institute. England. P.525. 
5. R. Shishoo. (2007) Plasma technologies for textiles. Woodhead Publishing Limited and 

CRC Press LLC © 2007, England. P.322. 
6. 6.Wulfhorst В. Three-dimensional textile materials. // В. Wulfhorst, А. Bursger, М. 

Weber.// Dreidimensionale Textilen rationalisieren die Herstellung vor 143. 
7. Patent No. 2037577 Yuushiro Takano [JP], Tsutomu Kikuchi [JP], Makoto Tanaka 

[JP] Bulky fabric, method and device for its production. 
8. Dildora Mamadalieva, Rahimjon Karimov, Dilbar Alieva, Salokhiddin 

Mirzakasimov, Shakhzoda Sheraliyeva; Analysis of the international standards for the 
determination of ring strength of pile fabrics. AIP Conf. Proc. 11 March 2024; 3045 
(1): 030038. https://doi.org/10.1063/5.0197341 

9. Khamraeva Sevarakhson Bakhrom Kizi, Kadirova D.N. Raksimkhodzhaev S.S. (2023) 
Functional bedding fabric. Patent for invention of the Republic of Uzbekistan. No. IAP 
07369. 04/14/2023. 

10. Khamrayeva S.B., Raximxodjayev S.S, Kadirova D.N. (2023) Study of the parameters 
of functional bed linen. Results of National Scientific Research International Journal 
2023 Volume 2| Issue 4 SJIF- 5.8, Researchbib 7.1 33-39p. 

11. Sherzod Korabayev, Kamol Akhmedov, Saypila Matismailov, Alisher Yuldashev; 
Analysis of forces affecting fiber breakage of opening roller saw teeth of rotor spinning 
machine. AIP Conf. Proc. 11 March 2024; 3045 (1): 
030018. https://doi.org/10.1063/5.0197289 

12. Stepanov, O.S. (2009) Some geometric relationships of the theory of tissue structure. 
/O.S. Stepanov, V.N. Grachev. // News of universities. Textile industry technology. – 
2009. - No. 6. - P.45-48. 

7

E3S Web of Conferences 538, 04020 (2024)	 https://doi.org/10.1051/e3sconf/202453804020
IPFA 2024

RETRACTED




