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INTRODUCTION

The processes of cocoon growing, production of raw silk, and production of
silk products as well as recycling of waste products from them have a special place
in the world silk industry. In this regard, China, India, Uzbekistan, Iran, Thailand,
Vietnam, North Korea, Brazil, France are the leading countries in this field [1].

Nowadays, the widespread use of the achievements of world science is an
important factor in the rapid development of all spheres of life of society and the
state, building a decent future for the country. The development of the economy on
the basis of attracting investments is one of the priorities in the development of the
silk industry. It is planned to build, modernize, and re-equip new silk enterprises
based on the modern techniques and technologies using investment programs [2].

All the fibrous wastes generated in the process of cocoon growing and raw silk
production in the world are used as the main and valuable raw material in the
production of spun silk yarn. In silk spinning plants, the secondary fiber waste is
formed during the processing of silk fiber waste with different properties. Such
short-fiber wastes are not used in the textile industry, despite the fact that the
indicators of physical and mechanical properties are at the required level. However,
such fibrous waste can be mixed with other fibers, including cotton fiber, to obtain a
bicomponent cotton-silk yarn. The possibility of producing woven and knitted
fabrics from such yarns will help to expand the range of textile products. Therefore,
based on an in-depth study of properties of the fiber obtained from the secondary
waste of silk, it is urgent to improve the technology of production of bicomponent
yarn by mixing them with cotton fibers [3-5].

Extensive measures are being taken in the country to modernize silk industry,
deep processing of local raw materials, increase the production of quality,
competitive and export-oriented finished products, and certain results are being
achieved [6—7].

In the world silk industry, Uzbekistan has a scientific basis for the production
of high-quality cocoons, raw silk, and silk fabrics that can compete with other
countries, and these problems need to be addressed. During the production of silk
yarn and the processing of fibrous waste generated during its processing, many
scientists have been involved in the separation of secondary short fibers as well as
the production of yarn spun from the processing of fibrous waste. Among the
foreign scholars: M.A. Becker, N. Tuross, A.K. Gupta, M.L. Gulrajani, Rajkhowa
(India), Y. Hsia, C. Vierra (USA), R. Kothari, W.E. Hearle (England), S. Nakamura,
J. Magoshi, Y. Magoshi, M. Babu, M. Tsukada, G. Freddi, M. Nagura, H. Ishikawa,
N. Kasai (Japan), K. Sen (China), and AB Ishmatov (Tajikistan) have done
researches, and others analyses continue to be done.

In the CIS countries and the Republic of Uzbekistan, a number of scientists are
conducting theoretical and practical research to study the technological processes of
obtaining the quality of raw silk, create, improve, and increase the efficiency of
processing of silk fiber waste. In particular, V.A. Usenko, E.B. Rubinov, G.K.
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Kukin, X.A. Alimova, 1.Z. Burnashev, A.L. Isayev, L.A. Amzayev, Y.E. Ergashev,
A.Y. Raximov, A.E. Gulamov, A.D. Daminov, O. Axunbabayev, G.N. Ilayev, S.A.
Yusupovs have been contributing to the development of the industry with their
significant research work.

The aim of the research is to develop high-quality bicomponent yarns by
adding fibrous waste from silk spinning mills to cotton fiber and improve the
spinning technology by mixing cotton fiber and silk from the secondary fiber waste.

Based on the aim of the research, the following objectives were identified:

- To analyze the possibility of yarns manufacture from silk waste;

- To analyze and investigate the properties of silk waste from the initial and
secondary processing;

- To develop a technology for the production of bicomponent cotton-silk yarn
by mixing cotton fiber and silk from the secondary fiber waste;

- To investigate the quality of developed fabrics woven from bicomponent
cotton and silk yarn;

- To analyze the cost-effectiveness of developed technology in production.

The object of research was cotton fiber, silk fiber waste, the method of their
mixing, bicomponent yarn, fabric, and woven fabric.

The subject of research is cotton-silk mixed fiber spun yarn production
technology, fabric and woven fabrics properties as well as methods and tools in
these processes.

The research process used yarn mechanics, experimental analysis and
mathematical statistics, computer software, standard and non-standard methods for
determining the quality of spun silk yarn.

The scientific novelty of the research is as follows:

- alternative values of quantitative fractions of a mixture of silk and cotton
fibers have been determined;

- a technology for adding fibers during spinning have been developed;

- based on the possibility of spinning yarn by mixing secondary silk fiber waste
into cotton fiber, an advanced technology of cotton-silk bicomponent
spinning has been developed.

The scientific significance of the research results is explained by the creation
of an advanced technology for the production of yarn from the mixed fibers.

The practical significance of the results of the research is explained by the
increase in the range of yarns introduced into the production and the increase in the
range of fabrics, knitted fabrics as well as finished products.

The practical results of the research are as follows: an improved technology
for obtaining cotton-silk bicomponent spun yarn was created, and the optimal
parameters were developed; alternative values of the quantitative shares of the
mixture of silk and cotton fibers have been determined; the raw material for the
production of textile fabrics, i.e., bicomponent spun yarn preparation technology,
was created.
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1. LITERATURE REVIEW

One of the most important raw materials for the world textile industry is
natural silk. Silk is a valuable natural fiber that has a wide range of beneficial
properties and, among other fibers, high strength, hygroscopicity, bactericidal,
antistatic, glossy, and elastic properties [8, 9].

While natural silk accounts for only 0.5% of all textile fibers produced in the
world, today, it accounts for 12% due to its positive properties. The fabrics made of
silk yarn do not cause allergies on human skin, are well ventilated, and absorb
moisture well. That is why the human body "breathes" when wearing clothes made
of silk.

The fabrics and products made of natural silk yarn are in great demand in the
world due to their high sanitary-hygienic properties and easy to use, durable and
good appearance, and it is one of the most expensive textile materials. At the same
time, the limited raw material base, the complexity of processing technology, and
the improper use of cocoon raw materials make the products made from them
expensive [10, 11].

One of the fastest growing rules in the world is to produce competitive and
quality products, improve the existing technological processes, and reduce the cost
of production. Implementing all of this on a large scale requires highly professional
experience and knowledge of the professionals as well as a high level of
entrepreneurship.

Much attention is paid in the world to the development of scientific and
technological progress, increasing production capacity, as well as achieving high
product quality. In this direction, the investments are being made in equipping the
existing enterprises with modern technologies, increasing the volume and variety of
products and organizing deep processing. At the same time, cocoon processing, the
establishment of new production facilities in non-productive areas, the establishment
of new enterprises are developing as well [12, 13].

In all countries, in the past, the cocoon breeders fed cocoons only in one
season, i.e., in May of spring. Up to date, live cocoons have been grown up to 3
times a year, and in recent years, the yield of cocoons has been increased 4 times in
a new way. As a result of this research, as well as the great work of cocoons, the
world has grown 3.85 mln tons of cocoons in 2020 and 4.08 mln tons in 2021. This
year, 4.5 mln tons of cocoons have been planned to be grown in the world countries,
and 4.54 mln tons of live cocoons have been grown in practice (Fig. 1.1) [14, 15].

One of the most pressing issues in silkworm rearing is the establishment of
mulberry plantations and the further expansion of the fodder base. This will lead to
an increase in the number of silkworms and cocoons grown, which will increase the
raw material base in the country. As a result of the work that has been carried out, it
is forecasted to produce 4.82 mln tons of live cocoons in 2023, 5.16 mln tons in
2024, 5.6 mln tons in 2025 and more than 6.0 mln tons in 2026.
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Fig. 1.1. The situation with live cocoons in the world

In all countries of the world, the yield of live cocoons has increased in recent
years, the use of new modern technologies of cocoon cultivation has reduced the
amount of leaves provided for feeding, and the silkworm cocoon has increased
significantly. The results of the work that has been carried out in the field of silk
with a new innovative approach show that the rise of science and enlightenment in
the field of silk will be the basis for further development of this profession [15, 16].

The researchers have developed new technological regimes of worm feeding
in Uzbekistan with the introduction of new advanced technologies in the field of
silkworm breeding as well as on the basis of foreign agro-technical measures and
recommendations. There was scientifically researched new technological regimes of
mulberry silkworm feeding for each age, feeding times, amount of mulberry leaves
consumed, set room temperature, standard humidity, and improvement of feeding
conditions. It as well describes the methods of feeding worms under cellophane, the
defined parameters and ways to prevent silkworms from contracting various
infectious diseases when they reach adulthood.

At present, the scientists of the Silk Research Institute are conducting a lot of
research work on the creation of new high-quality local breeds and hybrids. There
can be seen the results of silk production in the shells of newly created varieties of
cocoons, which are regionalized in accordance with the climatic conditions and have
a high viability in all regions of Uzbekistan, more than 56 percent. Achieving such
results is an indication of the production of raw silk that meets all the standard
requirements, of course, from the cocoons of high quality and silk.

1.1. Classification of natural fiber waste and study of their emergence

The silkworms produce a large amount of fibrous waste during the production
of raw silk. For every kilogram of raw silk spun, there is the same amount of fiber
waste. This, in turn, is a valuable raw material from which it is possible to produce a
wide range of spun yarns.
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Typically, more than 10-12 kilograms of live cocoons, or 3—4 kg of dry
cocoons, are used to produce one kilogram of raw silk. The amount of silk in the
cocoon shell is 54-56% of the total cocoon weight, but the output of raw silk by
enterprises does not exceed 27-29%. In the production of one kilogram of raw silk
in the silk factories, almost as many kilograms of fibrous waste are generated [17,
18].

Currently, 19-21% of silkworms produce defective cocoons. Such indicators
are caused by the lack of new breed silkworm seeds for quality cocoons, low
nutritional value of mulberry leaves, slow transition of industrial feeding of worms,
and a number of negative factors during the feeding of silkworms. The large amount
of waste as well depends on the processes at the cocoon’s primary processing bases.

In the research, the methods of processing and primary processing of cocoons
and the technology of the aggregates, their condition, as well as operating modes,
were analyzed according to the characteristics of cocoons. On this basis, the research
was carried out to anesthetize the sponge in the drying of cocoons under infrared
light, preserve the technological properties of the shell in new methods, and obtain
from them high-quality raw silk yarn and raw materials for the production of spun
silk.

The efficient use of raw materials in the silk industry cannot be solved without
a comprehensive analysis of its initial state, processing problems, physical,
mechanical, and technological properties of semi-finished products. From this point
of view, there is no fixed classification of raw materials and wastes in the silk
industry, only certain types of raw materials and semi-finished products have been
analyzed. Therefore, it is advisable to classify the main types of raw materials and
natural silk wastes, and if possible, study their technological properties [19-21].

The technological processes for the production of raw silk from mulberry
silkworm cocoons, dry cocoons and the processing of natural silk waste involve
separate independent technologies. These include the preparation of live cocoons
and their initial processing at the bases of cocoons, the production of raw silk by
spinning dry cocoons, twisting of raw silk (spinning process) and baking yarns,
processing of cocoon and silk fiber waste and spinning yarn, various textiles from
silk, production of knitted goods, surgical and sewing threads, as well as various silk
products. Each of these processes is very complex, and they are multi-operational,
and more different wastes are generated from these processes.

Depending on the type of waste generated by the cocoon mills, it is divided
into the waste from the sorting plant, the cocooning plant (main shop), and the
control collection department (including the testing and production laboratory). It is
as well important to pre-treat the waste in the recycling plant.

If these sections were looked at one by one, it seems to be the waste from the
sorting shop: cotton loose, unsightly cocoons, i.e., very spotty, stack marks on the
surface of the shell or coarse cocoons with a smooth glossy surface (cotton, felt,
ugly, shell hole, thin shell spongy cocoons), double cocoons (i.e., two silkworms
wrapped around a single cocoon), super crushed, non-standard, i.e., deaf cocoons,
and other defective cocoons [22-24].
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Cotton wool from the sorting shop comprise 0.3-0.5% of the weight of the
imported dry cocoon. Typically, cotton sorghum contains various contaminants, i.e.,
mulberry leaves, weeds, and up to 40% sericin, and after processing, they are
divided into two varieties and placed in wedges. The first variety includes cotton
loams of the same color and variety, separated from the cocoons entering the sorting
shop, in which the plant contaminants do not exceed 1%. The second variety
includes cotton wool, which is obtained by manual and mechanical cleaning of
cocoons, is not the same color, contains up to 3% plant contaminants. Cotton loin is
placed on the wedges weighing no more than 40 kilograms and sent to silk spinning
mills [25, 26].

It is possible to bite the cocoons: the size of the spots on the shell of the
cocoons is larger than the norm specified in the standard; the shape is slightly
changed; the handle trace is high, and the apex is pointed. They produce raw silk
with a thicker linear density than usual, but it is advisable to separate the spotted
cocoons from the other defective cocoons and spin them according to a special
technological regime. According to this mode, the spinning speed should be 6070
m/min, the temperature of the spinning water should be 50-55 °C, the spinning
length should be 4—5 c¢cm, and 20-25% of raw silk can be obtained from them.

In order to make an efficient use of double-spun cocoons that are unsuitable
for spinning, it is possible to spin them to produce raw silk yarn with a linear density
of 5 tex and above. After the cocoons are steamed before washing and then boiled
for 30 minutes, the wooden brushes on the KMS-10 machine are used. The
temperature of the water in the cooking pot of the machine should be 90-95 °C, in
the oval powder, 60-65 °C, and in the grinding powder, 52-56 °C, and the
immersion length should be 4-5 cm, and the boiling speed should be 90—93 m/min.
It should be noted that the temperature of the water in the powder during the process
of sorting cocoons is 4042 °C. Double-spun cocoons could be used to spin silk
without spinning. In this case, it is advisable to separate the sponge inside in order to
further increase their chances of reuse. For this, LPK-1 automatic lines are used. The
cycle of turning cocoons into canvas lasts 6 minutes; during this time, 500-100 g of
canvas are produced from 1.2—-1.5 kg of double-spun cocoons [27-29].

Uncooperative cocoons are cut on AKR-2, MKRA-1 aggregates. Processing in
this way has a number of serious drawbacks. The main reason is that the fibers
shrink in length, swell, and become oily. The chances of the sponge oil coming out
are very high. That is why it is advisable to turn them into canvas. In order to do
this, it is better to separate silk from them without cutting the cocoons, which are not
suitable for weaving.

The waste from the cocoon spinning shop includes cocoon loose, torsion loose,
unwashed cocoons, cocoons, rolled silk threads and cocoons, raw silk rings, knotted
threads, sponge, and invisible waste.

Mechanical and automatic machines are mainly used to cut cocoons and obtain
raw silk of continuous length. During the period of finding the single end of the
cocoon, the loss up to two meters long is separated in the oval dust on the
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mechanical devices. As this process is done by manual labor, in some cases, the
length of the separated loss can exceed two meters.

When sorting defective cocoons that do not deserve to be removed from the
sorting shop, their output should be 6—12% of the total cocoon mass. These figures
vary depending on the breed and hybrid of the cocoons (Table 1.1) [37].

Table 1.1. Output of defective cocoons

Ne The name of the defective cocoons Amount, %
1 Double silkworm cocoon 1-2
2 | Ugly shaped 0.1-0.2
2 | The bark is soft cocoons 1.7-2.4
3 | The surface of the shell is stained 0.9-1.6
4 | Non-auditory cocoons 0.6-0.9
5 | Partly wrapped 0.4-0.8
6 | Thin shell 0.4-0.5
7 | Hole 0.2-0.3
8 Other defective cocoons 0.7-1.3
9 Total: 6—10

If the technological regime is violated during the process of preparing the
selected dry cocoons for spinning and during the evaporation of the cocoons, i.e., in
the cooking machines, the cocoons will be overcooked or undercooked. When this
happens, a large amount of fibrous waste is released, as well as when the mode of
the cooking process is violated, the silk fibers in the shell come out in bundles (one
package contains 17-25 octagonal loops).

Up to date, almost 90-94% of silk enterprises in Uzbekistan are equipped with
automatic machines. Up to 50 cm in HARADA machines and up to 1 meter in FY
2000 machines are used as waste. The cocoon sludge coming out of the spinning
mill may be no more than 1% of the total silage mass of the cocoon, the spun cocoon
and the cocoon, no more than 0.5% of the knots. In addition, during the preparation
of cocoons for spinning, the rings appear due to the changes in the technological
regimes of evaporation. As a result, the cocoons with many breaks and not washed
to the end become waste.

The unwashed cocoons return on the conveyor located on the bench and again
along the stream of water to the single end shaking mechanism. According to the
Chuvash rule, this process is allowed up to 3 times. Unwashed cocoons are first
soaked in a soda solution at a temperature of 80-900 °C for 4-5 hours, then boiled,
and squeezed in a centrifuge. In subsequent technological processes, the pile is
machined on a toothed drum, and the second time on a needle-mounted drill, and
then, the canvas is dried and placed at the normal level. The content of silk fibers
from these processes is required to be 2—3% fat and up to 10% contaminated with
sponge residues.

The rings are formed during the production of raw silk, when there is a break
in the distance from the bottom of the cocoon to the formation of raw silk and

18



winding on the wheel, during the assembly of the yarn on the wheel, rewinding raw
silk from 0.65 perimeter wheel to 1.5 perimeter yarn, sewing yarn, as well as
standard requirements for raw silk formed during the inspection of the test strips
wrapped and wrapped around the seriplan board for inspection. In each case, all the
rings are fully assembled, scraped, and cleaned of foreign contaminants. Raw silk
rings may contain no more than 0.5% foreign yarn and no more than 10% short raw
silk shears. They weight no more than 50 kg and are placed in wedges at a humidity
of not more than 11%.

In short, the cocoons are recycled to make efficient use of the waste generated
during the cocooning process. It should be noted that all of the above-mentioned
wastes are valuable raw materials for the silk spinning mill [30-32].

1.2. Study on the existing technology of producing functional textile from the
waste of natural fiber

Spinning is a set of processes from which short and thin fibers are obtained to
have a certain linear density, strength, and a continuous yarn. The spinning industry
is one of the main branches of the textile industry.

Taking into account the technological characteristics of fibrous wastes released
during the production of natural silk, their recycling and production is one of the
most complex technological processes in the silk industry.

The waste from silk factories is suitable for use as a valuable raw material in
silk spinning mills and textile mills.

Fiber waste from the processing of natural silk in silk enterprises has a
significant share. The processing of 1 ton of dry cocoon can produce 32-34% of raw
silk, 15-17% of production waste, 30-32% of cotton, and 17-19% of technological
losses. Such wastes are suitable for use as raw materials and semi-finished products
in silk and textiles.

The efficient use of fibrous waste is of great importance to the national
economy. It is as well important to note that this should be aimed at reducing the
types of waste from all technological processes of silk production at all times, i.e., in
the production process. Of course, in the production of products, it is necessary to
look for comprehensive plans for their output.

Due to the extremely complex biological structure of silkworm waste and
mulberry silkworm cocoons, the problems of waste-free technology have not been
fully resolved. American university scientists Florentso Ovunetto and David Kaplan
have proposed a new approach to solving the problem of obtaining artificial fibers
that are close to the properties of natural silk [22-23].

A number of scientific studies [24-26] that have focused on the causes of
defective cocoons and ways to eliminate them study the amount of fiber waste,
create a waste-free technology, affect the length of fibers in the silk spinning process
and the quality of the finished product.

In her research work, Sh.M. Esonova [38, 39] studied the degree of influence
of biologically active substances on the technological properties of cocoons to
reduce the amount of waste in order to improve the quality of raw silk. The

19



researcher N.J. Kobulova as well studied the technological properties of cocoons
grown under the film and raw silk yarns obtained from them for such purposes and
considered the possibility of producing quality products and reducing fiber
emissions from them [40, 41].

Professor 1.Z. Burnashev, as a result of his research, studied the classification
of defective cocoons. The results of this research show that defective cocoons are
almost impossible to remove. It was noted that raw silk that meets the quality
requirements cannot be obtained even when spun; thus, such defective cocoons
should be prepared as a raw material for spinning in special ways [42].

According to scientists from Fitza Vollart University in Oxford [43], an
important problem in obtaining artificial silk that matches the properties of real
natural silk is that the mechanism of construction of silk fibers consisting of
successive amino acids surrounded by concrete protein chains that do not allow to
create such strong synthetic fibers is not fully understood.

In the process of silk spinning, the waste, which is separated into individual
fibers and stapled to the required lengths, as well as from all passes, serves as a
secondary raw material for the silk industry. Natural silk waste varies in length from
millimeter fractions to several meters.

J.G. Latsman [44] developed a mathematical model and theoretical
foundations of composite fabrics. This model consists of a generalized structural-
functional scheme of management and quality control as well as a mathematical
method of forming at the level of production of spun yarn and finished fabric, which
allows to produce combined yarn in the method of forming a bicomponent yarn
from mono yarns and short staple fibers.

Fiber-rich wastes include raw cotton, cocoon, torsion loops, rings, control
rods, rings on the seriplan board, shells of seed cocoons, rings during re-wrapping,
spinning and scraping [45—47].

Since this raw material contains foam, in order to separate it, after the raw
material has passed inspection and sorting, if it is wet, it is slightly dried and cut in
cocoon cutting aggregates, i.e., MKRA-1. Worm husks and sponge residues are
removed from the two-stage horizontal cleaners, sorted, and placed in paper bags of
10-12 kg and sent to the consumers. The cocoon shell, cleaned from the sponge, is
cut from the fan barrier grilles, and the condenser enters the chambers of the boiling
shop through the condenser; then, it is placed in special bags and fed to the boiling
shop (Table 1.2) [37].

Table 1.2. Output indicators of raw materials from the sorting and control shop

No Types of raw materials Amount, %
1 defective cocoons 45.4
2 double cocoons 46.5
3 seed cocoons 95.9
4 non-washable cocoons 54.0
5 cocoon loss 99.1
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The main reasons for the inability to use fibrous waste wisely are that the
amount, length, and linear density of sericin in the raw material are not the same.
Therefore, the technology of recycling silk waste should be constantly improved. In
the silk spinning industry, in addition to the above-mentioned products, secondary
short-fraction wastes are generated, which are not used in practice in the textile
industry. That is why the creation of secondary waste recycling technology, which
arises in silk spinning, was considered an urgent problem of great importance.

The silk fibers of mulberry silkworm cocoons are composed of sericin and
fibroin protein substances: sericin content comprises 20-30%. In order to increase
the level of processing of fiber in subsequent technological processes as well as
reduce the electrical charge, it is necessary to keep the amount of sericin in it to a
minimum, i.e., 0.5% fat, 2% sericin. In order to do this; silk fiber waste must
undergo a technological process of degreasing and degreasing. This technological
process is processed depending on the amount of sericin and fat in the raw material,
in which the fibrous waste of natural silk is divided into 3 groups [37].

Table 1.3. The composition of sericin and fat content in the raw material

No Groups Quantities

1 1 group Sericin-rich raw materials: rings, seed cocoon shells, sheared
cocoon shells, seriplan yarns and control threads, the sericin
content is up to 24-27%, the oil content is less than 0.5%.

2 2 group In spinning raw materials with a moderate amount of sericin:
cocoons, nodules, in the shell of unwrapped cocoons, sericin
content is 23—24%, the fat content is around 0.5%.

3 3 group Seritsin is low in raw materials: kaznak, I-pass, and II-pass
canvases as well as in the return seritsin 19-22%, fat content 1.5%.

Although these invisible wastes have valuable consumer properties; today,
there are no ways to collect them and use them. This is a problem that needs to be
solved now, and the scientific research needs to be done.

Waste can be wet, dry, damp and require recycling when evaluated based on
its appearance. Boiled raw materials are first washed, dried, crushed and then rested.
After the process of degreasing and degreasing, the fat content in the fibrous waste,
i.e., cocoons, knots and cuts, is up to 0.5%, and in the canvas and cocoon shell,
0.8%.

Due to the lack of alternative technology for the production of high-quality
spun silk yarn from fibrous waste, the amount of product obtained from the raw
materials does not exceed 50 percent. This is due to the low output of the product in
the process of silk spinning technology as well as the processing of waste, which
varies in nature, according to a single technology.

1.3. Characteristics and parameters of natural silk fiber waste

Improving waste-free technology after the initial processing of cocoons and
raw silk production processes is one of the key issues that the scientists are facing
around the world. Taking into account the specific characteristics of natural silk
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products and the prospects for future use, the expansion of new types of assortments,
the production of various products with the efficient use of separated fibrous waste
is one of the most pressing issues that the industry is facing today.

According to the classification of natural silk waste, they have about 20
species. All types of fibrous wastes are divided into two main groups, i.e., the
individual fibrous parts of the shell that are unsuitable for the production of raw silk,
the defective cocoons of the shell, and the process of spinning. These wastes differ
from each other in physical and mechanical properties of fibers, their condition, and
characteristics.

Fiber waste from silk occurs in various processes: from worm feeding, cocoon
cultivation, cocoon sorting, preparation for spinning, spinning and raw silk
production, silk spinning, weaving, and even sewing. Each of these processes is a
very complex, multi-passive, and multi-character waste-generating process.
Therefore, the fibrous waste of silk, which arises from the passage of each
technological process of silk and weaving enterprises, will have different
performance.

According to the study of sources, natural silk has high physico-mechanical
properties and shows a wide range of uses. The two elemental threads are glued
together to form a cocoon thread, which is unevenly wrapped around the thread. In
some places, there will be less, and in some places, it will accumulate.

The main component of cocoon yarn is fibroin, which makes 70-80 percent,
and sericin, which is 20-30 percent. In addition, cocoon yarn contains a certain
amount of esters (0.4-0.6%), alcohol (1.2-3.3%), and minerals (1.7-1%). In the
process of cooking the cocoons, all the substances are released, except the fibroin
substance and a small amount of sericin.

Fibroin is white in color, and its surface is smooth, shiny, soft and has good
staining properties. Fibroin is resistant to the condition of microorganisms: it loses
significant strength in sunlight. The moisture content of fibroin is 1-2% lower than
the moisture content of raw silk. Fibroin is able to absorb various substances. It
adsorbs copper salts, iron, chromium, tin, sugar, starch, glue, enamel, tannin, soap
from the solution. For neutral gases, fibroin is inert, but absorbs acidic and alkaline
gases rapidly. When heated to 135 °C, fibroin does not change its properties, but at a
temperature of 180 °C, it breaks down.

The fibers tat have derived from silk waste are high in a number of properties
in terms of durability. Although low in shear (3.5 = 8 mkm), they are more robust (s
= 2,740 MPa). However, their molecular structure is chaotic, and this is
characterized by its high defect.

The use of recycled fiber waste of natural silk expands the raw material
balance of the textile industry and allows the production of various fabrics and
knitted products from a mixture of natural fibers. This can be achieved by correctly
selecting the spinning capacity of the mixture, which can produce spun yarn with
high productivity and low number of breaks on different looms, which characterizes
the minimum possible linear density.
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When chemical fibers are mixed with natural cotton and silk fiber wastes, the
yarn yield, which is characterized by the amount of yarn spun, increases. At the
same time, the possibilities of positively changing the properties of spun yarn and
products are expanding. In these processes, the unevenness of the spun yarn and the
number of breaks are reduced [48—49].

In preparing natural fibers for processing, it is necessary to sufficiently
thoroughly grind and separate them, clean them of impurities and remove foreign
defects, and seriously process the raw material (boiling, bleaching, dyeing, etc.) in
accordance with the technological requirements. The adequate sifting of the
secondary waste of silk will be required to prevent the fibers from breaking and
passing.

The structure and its influence on the physical and mechanical properties of
yarn have been studied since the 1950s [50]. The studies carried out in this direction
are reviewed and summarized by the Indian scientist A. Basu [51]. They analyze the
relationship between the discontinuity characteristics of yarn and its structure, in
particular, the dependence of mechanical properties, i.c., the discontinuity
characteristics of the yarn on its twist, density, and migration of fibers along the
product. It is noted that the structure of the yarn as well depends on the radial
arrangement of the fibers along the length, which is commonly known as migration
and the density of the arrangement of fibers in the cross section of the yarn, which
depends on the properties of the fiber, yarn performance, and the dynamics of
spinning processes.

A. Basu does not consider well-known scientific works devoted to the
prediction of mechanical characteristics based on the theory of elasticity, taking into
account the structural formation of yarn and threads [52]. As a result of the analysis
of research works devoted to the study of the structural formation of yarn of various
spinning methods, it has been found that the structure of yarn from the fibers of
limited length, regardless of the spinning method, is mainly estimated by the angle
of inclination of the fiber to the yarn axis (twist), density, and arrangement of fibers,
and migration of fibers along the yarn. In these works, the structure of various yarns
is mainly studied by the method of labeled fibers, and the change in elastic
properties is not considered. In contrast, J.W.S. Hearle (Great Britain) [53], L.V.
Langenhove (Belgium) [54, 55], V.P. Shcherbakov [56] studied the mechanical
properties of yarn and threads, taking into account their elastic properties, and they
considered the yarn as an anisotropic body.

J.W.S. Hearle considers mainly mechanical, in particular, deformation
properties of both textile threads and yarn [53]. L.V. Langenhove [57], X. Shao, Y.
Qiu, and Y. Wang [58, 59] consider the pre-rupture characteristics of the mechanical
properties of the ring and pneumo-mechanical yarn, taking into account its structural
formation of yarn, based on the theory of elasticity. In this case, the number of
twists, yarn density, and fiber migration are taken as criteria for assessing the
structure. In contrast, V.P. Shcherbakov evaluates the mechanical properties of yarn
based on the theory of elasticity, taking into account the coordinates of the location
of fibers in the cross section of the yarn [60].
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The modulus of elasticity of yarn at its 0.5-1.0% elongation well illustrates the
relationship between the physical and mechanical properties of yarn and its
structure. Therefore, in European countries, this indicator is often determined at the
request of the consumer. Various models that are offered are, of course, acceptable
for evaluating the mechanical properties of yarn, but they have certain drawbacks.
For example, J.W.S. Hearl model [53] does not take into account the coordinates of
the location of fibers in the cross section of the yarn, and G.I. Chistborodov does not
take into account the axial stress of the product, which has a small deflection [61]. A
number of researchers consider the propagation of twist along the yarn [62, 63] as
well as the arrangement of fibers [64, 65] and the effect of migration on the elastic
modulus of yarn [66].

Chinese scientists do not take into account the change in the proportions of
torn and slipping fibers during torsion. In these studies, although the yarn is
considered as an anisotropic body, its structure and properties are evaluated without
taking into account the influence of technological processes, i.e., the influence of
conditions and parameters of yarn formation. In addition, these studies almost do not
consider the management of structure, ways to reduce the loss of twist, methods for
regulating the density of the yarn. In this regard, the problem arises when studying
the stress-strain state of yarn, taking into account its structural change under the
influence of variable parameters of technological processes of spinning [67].

The purpose of spinning is to form a continuous product from the fibers of a
limited length, i.e., a yarn of a given linear density, strength with high elastic
properties and uniformity [68].

Spinning is carried out on the spinning machines, which operate in various
ways.

The essence of the processes carried out on a spinning machine is to thin the
feed semi-finished product (tape or roving) to a given linear density by stretching, to
give the product a certain structural formation of yarn and the necessary strength
breaking by twisting or otherwise, and forming a package of yarn in the form of a
spinning cob. Thus, the yarn is formed as a result of the processes of drawing,
twisting, and winding. The formation of yarn can as well be carried out without
torsion, and its strengthening can be carried out by bonding the fibers of the yarn
with an adhesive. Therefore, the spinning method is determined mainly by the way
the yarn is formed, i.e., a method for forming the structural formation of the yarn
and a method for imparting tensile strength to it. Spinning methods are classified
differently in different countries. However, the basis of the classification is its
division according to the method and means of strengthening the yarn.

As a result of the analysis of literary sources devoted to the study of
mechanical properties, it has been found that their performance depends to a greater
extent on the structure and conditions of yarn formation. Recently, the studies that
have been carried out in this direction are often found in periodicals [69]. They
consider the deformation of the yarn, taking into account the location (orientation) of
the fibers in the yarn structure. The below presented study focuses on the behavior
of fibers in the structure of the web (bundle, matrix) before yarn formation, i.e.,
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before the twisting process. In order to assess the influence of the structure of the
sliver on its mechanical characteristics, the deformation of the low-twist yarn is
considered.

Spinning methods and machines for their implementation are constantly being
improved. A new ring spinning machine equipped with a fundamentally new “ring-
runner” pair has successfully passed preliminary tests [70]. As the authors note, for
the first time in the world, the principle of sliding the slider along the ring has been
replaced by the principle of rolling. This allows to significantly reduce the friction
force of the runner on the ring, and therefore, solve the issues of increasing the speed
of the runner up to 100 m/s or more. The new system uses a new interaction of the
runner with the ring and the thread, which reduces the friction of the runner, and the
thread moves smoothly with minimal tension. The new system is very complex in
design and has not found practical application yet.

The main concept for the further development of ring spinning is to reduce the
level of total production costs to achieve the required productivity, optimize the
basic model, and increase the spinning speed, the level of process automation. The
ring spinning machine has been improved with a twisting and winding device with a
rolling runner [71].

The research continues to determine the most optimal combination of types of
rings and runners in the development of yarn on ring spinning machines [72]. For
each assortment at a certain spindle speed, a method has been developed to
determine the optimal combination of rings and runners. In Russia, the problems in
the creation and serial production of promising ring spinning machines, i.e., high-
speed and an increased number of spindles, have been analyzed. It is noted that with
an increase in the speed mode of ring spinning machines, the tension and density of
yarn winding on the package increase. Therefore, the capacity of packages on new
machines operating at a higher speed was taken higher in calculations than on the
standard machines [73—75]. The perfect addition to the Saurer Schlafhorst machine
range was the integration of Zinser ring spinning technology. Zinser roving and ring
spinning machines are exceptionally attractive and have an excellent reputation
worldwide [76].

One of the modern directions for improving the ring spinning is the production
of compact yarn. There are many proposals for methods and devices for producing
compact yarn. In this regard, there are often studies related to compact yarn, which
can be obtained by pneumatic, mechanical, and aerodynamic methods [77-79].
Thus, for example, a comparison was made of two systems for producing ring-spun
compact yarn developed by Suessen and Zinser (Germany). The physical and
mechanical properties of traditional and compact yarn produced under the same
technological conditions are analyzed [80]. The main advantages of the produced
yarn are increased breaking load, breaking elongation, and reduced hairiness. The
increase in the breaking load of the yarn is 10-20%, and the decrease in its hairiness
reaches 80—90%. The use of such yarn makes it possible to increase the productivity
of looms and knitting machines. At present, the compact spinning technology is
currently only carried out on the ring spinning machines. It should be noted that the
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spinning technology is as well evaluated by comparing the quality, i.e., physical and
mechanical properties of the resulting yarn. Therefore, the influence of various
spinning methods on the quality of produced yarn was investigated. During the
study, ring, pneumatic, pneumo-mechanical, and tubeless pneumo-mechanical
spinning methods were compared. The specific properties of polyester fibers and
their influence on the manufacturability of processing and filling parameters of
spinning equipment are considered. It is noted that the tubeless pneumomechanical
method is the least suitable for processing polyester fibers [81-89]. It follows that
the spinning method must as well be distinguished by the suitability of the fiber. In
another work, it is noted that the use of devices for interlacing (piecing) the ends of
the broken yarn with small sizes increase the frequency of rotation of the spindles
and make the automation of the spinning process more cost-effective [90-95].

The technology of spinning Siro yarn, the method of its implementation on a
spinning machine for processing cotton fibers is considered. The quality of Siro yarn
is compared to that of traditional ring yarn. It has been found that in terms of
hairiness, uniformity, and breaking load, Siro yarn exceeds the traditional ring-spun
yarn and is inferior to the traditional ring-spun yarn in terms of the number of thin
spots [96]. Along with Siro yarns, it is widely practiced to obtain thin samples of
reinforced yarn with a thin, highly elastic core. This yarn has low hairiness and
properties that ensure its trouble-free further processing. The technological
improvement of the Compact-Core spinning method allows the precise entry of a
highly elastic rod into compacted cotton yarn, which makes it possible to obtain thin
elastic cotton yarn up to 4 tex [97].

The work [98] deals with pneumo-mechanical, fiber wrapping, and pneumatic
spinning methods. As a result of the analysis of the methods, it is concluded that the
rotor spinning is widely used for the production of yarn with a linear density of 16
tex and above. This method is evolving towards increased productivity, automation,
and increased versatility.

Moreover, there was proposed a method for obtaining yarn by Siro [99]. The
main difference between this yarn and twisted yarn obtained on a twisting machine
is the equality of the twist of single threads and twisted yarn, which leads to its
increased smoothness.

The pneumatic method of spinning Vortex is designed to obtain yarn used for
the manufacture of technical and denim fabrics, fabrics for work and protective
clothing, and knitwear. The advantage of the method lies in the high speed of yarn
release and its low hairiness [100].

Interesting research has been carried out on the technology of self-twisting
spinning. The potential possibilities of self-twisting spinning are considered. The
suitability of this method for obtaining a balanced two-ply yarn, which can be
successfully used in knitwear production, is noted [101]. In [102], there was
reported the launch of Corespun yarn, the core of which is Elite textured elastic
yarns made of polybutylene refthalate by Nilstar. The shell of the yarn is formed
from viscose, cotton, or mixtures of linen and silk fibers. This yarn is intended for
the manufacture of elastic fabrics [103].
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1.4. Features of blended yarn structure formation and ways of its improvement

The above considered researches use of calculation formulas for designing
specific breaking load of yarn and solving the inverse problem, i.e., finding the
indicators of fiber properties that ensure the production of yarn of the required
quality. In the normative documents and reference book, the assortment of yarn is
given with an indication of the requirements imposed on it to ensure high
performance properties of the finished products [104, 105].

An objective approach to the design of the yarn properties will make it
possible to scientifically analyze and evaluate the results of the technological
process and establish the patterns associated with the structure and properties of the
yarn. Ultimately, it will make it possible to control the technological process and
achieve the release of higher quality yarn. This should contribute to a more rational
use of raw materials in the industry and an increase in the competitiveness of
products. The physical and mechanical parameters that affect the quality of the final
product largely depend on the structural formation of the yarn. It is characterized by
the following indicators: a) the degree of twist; b) the nature of location of the fibers
along the length of the thread; c) the number of fibers and their location in the cross
section (density) of the yarn; d) uneven distribution of fibers in the yarn, both in
quantity and quality. The last indicator is not taken into account in the studies
discussed above, and the emphasis is placed on the first three.

In addition to the properties of fibers, the structure of the yarn is influenced by
the conditions for the technological process of yarn formation, the processes of
drawing, twisting, and winding. The structure of the yarn is determined by the
conditions of the forming process, which on the ring spinning machine include the
width of the web, the height of the torsion triangle, the ratio between the number of
revolutions of the yarn around its axis, and the feed rate of the fibrous web. From
this, the speed of the spindle, the number of twists, and the shape of the torsion
triangle determine the structure of the yarn. However, in reality, the regularity of the
deformation of the ribbon is violated due to the action of the tensile force on the
thread in the torsion zone as well as the presence of the angle of flow around the
web of the surface of the front cylinder. In the twist triangle, the maximum tension
is obtained by the extreme fibers passing a longer path from the clamping line to the
apex of the twist triangle, and then, they tend to move to the center of the yarn cross
section, i.e., migrate towards the center.

The magnitude of the stress of individual fibers in the spinning triangle is
influenced by their location in relation to the axis of the thread as well as the
heterogeneity of the staple along the length and fineness of the fibers. The greatest
tension is obtained by a group of long fibers when their middle part is located in a
torsion triangle [106]. Short fibers, clamped at only one end in the exhaust pair of
the drafting apparatus as well as fibers with one end of which enters the yarn receive
minimal tension and slip in relation to the adjacent fibers in the spinning triangle.
The most stretched fibers during movement will tend to be located closer to the axis
of the yarn and thereby wedge between adjacent fibers. As a result, the fibers are
arranged in spirals with a variable pitch of turns and a variable radius of the cylinder
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on which they are wound. This arrangement of fibers, partially equalizing their
tension in the thread, prevents a regular increase in normal pressure from the
stretched peripheral fibers to the center of the thread.

The uneven tension of the fibers in the cross-section of the yarn is reduced
with a decrease in the base of the torsion triangle using compact pneumatic [107]
devices from Rieter or mechanical action [108], such as RoCoS from Rotorcraft.
With the help of these devices, the base of the torsion triangle is narrowed, and the
fibers are located almost parallel, acquiring almost equal tensions, as a result of
which both structural unevenness and unevenness in properties are reduced.

From the point of view of the mechanical properties of the yarn, it is of interest
to determine the amount of deformation that the fibers undergo during the twisting
process. It has been found that the linear density of the yarn insignificantly affects
the tensile deformation of the fibers, the value of which decreases with a decrease in
the linear density of the yarn.

Usually, when the yarn is formed on the spinning machines, it is given a
tension twist, which partially prevents the length of the twisted section from
shortening; the fibers undergo tensile deformation, the value of which depends on
their location in the cross section of the yarn.

As the results of the experimental studies show, the degree of deformation is
mainly influenced by the amount of tension created by the spindle speed and the
number of twists of the yarn. Consequently, the structural formation of the yarn as
well changes depending on the parameters of the spinning machine [109]. According
to the results of the study of the influence of the spindle speed on the yarn tensile
curves, the dependence of the yarn structure on the kinematic parameters of the
spinning machine was established [110-112].

Structural formation of rotor yarn

The structure of pneumo-mechanical yarn is well described in the works of
professor A.G. Sevostyanov [113], in which it is noted that the structure is certainly
associated with the process of yarn formation [114—119]. It is known that the open
end of the yarn is withdrawn from the chute of a rotating spinning box. If impurities
or fiber complexes enter the take-off point, yarn formation is impaired. Fiber defects
that are larger than the yarn diameter cannot be twisted along the yarn. As a result,
the yarn either breaks off immediately or begins to form in the opposite direction
with poor quality. Therefore, it is believed that the structure of the discrete fiber
flow significantly affects the yarn formation process. Part of the discrete fibers with
each revolution of the spinning box, of course, ends up at the take-off point. This
obviously affects the structure and properties of the yarn.

In order to assess the fibers adhering to the yarn, an indicator is used, i.e., the
coefficient of capture, which is characterized by the ratio of half-length of the fiber
to the perimeter of the spinning box. The fibers reaching the take-off point can be of
various shapes [120-124].

The pick up ratio is directly proportional to the fiber length and inversely
proportional to the diameter of the spinning box. Wrapping around the take-off point
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or beyond takes place mainly on different fiber lengths. The grip factor takes into

account the twisting of the fiber at its half-length (éf /2). Thus, not one, but two
open ends of the yarn being formed are formed in the spinning box. The long end of
the yarn twists well and makes up its main, core part. The fibers of the short end are
entwined and constitute the loose, outer part of the yarn. The wrap-around outside
counts towards the linear density, but does not provide yarn break resistance. The
core portion formed from the long end resists tearing and determines the strength of
the yarn. Thus, rotor yarns, in contrast to the ring yarns, have a two-layer structure.

If the yarn is removed from the spindle of the spinning box in the opposite
direction, then the core part is formed from the short end, and the long end will be
wrapped around it. Such yarns will have a reduced strength because the fibers of the
outer wrap are higher in the cross section of the yarn. Of course, such yarn is
considered out-of-grade, and in order to prevent its formation, it is necessary to
ensure perfect sampling, i.e., there should be less than one fiber in the cross section
of the discrete flow. Therefore, many designs of sampling devices have been
developed. By improving them, a new design of the sampling device has been
developed [125].

It should be noted that in order to reduce the value of the capture coefficient, it
is necessary to increase the diameter of the spinning box. It is this position that has a
great influence on the breaking load of the yarn. In this case, the conclusion is made
without taking into account the influence of the speed of rotation of the spinning box
on the density of the fibers in the chute of the box. Density is one of the main
indicators of yarn structure. Other indicators of the structural formation of the yarn
are the number of twists, migration (location) of fibers, and uneven distribution of
fibers in the yarn, both in terms of quantity and quality. These indicators of the
structural formation of the yarn, of course, affect its physical and mechanical
properties.

Silk is referred to as the "queen of textiles" for being a fiber with superior
strength coupled with excellent drape, luster, and hand. Silk is as well one of the
costliest textile fibers. Silk is produced from sericulture activities, which are
basically agricultural practices associated with silkworm insect rearing. During the
process of sericulture, by-products and wastes are produced in addition to the silk
fiber. Since silk is associated with a high cost, even the by-products and wastes have
been exploited commercially to generate extra income and thus to increase the
profit. Therefore, by-products such as silkworm pupae and sericin protein along with
the generated silk waste are covered with regards to their economics, characteristics,
and processing for product development and diversification [126].

It accounts for less than 1% of the total textile fiber produced worldwide and
about 1.3% of the total fiber production in India. About 75% of raw silk is used for
making saris, the most preferred traditional attire amongst women in the country.
Saris made of silk with intricate woven designs on handlooms are unique and
exquisite. However, once a sari becomes old or damaged, its value is reduced to that
of a scrap. Little attempts are made to repurpose/recycle the garment. The source
[127] discusses various options for maintaining the value of used silk saris through
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reusing/recycling the material. It can be concluded that this garment was
traditionally designed with a zero-waste, cradle-to-cradle concept. By extending the
life of a sari, the maximum benefits can be extracted from it, which benefits the
environment as well as economy and leads to sustainable development.

1.5. Conclusions of the chapter

Fiber waste from silk occurs in various processes: worm feeding, cocoon
cultivation, cocoon sorting, spinning, spinning and raw silk production, silk
spinning, weaving, and even the production of finished products. Each of these is a
very complex, multi-pass waste-generating process. Therefore, from each transition,
the fibrous waste of silk formed in the technological processes has different
properties.

It is necessary to improve the technology of production of a new type of
bicomponent yarn that meets the requirements of domestic and foreign markets,
using natural silk and its fragments, one of the raw materials of the country, by
mixing them with other natural and chemical fibers.

Such fiber-rich and expensive wastes are not used at all in the silk industry.
When silk fiber waste is used in combination with cotton fiber, it is possible to
produce a large reserve for the textile industry by producing cotton-silk bicomponent
spun yarn. In recent years, research has been conducted on the improvement of
spinning systems, including the use of much shorter technology and new
technological spinning machines. It should be noted that most of the work that has
been done in this direction is of an experimental and exploratory nature.

According to the literature, it is necessary to fully utilize the recycled waste of
silk, improve and justify the technology of production of new high-quality
bicomponent yarns and fabrics made from them as well as to conduct research on
these topics.
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2. BLENDED YARN CHARACTERISTICS AND RESEARCH
METHODOLOGY

In this dissertation, when analyzing the features of technological processes, the
structure and mechanical characteristics of yarn, the materials of the basics of
spinning fibrous materials, and the methods of yarn mechanics, mathematical
statistics were used, as a result of which the corresponding results were obtained,
and the conclusions were determined.

The experimental yarn samples were obtained on a BD 330 spinning machine
installed in the experimental laboratory. The indicators of the physical and
mechanical properties of the yarn were determined on the tensile testing machine
Statimat C installed in the accredited certification center at TITLI "CentexUz". The
principle of operation of this tensile testing machine is to deform the test specimens
by using a hydraulic drive and measure the pressure load in the working cylinders by
balancing the pressure with the elastic deformation force of the rod as well as the
devices in the laboratories of the enterprise "Gurlanteks" and JV LLC "BF Textile",
and then processing the results of experimental studies to determine the indicators of
the physical and mechanical properties of the yarn.

In order to determine the mechanical properties of yarns, the yarns were
selected by taking 10 point samples from each unit of production for half-woolen
and pure wool yarns, and 5 for other types of yarn. The units of products were to be
released from the outer packaging and kept in climatic conditions of 20 °C
temperature and 65% humidity. The tests were carried out under the same
conditions. The duration of keeping the yarns in climatic conditions is 24 hours. The
graphs of simple functions in Cartesian and polar coordinate systems, as well as
graphs showing realistic images of complex figures intersecting in space, as well as
systems of differential equations, were obtained in the Maple program. Inventor Pro
were used to simulate the rotation of EO rotor in order to investigate the path of each
fiber in the inner surface of the rotor.

Depending on the definition and type of the fiber waste given above, the
modes of the spinning process are selected. Since these raw materials have different
fiber length, thickness, strength, elasticity, and other technological properties, their
processing technology becomes more complicated. There are 3 known systems for
processing silk fibers. The first of them is the old classic method, in which the fibers
are separated by length, passed through four passes of the combing machines, and
then passed through the technological processes of obtaining the pile. These
processes consist of more than 40 steps; thus, this technology is not used at all in
silk spinning enterprises today.

The second method consists of carding processes, based on the stapling of long
fibers by combing the silk fiber waste with a large number of carding machines.

The third method is the combing method, based on the combination of length
of silk fibers and cutting in guillotine stapling machines with successive combing in
shaft and carding machines.
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It is impossible to effectively use natural silk fiber waste without a
comprehensive analysis of the technological properties of natural silk fiber waste in
the weaving industry, without taking into account their physical and mechanical
properties in the process of preparing them for spinning and processing.

In silk technology, the waste is divided into fibrous and non-fibrous groups. In
turn, fiber waste is divided into groups with high fiber and low fiber.

The wastes rich in fiber in the raw materials include cotton lint, cocoon lint,
stringy lint, rings, control pads, rings on seriplan boards, husks of seed cocoons,
rings in the process of re-wrapping and carding, wastes from carding. Low-fiber
groups include fibrous waste containing sponge and its residues.

Silk spinning mills produce a variety of spun silk threads. They are produced
in 20, 25, 100, and 125 tex, adding 2 of 5, 10, 7, 14 tex, depending on the purpose of
use. From these assortments, the fabrics for ties, shirting, and feather dukhoba and
spun silk thread are widely used in textile, knitting, and other industries. It is as well
used in the production of shaped yarns by combining the spun silk threads with
artificial and chemical threads, and in the production of various nets and hosiery
products.

Uster Statistic 2018 was used for checking the obtained results, and the existed
Spinning method was used. In order to get experimental data, it has been done min
100 tests for each type and number of yarns.

2.1. Properties and indicators of natural silk fiber waste

The improvement of waste-free technologies after the initial processing of
cocoons and raw silk extraction as well as the increase of new types of assortments,
taking into account the specific characteristics of products made of natural silk and
the prospects of future use, and the production of various products using the
separated fiber waste effectively, are among the urgent issues.

According to the classification of natural silk waste, they have about 20 types.
All kinds of fiber waste are divided into two main groups, namely cocoons with
defective husks, which are unsuitable for raw silk production, and separate fibrous
parts of the husks formed during spinning. These wastes differ from each other in
the physical and mechanical properties of the fibers, their condition, and
characteristics.

Silk fiber wastes are produced in various processes: worm feeding, cocoon
cultivation, cocoon sorting, spinning and raw silk production, weaving, and even
garment manufacturing. Each of these processes is a very complex, multi-pass, and
waste-generating process of different characteristics. Therefore, the silk fiber waste
arising from the transitions of each technological process of silk and weaving
enterprises will have different indicators [126].

According to the research of sources, natural silk has high physico-mechanical
properties and shows a wide range of its uses. The two elementary threads are glued
together by sericin to form a cocoon thread that wraps the thread unevenly. It will be
less in some places and more in other places.
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The main composition of the cocoon thread, i.e., fibroin 70-80 percent and
sericin 20-30 percent, consists of proteins.

In addition to them, cocoon thread contains a certain amount of ethers (0.4—
0.6%), alcohol (1.2-3.3%), and mineral substances (1.7-1%). These indicators are
the same as in the used silk fibers, but they differ slightly in their waste. In the
process of cooking the cocoons, all substances except fibroin substance and a small
amount of sericin substance come out. Fibroin is white in color, and its surface is
smooth, shiny, soft, and has good staining properties. Fibroin is resistant to the
condition of microorganisms; it significantly loses its strength in sunlight. The
moisture content of fibroin is 1-2% lower than the moisture content of raw silk.

Fibroin is able to absorb various substances. From the solution, it adsorbs
copper salts, iron, chromium, tin, sugar, starch, glue, enamel substances, tannin,
soap. Fibroin is inert to neutral gases but quickly absorbs acidic and alkaline gases.
When it is heated up to 135 °C, fibroin does not change its properties, but under a
temperature of 180 °C , it breaks down.

The swelling index of the fiber depends on the absorption of moisture from air,
and the greater is the relative humidity of the air, the larger is the diameter of the
fiber. For example, when silk fibers are placed in water at room temperature of 18
°C, it can be seen that the technological parameters of the fibers increase by
16—-18% in width, 30-35% in weight, and 1-2% in length.

The properties of silk fiber waste, i.e., cross-section, surface defects, and
physical-mechanical parameters of fibers obtained from the defective cocoons are
presented in Tables 2.1-2.3 [38-39].

The fibers obtained from silk waste are high in a number of properties in terms
of durability. Although they are low in shear (3.5+8 mkm), they are considered to be
very strong (s = 2,740 MPa). At the same time, their molecular structure is irregular,
and it is characterized by its high defect.

The study of the physical-mechanical and technological properties of silk fiber
waste in the table and pictures showed that they are superior to cotton fibers.
Therefore, it can be concluded that if a bicomponent spun yarn is produced by
mixing silk waste with cotton fiber, its relative breaking strength and relative
elongation to break will be higher.

Table 2.1. Cross section surface of silk waste

Type of fibers
Indicators cocoon | raw silk fibers combing boiled raw silk
string control | from the waste waste rings
mats well

Cross section 0.0147 0.0121 0.14 0.0132 0.0145 0.0149
surface, mm?

Average 0.019 0.0019 0.013 0.0039 0.0021 0.003

quadratic
deviation, mm

Variation 13.5 14.1 11.5 31.9 15.9 18.7
coefficients, %
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Table 2.2. Surface defects of silk fibers

Defects g 8 O\V; v .| 8 =
& S S = s 13 eh
5 s ° D 2 q:) 8 = — g
z 2 8 |5 || &8 |3 G
8% | 58|22 |5 |5¢|28 |8k
S8 |2€| 2|2 22|28 | o | @
2 sZl g |8 | §& | 28 | g &
Type of 2 5 g§ |2 | & A% | g g=
fibers S 5 © 2 | w S | % 2
O A 35 o= O
H
1 Cocoon string 0.0142 39 65 21 - - - 23
2 Nodes 0.0125 31 39 | 34 - - - -
3 Raw silk 0.132 - - - 37 33 - -
4 Silk waste film 0.0136 | 3.0 10 - - 21 21 -
5 Combing machine | 0.0142 | 0.4 - - - - - -
waste
6 Waste 0.0148 | 8.1 - 20 - - - 12
7 Raw silk rings 0.0781 13 - 31 69 - 12 -
Table 2.3. Physico-mechanical parameters of different silk fibers
Fiber types 3} » 0 o - o
S oh A — R= ] S E o 2 9 =
3£ £ : | 2% | 25% g&E| :2
SR Z. ) s 2 oS Bl L= =
© & o O E = &
Secondary
indicators 0.0280 0.0470 0.032 0.03 0.041 0.036 0.03
(n1—12)
Average
square 0.0043 | 0.013 | 0.0050 | 0.0139 | 0.0059 | 0.0081 | 0.05
deviation
(ni—ny)
Coefficient of
variation 16.0 27.1 16.1 44.7 15.04 21.1 15.7
(1'11—1'12), %

2.2. Preparation of silk fiber waste for spinning and optimal technology of
producing yarn from the waste of natural fiber

Obtaining spun yarn from silk fiber waste is a very complicated process, and
in order to use it effectively, the physical and mechanical parameters of the
[I-passage waste were studied at the beginning of the research work. For this
purpose, secondary silk fiber waste was tested in the certification center of the
Republic of Uzbekistan "Sifat" in the modern HVI system under standard climatic

conditions (air temperature 20 + 20 °C, relative humidity 65 + 2%, 0.10 °C

according to Assman psychrometer control).
The test results are shown in Table 2.4.
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The use of secondary fiber waste of natural silk expands the balance of raw
materials of the textile industry as well as makes it possible to produce various
fabrics and knitted products from a mixture of natural fibers. By properly choosing
the spinnability of the mixture, it is possible to produce spun yarn with a high
productivity and a low number of breaks in various looms, characterized by the
minimum possible linear density [127-129].

When natural cotton fiber is mixed with silk fiber waste, the yarn output,
characterized by the amount of spun yarn, increases. At the same time, the
possibilities of positively changing the properties of spun yarn and products are
expanded, and the unevenness of the spun yarn, as well as the number of breaks, is
reduced.

Table 2.4. Physico-mechanical parameters of II-pass fiber waste

Ne | Indicators Designation Unit of measure Value
1 Micronaire Mic 4.4
2 | Relative breaking strength Str cN/tex 32.1
3 | High average length Len inch 1.21
4 | Uniformity in length Unf 84.4
5 | Short fiber index SFI 4.8
6 | Stretching to break Elg % 11.8
7 | Pollution code T 2

8 | Amount of waste Cnt piece 6

9 | Area of waste mixtures Area % 0.2
10 | Sort by color CG 13-1
11 | Light return Rd % 77.6
12 | The degree of jaundice +b 12.0

In the process of preparation of natural fibers for processing, it is necessary to
thoroughly and completely grind them, separate them from each other, clean them
from dirty additives, sort, boil, and dry them in accordance with the technological
requirements. The adequate screening of secondary silk waste is required to
eliminate fiber breakage and slippage.

The short fibers separated from the shearing process are secondary wastes of
silk spinning. These short fibers are valuable wastes of silk fibers from the first and
second weave spinning according to the classical system of silk spinning. The
analysis of the research work devoted to the production of yarn from composite
fibers shows that it is mainly and often focused on the combined use of natural and
chemical fibers.
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Fig. 2.1. Improved technological scheme of bicomponent yarn production from
mixed fibers
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By selecting the staple lengths of silk secondary fiber waste to the staple
length of cotton fiber (29-35) mm, such a fiber length allows to obtain cotton-silk
yarn on typical machines of the cotton spinning industry.

When recycling recycled silk waste, it is first necessary to emulsify or moisten
it with a soapy solution containing 8% soap and 92% water. After the fibrous waste
is emulsified, the solution should be left in the lab for at least 72 hours to be
absorbed evenly.

The research is carried out on each option of wicks made of silk and cotton
fibers. Due to the wide range of fiber lengths (from 1 mm to 70 mm), the secondary
short waste is subjected to a carding process, silk spinning, and a wick forming
system to prepare it for mixing.

Taking into account the structure, properties, and research results of some
types of natural silk fiber waste, there has been developed a method for obtaining
yarn mixed with cotton and silk fibers (Figure 2.1). Based on the experimental
studies of staple lengths of cotton and silk (secondary waste) fibers as well as
studying the modern technological chain of the card system of cotton spinning, it
was considered appropriate to obtain cotton-silk spun yarn according to the indicated
technology.

The card spinning system produces yarns with an average linear density of
15.4 to 33.3 tex. For the experimental process, the following technological chain is
recommended in the production of bicomponent cotton-silk yarn, taking into
account the compatibility of silk waste from the second combing machines of silk
spinning and the staple lengths of the raw material being mixed.

For the production of cotton-silk yarn, the existing technology for spinning
cotton fibers was used as a basis.

A new range of yarns with a linear density of 20 tex was made from
bicomponent yarns on the following technological equipment of the companies
"TRUETZSCHLER" and "ZINSER" (Germany) installed in the training laboratory
of the department "Spinning Technology" (Table 2.5).

Table 2.5. Technological equipment

Ne Naming of machines Workshop model
1 | Supplier mixing machine BO-C

2 | Fast condenser LVSA

3 | Single-drum fiber grinder BE-935

4 | Three-drum fiber cleaner CLEENOMAT-CVT-3
5 | Dusting machine DX-385

6 | Shaving machine DK-903

7 | I-pass threshing machine HS-1000

8 | Il-pass threshing machine HSR-1000

9 | Roving machine Zinser-668

10 | Spinning machine Zinser-350

11 | Rewrapping machine Autoconer-338
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One of the main stages of work is a uniform mixing of the raw material, a
uniform distribution of the fibers of each component over the entire volume, which
is the essence of the mixing process. In each part of the mixture, all the component
fibers must be contained in the specified recipe.

The cocoons were taken from the cotton fiber, and the cocoon was obtained
from the secondary waste of silk, i.e., the secondary fiber waste generated in the
production of the spun silk. In the I-pass spinning of the technological chain on the
existing machines for the production of cotton yarn, an improved technology for the
production of bicomponent yarn with the addition of both cotton and silk spinning
has been created.

2.3. Spinning plan for the production of yarn from a mixture of cotton and silk
fibers

The essence of the mixing process is to mix the two components uniformly
over the entire volume of the mixture. It is necessary to have all bicomponent fibers
from any part of the mixture in a proportion corresponding to the established
relationship. As a result of mixing, semi-finished products with the given properties
and quality spun yarn should be formed.

The initial experimental works were carried out in the equipment installed in
the educational laboratory of the "Spinning Technology" department: a thread with a
linear density of 20 tex was obtained from a mixture of cotton-silk fibers, and its
physical and mechanical properties were studied.

In the production of thread and semi-finished products, 4 types, selection grade
S-4727 Il-grade cotton fiber was used as the first component, and natural silk II-
weeding waste was used as the second component [130-136].

Table 2.6 below shows the quality indicators of cotton fiber.

Table 2.6. The quality parameters of the selection type S-4727 4 type Il cotton fiber
obtained on the "TexTechno" device

Ne Indicator name Indicators
1 Selection variety C-4727
2 Micronaire, Mic 4.70

3 Staple length, mm 35.7

4 Upper average length, inch*100 112.1

5 Relative breaking strength, cN/tex 30.2

6 Breaking strength, cN 6.4

7 Linear density, tex 0.158

8 Coefficient of variation in staple length, % 23.1

9 Homogeneity index, % 82.9

10 Reflection coefficient, % 78.9

11 The degree of jaundice 8.3

12 Elongation at break, % 8.0

13 Fiber code 2.0

14 Short fiber index 4.8

15 Elasticity index in unity 135.79




16 The calculated stiffness of the thread is in unity 2,194.13
17 Class Good

18 Pollution level 3.5

19 Amount of short fibers 9.2

20 Ripeness 1.6

The quality of cotton fiber meets the requirements of UzGSt [49].

Semi-finished products and yarn spinning with the following mixture
percentages, i.e., from the secondary wastes from silk fiber spinning and the mixture
of type II cotton fiber, 20 tex yarn was produced. The following spinning plan was
used to produce a 20 tex yarn from the blended fibers (Table 2.7).

Table 2.7. Spinning plan for the production of yarn with a linear density of 20 tex
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Combing
machine 5,848 1 - - - - 80 64.4 | 0.94
DK 903
Carding
machine 5,000 | 8 8 800 | 6,704.6 240 0.8 5,000 8
HSR-1000
Roving 0.94
machine 678 1 | 737 | 11.3 434 - 1,000 for 0.8
Zinser-668 one
Ring 0.02
spinning 20 1 [339]335]| 7494 - 13,000 | for 0.97
Zinger-350 one

Sliver obtained from the cotton fibers and sliver made of silk waste, sliver
mixed in percentages of mixtures were prepared on the HSR-1000 carding machine.

The technological parameters of the carding machine installed in the
educational laboratory for the production of bicomponent yarn are presented in
Table 2.8 below.
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Table 2.8. Technological indicators of the carding machine

Ne | Naming Unit of measure | Indicators

1 Model of the machine HSR-1000

2 The linear density of the roving sliver tex 5,000
3 Number of roving sliver Nm 0.2
4 The number of additions 8

5 Total stretch amount E 8.0
6 Type of stretching tool 3x4
7 Production speed m/min 700
8 Machine performance kg/h 210

The machine is equipped with "Uster Silver Control USC" autoregulation, in
which the unevenness of the silver is controlled, and the transmission devices are
installed in the computer system.

The quality of the semi-finished product (Sliver) and yarn developed by the
mixture is evaluated by the following indicators:

- flatness and degree of parallelism of fibers in sliver;

- cross-sectional unevenness of the product, i.e., linearity and coefficient of
variation;

- unevenness in long cut, i.e., 1 m for sliver, 200 m for yarn;

- unevenness in relative tensile strength and relative tensile strength of yarn;

- thread elongation;

- number of interruptions in spinning machines.

The quality indicators of semi-finished products and yarn were determined by
the standard method given in STANDARD and modern PREMIER (India)
measuring equipment.

Table 2.9 shows the percentage composition of cotton fibers and silk
secondary waste fibers in the Truetzschler NSR-1000 carding machine under
laboratory conditions.

Table 2.9. Percentage composition of sliver

Number of basin The composition of the added slivers, %
Options (fégj;) f;ilvke)r Sliver (cotton) Sliver (silk)
1 7 1 87.5 12.5
2 6 2 75 25
3 5 3 62.5 37.5
4 4 4 50 50
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Table 2.10. Technological indicators of Zinser-350 spinning machine

Ne | Naming Unit of measure | Indicators
1 Make of the machine Zinser-350
2 The linear density of the roving sliver tex 20.0 (50.0)
3 Type of the stretching tool SKF3x3
4 Total stretch amount 33.9
5 Ring diameter mm 48
6 Packing density g/sm’ 0.48
7 Yarn weight g 100
8 Number of twists tw/m 850
9 Type of packaging Conical
10 | Twist direction Right
s : -~
l © o) C% O%)— (? 9 18
3 ) i) o o
2 @9 70 VAR
b 11
m fE i dor:
: “s

Fig. 2.2. HSR-1000 crimping machine

(1 — basins, 2 — pilta, 3 — supply roller, 4 — loading roller, 5 — supply device,

6 — transmitting rollers, 7 — loading roller, 8 — compressor, 9 — adjuster supply pair,
10 — stretching tool, 11 — compressor, 12 — output rollers, 13 — sliver upper plate,
14 — sliver basin)

In the experiment, in order to obtain yarn spun from mixed components, the
method of adding rovings on the roving machine HSR-1000 was used. For this
purpose, five of the eight dusts in the carding machine were made from 100% cotton
fibers, and three dusts were made from 100% silk fiber waste, and a mixed slub was
developed.

The main purpose of mixing slivers in the carding machine is not to lose the
stability of the components of the mixture at the same time, which leads to the
preservation of the required properties of semi-finished products and yarns.

From the produced sliver, the roving silver was removed on a Zinser-668
carding machine, and then, the spun yarn was prepared on a ring spinning machine.
The technological parameters of the “Zinser 350” (SAURER) spinning machine
installed in the laboratory are presented in Table 2.10.
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2.4. Conclusions of the chapter

Based on the study of silk fiber waste, a process has been selected to obtain a
mixed spun silk yarn, leaving a staple length and a certain amount of boiled sericin
suitable for the secondary waste that can be mixed with cotton fiber.

In order to obtain the fabrics by weaving chemical yarns with yarns derived
from natural fibers, the properties of chemical fibers were as well applied, and the
polyester yarns were selected.

As a result of theoretical and practical research, it was established that the
indicators of raw materials for the production of yarn from fibrous waste of cotton
and silk correspond to each other.

Based on the lengths of the secondary fiber waste of silk, the correspondence
of the cotton fiber to the staple lengths, the elongation processes in the strands were
studied theoretically and practically, and the staple length of the fibers was 66% and
87% by weight. The length of this range has been tested in practice by the possibility
of mixing silk fibers with cotton fiber.

From the cotton fibers and secondary waste fibers of silk, in the existing
technologies, the cotton and silk fibers are made separately.

The cocoons were taken from the cotton fiber, and the cocoons were obtained
from the secondary waste of silk, i.e., the fibers formed in the production of spun
silk yarn. An improved technology for the production of bicomponent yarn,
combining both cotton and silk, has been created on the I-pass spinning machine of
the existing technological chain for the production of yarn from cotton fiber.
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3. THEORETICAL RESEARCH OF YARN PROPERTIES

An important parameter of the structure of yarn that has been obtained by the
pneumomechanical spinning method is the assessment of the structure of the outer
(twisting) layer. The density and migration of fibers in compact yarn were as well
studied by the method of labeled fibers. In these works, the influence of the yarn
structure on its physical and mechanical properties is evaluated. In all cases, the
breaking load is noted as an indicator of the mechanical properties of the yarn. This
is probably due to the fact that it is given in regulatory and technical documents (in
standards) as the main indicator.

3.1.Theoretical modelling of deformation of linear and nonlinear yarn of small
twist

A textile thread in the form of a yarn is a structural formation of systems of
interconnected fibers of a certain length and thickness. The force of interaction is
realized both through the friction of a separate fiber in the matrix (bundle) and the
elastic contact between the ends of the fibers (Fig. 3.1).

The yarn deformation process as a whole depends on the deformation of the
individual fiber during loading and unloading. It is assumed that the pre-stretched
fibers are stretched under loading, and under unloading, their length is reduced.

In work [94], a theoretical model is proposed for describing the deformation
properties of small twist yarn based on the following assumptions:

surrounding fibers fiber

N\l “, 7
/

o ! } L F
Tt 1T 1
G;

Fig. 3.1. Layout of the fiber in the spinning triangle

For yarns with zero twist:

a) all fibers are located strictly parallel to each other;

b) pressure G acts on the lateral surface of the yarn, which creates a compact
packing of parallel fiber systems (Fig. 3.2);

¢) a dry friction force acts on the surface of each individual fiber, the value of

which is T:’U'G’;

d) under the action of a tensile force F, a slip zone begins to form from the
ends of each fiber, which spreads to the center of the fiber.

43



Fig. 3.2. Fiber-beam interaction diagram

There was installed the origin at the center of the fiber, and taking into account
the symmetry conditions, the right half of the fiber should be considered. The axis

0x s directed to the right from the center of the fiber. The frictional force is
directed against the axis 0x , and then, the stress for the right side of the fiber in the
presence of frictional forces, and the action of the axial force satisfies the equation:
do _duq
de d (3.1

Equation (3.1) is integrated under the condition:

OSO'fSO'f’ o =0,=F/S . x=I (3.2)

2
S _ﬂdf'/4is the cross-sectional area of the fiber. The fiber crumple zone
consists of two parts. The first parto <X <X is the rest zone, where O = 0; the

X, <x<l
second part e

formula:

is the slip zone, where the stress is calculated by the

0,=0, +Z—#Gt(x—l@)

f . (3.3)
The length of the rest zone is determined from the condition @ =0 at *=%o,
which gives:

d,
xO =t~ O-f :

4G, (3.4)

o > 4uG,l,
: d

It can be seen from the formula (3.4) that at 7, the rest zone

disappears ("0 = 0), and along the fiber, the stress is distributed according to the law
(3.3). Thus, in contrast to the results of work [94], where the stress in the loading

zone has a constant value Y 777 in the case under consideration, the stress
linearly depends on the variable * .
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Several cases should be considered, e.g., a case in Fig. 3.4. If the separation of

4uGl,
e
the ends of the fiber in the matrix occur at 7, then the stress along the fiber
is distributed according to the laws:
Uzolzaf—ﬂG,(le—x) X, <x<U,
o =0 0<x<x
at 0. (3.5)

When =77 <9 (in the absence of unloading the ends of the fibers (dotted
lines)),

4
0=0, :iG/(leix)

d, X <x</,

at S

=0 at 0<x<x, (36)

after tearing off the ends from the matrix (a solid line).

Flat %2 =% at * =% it is found:

0'; -d,
x =1 ——L—L
8uG, (3.7)
O'j < 74'26’1@ x, SL(’
Since 7, then 2; Figure 3.3 shows the diagram of the stress
« 4uGl,
or=7y
distribution at Y
y 12 0 12

Fig. 3.3. Stress distribution plot along fibers at

o = 4uGl, le; %, =0) (3.9)

7 (==
df 2
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o< 4;;(;,/‘)

Thus, if the separation of the ends of the fiber occurs at s, then the
= 4UGL
contact zone remains along the fiber ©<* <%0, and it disappears at L
LGJE < O'; < 8/'17%
Let % a (case b, Figure 3.4).

Before the start of separation along the fiber, the stress is distributed according
to the law (Fig. 3.4).

d x  x 0 X X le
e ) o -t
] 1
1 I
1 1
1 I
al 1 I
| 1
! %
L -
1y v
lr iy
; X1 0 X1
b) ¢ : 1 Ie
| |
| |
| |
| |
I - - -~ 1
| - e - |
| P ~. :
; 0
i | Lo
| |
| |
. 1 1
c) 1 1
| - ~o |
1 .- - 1
| - - S - |
1 - -~ 1
- |
|
Fig. 3.4. Stress distribution diagram after unloading
4u
o=0,=0,+-"G,(x-1,) 0<x<I, (3.9)
d,
Let o, = o-; < 8UGL. the ends of the fiber detach from the matrix (Fig. 3.4 ¢).
' d

!
Then, the stress along the fiber is determined by the formulas:
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d
c=0,=HG (1 -x) x <x<l, (3.10)
dy
o,-d
x =I[- A
8uG
Insofar, as AuGl Sg; < 8uGl , then < gli.
d « d )
At g; AuGl, , it follows (Fig. 3.4):
s
0=(71=o";—4—'uGt(le—x) at 0<x<le
’d, 2
c=0c,=HG 1 - at Lo g, (3.11)
d, 2
which coincides with formulas (3.5) for , = Le x, =0.
2
At o) = 8UGL it follows (x,=0):
o=, =G (1~ 0<x<l, (3.12)

d;

Let ;- S 8uGl, (case 6 in Fig. 3.4).

o= dy

Before the start of separation (unloading) along the fiber, the stress is
distributed according to the law:

o=0 20'.+4'UG’(x—l) 0<x<l, - (3.13)
1 f d e e
f

After the separation of the fiber at o> 84G.l. and unloading:
d,
1

e 0<x<l- (3.14)
d,
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Thus, when the ends of the fiber are detached from the matrix, for o> 8uGl, |
' dy
all fibers are instantly unloaded, and a stress state is formed along it, determined by
the formula (3.14), which does not depend on the voltage o .

Using formulas (3.5-3.10), it is possible to find an expression for the average
fiber stress as a function of o T taking into account the presence of a zone of
adhesion and slip.

1. Let o) < 4uGl,  then, at 0< o , < o, the fibers are only stretched, and

d, '
the average stress along the fibers will be:

—2 O'f
1- o’,
_ d — d
where  5,-0 —L; or=0,—1—; or=o" 4
Y 4uGl, T auGl, e

OSO'/‘SG;-

After unloading o, =0, <1 o= o, <1 (tearing off the ends of the fibers):

102 /2 —=*2
oo =2 j (Gr —1+&)dE+2 j = §)d§_—' (3.16)
loy/2
s . df
where oy =0, .
4uG,l,
Thus, after pulling off, the average stress instantly drops from o} ‘o O o, os  (see
2
Fig. 3.5).
2. Let 4’quI€ <o f 8,uGl . The average stress at %So-f <o f
! d; !
(before separation) has the following form:
— ! — —
oy =2[(0.+E-1dE=20, -1 - (3.17)
0
After separation, it has the following form:
. 173', /2 . —x2
oo=2[ | (Gr+E—1)dE+ J'(l &dé )= 2af———1 (3.18)

0 loy/2
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Q
~
\,q |

Fig. 3.5. Change in average fiber stress after separation from the bundle

As it can be seen from the graphs, voltage is variable. Thus, as a result of
modeling the deformation of a small twist yarn, it has been found that the stress
linearly depends on the location of the fiber in the bundle. If it is located in the
contact zone, the voltage is constant; if the fiber leaves this zone and goes into the
slip zone, the voltage becomes variable. When the end of the fiber breaks away from
the bundle, the voltage goes to zero, and the yarn breaks. Thus, due to the mobility
of the fibers, they are removed from the bundle, which is the reason for the breakage
of the yarn as a whole. It follows from the analysis of the obtained formulas that the
stress state of the fiber after breaking the contact of its ends with the bundle depends
on the values of the initially applied tensile force F pressing it against the bundle

pressure Gy, the friction coefficient H , and the fiber diameter d.
A

3_f”i__l___5q,=25,4
|
1
—x .
2af717‘%f
2l ___._2%
[
[
|
b
[T AT T T
I I [
A I
Oo =07 | |
/1 o5 2 3 Oy

Fig. 3.6. Voltage change at the moment of separation of the fiber from the bundle

Thus, it can be concluded that by means of theoretical modeling of the
deformation of a small twist yarn, the conditions for maintaining or violating its

49



integrity are determined, i.e., the yarn break conditions. More interesting is the
consideration of the tensile and twisting behavior of the yarn.

Comparing formulas (3.17) and (3.18), it has been noticed that at the moment
4uGl,
o > T —x
of fiber separation at 7, voltage from 20y -1 (before separation) drops to
— %2
2oy -1-2L

,
the value 2 (Fig. 3.6).
fo

4

or
Fig. 3.7. Change in mean voltage in the case of o, 2 8uG L,
d
s
. . . * Sﬂthe . .
3. Finally, considering the case o, = d—’ before unloading the fiber, it
A
has:
oc=20,-1. (3.19)
After unloading:
o=1. (3.20)
. 8uG 1 . — -
Thus, in case o = y e , the average voltage o from 25, —1 falls to o =1
i
(Fig. 3.7).

Thus, on the basis of modeling the deformation of a small twist yarn, the
conditions for maintaining or violating its integrity are determined, i.e., the yarn
break conditions.
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3.2. Analysis of the stress-strain state of the yarn based on the theory of
elasticity

In order to assess the indicators of the mechanical characteristics of the yarn, it
is necessary to analyze the stress-strain state of the yarn, taking into account its
structure.

In order to do this, a yarn in the form of a cylinder, which is symmetric along
the axis and is an anisotropic body, should be considered. The yarn is as well
uniform along the axis; the fibers are very thin compared to the diameter of the yarn,
and the fiber is isotropic in cross section. Thus, the yarn is considered in the form of
a cylinder to carry out all calculations in the polar coordinates (7, 6,, z,) of the
cylinder (Fig. 3.8). The yarn has an axis of symmetry, along which it is uniform.
Therefore, stress and strain are functions of only the radial and longitudinal
coordinates 7, and z,.

IM(x,y,2)
Mo(Xo,Vo,Zo)/!/
|
|
Zg 7
~ | L~
A
_ L .
— — - Y

Fig. 3.8. Yarn deformation diagram
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There was considered a yarn on the segment z, = /,, where the yarn is under
the action of the external tensile force F and a torque M, in the equilibrium position
and displacement of an arbitrary point M (x, y, z) in directions along the axes of
cylindrical coordinates Or,, 06,, 0z, that are denoted through U, (v, z,), Ues (¥, zp),
and U: (r,, z,) (Fig. 3.8). Having designated the origin of the coordinates at point 0,
the 0., axis is directed upward.

The tensile deformation of the yarn along the axis will be denoted by & and
the orientation angle by @, which is called differently in different sources, i.e., spiral
angle [56], orientation angle [57], even ascent angle [58]. Regardless of its name, its
value varies from zero at the center of the thread diameter to the value of the twist
angle on its surface. Then, the displacements along the axes 0r,, 06,, and 0z, can be
written as a sum of the following form:

U, —u( )+Ar (zp—ly)2 U, —ug( )-l—r 0(z,-1), (3.21)

z —1 I
U =uz(rp)+8y(zp—ly)+81(”Ty)3+ayly+gI?V. (3.22)

z

The first terms U, (I”p ), u, (I” D ) and U, (7’ D ) are displacements resulting from

the non-linear deformation of the yarn. The yarn deformation. taking into account
the displacements, is calculated using the formula [60].

2 2 2
gllzg,,r=ﬂ+l %+A1(zp—ly)2 + %+9pr + du, (3.23)
dr, 2|\ dr, dr, dr,

Tangential deformation along the 0 axis is provided below.

1
Eyy =Egp = e b |ul + ”9+ Hp)z] (3.24)
roo2r
p p
1( 212
533=£Zz=5y+5(50 +rp9p)+gl(zp—lp)z (3.25)
2¢,,=2¢, =2¢,, _duy Uy
dr, r
ror (3.26)
1| du du,
+rp{(drj+9p2p }4" _{a’rp—k A(z, _ly)zjl(ue +7,0, (Zp =1, ))}
du
26, =26, =26, =2, = (l+¢, )+ 4r,(z,-1,) (3.27)

"o
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26y, =26, =28, =26, = U0 14y )+ ro, (3.28)

dzp

Using Hooke's law, the deformations and stress tensor components are
determined:

0, =68, +dsy,tac,,, Oy=ds, +65y+ac,,,

O, =asg, +agy,+cs,,, 0,,=2¢,-G, o.=2¢_-G g, =2¢,-G; (3.29)

where a= v, (Vg + 1), 6= E —03E, c= 1-vy d= E v}, + Uy, E, )
EE,A ELE,A EZA E’E,A
l+v ; 3.30
A:( 2 35)[(1_’)32)E1_2U122E2]’ ( )
ETE,

where V;, — Poisson's ratio, which determines the transverse deformation
arising under the action of the tensile force along the 0r, and 06, axes.
Thus, the indicators of the mechanical properties of the yarn can be determined

by five parameters: E;, E» v, va3, and G. The stresses oy satisfy the following
equilibrium equations:

ao—rr O, ~Ogp + aarz =0> (33 1)
arp r, aZp
20, n 90, N 00, -0, (3.32)
7, 6rp 621,
%4_ oo, N 0o, _0. (3.33)
7, ar,, 6zp

Substituting the values of oy from formulas (3.29) and taking into account the
deformations (3.23-3.26), a system of three nonlinear equations is formed, which in
the general case cannot be solved analytically. Therefore, in order to obtain a
solution to the equations, it is necessary to apply numerical methods. Let assume
that u:(r,) = 0 and consider a particular case. Taking into account the influence of
the orientation angle 8 =&/, on the deformations &, €, &- and using formulas
(3.23-3.31), the deformations ¢; will be obtained in the form:

. :dur

rr

+4,(z, 1)) +%92(zp -1,)%
p

0 :Z—w%ez(zp —1) +A4(z,-1,)*,
P
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0
- 7’,,2 L E.=Ar(z,~1), e.=¢,+&(z,—-1), &=0. (334

Ep =

where constants 4 and &; are determined from the conditions of transformation
of equation (3.33) into identity, and the voltage o;. does not depend on z,.
The stress tensor components (3.29) are determined according to Hooke's law.

o :ddu”+6u"+{a51+(6+d{Al+16’2ﬂ(z ~1) +ae,
" dr r 2 pe !
)2 P
du, . u, 1 » 2
ag(;:edr +dr—+ ag, +(s+d cA1+5¢9 (z,—1,) +ae,
r p

drp r,

d
o= aL “r +u"}+ (492 +24a +cgl)(zp —1,)" +ce,
E,Or,

Grz:Alrp(Zp—ly)G’ O-&:m’
3

O,9 = 0.

From the condition that the stress o.. is independent of the variable z,, the
following equation is obtained:

a6‘1+(6+d{A1+;92J=0- (3.35)
Substitute stresses o, and o into equation (3.27):
44,(z,~1)G+20%a+24a+cs )z, ~1,) =0, (3.36)
from this, the following equation is obtained:
24G+0’a+24a+ces =0. (3.37)
From equations (3.30) and (3.31), the constants 4; and &; are found.
N S N N ) v (1+ 0 1 =0y, — 203 E,),
2(1-2p) 1-25 v, E  1-vy, —205(1+0vy,) E,
E, = g . (3.38)

Thus, for the displacements U,, Uq, U-, the following expressions are obtained:

r,(z, —ly)2

U, =u,(r,)-0 T3
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- - P B ARSI | 3.39
U,=r0(, -1, U, §OZP+3V12(1_2ﬂ)[(zp 1)y +2) (3.39)

Similarly, for stresses, the formulas are obtained:

du u du u
Grr:d r+87r+agy’ Uggzgir‘i‘dfy-l-a&'ya
ar, r, ar, r,

0°G 2 du, u,
O.=— (2, ) tal T e s
2(01-247) ar, r,
o - r,0-E, ’ - :_92 (2, _I-V)G’ o, =0. (3.40)
2(1+0y,) 1-2p

The function u,(r) is defined as follows: 4°%, JLdu, u, o foru,=0,r,=

ar, 2 ar r,

0, applying the conditions ;- =0, r, = R, it is found:

u =280 _ ey (3.41)
r 12 yip® .
a—+e

Thus, the following expressions can be written for U, and o.:

—1)? 2
Ur = _UIZEJ’FP _92 rpz((zlpzlg; ? o-zz = 10 2;

In order to determine the angle of orientation & and the tensile deformation of
the yarn ¢,, the following conditions are used:

(z, —1,)" +(c—2av,)e, - (342)

R R
Ml =27ZJ.r1720'&drp ] F:27[Irp(yzz o (343)
0 0
Hence, @ and ¢, are determined:
wR"-E Y aR*(c—2av,,)

The total yarn deformation along the axis is determined using the formula:

e =10 op -L{p[z—f’ﬂ . (3.45)
TR Ev,,) T1-2p8 [

y

Fig. 3.9 shows changes in the deformation ¢.. along the yarn axis for different
values of Young's modulus £; and orientation angle 6. For the calculation, the
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following parameter values were taken: [, = 1 m, E»/E1 =~ 0, G = 510 H/mm2, vi, =
v32=0.5[61-63].

From the analysis of the graphs obtained, it has been found that the tensile
deformation of the yarn reaches the maximum at the attachment point, and at its
other end, the deformation value is equal to &. With an increase in Young's
modulus, the deformation decreases proportionally, and with an increase in the
orientation angle, the deformation of the yarn increases.

a b

c d
&y £y
\\ 0.04 1-8=19°;
0.08 \ 2ot
e 2- 6=18";
003
0,061 4 4 3- 6=27
0.024 4- 6= 36"
0.041 3 3
a2 \\ oo f—_2 .
i e \\\H 1 R e N R
: = b.M g ——= I, M
0 02 04 06 08 B 02 04 06 08

Fig. 3.9. Yarn deformations ¢, along its axis at different values of Young's modulus
E; and orientation angle €

(a—E, =1200H / mm>, b— E, =1820H / mm’, ¢ — E, =3020H / mm’ , d —
E, =4000H / mm*)

Thus, the dependence of the total deformation along the yarn axis on its elastic
properties has been established, and the influence of Young's modulus and the angle
of orientation on the yarn deformation has been determined. In the future, in order to
assess the indicators of the mechanical characteristics of the yarn, its deformation
should be considered, taking into account the elastic and elastic-plastic deformation
of the fibers.
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3.3. Statistical analysis of the yarn deformation taking into account elastically
and elastic-plastic deformation of cotton and other natural fibers

Experimental data show that the mechanical properties of the yarn
significantly depend on the deformation of the individual fibers and the nature of the
implementation of the contact forces of interaction between the fibers during torsion
of the product [64—65]. If a yarn consisting of identical stretched fibers and located
along helical lines with a constant pitch is considered, then, depending on the value
of the twist angle and the value of the coefficient of friction between the fibers, a
radial stress arises in the cross section of the product, determined by the formula
(3.46):

P
(I-Zsm (3.46)

2{(;} sin’ 3+ cos’ ﬂ}

o,=0,c08 f8

In formula (3.46), the stress O , is assumed to be the same for all fibers,

while the mechanical property of each fiber is determined by its modulus of
elasticity E . It is assumed that the product consists of many fibers with the same

relative deformation ¢, but different efforts due to their transition to the plastic state
according to the Prandtl scheme [66]. Thus, there will be distinguished fibers for
which Hooke's law is fulfilled:

o,=E&.5 (3.47)

where &, is the relative deformation of the fiber, and those fibers for which

the relationship between stress and strain obeys the law:

o, =(E, —E, )&, +E (3.48)

i€

The statistical method will be applied for an analytical description of the
deformation process of a system with an unlimited number of fibers. Due to the
difference in the law of deformation for different fibers, the stresses over the cross
section of the product, if considered on very small areas, will be extremely unevenly
distributed. This unevenness cannot be taken into account by the methods of the
theory of elasticity and cannot be detected by the experimental methods. The main
task of the theory of internal friction is to relate the value of the average stress to the
values of stresses in individual fibers. The statistical average of the stress is
calculated using an integral:

&= [0, pa)a (3.49)
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where p(«a) is the distribution function. It can be seen from the formula

(3.49) that the average statistical value of the stress depends on the distribution of
stress along the fibers. There should be considered a case when the dependence of
stress on deformation in one part of the pulp obeys Hooke's law, and in the second
part, it is determined according to the Prandtl scheme [67].

o,=Ee, A 0O<¢ <a; o,=(E,—E;)a+E s a g >a.

In this case, the parameter & is determined through the initial stress o, and the

1
proportionality limit o = E & according to the formula & = (o, —0;) / E, . Thus,
there, the voltage o is of a random nature, as a result of which the parameter & has a

statistical significance.
Then, the expression (3.49) is written in the following form:

o= TE_/‘gfp(a)da + JL[(Ef —El_,~)0£+E1f8f]p(a)da~ (3.50)

& 0

Taking into account the equalities I pla)da =1, the last expression is
0
brought to the form:

E:Efgf—(Ef—Elf)j(gf—a)p(a)da- (3.51)

Expression (3.51) represents Hooke's law, complicated by the influence of
plastically deformed fibers in the presence of initial stresses. If the dependences of 0'(5_ f)

individual elements are represented by a Hooke diagram or a Prandtl diagram, the
dependence for the model of the average statistical stress & (gf) as a whole will already
be depicted as a certain curve.

The specific form of the right-hand side of the expression (3.51) depends on
the form of the function p(«). This function must have the following properties: it

must have a maximum at some value & = «, which corresponds to the transition of
the most of the fibers to the plastic state; at ¢ =0, it should not vanish, since
physically internal friction will exist even at low stress values; p(a) >0 at

a — o because there is no infinite yield fiber in the product. There follows the
consideration of fibers, for which the stresses do not reach the yield point.
Considerering the case of a normal distribution, according to which:

platas,D) - —(“‘“2)2} (352)

1
exp|
N27zD [ 2D’
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Formula (3.51), taking into account the adopted distribution law, takes the
form:
c=E¢, _(Ef _Elf){(gf _a2)\P(8faa29D)_Dz[p(‘gf’az:D)_p(09a27D)]};
where

a &=ay

D 2 D 2
"I’(&‘f,az,D):ﬁ J.CXp(—%)dt+ J- exp{—%)dt : (353)
0 0

9l
o
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1-D=0,03; 2-D=01;3-D=0,2;4-D =08

Fig. 3.10. Dependences of the ratio &/ E; onstrain &, at a, =0,1 and different

values of dispersion

&/E,

0.1 e

0.054
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o 002 0.04 006 003 0.1 012 014 016 018 0.2

l1-a,=0,03,2-a,=01,3-a,=0,2,4—a, =0,8

Fig. 3.11. Dependences of the ratio &/ E ; on the strain &, at D = 0,1 and

different values of the mathematical expectation
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Figure 3.10 shows the dependence of the ratio O on the strain &, at

E

o =
S

a, = 0,1 and different values of the variance D . It can be seen that at low values of the
variance, the dependence & = f(& ) has a nonlinear character, and with increasing

variance, this dependence becomes linear. Thus, the nonlinear properties of the yarn
appear at the small scatter of the plastic properties of the fibers.
Figure 3.11 shows similar dependences at p=0,1 and different values of the

mathematical expectation of a,. It can be seen that the manifestation of the yarn

nonlinearity is as well associated with low values of the mathematical expectation.

As a result of the analysis of the yarn deformation, taking into account the
elastic and elastic-plastic deformation of the fibers, the dependence of the average
stress of the yarn on the deformation of the fiber was established, which at low
values of dispersion, has a nonlinear character, and with increasing dispersion, this
dependence becomes linear. Thus, the nonlinear properties of the yarn appear at the
small scatter of the plastic properties of the fibers, which must be taken into account
when assessing the strength of the yarn.

3.4. The proposed mathematical model of the yarn

This section examines the issues of the occurrence of zones where the fibers
slip relative to the yarn or where is no mutual displacement. In the absence of
mutual displacement of a fiber located along the helical lines and passing through an
arbitrary point of the yarn cross section, its deformation is determined by the
formula proposed in the work [94]:

g, =¢&,(cos’ @ —v,, sin’ ), (3.54)

cos@=h/\lh* +4r’p’ . (3.55)

Angle @ is variable and from zero at the center of the yarn to a twist angle of

£ at its surface. Let a stress o, in the axial direction and pressure (compressive

a

stress) @, act on the fiber. Under the action of these forces, the linear deformation of

the fiber according to Hooke's law is determined by a formula (3.36).

g =T 2 (3.56)

s
E, E,

Comparing formulas (3.54) and (3.56), a relationship has been established
between stress 0, =0 - E £, and pressure G, =gE ¢ .

o =cos’@—v,sin’0-2v,,,g; (3.57)
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o=Ta g= G, . Function g is the solution of differential equation for
9y 9y

the equilibrium of a fiber in a matrix and has the form:

where

1+ 2 ) 1— 2v12f—1
D e T (3.5
(1+2v, ) u (2vy,, =1
where u =c/cosf, c=cosf.
In this work, it is proposed to express the compressive stress (pressure) G, in
the accepted notation by using the formula proposed in the work [94].

G —F.¢ (R* - p*)cos’ Bsin’ (3.59)
CTY 2(p?sin® B+ R cos’ B) '

Substituting the expression G, from (3.57) into (3.59), it is obtained:

2 2 2 g2
6y = Sy, o, K08 pin' . s
E, “(p~sin” B+ R cos” )

From the last expression, & ; is found and taking into account formula (3.57):

2 2 2 poi 2
o =(cos’ @—v,,,sin’ O) 1-v,,, (Rz '02 Jcos fSH; a8 (2.61)
‘ T p sin” f+ R cos” f
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Fig. 3.12. Distribution curves of the compressive fiber reduced stress ¢ =G,/ E €,

along the radius »* = p/R for different values of the angle of torsion 8

Figure 3.12 shows the dependence curves of the function g =G/ Ee,

(where G, is determined by a formula (3.59)) on the ratio »" = p/R for various

values of the torsion angle . It can be seen that the force (pressure) compressing

the fibers in the center of the yarn takes on a maximum value, which increases
significantly with an increase in the angle B. An increase in the angle of torsion

leads to an uneven distribution of pressure along the radius of the yarn. This pattern
is most clearly seen for angle 5 > 40°.

Comparing the curves obtained by the J.W.S. Hearle model (see Figure 3.12 a)
and the proposed model (see Figure 3.12 b), it is easy to see that the J.W.S. Hearle
model is acceptable up to the value of the torsion angle g = 59e. It means that the

existing model does not take into account the technological regimes of high speed
spinning machines. Due to these regimes, the changes in the yarn structure occur.

3.5. Conclusions of the chapter

Based on the study of change in the structure of the yarn during its stretching
and torsion, the mechanical characteristics of the yarn were evaluated, and it has
been found that the stressed state of the fiber at the moment of breaking the contact
of its ends with the bundle depends on the values of the initially applied tensile force
pressing it to the pressure bundle, the coefficient of friction of the fiber, and fiber
diameter.
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It has been established that the tensile strain of the yarn reaches its maximum
at the attachment point, and at its other end, the strain value is zero, and with an
increase in the Young’s modulus, the yarn strain proportionally decreases, and with
an increase in the twisting angle, the yarn strain increases.

As a result of comparing the solutions of the J.W.S. Hearle model and the
proposed model of the radial reduced stress, it has been found that the J.W.S. Hearle
model is acceptable up to a torsion angle of 50°, and the proposed model is
acceptable for all cases, which confirms the validity of the proposed model.

It has been established that the radial stress in the yarn cross section increases
with an increase in twist and an increase in the coefficient of friction as well as an
increase in the proportion of longer fibers, which explains the possibility of reducing
the number of yarn twists.

As a result of the analysis of the yarn deformation, taking into account the
elastic and elastic-plastic deformation of the fibers, the dependence of the average
yarn stress on the fiber deformation was established, which, at small values of
dispersion, has a nonlinear character, and with increasing dispersion, this
dependence becomes linear.

The non-linear properties of the yarn manifest themselves with small spreads
in the plastic properties of the fibers, which must be taken into account when
assessing the mechanical characteristics of the yarn, i.e., to study the non-stationary
processes in yarn, taking into account its structural formation of yarn and nonlinear
deformation.
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4. EXPERIMENTAL RESEARCH

Experimental yarn samples were obtained on a BD 330 spinning machine
installed in the experimental laboratory. The indicators of the physical and
mechanical properties of the yarn were determined on the test devices in the
accredited certification center at TITLI “CentexUz” as well as on the devices in the
laboratories of the enterprise “Gurlanteks” and JV LLC “BF Textile”. When
processing the results of the experimental studies to determine the indicators of the
physical and mechanical properties of the yarn, the Windows XP operating system
and special programs: AutoCAD, Maple, Inventor Pro, were used.

Ring and pneumomechanical spinning methods are most common and widely
used in cotton spinning. Therefore, these two methods were chosen for further
research.

A method is proposed where two rovings of cotton fiber with a linear density
of 0.132-0.154 tex and length of 35-40 mm are used to produce yarn, which are
separately fed into the exhaust device of the spinning machine. After drawing, both
fibrous ribbons exit the drawing device in parallel at a distance of 1-3 mm from one
another. Further, after the preliminary twisting of each ribbon, they are connected
and twisted into a yarn. From the resulting yarn, a knitted fabric is produced, which
is softer than average in comparison with the fabric made from ordinary twisted yarn
[136]. To conclude, the yarn was obtained in a duplicated way (Sirospin). In some
cases, the yarn in two additions, as noted in [137], can be replaced with single-strand
yarn.

SLG Textile AG is reported to be one of the top five producers of elastic
cotton yarn in Europe. The company created two new types of yarn. One of them is
formed from bamboo fibers, has a linear density of 8.33—-100 tex and has high
hygienic, antistatic, and antibacterial properties, a soft neck, and good absorbency.
The yarn is used to produce knitwear, bed linen. Another yarn with a linear density
of 11.7-100 tex was obtained from long-staple cotton and is similar to cashmere
yarn in its softness and structure [138].

The general trends in the production of yarn for the manufacture of knitted
fabrics, the potential of the fine yarn market and its development trends are
considered. The comparison of the classical alternative spinning methods is carried
out according to various technical parameters and properties of the resulting yarn.
The boundaries of the application of spinning methods in the manufacture of fine
and very fine yarn have been established.

Thus, as a result of the analysis of the existing classification of spinning
methods, its shortcomings were identified, and an improved classification was
proposed. A brief analysis of the current state of spinning technology, features of
technological processes of various spinning methods was carried out, and it was
established that the improvement of technology is carried out in the direction of
increasing the productivity of machines with a simultaneous improvement in the
physical and mechanical properties of the yarn. It should be noted that it is the
spinning method and the technological processes carried out according to it that
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contribute to the formation of a structural formation of the yarn, on which the
mechanical characteristics of properties, unevenness, neps are the indicators of yarn
properties according to the international standard “Uster Statistics 2018 [14].

4.1. Influence of spinning parameters on the structural formation of the yarn
and physical and mechanical properties of the blended yarn

The main spinning parameters in a ring spinning machine are the spindle
speed, the number of turns, and the amount of tension, which affect the structural
formation of the yarn and physical and mechanical properties of the yarn. As the
speed of rotation of the spindle increases, the tension of the thread in the ball
increases, and its properties change. The tension of the rope reaching the torsion
triangle has an effect corresponding to the state of the fiber. The ends of the fibers
that do not reach the yarn are flattened under the influence of tension. Thus, under
the influence of tension of the rope in the torsion triangle, there is a partial
straightening without moving them, and therefore, a partial elongation of the output.

As a result, the product is elongated due to the partial straightening of the
fibers with a constant amount of fiber in the cross section of the resulting line;
therefore, the linear density of the yarn is partially reduced. An increase in yarn
tension leads to flattening and even greater deformation of the fibers in the bending
triangle. This can be attributed to a number of positive phenomena, as the
straightening of the fibers results in their denser placement and an increase in both
radial and axial stresses in the yarn structure. However, in the process of flattening
and increasing the tension of the fibers, they may as well shift relative to each other.
As a result, additional structural unevenness occurs. These phenomena are usually
considered digitally on a ring spinning machine According to the manufacturer's
recommendations, the spindle speed can reach 25,000 m™'.

As noted in literature, an increase in the spindle speed results in an increase in
thread breakage. This means that the positive effect of the spindle rotation speed
should be maintained, and the negative effect avoided, i.e., the optimal values of the
spinning speed parameters should be determined, which helps to improve the
structural integrity, physical and mechanical properties of the yarn.

4.1.1. Investigation of the physical and mechanical properties of the yarn

In order to test the above-presented theoretical premises, the experiments were
carried out. On a Saurer Zinser 350 ring spinning machine at a spindle speed of
11,000, 12,000, 13,000, 14,000 and 15,000 m™', the prototypes of yarn with a linear
density of 20 tex with various twists from 740 to 860 rpm were obtained. Yarn
parameters, i.e., linear density, twist, unevenness, were tested according to the
standard method, and it has been found that the linear density of the yarn does
change under the influence of the spindle speed. Figure 4.1 shows graphs of changes
in the linear density of the yarn depending on the frequency of rotation of the
spindle.

As it can be seen from the graphs, in all four values of the twist, the linear
density of the yarn with an increase in the spindle speed decreases to 2.5%. This
means that the linear density of the yarn becomes less than the nominal by 2.5%.
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This situation does not satisfy everyone, since the limits in the difference in linear
density are determined by the consumer.

In order to prevent such a negative phenomenon, the yarn must be very flat,
i.e., the unevenness of the yarn should be as small as possible. On the new
generation ring spinning machines, this phenomenon is taken into account, and the
production at all preparatory passes is leveled, for which the linear density regulators
and corresponding sensors are installed.

T, tex
21.00
1
2050 ] 2 1- 860 rpm;
IS =iy -
20. - rpim;
——— 4- 740 rpm.
19.50 —
\ 3
15.00 np-10°m!
11.00 12.00 13.00 14.00 15.00

Fig. 4.1. The influence of the spindle speed on the yarn linear density at different
twists

Since the rotational speed of the spindle affects the linear density of the yarn, it
naturally as well affects the number of twists per unit length [139].

Therefore, as shown, the loss of twist compared to the nominal torsion in the
study range is from 3.5% to 8.3%, which is shown in Fig. 4.2 and Fig. 4.3.
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Fig. 4.2. The influence of the spindle speed on the number of twists
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Fig. 4.3. The influence of the spindle speed on the difference between the nominal
and actual twists

Due to the loss of twist by 3.5% at low torsion (740 rpm) and 8.3% at high
torsion (860 rpm), naturally, the phenomenon is negative, because at the same time,
the coefficient of energy use is reduced. In order to study the influence of the
spinning speed on the indicators of the mechanical properties of the yarn, the graphs
of influence of the spindle speed on the specific breaking load of the yarn were built
(Fig. 4.4).

R,, cN/tex
14 ~
\‘ /" !
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Fig. 4.4. The influence of the spindle speed on the specific breaking load of the yarn

As the graphs show, at the lowest (740 rpm) and the highest (860 rpm) twist at
a low spindle frequency, the breaking load of the yarn is higher, and at a high
rotational speed, it is relatively lower. With another low and high number of twists
(780 rpm, 820 rpm), the presence of an extremum is clearly visible. This means that
it is difficult to conclude from these graphs whether the effect is different for
different values of the twist. Therefore, for the evaluation of mechanical
characteristics of the yarn, it was necessary to compare the tensile curves of the
above-presented samples.
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In order to analyze this phenomenon, the tensile curves of the yarn samples
with a minimum (740 rpm) and maximum twist (780 rpm) were constructed at
different spindle speed (Fig. 4.5 and Fig. 4.6).

The tensile curves of the yarn produced with the lowest twist (740 rpm) and at
five levels of the spindle speed show that the yarn has a different breaking load, the
largest of which was obtained at a spindle speed of 13,000 min™'.
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Fig. 4.5. The influence of the spindle speed on the yarn tension force at a torsion
number of 740 rpm

Its lowest value corresponds to the yarn obtained at a spindle speed of 15,000
min'. Another characteristic of the mechanical properties of the yarn is that the
tensile force to break is distributed differently. For example, the tensile curve of a
yarn sample with the maximum breaking load (curve 1) is shown in the lowest
curve. The sample of the yarn with a high tensile force to break refers to the yarn
obtained at the highest spindle speed (curve 5). The tensile curves of the yarn
samples diverge with increasing spindle speed, which is the evidence of influence of
the spinning speed on the mechanical properties of the yarn. In this case, as noted
above, with an increase in the spindle speed, the axial stress of the yarn increases,
i.e., the indicators of additional breaking mechanical characteristics of the yarn
increase.

At the maximum twist in the study range (780 rpm), the tensile graphs of the
yarn samples are divided into two groups, where the 1%, 2%, and 3" lines are very
close to each other and make up the first group, and the second group is 4™ and 5%
lines, which almost overlap each other (Figure 4.6). This suggests that the variation
interval must be chosen wider, which was taken into account in the experiments
carried out on the Zinser-351 spinning machine. It must be assumed that in this case,
the tension curves were influenced, along with the spindle rotation frequency, by an
increase in the twist value.
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Fig. 4.6. The influence of the spindle speed on the yarn tension force at a torsion
number of 780 rpm

Thus, the results of the experimental studies carried out on a ring spinning
machine showed that the spindle speed and the number of twists (twists), as
discussed theoretically in Chapter III (3.2., 3.3.), do change the structural formation
of the yarn, and therefore, the indicators of the mechanical characteristics of the
yarn. This must be taken into account when adjusting and setting the operating
parameters of the ring spinning machine. With an increase in the spindle speed, the
additional breaking performance of the yarn increases. In order to analyze this
change in the yarn structure, it is recommended to study single-cycle mechanical
characteristics, i.e., the deformation properties of the yarn.

In order to determine the influence of the spindle speed on the structure and
properties, as noted in 4.2., an experiment was carried out to produce a yarn with a
linear density of 20 tex with varying the spindle speed from 11,000 m™! to 15,000 m-
I. The study of changes in the structural formation of the yarn was carried out by
determining the single-cycle characteristics according to the method described in
[140].

The values of the deformation of the yarn lengths 250 mm and 500 mm were
recorded, which were loaded with a load weighing 50 g for 60 minutes. After that,
the samples were unloaded and were in the rest mode for 30 min. Based on the
results of the experiments, the corresponding graphs were built (Fig. 4.7 and Fig.
4.8). In order to compare the results, the dimensionless strain values are shown on
the ordinate axes.
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Fig. 4.7. Change of deformation in time of segments (250 mm) of carded yarn

It is easy to see that the resulting graphs are identical. Curves 1 and 3 show
yarn deformations with minimum twist (740 rpm), and curves 2 and 4 show yarn
deformations with maximum twist (860 rpm). As it can be seen, the deformations of
the small twist yarn at both levels of the spindle speed are higher compared to the

deformation of the yarn with maximum twist.
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Fig. 4.8. Change of deformation in time of segments (500 mm) carded yarn linear
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It should be noted that the yarn samples were produced taking into account the
values of the minimum (740 rpm) and maximum (860 rpm) twist for knitted yarn
and based on the technical capabilities of the spinning machine; the spindle speed
was selected in the range from 11,000 m™ to 15,000 m™".

It should be noted that the deformation of the yarn obtained at the minimum
rotational speed of the spindle (11,000 m™ ') is higher compared to the deformation
of the yarn obtained at the maximum rotational speed of the spindle (15,000 m™). As
noted in 2.1., under the influence of a tensile force, the tensile deformation of the
yarn reaches the maximum at the attachment point, and at its other end, the
deformation value is zero. The theoretical conclusion is confirmed by the results of a
study of the single-cycle mechanical characteristics of yarns of various twists,
produced at minimum and maximum twists. This is due to the fact that with an
increase in the spindle speed, the tension of the yarn in the balloon increases. The
tension created by the slider following the spindle extends from it along the thread to
the torsion triangle.

The increasing tension reaches the torsion triangle, and the fibers contained in
it, undergoing deformation, are partially straightened. Thus, with increasing tension,
the degree of straightening of the fibers in the torsion triangle partially increases,
and the fibers enter the yarn structure more straightened. As a result, the deformation
of the yarn is reduced by the greater number of straightened fibers, and with an
increase in the number of torsions, as noted in 2.2., the number of fibers that resist
stretching increases, due to which the deformation of the yarn is reduced. The same
picture can be observed when comparing permanent deformations. Thus, the
residual deformations of yarns obtained at the maximum spindle speed are less
compared to the yarns obtained at the minimum spindle speed.

Thus, with an increase in the rotational speed of the spindle, there is a change
in the structural formation of yarn, and consequently, a change in the mechanical
characteristics of the yarn. This is one of the advantages of high speed ring spinning
machines to guarantee the production of competitive yarns. It should be noted as
well that the spindle speed changes during the production of one full bobbin. When
working on the nest and spout of the cob, the spindle rotates at a lower frequency
than when winding the body. Any change in the speed of the spindle, as it is seen
from the information presented above, can lead to changes in the structure, and
consequently, in the properties of the yarn, in particular, its internal roughness in
mechanical characteristics increases.

Therefore, it is considered advisable to conduct a study on the mechanical
properties of the yarn from different parts of the same cob. As a result of the study, it
has been found that with an increase in the rotational speed of the spindle, the
tension of the thread in the balloon increases, the degree of straightening of the
fibers in the torsion triangle increases, and the fibers enter the structure of the yarn
more straightened. As a result of this, the deformation of the yarn under the action of
the tensile force, due to the greater number of straightened fibers, is reduced.
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4.2. Investigation of physic and mechanical behavior of yarn made from fiber
waste

The need to improve the quality of the finished product requires that the yarn
is smooth, clean, durable, and elastic.

The quality of the spun yarn, the stability of technological processes depends
on the composition of the fiber mixture as well as the rational organization of the
process of mixing components in many respects.

The natural fibers in one or more samples differ in their properties. For
example, the fibers obtained from a single cotton ball differ from each other in their
length, linear density, toughness, and other properties. In order to give more
examples, wool fibers obtained from a single skin differ in length and structure
[141].

Fiber compounds found in nature do not have the same properties. However,
the difference between such natural compounds and mixtures consisting of several
components obtained in an enterprise can be very large.

Physico-mechanical parameters of recycled waste silk fibers N1 and N2,
separated from the spinning mills of silk spinning mills, are shown in Table 4.1.

Table 4.1. Physical and mechanical properties of recycled silk waste

. Number of secondary waste

Ne Indicators N1 N2
1 Contaminants from the sponge, % 0.54 1.57
2 Fiber length, mm

Average 34.1 30.4

Modal 30.7 28.7

Staple 46.0 43.8
3 Interruption force, cN 6.3 5.25
4 Elongation at break, % 5.9 10.2
5 Linear density, tex 0.109 0.102
6 Relative tensile strength, cN/tex 0.58 0.52

The natural blend blends relatively well with different fibers. If a sample of a
certain amount of cotton fiber is taken and spun, it could be seen that the cotton fiber
is different in certain small pieces of yarn, which in turn indicates a natural mixture.

Addition and mixing of cocoons are carried out on the cocooning machines.
The distribution of components in the resulting crude product is uniform and
constant, but the mixed wicks are separated after stretching. The process of adding
and stretching is repeated to overcome this shortcoming. In artificial mixtures,
however, a mixture of several components is obtained, and the fibers do not form a
smooth mixture as mentioned above.
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Table 4.2. Experimental results in the production of yarn from blended fibers

No Indicators 87.5-cotton 75-cotton 62.5-cotton 50-cotton
- 12.5-silk 25-silk 32.5-silk 50-silk
1 lmeart‘ei;ns“y’ 5,000 4,989 4,994 5,004
coefficient of
) | varationin 0.54 0.59 0.52 0.58
linear density,
%

In each compound, the components are presented as fragments, and in these
fragments, the fibers are of different sizes, and these fibers do not mix with other
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fiber fragments. It is only possible to achieve mixing by separating all the particles
into completely separate fibers [142].

The repetition of the components, first separately and then evenly distributed
in the composition of the mixture, indicates the intensity of the mixing process
(Table 4.2). The efficiency of the mixing process is directly related to the mixing
intensity. High efficiency can be achieved by increasing the mixing intensity [143].

Thus, in the alternative, the cotton fiber in the mixture was 62.5 percent, and
the silk fiber waste was 37.5 percent.

The results of the experiment showed that compared to the initial mixture, the
final product contained 29.6% of silk fiber, and cotton fiber was 70.4%. In spinning
yarn, the extent to which the composition of the samples changed from the machines
obtained by the processes of spinning and mixing, cleaning, scraping, spinning and
spinning was determined by chemical means.

4.3. Comparative assessment of quality indicators of cotton-silk yarn

The quality of textile products largely depends on the quality level of the yarn.
The yarns are defined in their place by their strength, unevenness, and coefficient of
variation in shear mass.

A number of other parameters affect the properties of the product during
processing. They are indicators, such as thickness, thinness, defects, such as knots,
swelling, appearance, smoothness, flexibility, elongation, and hairiness.

In fact, 100% cotton yarn (option 1) and cotton-silk blend yarn (option 2) were
obtained according to the sequential spinning plan on a Zinser 350 spinning machine
in the technological mode set to produce yarn with a linear density of 20 tex.

In both options, the average results of the main physico-mechanical properties
of yarns were obtained. The test work was carried out on the USTER
TENSORAPID instrument to determine the tensile strength of the thread and related
parameters.

Table 4.3. The main physico-mechanical properties of yarn

No Indicator 100% Cotton yarn Cotton-silk blend yarn
B name 1 2 3 Average 1 2 3 Average
linear 20.2 | 20.0 | 20.1 20.1 20.2 20.0 20.0 20.06
1 | density of
the yarn, tex
coefficient 1.8 1.4 1.6 1.6 1.6 1.4 1.5 1.5
of variation
2 0.
in linear

density, %

breaking 233 | 280.3 | 280.2 | 281.2 341.4 | 337.8 | 3384 | 3394
force, cN

coefficient 10.1 | 9.7 9.6 9.8 8.9 8.6 8.3 8.6
of variation
in breaking
load, %

5 | specific 14.0 | 13.8 14.1 13.9 16.9 16.89 | 16.92 | 16.9

74



breaking
strength,
cN/tex

quality
indicator

1.38

1.42

1.46

1.42

1.64

1.7

1.77

1.7

elongation
to break, %

3.98

3.92

3.9

3.93

5.9

6.1

6.0

6.0

number of
8 | interruptions
1000 int/s

52

57

53

54

50

48

49

49

Uster Statistic 2018 was used for checking the obtained results, and the
existing Spinning method was used. In order to get the experimental data, it has been
done min 100 tests for each type and number of yarns.

The same 20 tex linear density of cotton spun yarn and cotton-silk yarn have
different coefficients of variation: in cotton yarn, in three cases higher than blended
yarn. The breaking force is higher for the blended yarn. It shows 339.4 cN, but
cotton yarn has 281.2 cN. The coefficient of variation in breaking strength of the
blended yarn is less than cotton yarn by 1.2 times. Specific breaking strength for
blended yarn is as well higher than the cotton yarn. It shows 16.9 cN/tex, but cotton
has 13.9cN/tex. The elongation in break for blended yarn is 6%, but for cotton, it is

3.93%.
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Fig. 4.11. The main physical and mechanical properties of the yarn

¥ 100% cotton yarn ¥ Cotton-silk blend yarn

The breaking time for both spun yarns are different as well: the regular yarn in
both cases has less time, i.e., 20 tex has 0.31 sec, but the experimental, 0.36 sec, and
for the spun yarn with 40 tex, has 0.6 sec, but the experimental one has 0.38 sec.
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Physico-mechanical parameters of 100% cotton yarn and bicomponent yarn
with 37.5% silk secondary waste are presented in Figure 4.11.
During the monitoring of the number of outages, it showed an average
decrease of 54 outages per 1,000 int/s and 49 outages per 1,000 int/s, which is equal

to 9.3%.

In both options, the unevenness of the thread and its appearance defects were
detected on the RREMIER measuring equipment. The test results of linear density

20 tex yarn are presented in Table 4.3 and Figure 4.11.

Table 4.4. Appearance defects of yarns

Options
No Indicator name 100 percent Cotton and
cotton fiber silk blend
Unevenness of the cross section, %
1 - linear, Uy, 10.9 10.72
- coefficient of variation, Cy, 13.84 13.58
2 | The proportion Uy/ Cpy 1.27 1.266
3 | Thin areas (-50%), corresponding to 1 km 5 2
4 | Bold areas (+50%), corresponding to 1 km 66 48
5 1Egall defects (neps +280%), corresponding to 1 50 28
6 | Total defects, corresponding to 1 km 121 78

Coefficient Thin areas Bold areas

variation by
Uster, Cpy

u 100% cotton yarn ¥ Cotton-silk blend yarn

Fig. 4.12. Defects in the appearance of the yarn
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As it can be seen from Table 4.4 and Figure 4.12, compared to 100% cotton
fiber yarn, cotton-silk blend yarn has less cross-sectional unevenness and appearance
defects than cotton-silk blend yarn. It is known that the tension of the thread
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increases by 3640 percent due to the effect of the fiber complex or special fibers.
This process increases the probability of thread breakage.

Such fibers are easily removed from the thread with the help of clamps; they
do not participate in the formation of the strength of the thread, make it soft, do not
maintain resistance to friction, and as a result of some weighting, its appearance
deteriorates. Fibers protruding from the thread mix with adjacent threads cause an
increase in the number of breaks in weaving and knitting machines.

The hairiness depends on the internal structure of the yarn as well as the
geometric dimensions of the fibers that make it up, their length distribution in the
cross-section, the spinning method, and technical indicators in the production of
semi-finished products. Hairiness can be assessed by the number of bristles, their
length and shape. Hairiness can be evaluated by the number of hairs on the surface
of the yarn as well as the average length of the hairs or its weight.

As it can be seen in Figure 4.5, the degree of hairiness in the yarn spun from
cotton fiber was 4.39 c¢m, and in the bicomponent yarn with the addition of silk
waste, it was 3.34 cm. In this case, it can be seen that the hairiness and the content of
the spun yarn with the addition of silk waste is reduced compared to the yarn made
of 100% cotton fiber. In fact, 84-87% of bicomponent yarn obtained from silk fiber
waste is 3 mm long bristles, and 4 mm bristles make up 11.5-15.5 percent, 5 mm
bristles 1-2 percent, and 6 mm bristles 0.1-0.36 percent.

Table 4.5. The degree of hairiness

. Recheck
Indicators 1 3 3 I 3 3
Options cotton | cotton | cotton | Average silk silk silk Average
fiber fiber fiber waste | waste | waste
The degree
of hairiness, 4.06 4.78 4.34 4.39 3.48 3.34 3.22 3.34
cm
The number
ofhairsin | 904 | 3162 | 2863 | 3003 | 2904 | 3462 | 297.8 | 3115
100 m of
yarn
The length of
the bristles:
3 mm 2495 | 262.1 | 2493 253.6 241.8 | 289.2 | 249.6 260.2
4 mm 42.6 48.7 33 41.4 44.2 50.4 43 .4 46.0
5 mm 4.5 4.4 3 4 4.2 6.2 4.4 4.9
6 mm 1.1 1.0 1.0 1.1 0.2 0.4 0.4 0.33
7 mm - - - - - - - -
8 mm - - - - - - - -

4.4. Theoretical and experimental assessment of physical and mechanical
properties of bicomponent yarn

New assortments of bicomponent yarns mixed with raw silk and other natural
fibers are being created as well as knitted fabrics, fabrics and dresses made from
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them. In addition, taking into account the physical and mechanical properties of
cotton-silk yarn, carpets, bedclothes, socks, various household items, and sewing
threads are produced as well.

The testing and research work was carried out on the technological equipment
of companies "Truetzschler", "Zinser" (Germany) in the production conditions of the
stretching device and yarn conductors of the JV "SUNTEX" LLC spinning
enterprise [144].

A yarn with a linear density of 20 tex was produced from a cotton-silk mixture
on a Zinser-350 ring spinning machine.

Table 4.5 and Figure 4.13 show the physical and mechanical properties of the
yarn obtained in the experiment. The physical-mechanical parameters of the linear
density 20 tex yarn are presented below.

Table 4.6. Physical and mechanical property indicators of yarn

Options
Indicators Unit of measure Cotton-silk
Cotton yarn
blend yarn
1 | Linear density of yarn tex 20.0 20.2
) (.Zoefﬁment. of variation in o 16 14
linear density
3 | Tensile strength cN 282 290.4
4 Coefﬁment of variation in o 102 9.3
tensile strength
5 | Relative breaking strength cN/tex 14.0 14.4
6 | Quality indicator 1.37 1.55 1.37
7 | Elongation % 3.92 4.22
] The number of twists in the rwist/m 796 811
yarn
9 | Number of interruptions inter/s: 64 52

It can be seen from the table that the yarn obtained from the cotton-silk blend
has a higher level of tensile strength, and the relative tensile strength is close in both
variants. One of the main classifications of the thread is its quality indicator. As it
can be seen from the table, it is 1.55 in cotton-silk blend yarn, and this indicator
corresponds to type I yarn.
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Fig. 4.13. Physical and mechanical property indicators of yarn

It is worth noting that the experiments were carried out mainly according to
the technological regulations for the cotton fiber processing. The technological
experiments that were carried out in this research show that the yarn obtained from
the cotton-silk mixture has good quality indicators, and it has been proved that the
yarn obtained from these mixtures can be spun in the equipment designed for the
processing of cotton fiber.

4.5. Production of textile fabrics from bicomponent yarn

Bicomponent yarn was used in the production of textiles, including woven and
knitted fabrics. The bicomponent yarn was used as weft yarn in canvas weaving. In
the weaving and knitting laboratory of the Tashkent Institute of Textile and Light
Industry, a new cotton-silk blended fabric with T = 20 tex and a surface density of
110 g/m? was made. During the production of fabric, a sharp decrease in the number
of yarn breaks was observed. This situation can be explained by the high strength of
the resulting bicomponent yarn. The high degree of strength of the yarn made it
possible to use it in looms without a shuttle.

It is known that in the process of weaving on a loom, the breakage of the body
and warp yarns directly affects the quality of the fabric, the productivity of the loom,
and the cocktail, and there is a constant effort to reduce it during the process. The
number of thread breaks depends on many technological factors, the main of which
is the tension of the body and warp yarn [145]. Yarn tension is an important factor in
fabric formation, which affects the consumption of raw materials, fabric structure,
its quality. In order to study the effect of the obtained bicomponent yarn on the
amount of yarn breaks with changes in tension in the weaving process, a study was
conducted on the relationship between the warp yarn tension and yarn breaks on the
STB loom.
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Fig. 4.14. The relationship between back tension and warp breakage

Figure 4.14 shows a graph of relationship between the back tension and thread
breakage. It can be seen from the analysis of the obtained results that the number of
thread breaks increased with increasing tension. The number of thread breaks can be
explained by the fact that the tension of the backing yarn is high when the backing
tension is high, under the influence of the forces during the throwing of the backing
yarn on the loom. The studies have shown that bicomponent yarn can be used in the
production of various textiles from a technological point of view. The number of
thread breaks was found to be less than the fabric norm belonging to the bias group.

The experimental results on the physical and mechanical properties of the
fabric samples are given in Table 4.7.

According to the results, the physical and mechanical properties of the fabric
samples produced on the loom are close to those obtained on the loom, and the
difference in tensile strength is due to the difference in the density of the fabric on
the weft and warp.

The research was conducted at ZENITH TEXTILES in Bangalore, India, and
at CHAMUNDI TEXTILES in Karnataka at the SOMET (Italy) looms to test the
technological factors of yarn in high-speed looms in the production of different
densities of the yarn.

The created bicomponent yarn was used as a backing, and fabric was produced
in 5 different variants (5 samples). Polyester yarns of 100% different linear densities
were used as warp yarns in the weaving process. Fabric technological settling factors
are given in Table 4.8.
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Table 4.7. Mechanical properties of plain pattern fabric samples with density of 110

g/m?
Ne | Indicators Unit of Quantity Quantity
measurement | AT-100 STB-180
1 Fabric thickness mm 0.34 0.38
2 Breaking force
Warp (cotton yarn) cN 293.0 314.5
Weft (cotton-silk yarn) 443.1 287.6
3 Air permeability sm3/sm2.sek 80.7 87.5
4 Friction resistance cycle 11,200 10,300
5 Surface density gr/m2 111.1 102.5
6 Do not wrinkle
Warp % 44 47
Weft
7 Capillary mm/hours 30 40
8 Hygroscopicity % 3 5
9 Water swelling resistance sm 10 11

Table 4.8. Factors of technological settling of fabrics

Ne | Indicators Sample 1 Sample 2 | Sample 3 Sample 4 | Sample 5
1 Linear density of
warp yarn, tex 8.33(50) | 8.33(75) | 5.55(50) | 3.33(30) | 3.33(30)
(den)
2 | Linear density of 20 20 20 20 20
weft yarn, tex
3 | Fabric density,
yarn/dm
Warp 350 300 330 300 300
Weft 500 560 580 340x 2 200 x 4
4 | Fabric surface 84.5 138.0 113.5 90.0 86.5

density, g/m?

The obtained fabrics were studied in the testing and certification laboratory
TITLI "Cantexuz" as well as in the international research laboratory "TESTING
CENTER" in Bangalore, India, testing their physical-mechanical and hygienic
properties. The results of the study are presented in Table 4.9 below.

Based on the results of the study, the following analyzes can be made on the
examined fabrics. The air permeability of the fabric was directly related to its
surface density and thickness, which was lower in the second sample (9.93
sm?/sm?.sek.) and higher in the fourth sample (87.5 sm?/sm?.sek.). Although the first
and fourth samples are close in surface density and thickness, the sharp difference in
air permeability is due to the difference in the number of threads on the body and
back. The almost uniformity of all fabric samples in terms of non-shrinkage can be
explained by the high number of artificial yarns in the texture. Quantitatively
consistent changes in the structural factors of the fabric in terms of friction, rupture
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(on the warp, weft), hygroscopic and water resistance of the obtained samples
indicate that they can be used to obtain different assortments.

Table 4.9. Results of the research on physical-mechanical and hygienic properties of
newly obtained fabrics

Ne | Indicators Sample | Sample 2 | Sample 3 | Sample | Sample
1 4 5
1 Fabric thickness, mm 0.25 0.35 0.25 0.25 0.35
2 Breaking force, cN
Warp (cotton thread) 289 (6) 1,003 717 (45) | 357 (38) | 334 (50)
Weft (cotton-silk thread) 291 (21) (12) 317 (6) 313(6) | 306 (6)
365 (7)
3 Air permeability, 393 9.93 38.44 87.5 100.9
sm3/sm2.sek
4 Friction resistance, cycle 4,500 21,500 19,000 17,400 19,000
5 Do not wrinkle, %
Warp 44.4 51.6 50.9 48.6 50.8
Weft 45.1 49.3 48.8 47.7 48.6
6 Capillary, mm/hours 70 70 94 117 35
7 | Hygroscopicity, % 7.69 3.17 5.71 6.22 6.05
8 Water swelling resistance, 7 7 9.4 11.7 3.5
sm

Thus, the yarn obtained from a mixture of cotton fiber with secondary fiber
waste of the proposed silk can be used in the production of textile products, i.e., in
the knitting industry, to expand the range of fabrics, reduce production costs, and
develop waste-free technologies. According to the examples shown in the following
case, it is possible to produce yarn spun at a linear density of 10-100 tex in mixture
ratios. For example, knitted tops made of cotton-silk yarn are distinguished by their
high air permeability (982.0 sm’/sm?) and hygroscopicity of 15-25%. Compared
with pure cotton yarn, its strength has almost doubled, and the shape retention of
fabrics has improved by 2.5 times.

A structural change of yarns occurs as a result of changes in the technological
processes and spinning operating modes. This leads to a change in the mechanical
properties of the yarn itself. After manufacturing the spun yarn and comparison of
two types of yarn with the same linear density, the results are presented in Table
4.10.

Table 4.10. Comparative table of obtained experimental results

Yarn options
Ne Yarn indicators
Ordinary Experienced
1 Linear density of the yarn, tex 20 40 20 40
Breaking load, cN 237 492 237 516

82




3 Breaking load unevenness, % 6.7 5.7 2.5 5.7
4 Breaking elongation, % 5.13 5.92 6.0 6.25
5 The unevenness in specific breaking 6.5 6.3 1.8 5.0
load, %
6 Specific breaking load, cN/tex 12.07 12.56 12.08 13.16
7 Irregularity in specific breaking load, 6.7 5.7 2.5 5.7
%
8 Work of a gap, cN*sm 348 782 384 858
9 Unevenness in work breaking, % 12.2 10.1 4.1 9.3
10 | Breaking time, sec 0.31 0.36 0.36 0.38
11 | Roughness according to Uster, % 14.73 12.58 14.03 12.40
12 | Thin spots -50%, pcs/km 35 1.0 40.0 1.3
13 | Thick spots +50%, pcs’km 66.3 17.5 85.0 8.8
14 | Number of neps, pcs’km 421.3 47.5 386.3 40.0

4.6. Economic efficiency calculation

The following efficiencies have been achieved in the production of spun
bicomponent yarn by adding secondary waste of silk with cotton fiber.

1. The high strength of silk fiber relative to cotton fiber leads to high quality of
the obtained bicomponent yarn.

2. Recycling of secondary waste used in the silk will improve the economic
situation in silk spinning mills.

3. Cheaper silk fiber waste compared to the expensive cotton fiber reduces the
body cost of bicomponent spun yarn.

The price of a ton of cotton fiber is €4,910.

The cost of a ton of silk secondary waste is €2,420.

In the production of one ton of bicomponent yarn, 62.5% of cotton fiber and
37.5% of silk secondary fiber waste were used.

The economic efficiency can be calculated using the following formula:

C. = [H-(aH+bH>)-Fx];

where C. — cost-effectiveness;

H— the price of the product sold,;

H; — price of cotton fiber;

H, — price of silk fiber;

a, b — share of components;

F, — share of the total cost of the factory (shop costs, labor costs, and other
costs) in the output.

The profit from the production and sale of one ton of bicomponent yarn is in
EURO.

C. = [H-(aH,+bH>)-®x] = [67.0- (0.625%54.0 + 0.375*26.6) -10] = 1,300 Euro

Thus, in the production of one ton of bicomponent yarn, with the addition of
cocoons derived from cotton fiber and silk fiber waste, the estimated share of factory
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costs was €910, and the expected net profit from the sale of finished yarn was
€1,300.

4.7. Conclusions of the chapter

The experimental studies that were carried out on the Zinser-350 ring spinning
machine have shown that the structure and properties of the yarn are affected by the
frequency of rotation of the spindle and the number of twists (twist) of the yarn.
With an increase in the spindle speed, the pre-breaking load of the yarn increases.

The results of the analysis of single-cycle yarn deformations show that with an
increase in the frequency of rotation of the spindle, the fibers in the torsion triangle
under the influence of tension straighten out and enter the yarn structure more
straightened, due to which the strain of the yarn during stretching decreases.

It has been experimentally established that the tensile curves of the yarn
samples from the nest, body, and spout of one cob do not match, which is the source
of yarn unevenness in terms of the mechanical characteristics, i.e., the unevenness in
the stress-strain state of the yarn of one cob.

As a result of the compaction and parallel arrangement of the fibers in the
compacting zone of the mechanical compact device, the tension of the fibers
included in the yarn structure is equalized, due to which the stretching curves of the
samples from different sections of the cob are combined; therefore, a decrease in
internal unevenness has been achieved.

Thus, in practice, the possibility of producing yarn with minimal unevenness
in the mechanical characteristics of the ring yarn has been proven.

As a result of research, it has been proved that the air permeability of fabrics
made by mixing chemical yarn, i.e., polyester, in tan yarns, and cotton-silk yarn
from natural fibers in warp yarns is 30% higher than that of pure polyester yarns.

The application of advanced technology for the production of mixed fiber spun
yarns allows for the efficient and full use of secondary fiber waste from silk in the
textile industry.

In the production of one ton of bicomponent yarn, 62.5% cotton, 37.5% silk,
with the addition of secondary waste fibers, the estimated share of factory costs was
€910, and the expected net profit from the sale of the finished yarn was €1,300.

84



5. CONCLUSIONS

1. The analysis of literature sources show that the prediction of the
mechanical properties of yarn requires taking into account the condition of its
formation, the mechanism of which significantly depends on the method of
spinning and speed modes of spinning machines:

° At the moment of application of force in the structure of the yarn, the
process of straightening the fibers and their convergence, the nature of which
depends on the degree of yarn torsion, occurs. As a result, the value of the
radial stress in the cross section of the yarn gradually increases, which
increases the tensile stiffness of the product.

o The strength of the fibers located along the helical lines increases with
increasing angle of inclination, and after a while, it reaches the maximum
value, after which, it gradually begins to decrease.

o At the same time, the heterogeneity of the yarn microstructure and the
wide range of changes in some values that are characteristic to the deformation
of a given yarn (for example, breaking load) makes it possible to represent a
real yarn as a combination of a large number of elements that have the
simplest laws of deformation but with different constants. In the initial stages
of loading, viscous properties are more pronounced, and then, with increasing
force, these properties pass from single to a compact system of fibers with a
high modulus of elasticity and a lower viscous parameter.

2. The analysis of the known models for assessing the characteristics of
mechanical properties, in particular, the deformation of textile yarns, certainly
shows their acceptability for assessing the mechanical properties, but they
have certain disadvantages:

o The model of J.W.S. Hearle does not take into account the coordinates of
the location of the fiber in the yarn cross section,

o T model of G.I. Chistoborodov does not take into account the axial stress
of the yarn that occurs when the product is twisted,

° Both models do not take into account the change in the proportions of
torn and slipping fibers under the influence of torsion and tension. All these
phenomena are related with spinning regimes and speed.

3. A new mathematical model that determines the deformation of the yarn
under the action of tensile force and torque, taking into account the variability
and anisotropy of the mechanical properties of the yarn, using the theory of
elasticity, was developed, and new kinds of yarns from cotton and silk waste
fibers were manufactured by them.

4. A structural change of yarns occurs as a result of changes in the
technological processes and spinning operating modes. This leads to a change
in the mechanical properties of the yarn itself. After manufacturing, the spun
yarn and comparison of two types of yarn with the same linear density, it has
been determined:

o A breaking load for 40 tex spun yarn increased by 4.8%. The breaking
load for regular spun yarn with 40 tex is 492 cN, but for the new one, it is 516
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cN. It means that due to the arrangements of fibers in the new spun yarn, they
are more parallel compared with regular yarn. The unevenness in breaking
load shows that the experimental spun yarn with 20 tex has unevenness in
breaking load less than the regular one. The regular yarn has 6.7%, when the
experimental one has 2.5%.

° An elongation in break of regular yarn with 20 tex has 5.13%, but the
experimental one has 6.0%, and the regular yarn with 40 tex has 5.92%, the
experimental yarn has 6.0%. The unevenness of elongation in break of the
regular yarn with 20 tex has 6.5%, but the experimental one has 1.8%, which
means 2.6 times less. The regular yarn with 40 tex has more or less 1.3 times
less, i.e., the regular yarn has 6.3%, but the experimental yarn has 5.0%.

° A specific breaking load of the regular spun yarn with 20 tex has 12.07
cN/tex, but the experimental one has 12.08 cN/tex. The regular spun yarn with
40 tex has 12.56 cN/tex when the experimental one has 13.16 cN/tex, which
means 4.7 times higher compared with the regular spun yarn. The unevenness
in specific breaking load of the regular yarn with 20 tex has 6.7%, but the
experimental one with same tex has 2.5%, while the regular and experimental
spun yarn with same 40 tex have the same result, i.e., 5.7%.

° A work gap of the regular yarn with 20 tex has 348 cN*cm, but the
experimental yarn has 384 cN*cm. The regular yarn with 40 tex has 782
cN*cm, when the experimental yarn has 858 cN*cm. It means that in order to
break fibers, it takes more work in time. The experimental yarns have better
quality. The unevenness in the work gap as well shows different results: the
regular yarn with 20 tex has 12.2%, but the experimental one has 4.1%, and
the regular yarn with 40 tex has 10.1%, but the experimental one has 9.3%. It
means that the more fibers there are, the smaller is the indicator.

° A breaking time for both spun yarns are different as well: the regular
yarn in both cases has less time, i.e., 20 tex has 0.31 sec, but the experimental
0.36 sec, and the spun yarn with 40 tex has 0.6 sec, but the experimental one
has 0.38 sec.

° The same 20 tex linear density of cotton spun yarn and cotton-silk yarn
have different coefficients of variation: in cotton yarn, it is three cases higher
than in the blended yarn. The breaking force is higher for the blended yarn. It
shows 339.4 cN, but cotton yarn has 281.2 cN. The coefficient of variation in
breaking strength of the blended yarn is less than the cotton yarn by 1.2 times.
Specific breaking strength for blended yarn is higher than the cotton yarn as
well. It shows 16.9 cN/tex, but cotton has 13.9cN/tex. The elongation in break
for blended yarn is 6%, but for cotton, it is 3.93%.

5. All determined differences in bicomponent yarn show that the structure
of yarn plays the main role in the mechanical and physical characteristics of
any type of yarns. Higher parallel location fibers in the yarn gives more
strength in break, elongation in break. Using mixed fibers, especially silk
waste fibers, gives more strength and better properties.



6. The usage of silk waste fibers gives positive influence on the
sustainability and circular economy as well as properties and economic
benefit.
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6. SANTRAUKA

IVADAS. Pasaulinéje Silko pramonéje svarbig vietg uzima kokony auginimo,
Silko Zaliavos ir §ilko gaminiy gamybos procesai bei jy atlicky perdirbimas. Sioje
srityje pirmaujancios Salys — tai Kinija, Indija, Uzbekistanas, Iranas, Tailandas,
Vietnamas, Siaurés Koréja, Brazilija ir Pranciizija.

Siandien pasaulio mokslo pasiekimy panaudojimas yra svarbus veiksnys
vystant visas visuomenegs ir valstybés gyvenimo sritis, kuriant ir uztikrinant gera
Salies ateitj. Ekonomikos plétra, pritraukiant investicijas, yra vienas i§ Silko
pramonés augimo prioritety. Pasinaudojant investicinémis programomis bei taikant
modernig technikg ir Siuolaikines technologijas, planuojama statyti, modernizuoti ir
pertvarkyti naujas Silko gamybos jmones.

Visos kokony auginimo ir Silko zaliavos gamybos procese susidarancios
pluostinés atliekos yra naudojamos Silko verpaly gamyboje. Tai yra pagrindiné ir
vertinga $ilko gamybos zaliava. Silko verpyklose $ilko pluosto atlieky perdirbimo
metu susidaro skirtingy savybiy antrinés pluosto atliekos. Tokios trumpo pluosto
savybiy rodikliai yra reikiamo lygio. Tokias pluostines atlickas galima maiSyti su
medvilnés pluostu ir gauti dvikomponencius medvilnés ir Silko sitlus. I$ Siy verpaly
galima gaminti audinius ir mezginius, leidzianCius iSplésti tekstilés gaminiy
asortimentg. Todél, remiantis i§samiu antriniy Silko pluosto atlieky savybiy tyrimu,
butina skubiai tobulinti dvikomponenciy verpaly gamybos technologija, maiSant
Silko pluosta su medvilnés pluostu.

Pasaulyje imamasi plataus masto priemoniy Silko pramonés modernizavimui,
vietiniy zaliavy perdirbimui, kokybisky, konkurencingy ir eksportui skirty gatavy
gaminiy gamybos didinimui. Sioje srityje jau yra pasiekta tam tikry rezultaty.

Uzbekistanas turi pasaulio mastu iSvystyta moksling bazg Silko pramongje,
leidziancig auginti auksStos kokybés kokonus, zaliavinj Silkg ir Silko audinius,
galin¢ius konkuruoti su kitomis Salimis. Daugelis mokslininky uzsiima antriniy
trumpyjy pluosty atskyrimu ir Silko verpaly gamybos bei apdorojimo metu
susidariusiomis pluostinémis atliekomis. Vyksta verpaly gamybos i§ perdirbty
pluostiniy atliecky bandymai. Uzsienio mokslininkai M. A. Becker, N. Tuross,
A. K. Gupta, M. L. Gulrajani, Rajkhowa (Indija), Y. Hsia, C. Vierra (JAV), R.
Kothari, W. E. Hearle (Anglija), S. Nakamura, J. Magoshi, Y. Magoshi, M. Babu,
M. Tsukada, G. Freddi, M. Nagura, H. Ishikawa, N. Kasai (Japonija), K. Sen
(Kinija), A. B. Ishmatov (Tadzikistanas) ir kt. atlieka ir tgsia tyrimus §ioje srityje.

Uzbekistane ir kitose Salyse nemazai mokslininky atlieka teorinius ir
praktinius tyrimus, siekdami istirti kokybiskos §ilko Zaliavos gavimo technologinius
procesus, sukurti, patobulinti ir padidinti Silko pluosto atlieky perdirbimo
efektyvuma. V. A. Usenko, E. B. Rubinov, G. K. Kukin, X. A. Alimova,
I. Z. Burnasev, A. L. Isajev, L. A. Amzajev, J. E. Ergasev, A. J. Raksimov,
A. E. Gulamov, A. D. Daminov, O. Axunbabayev, G. N. Ilayev, S. A.Yusupovs
reik§mingais moksliniais tyrimais prisidéjo prie pramonés plétros.
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Tyrimo tikslas. Sukurti aukStos kokybés dvikomponencius sitillus pridedant
prie medvilnés pluosto Silko pluosto atliekas i§ Silko verpimo jmoniy ir pagerinti
verpimo, maiSant medvilnés pluosta ir Silko pluosto atliekas, technologija.

Tyrimo uZdaviniai. Atsizvelgiant j tyrimo tiksla, buvo nustatyti Sie
uzdaviniai:

- ISanalizuoti sitily gamybos i$ Silko pluosto atlieky galimybes;

- ISanalizuoti ir iStirti pirminio ir antrinio apdorojimo S$ilko pluosto atlieky
savybes;

- Sukurti dvikomponenciy medvilnés ir Silko verpaly gamybos technologija,
sumaiSant medvilnés pluosta su antrinémis Silko pluosto gamybos atliekomis;

- ISanalizuoti sukurty audiniy i§ medvilnés ir Silko siiily kokybe;

- ISanalizuoti sukurtos technologijos ekonomiskumag gamyboje.

Mokslinio tyrimo objektas. Medvilnés pluostas, Silko pluosto atliekos, jy
maiSymo budas, dvikomponenciai verpalai, audiniai.

Mokslinis tyrimas. Medvilnés ir Silko misriy pluosty verpaly gamybos
technologija, audiniy savybés, $iy procesy metodai ir priemonés.

Tyrimo metodai. Tyrimo metu buvo naudojami verpaly apdorojimo
mechaniniai tyrimai, eksperimentiné analiz¢ ir matematin¢ statistika, kompiuteriné
programiné jranga, standartiniai ir nestandartiniai Silko verpaly kokybés nustatymo
metodai.

Tyrimo mokslinis naujumas

Nustatytos Silko ir medvilnés pluosto miSinio kiekybiniy frakcijy
alternatyviosios vertes;

Sukurta pluosto pridéjimo verpimo metu technologija;

Pagrijsta galimybé verpti sitilus, jmaiSant | medvilnés pluosta antrinio Silko
pluosto atliekas;

Sukurta pazangi dvikomponencio medvilnés ir Silko pluoSto verpimo
technologija.

Moksliné ir praktiné tyrimy rezultaty reikSmé. Moksliné tyrimy rezultaty
reik§mé paaiskinama pazangios verpaly i§ miSriy pluosty gamybos technologijos
sukiirimu.

Praktiné moksliniy tyrimy rezultaty reikSmé —gamyboje naudojamy verpaly
kiekio ir audiniy asortimento padidé¢jimas.

Naujausiy Lietuvoje ir wuZsienyje atlikty tyrimuy disertacijos tema
apzvalga. Natiralus Silkas yra viena svarbiausiy pasaulio tekstilés pramonés
zaliavy. Silkas yra vertingas natiiralus pluostas, pasizymintis jvairiomis naudingomis
savybémis ir Salia kity pluoSty pasizymintis dideliu tvirtumu, drégmeés sugérimu
(higroskopiskumu), bakterijy naikinimu (antibakterinémis savybémis), kriivio
nekaupimu (antistatiSkumu), blizgesiu ir elastingumu.

Siuo metu mokslininkai atlicka tyrimus, skirtus naujoms aukstos kokybés
vietiniy Silkverpiy veisléms ir hibridams kurti. Naujai sukurty veisliy Silkverpio
kokono apvalkalus galima suskirstyti j regionus pagal klimato salygas ir didelj
Silkverpiy gyvybinguma. Visuose regionuose jy gyvybingumas sudaro daugiau kaip
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56 proc. Tai rodo, kad i§ aukstos kokybés kokony ir Silko gaminama visus
standartinius reikalavimus atitinkanti Silko Zzaliava.

Pagrindinés priezastys, dél kuriy nejmanomas tinkamas pluostiniy atlieky
panaudojimas, tai sericino (natiiraliy Silko klijy) kiekis, ilgio ir ilginio tankio
nevienodumas zaliavoje. Silko pluosto atlieky perdirbimo technologija reikalauja
nuolatinio tobulinimo. Silko pluosto verpimo pramonéje, be ankséiau minéty
produkty, susidaro antrinés trumpos pluosto atliekos, kurios praktiSkai néra
naudojamos tekstilés pramonéje. Todél antriniy atlieky, susidaranciy Silko verpimo
metu, perdirbimo technologijos sukiirimas yra neatidéliotinas ir labai svarbus.

Silkverpiy kokony Silko pluostas yra sudarytas i§ sericino ir fibroino
baltyminiy medziagy, kuriose sericino kiekis sudaro 20-30 %. Siekiant padidinti
pluosto apdorojimo lygi tolesniuose technologiniuose procesuose, taip pat sumazinti
elektros kriivj, biitinas minimalus sericino kiekis, t. y. 0,5 % riebaly, 2 % sericino.
Norint tai padaryti, Silko pluosto atliekos turi pereiti technologinj riebaly Salinimo ir
nuriebalinimo procesa. Sis technologinis procesas atliekamas priklausomai nuo
sericino ir riebaly kiekio Zaliavoje, kuriame nattralaus Silko pluosto atliekos yra
skirstomos j 3 grupes.

6.1 lentelé. Sericino sudétis ir riebaly kiekis zaliavoje
Nr. Grupés Kiekiai
Daug sericino turincios zaliavos: ziedai, sékly kokony
apvalkalai, nupjauty kokony apvalkalai, seriplaniniai
sitilai ir kontroliniai siiilai, kuriuose sericino yra iki 24—
27 %, o riebaly maziau nei 0,5 %.
Verpimo zaliavos, turincios vidutinj sericino kieki:
2 2 grupé kokonai, mazgeliai; neiSvynioty kokony apvalkale
sericino yra 23—24 %, riebaly — apie 0,5 %.
Mazai sericino turi: kaznakai, I ir II apdorojimo
3 3 grupé audiniai, taip pat griztamasis sericinas — 19-22 %,
riebaly kiekis 1,5 %.

1 1 grupé

Sios nematomos atlickos pasizymi vertingomis naudojimo savybémis, bet
Siandien néra jy surinkimo ir tolesnio jy panaudojimo bidy. Si problema reikalauja
greito sprendimo ir moksliniy tyrimy.

Silko pluosto atliekos gali bati §lapios, sausos, drégnos, o, vertinant pagal
iSvaizda, — reikalaujancios perdirbimo. ISvirta zaliava pirmiausia nuplaunama,
iSdziovinama, susmulkinama, tada kuriam laikui paliekama. Po riebaly $alinimo ir
nuriebalinimo proceso pluostinése atliekose, t. y. kokonuose, mazguose ir pjiiviuose,
riebaly yra iki 0,5 %, o kokono apvalkale — 0,8 %.

Kadangi néra alternatyviy technologijy, kaip i pluostiniy atlieky gaminti aukstos
kokybés Silko verpalus, i§ zaliavy gaunamo produkto kiekis nevirsija 50 procenty.
Taip yra dél to, kad Silko verpimo technologijos proceso metu gaunamas mazas
produkto kiekis, taip pat dél atlieky, kuriy pobudis skiriasi, ir negalima perdirbti
pagal viena technologinj procesa.
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Pluosto savybés miSriy verpaly gamyboje ir tyrimuy metodikos
formavimas. Disertaciniame darbe analizuojant technologiniy procesy ypatumus,
verpaly struktiirg ir mechanines savybes, pluostiniy medziagy verpimo procesus ir
verpaly mechanines savybes, buvo naudota matematiné statistika ir gauti atitinkami
rezultatai bei pateiktos iSvados. Eksperimentiniai verpaly pavyzdziai buvo pagaminti
eksperimentingje laboratorijoje esama verpimo masina BD 330. Verpaly fizikiniy ir
mechaniniy savybiy rodikliai buvo nustatyti TITLP (Taskento, Uzbekija)
akredituotame sertifikavimo centre ,,CentexUz" bei jmonés ,,Gurlanteks* ir Bl UAB
,,BF Textile* laboratorijose esanciais prietaisais. Apdorojant eksperimentiniy tyrimy
rezultatus verpaly fizikiniy ir mechaniniy savybiy rodikliams nustatyti buvo naudota
,Windows XP“ operaciné sistema ir specialios ,,AutoCAD%, ,Maple*, ,Inventor
Pro* programos.

Atsizvelgiant | pirmiau pateikta pluosto atlieky apibrézima ir tipg, buvo
pasirenkami verpimo proceso rezimai. Kadangi Siy zaliavy pluosto ilgis, storis,
stiprumas, elastingumas ir kitos technologinés savybés skiriasi, jy apdorojimo
technologija tampa sudétingesné. Zinomos trys $ilko pluosto apdorojimo sistemos.
Pirmoji 18 jy yra senasis klasikinis buidas, kai pluostai atskiriami pagal ilgj, pereina
per keturias Sukavimo masiny eigas, po to pluosto verpimo technologinius procesus.
Siuos procesus sudaro daugiau kaip 40 etapy, todél §i technologija Silko verpimo
imonése Siandien visiSkai nenaudojama.

Antrgjj metoda sudaro karSimo procesai, pagristi kuoksteliniy pluosty
apdorojimu, Sukuojant Silko pluosto atlickas daugybe kar§imo masiny.

Treciasis metodas yra Sukavimo metodas, pagrjstas kuokstelinio pluosto ilgio
ir pjovimo giljotininémis apdorojimo masinomis, derinant su nuosekliu Sukavimu
veleninémis ir kar§Simo masinomis.

Nejmanoma efektyviai panaudoti nattiralaus Silko pluosto atlieky be iSsamios
natiiralaus Silko pluosto atlieky technologiniy savybiy analizés audimo pramonéje,
neatsizvelgiant  jy fizines ir mechanines savybes ruoSiant jas verpti ir perdirbti.

Silko gamybos technologijoje atliekos skirstomos j pluostines ir nepluogtines
grupes. Savo ruoztu pluostinés atliekos skirstomos j daug ir mazai pluosto turinCias
grupes.

Daug pluosto turin¢ios zaliavy atliekos yra medvilnés piikai, kokony pikai,
virveliniai pukai, ziedai, kontrolinés pagalvélés, ziedai ant seriplano ploksciy,
kokony sékly luobelés, pervyniojimo ir pjovimo proceso metu susidarg ziedai,
pjovimo atliekos. Mazai pluosto turinioms grupéms priskiriamos pluostinés
atliekos, kuriose yra pluostai ir jy likuciai.

Silko verpyklose verpiami jvairis Silko sitilai. Jie yra 20, 25, 100 ir 125 tex,
priklausomai nuo naudojimo paskirties pridedant 2 po 5, 10, 7, 14 tex. I$ jy
gaminami audiniai kaklaraiS¢iams, marskiniams ir plunksnos ,,Dukhobor*. Suverpti
Silko sitlai placiai naudojami audimo, mezgimo ir kitose pramonés Sakose. Jie taip
pat naudojami tam tikry siiily gamybai, derinant verptus Silko sitillus su dirbtiniais ir
cheminiais sitilais, taip pat jvairiy tinkly ir mezginiy gamybai.
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Medvilnés pluosto Silko atlieky ir likugiy
smulkinimas, BO-S emulgavimas
Valymo separatorius-SP- Silko pluosto smulkinimas,
MF BO-S

v v

Valymo separatorius SP-

Aerodinaminis valymas MF
Clenon@t CL-C4 v
KarSimas — AK-903 Kars§imas — AK-903
Silko pluosto Silko pluoto
formavimas formavimas
e e e e
| Medvilnés ir Silko pluosty pridéjimas I
¢ __________ J

2-0jo praéjimo temptuvas HSR-1000

v

Temptuvas Zinser-668

v

Ziedinis verpimas Zinser-350

v

Sukimas Autoconer-338

A
Verpaly kokybés kontrolé, pakavimas

6.1 pav. Patobulinta dvikomponenciy verpaly i§ misriy pluosty gamybos
technologiné schema



Technologijy, kurias taikant nelikty atlieky po pirminio kokony apdorojimo ir
Silko zaliavos gamybos procesy tobulinimas yra viena i§ svarbiausiy problemy, su
kuria susiduria viso pasaulio mokslininkai. Atsizvelgiant  natiiralaus Silko gaminiy
ypatumus ir panaudojimo ateityje perspektyvas, naujy rusiy asortimenty plétra,
Jvairiy gaminiy gamyba efektyviai panaudojant atskirtas pluostines atliekas taip pat
yra aktualios Siandienos pramonés problemos.

Pjovimo proceso metu atskirti trumpi pluostai yra antrinés Silko pluosto
verpimo atliekos. Tai vertingos Silko pluosto atlickos, susidarancios pirmojo ir
antrojo verpimo metu, naudojant klasikine Silko verpimo sistema. Moksliniy tyrimy,
skirty verpaly gamybai i§ sudétiniy pluosty, analizé rodo, kad daugiausia yra
orientuojamasi j kombinuota natiiraliy ir cheminiy pluosty naudojima.

Pasirinkus antrinio Silko pluosto atlieky pluosto ilgj, prilygstantj medvilnés
pluosto ilgiui (29-35) mm, jprastomis medvilnés verpimo pramonés masinomis
galima gauti medvilnés ir Silko verpalus.

Perdirbant antrines Silko atlickas, pirmiausia jas reikia emulguoti arba
sudrekinti muilo tirpalu, kuriame yra 8 % muilo ir 92 % vandens. Emulgavus
pluostines atlickas, tirpalas turéty biiti paliktas laboratorijoje maziausiai 72 valandas
tolygiai jsigerti.

Atliekami kiekvieno Silko ir medvilnés pluosto varianto tyrimai. Dél placios
pluosty ilgiy amplitudés (nuo 1 mm iki 70 mm), siekiant paruosti antrines trumpas
atlieckas maiSymui, atrankos procesas atlickamas pagal Silko verpimo ir verpimo
sistema.

Buvo sukurtas verpaly gavimo biidas maisant medvilnés ir Silko pluostus ir
atsizvelgiant j kai kuriy r@iSiy nattiralaus Silko pluosto atlieky struktiirg, savybes ir
moksliniy tyrimy rezultatus. Remiantis medvilnés ir Silko (perdirbty atlieky) pluosty
kuoksto ilgio eksperimentiniais tyrimais, taip pat tiriant Siuolaiking medvilnés
verpimo kar§imo sistemos technologing granding, buvo nuspresta, kad medvilnés ir
Silko verpalus tikslinga gauti pagal Sig technologija.

Teoriniai tyrimai. Sitly struktira ir jy jtaka verpaly fizikinéms ir
mechaninéms savybéms tiriama nuo XX a. $eStojo desimtmeio. Sia kryptimi
atliktus tyrimus apzvelgé ir apibendrino indy mokslininkas A. Basu. Tyrimuose
analizuojamas rySys tarp verpaly netolygumo charakteristiky ir jy strukttiros, ypac
mechaniniy savybiy, t. y. verpaly netolygumo charakteristiky priklausomybé nuo jy
su(si)sukimo, tankio ir pluosty slinkimo iSilgai gaminio. Pazymima, kad verpaly
struktira taip pat priklauso nuo iSilginio radialinio pluosty iSsidéstymo ir nuo
pluosty issidéstymo verpaly skerspjivyje, priklausan¢io nuo pluosto savybiy,
verpaly nasumo ir verpimo procesy dinamikos.

Verpimas atlickamas verpimo masinomis, veikianCiomis jvairiais budais.
Verpimo masinoje atlieckamy procesy pagrindinis reikalavimas yra iStempti tiekiama
pusfabrikatj (sluoksng arba pusverpalj) iki tam tikro ilginio tankio, suteikti gaminiui
tam tikrg struktira ir reikiamg stipruma, susukti ir suformuoti verpala. Taigi,
verpalai formuojami tempimo, sukimo ir vyniojimo procesuose. Verpaly
formavimas taip pat gali buti atliekamas be susukimo, o jy sutvirtinimas gali biti
atlickamas suklijuojant verpaly pluostus. Todél verpimo buda daugiausia lemia
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verpaly formavimo budas, t. y. verpaly strukttiros formavimo biidas ir buidas, kuriuo
verpalams suteikiamas atsparumas tempimui. ]vairiose S$alyse verpimo biidai
klasifikuojami skirtingai. Klasifikavimo pagrindas yra verpimo skirstymas pagal
verpaly sutvirtinimo biidg ir priemones.

ISanalizavus mechaniniy savybiy tyrimo budus apraSancius literatiiros
Saltinius, buvo nustatyta, kad jy charakteristikos labiau priklauso nuo verpaly
struktiiros ir formavimo salygy. Pastaruoju metu $ia kryptimi atlikty tyrimy rezultaty
galima rasti periodinéje spaudoje. Cia, atsizvelgiant j pluosty iSsidéstyma
(orientacija) verpaly struktiiroje, nagrin¢jama verpaly deformacija. Toliau
pateikiamas pluosty elgsenos audinio struktiiroje (pluostas, matrica) prie§ verpaly
formavima, t. y. prieS su(su)kimo procesa, tyrimas. Siekiant jvertinti pluosto
struktdiros jtaka jo mechaninéms savybéms, nagrinéjama nestipriai susukty verpaly
deformacija.

Eksperimentiniai duomenys rodo, kad verpaly mechaninés savybés priklauso
nuo atskiry pluosty deformacijos ir pluosty tarpusavio sgveikos jégy pobtdzio
gaminio sukimo metu. Teigiant, kad verpalai sudaryti i§ vienodai iStempty pluosty,
i$sidésCiusiy i8ilgai spiraliniy linijy su pastoviu zingsniu, priklausomai nuo sukimo
kampo vertés ir trinties koeficiento tarp pluosty vertés, gaminio skerspjiivyje
atsiranda radialinis jtempimas, nustatomas pagal formule:

2
(-2 )sin® g |
- 2 R (M
o,=0,cos f 5
2| 2| sin? B+cos’ B
R
4
ose] 7Es P Gk 3
0.16 _/’/ 2 015
014 /,/ 2
012 B,
01 e 1 0.1
0.08 #
006 : 005
004
002 £
T T e o 07002 004 0.06 008 01 D12 0.14 0.16 0.18 02
6.2 pav. Santykio 6/ E, 6.3 pav. Santykio 6/ E,
priklausomybé nuo jtempimo ¢, priklausomyb¢ nuo jtempimo

kai a, =0,1 ir dispersijos vertés &y kai D= 0,1 ir matematinés

yra skirtingos tikimybés vertés yra skirtingos

6.2 paveiksle parodyta santykio , _ priklausomybé nuo deformacijos & - kal

f

a, =0,1 ir skirtingy dispersijos reikSmiy D . Matyti, kad, esant mazoms dispersijos
reikSméms, priklausomybé & = f(s,) yra netiesine, o, didéjant dispersijai, $i
priklausomybé tampa tiesiné. Taigi, netiesinés verpaly savybés atsiranda esant nedidelei
pluosto plastiniy savybiy sklaidai.
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6.3 paveiksle pavaizduotos panaSios priklausomybes, kai p=0,1 esant

skirtingoms a, matematinio liikesCio reikSméms. Matyti, kad verpaly netiesiSkumas
Cia taip pat susijes su mazomis matematinés tikimybés vertémis.

Atlikus verpaly deformacijos analize, atsizvelgiant | tamprigsias ir tamprigsias
bei plastines pluosty deformacijas, nustatyta verpaly vidutinio jtempio
priklausomybé nuo pluosto deformacijos, kuri, esant mazoms dispersijos vertéms,
yra netiesinio pobiidzio, o, did¢jant dispersijai, Si priklausomybé tampa tiesine.
Taigi, esant nedidelei pluosty plastiniy savybiy sklaidai, pasireiskia netiesinés
verpaly savybeés, i kurias reikia atsizvelgti, vertinant verpaly stipruma.

Eksperimentiniai tyrimai. Eksperimentiniai verpaly pavyzdziai buvo gauti
eksperimentingje laboratorijoje esancia verpimo masina BD 330. Verpaly fizikiniy ir
mechaniniy savybiy rodikliai buvo nustatyti TITLP akredituotame sertifikavimo
centre ,,CentexUz"“, taip pat jmonés ,,Gurlanteks®“ ir B] UAB ,BF Textile“
laboratorijose esanciais prietaisais. Apdorojant eksperimentiniy tyrimy rezultatus
verpaly fizikiniy ir mechaniniy savybiy rodikliams nustatyti, buvo naudojama
»Windows XP“ operaciné sistema ir specialios programos ,,AutoCAD%, ,,Maple®,
,Inventor Pro*.

Karstuvy verpimo sistema verpia siiilus, kuriy vidutinis ilginis tankis yra nuo
15,4 iki 33,3 tex. Eksperimentiniam procesui, atsizvelgiant j Silko atlieky i§ Silko
verpimo antryjy Sukavimo masiny suderinamumg ir maiSomos Zzaliavos plaukeliy
ilgius, sukurta rekomenduojama dvikomponenciy medvilnés ir Silko verpaly
gamybos technologiné grandiné.

Viename ar keliuose méginiuose esantys natiraliis pluostai skiriasi savo
savybémis. Pavyzdziui, i§ vienos medvilnés dézutés gauti pluostai skiriasi vienas
nuo kito savo ilgiu, ilginiu tankiu, tvirtumu ir kitomis savybémis. Pateiksime
daugiau pavyzdziy: vilnos pluostai, gauti i§ vieno plako, skiriasi ne tik ilgiu, bet ir
struktiira.

6.2 lentelé. Perdirbty Silko atlieky fizinés ir mechaninés savybés

. .. Antriniy atlieky skaicius

Nr. Indikatoriai N1 ND
1 TerSalai i$ pinties, % 0,54 1,57
2 Pluosto ilgis, mm

Vidutinis 34,1 30,4

Modalinis 30,7 28,7

Kuokstelinis 46,0 43,8
3 Trikimo jéga, cN 6,3 5,25
4 Pailgéjimas nutrikimo metu, % 5,9 10,2
5 Ilginis tankis, tex 0,109 0,102
6 Santykinis tempimo stipris, cN/tex 0,58 0,52
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Gamtoje randami pluostiniai junginiai neturi ty paciy savybiy. Taciau
skirtumas tarp tokiy natiraliy junginiy ir jmonéje gaunamy i$ keliy komponenty
susidedanc¢iy misiniy gali biiti labai didelis.

N1 ir N2 numerio perdirbty Silko pluosty atlieky, atskirty nuo Silko verpimo
jrenginiy, fizikiniai ir mechaniniai parametrai pateikti 6.2 lenteléje.

Natiiralus misinys palyginti gerai dera su jvairiais pluostais. Paémg tam tikro
kiekio medvilnés pluosto méginj ir jj suverpe, pamatysime, kad medvilnés pluostas
tam tikruose mazuose sitly gabaléliuose skiriasi, o tai savo ruoztu rodo natiiraly
misinj.

Misinys UNIblend 81 masinoje
6.4 pav. Pluosto maiSymo procesai REETER masinose

T S
e e P o]
i r‘f; &?L- M{y"ii
IR A gt
seymonmaseyy , i e
R s St i
] Lfi Tf‘;:;“fil
e o e aa;? S ‘:n“a».h
T SR TR« £ a8 L 5K
Misrios gijos, I8 pluostinio
supjaustytos misinio iSpjautas
temptuveje gijos gabalélis

6.5 pav. Pluosto maiSymo procesai TRUETZSCHLER masinose

Kokony pridéjimas ir maiSymas atlieckamas kokony ir kokony maiSymo
masinomis. Komponenty pasiskirstymas gautame neapdorotame produkte yra
tolygus ir pastovus, ta¢iau sumaisytos vyteliy dalys po istempimo atskiriamos. Siam
trikumui pasalinti kartojamas gretinimo ir tempimo procesas. Taciau dirbtiniuose
miSiniuose gaunamas keliy komponenty misinys, o pluostai, kaip minéta, nesudaro
tolygaus miSinio.

Kiekviename junginyje sudedamosios dalys yra pateikiamos fragmenty
pavidalu. Fragmentuose esantys pluostai yra skirtingo dydzio, ir jie nesusimaiSo su
kitais pluosto fragmentais. Susimai§yma galima pasiekti tik atskyrus visas daleles |
visiskai atskirus pluostus.
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6.3 lentelé. Verpaly i§ miSriy pluosty eksperimentiniai gamybos rezultatai
87,5 - 75 — 62.5 dvilné 50 —
Nr. | Indikatoriai | medvilné 12,5 | medvilné 25 ) — MECVING | edvilne 50
- . 32,5 — silkas .
— Silkas — Silkas — silkas
p | lginis 5000 4989 4994 5004
tankis
Ilginio
, | tankio 0,54 0,59 0,52 0,58
variacijos
koeficientas

Komponenty pasikartojimas, i§ pradziy atskirai, o paskui tolygiai pasiskirstes
misinio sudétyje, rodo maiSymo proceso intensyvuma (6.2 ir 6.3 lentelés). MaiSymo
proceso efektyvumas yra tiesiogiai susijgs su maiSymo intensyvumu. Didinant
maiSymo intensyvuma, galima pasiekti didelj efektyvuma.

Ziedinis ir pneumomechaninis verpimo biidai yra labiausiai paplite ir pladiai
naudojami verpiant medvilng. Todél Sie du metodai buvo pasirinkti tolesniems
tyrimams.

Verpstés greitis, apsisukimy skaic¢ius ir jtempimo dydis yra pagrindiniai
ziedinio verpimo masinos verpimo parametrai, turintys jtakos verpaly struktiirai ir
fizinéms bei mechaninéms savybéms. Didéjant verpstés sukimosi greiciui, didéja
sitly jtempimas kamuolyje ir keiCiasi jy savybés. Sitlo jtempimas, pasiekiantis
sukimo trikampj, turi poveikj, atitinkantj pluosto bliseng. [tempimo veikiami pluosto
galai, nepasiekiantys siiilo, suplonéja. Taigi, sitlo jtempimui veikiant sukimo
trikampj, vyksta dalinis jy iStiesinimas nejudinant, todél gaunama i§ dalies pailgéjusi
iSeiga.

Verpaly fizikiniy ir mechaniniy savybiy tyrimas. Siekiant patikrinti minétas
teorines prielaidas buvo atlikti eksperimentai. Ziedinémis verpimo staklémis ,,Saurer
Zinser 350, esant 11000, 12000, 13000, 13000, 14000 ir 15000 m™ sukimosi
greiCiui, buvo gauti 20 tex ilginio tankio ir jvairiy sukrumy nuo 740 iki 860 m!
verpaly prototipai. Verpaly parametrai (ilginis tankis, sukrumas, netolygumas) buvo
tiriami standartiniu metodu ir nustatyta, kad ilginis verpaly tankis kinta priklausomai
nuo verpstés grei¢io. 6.6 paveiksle pavaizduoti verpaly ilginio tankio kitimo
priklausomai nuo verpstés sukimosi daznio grafikai.

Verpstés greiCio jtakos struktiirai ir savybiy nustatymui, kaip nurodyta 4.2.
punkte, buvo atliktas eksperimentas, kurio metu, keiCiant verpstés greitj nuo
11000 min! iki 15000 min!, buvo pagaminti 20 tex ilginio tankio verpalai.
Struktiiros poky¢iy tyrimas buvo atliktas nustatant vieno ciklo tempimo
charakteristikas pagal apraSyta metoda.

Buvo uzregistruotos 250 mm ir 500 mm ilgio verpaly deformacijos vertés,
60 minuciy juos apkrovus 50 g svorio apkrova. Po to svoris buvo nuimtas ir 30 min.
verpalai buvo ramybés biisenos. Remiantis eksperimenty rezultatais buvo sudaryti
atitinkami grafikai (6.7 pav. ir 6.8 pav.). Rezultatams palyginti ordinadiy asyse
pateiktos bedimensés deformacijy vertés.
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6.7 pav. Sukarsty verpaly segmenty (250 mm) deformacijos kitimas laike

Nesunku pastebéti, kad gauti grafikai yra identiski. 1 ir 3 kreivés rodo verpaly
deformacijas esant maziausiam sukrumui (740 rpm), o 2 ir 4 kreivés — verpaly
deformacijas esant didziausiam sukrumui (860 rpm). Kaip matyti, mazo sukrumo
verpaly deformacijos abiecjuose verpstés sukimosi greiio lygiuose yra didesnés,
palyginti su didziausio sukrumo verpaly deformacijomis.

Pazymétina, kad verpaly pavyzdziai buvo gaminami atsizvelgiant |
minimalaus (740 rpm) ir maksimalaus (860 rpm) mezgimo verpaly sukrumo vertes
ir atsizvelgiant | verpimo masinos technines galimybes. Verpimo greitis buvo
parinktas nuo 11000 m™ iki 15000 m™!.
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6.8 pav. Sukarsty 20 tex ilginio tankio verpaly segmenty (500 mm) deformacijos
kitimas laike

Taigi verpalai, gauti i§ medvilnés pluosto misinio su antrinémis sitilomo Silko
pluosto atliekomis, siekiant iSplésti audiniy asortimenta, sumazinti gamybos
sanaudas ir sukurti beatliekines technologijas, gali biiti naudojami tekstilés gaminiy
gamyboje, t. y. audimo ir mezgimo pramon¢je. Remiantis toliau pateiktais
pavyzdziais, galima pagaminti 10-100 tex ilginio tankio miSinio verpalus.
Pavyzdziui, i§ medvilniniy irSilkiniy verpaly pagamintos virSutinés drabuziy dalys
iSsiskiria dideliu oro pralaidumu (982,0 sm’/sm?) ir 15-25 % higroskopiskumu.
Palyginti su grynos medvilnés verpalais, jy stiprumas padid¢jo beveik dvigubai, o
audiniy formos i$laikymas pageréjo 2,5 karto.

Ekonominio efektyvumo apskaifiavimas. Gaminant dvikomponencius
verpalus, | medvilnés pluostg pridedant antriniy Silko pluosto atlieky, buvo pasiektas
toliau pateiktas efektyvumas.

1. Didelis silko pluosto stiprumas, palyginti su medvilnés pluostu, lemia auksta
gauty dvikomponenciy verpaly kokybe.

2. Silko gamyboje naudojamy antriniy §ilko atlieky perdirbimas pagerins
ekonoming Silko verpykly padét;.

3. Pigesnés Silko pluosto atliekos, palyginti su brangesniu medvilnés pluostu,
sumazina dvikomponenciy verpaly kaing.

Medyvilnés pluosto tonos kaina yra 4 910 eury.

Silko antriniy atlieky tonos kaina yra 2 420 eury.

Vienai tonai dvikomponen¢iy verpaly pagaminti sunaudojama 62,5%
medvilnés pluosto ir 37,5 % antrinio Silko pluosto atlieky.

Ekonominj efektyvumga galima apskaiciuoti pagal sig formule:

C.=[H-(aH;+bH>)- F.], (2)
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¢ia C. — ekonominis efektyvumas;

H — parduodamo produkto kaina;

Hi — medvilnés pluosto kaina;

H, — silko pluosto kaina;

a, b — komponenty dalys;

Fy — bendryjy gamyklos sanaudy (parduotuvés sanaudy, darbo sanaudy ir kity
sanaudy) dalis produkcijoje.

Pelnas, gautas pagaminus ir pardavus vieng tong dvikomponenciy verpaly,
nurodomas eurais:

C.=[H— (aH, + bH>) — F] = [67,0 — (0,625 * 54,0 + 0,375 * 26,6) — 10] = 1300
EUR

Taigi, gaminant vieng tong dvikomponenciy verpaly, pridedant medvilnés
pluosto ir Silko pluosto atlieky kokonus, numatoma gamykliniy sagnaudy dalis buvo
910 EUR, o tikétinas grynasis pelnas, gautas pardavus gatavus verpalus, buvo 1
300 EUR.

ISVADOS

1. Literatiros Saltiniy analizé rodo, kad verpaly mechaninéms savybéms
prognozuoti biitina atsizvelgti | jy formavimosi bukle, kurios mechanizmas labai
priklauso nuo verpimo biido ir verpimo jrenginiy grei¢io rezimy:

» Jégos poveikio sitly struktiiroje momentu vyksta pluosty tiesinimo ir jy
konvergencijos procesas, kurio pobiuidis priklauso nuo siiily sukimo laipsnio. D¢l to
palaipsniui didéja sitly skerspjuvio radialinio jtempio verté, o tai padidina gaminio
tempimo standuma.

* Pluosty, iSsidés¢iusiy iSilgai spiraliniy linijy, stiprumas didéja didéjant
pasvirimo kampui ir po kurio laiko pasiekia maksimalig reikSme, tada palaipsniui
pradeda mazéti.

» Sitily mikrostruktiiros nevienalytiSkumas ir platus kai kuriy ver¢iy, budingy
tam tikro verpalo deformacijai, poky¢iy diapazonas (pavyzdziui, trikimo apkrova)
leidzia vaizduoti tikra siila kaip didelj pluosto elementy derinj, turinCiy
paprasCiausius deformacijos désnius, taCiau turiniy skirtingg konstanty skaiciy.
Pradinése apkrovos stadijose klampumo savybés yra rySkesnés, o véliau, didé¢jant
jégai, Sios savybes pereina i§ viengubo j kompaktiska pluosty sistema, turincig didelj
elastingumo modulj ir mazesnj klampumo parametra.

2 . Zinomy modeliy, skirty mechaninéms savybéms jvertinti, ypa¢ tekstilés
siily deformacijai, analizé neabejotinai parodo jy priimtinumg mechaninéms
savybéms jvertinti, taciau jie turi tam tikry trikumy:

* J. W. S. Hearle modelyje neatsizvelgiama | pluosto vietos siiily
skerspjiivyje koordinates,

* T modelyje G.I. Chistoborodov neatsizvelgia i asinj sitly itempima, kuris
atsiranda gaminiui sukant.

100



 Abiejuose modeliuose neatsizvelgiama | suplySusiy ir slystanciy pluosty
proporcijy pasikeitima, veikiant sukimui ir jtempimui. Visi §ie reiskiniai yra susije
su sukimosi rezimais ir greiciu.

3 Sukurtas naujas matematinis modelis, nustatantis siiily deformacija
veikiant tempimo jégai ir sukimo momentui, atsizvelgiant j sifily mechaniniy
savybiy kintamuma ir anizotropija, naudojant tamprumo teorija, bei naujy rasiy
sitilai i§ medvilnés ir Silko atlieky pluosty.

4 Pasikeitus technologiniams procesams ir verpimo darbo rezimams,
atsiranda siiily strukttrinis pokytis. Dél to pasikeiCia paties verpalo mechaninés
savybés. Pagaminus verpalus ir palyginus dviejy riisiy verpalus, kuriy ilginis tankis
20 tex ir 40 tex, nustatyta:

* 40 tex verpaly trokimo apkrova padidéjo 4,8%. Iprasty 40 tex verpaly
trikimo apkrova yra 492 c¢N, o naujy — 516 cN. Tai reiskia, kad pluosty
iSsidéstymas naujame verptame siiile lygiagretesnis, palyginti su jprastais siiilais.
Trukimo apkrovos netolygumai rodo, kad eksperimentinis verptas sitilas su 20 tex
turi mazesn] trikimo apkrovos netolyguma nei jprastas. Iprasti siiilai turi 6,7%, o
eksperimentiniai — 2,5%.

* Iprasty 20 tex verpaly triikio pailgéjimas yra 5,13%, eksperimentinio —
6,0%; iprasty 40 tex — 5,92%, eksperimentinio — 6,0%. Iprasto 20 tex verpalo
trikimo pailgéjimo netolygumas yra 6,5%, o eksperimentinio — 1,8%, tai yra 2,6
karto maziau. Iprasti verpalai su 40 tex turi apytiksliai 1,3 karto mazesng verte, t. y.
Iprasti siiilai turi 6,3%, o eksperimentiniai sitilai — 5,0%.

» Jprasto 20 tex verpalo savitoji trikimo jéga yra 12,07 cN/tex, o
eksperimentinio — 12,08 cN/tex. Iprasti verpti verpalai su 40 tex turi 12,56 cN/tex, o
eksperimentiniai — 13,16 cN/tex, o tai reiSkia 4,7 karto daugiau, palyginti su jprastais
verptais verpalais. Jprasto 20 tex verpalo savitosios trukimo apkrovos netolygumas
yra 6,7%, o eksperimentinio esant tam paciam ilginiam tankiui — 2,5%; jprasto ir
eksperimentinio verpto verpalo esant tam pac¢iam 40 tex rezultatas yra toks pat, t. y.
5,7%.

* Jprasto 20 tex verpalo darbas yra 348 cN*cm, o eksperimentinio —
384 cN*cm. Jprasti verpalai su 40 tex turi 782 cN*cm, o eksperimentiniai sitilai 858
cN*cm. Tai reiSkia, kad, norint nutraukti siiilg, reikia didesnés energijos.
Eksperimentiniai siiilai yra geresnés kokybés. Darbo verCiy netolygumai taip pat
rodo skirtingus rezultatus: jprastiniai 20 tex sitlai turi 12,2%, eksperimentiniai —
4,1%, jprastiniai 40 tex — 10,1%, o eksperimentiniai — 9,3%. Tai reiskia, kad kuo
daugiau plaukeliy, tuo mazesné verteé.

* Verpaly trukimo laikas taip pat skiriasi — jprastas sitilas abiem atvejais turi
mazesnj trikimo laika, t.y. 20 tex turi 0,31 s, bet eksperimentinis 0,36 s; verpty
verpaly su 40 tex — 0,6 sek, o eksperimentinis — 0,38 sek.

* To paties 20 tex ilginio tankio medvilnés verpaly ir medvilnés ir Silko
verpaly variacijos koeficientai skiriasi: medvilnés verpalai trimis atvejais yra didesni
nei misriy verpaly. Dvikomponenéiy verpaly trikimo jéga didesné — 339,4 cN, o
medvilniniai verpalai turi 281,2 cN. Dvikomponenciy verpaly trikimo stiprumo
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kitimo koeficientas yra 1,2 karto mazesnis nei medvilnés. Specifinis misraus verpalo
stiprumas taip pat didesnis nei medvilniniy — 16,9 cN/tex, o medvilnés 13,9 cN/tex.
Dvikomponenc¢iy verpaly pailgé¢jimas triikkstant yra 6%, o medvilnés — 3,93%.

5. Visi nustatyti misriy sitily skirtumai rodo, kad sitly struktira vaidina
pagrindinj vaidmenj bet kokio tipo sitly mechaninéms ir fizikinéms savybéms.
Didesnés lygiagrecios orientacijos pluostai verpaluose suteikia daugiau stiprumo
trikimo metu bei pailgéjima. Naudojant misry pluosta, ypac Silko atlieky pluosta,
taip pat suteikiama daugiau stiprumo ir geresniy savybiy.

6. Silko atlieky pluosty naudojimas daro teigiamg jtaka ne tik tvarumui ir
ziedinei ekonomikai, bet ir savybéms bei ekonominei naudai.
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