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Abstract

In the article, the methods of processing and obtaining multicomponent raw
materials were investigated with the properties of multicomponent threads
obtained from fiber waste cluster enterprises in textile production, the inter-
relation of the components sorting composition. To solve the problem, we
used the cause-effect relationship of information theory from the grid plan-
ning Matrix, solving the dependence of raw materials, physical and mechani-
cal parameters and the established characteristics of the product. Empirical
correlations were obtained on the nature and mechanism of the relationship
between factors, which allowed the system to establish a theory of control and
prediction of behavior. The methods of evaluation used in this study make it
possible to expand the information base with respect to these indicators and
to use them in the production of fabrics and threads with established charac-
teristics.
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1. Introduction

Currently, improving the quality of textile products, in particular, yarn from the
same raw materials, depending on market demand is an urgent task, which
contributes to increasing the export capacity of products. The production of
high-quality, globally competitive products based on the use of new, more ad-
vanced technology is the most important task of the textile industry. The quality
of textiles depends to a large extent on the uniformity, purity and strength of the

yarn. Improving the quality indicators of textile products can be achieved by in-
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troducing and using modern equipment that operates on more advanced tech-
nological principles [1] [2] [3].

The efficiency of spinning production largely depends on the rational use of
raw materials, which to a greater extent affects the cost of the final prod-
uct—yarn. It is known that as a result of processing of textile fiber, fibrous waste
is released, which is divided into spun and non-spun. Among them, spun waste
is of great value, since it allows you to save a full-fledged fiber and reduce the
cost of production [2] [4] [5].

Therefore, the study of the possibility of waste-free processing of fibers into
yarn is an urgent problem, in connection with which the goal of complete

processing of spun waste into yarn is set.

2. Material and Methods

The types of yarns made up of several components are very diverse. The proper-
ties and scope of yarns determine their structure and the fibrous composition of
the mixture. Reinforced yarn, in contrast to ordinary or mixed yarns, obtained
on spinning machines and consisting entirely of fibrous materials evenly distri-
buted throughout the entire volume, is usually made in two steps, first a core is
made, and then an outer layer called a braid is applied to it. Any natural and
chemical fibers, a wide range of complex yarns, as well as all possible fibrous
waste from the textile industry can be used as components of the reinforced yarn
(1]-[7].

It is characteristic that the resulting breaking load of the reinforced yarn is the
sum of the breaking loads of the rod and the braid, which depend on the
strength characteristics of the fibers.

In order to determine the quality of the mixture, the properties of the indi-

vidual components that make up the structure of the yarn were studied.

2.1. Analysis of the Physical and Mechanical Properties of Fibrous
Waste

To expand the range of yarns, the geometric properties of fibrous waste were
studied.

In the studies, it was assumed to use fibrous waste of the spinning group, re-
leased in production conditions.

As it is known, this enterprise used cotton, viscose and polyester fibers.
Therefore, the main attention was paid to these fibers and, accordingly, their
spinning waste was studied—nut and scattering fluff ST N 3, carded brush (ST N
II) and combed wool ST N 17.

Structural and compositional fibrous waste was studied in a production labor-
atory using a standard method.

The tests were carried out in three agility. After checking the homogeneity of
the variance of the average indicators, they were summarized in Table 1.

The indicators relate to waste generated during the processing of type II grade
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I cotton fiber sort.

By analyzing this table, one can be convinced that the length of the fibers is
quite spinnable. Carded fleece has a maximum average length (35.2 mm). The
breaking load of the fibers in the carded belt also has a maximum value (27.8).
As for the viscose fibers, on the contrary, the carded fleece has a shorter fiber
length (35.4 mm versus 36.2 mm) than in the nut. The breaking load of the fi-
bers in the carded thread is less by 1.2 mm in comparison with the flap nut.

Also, the corresponding indicators of polyester fiber were determined, which
differ in their strength, amounting to 46.3 sn/tex in the nut and 47.8 in the
carded thread.

Thus, the fiber of three types is at the same length in length, and in terms of
linear density, the range of the value is 0.02 tex, therefore, they may well be
mixed.

Taking into account the production conditions, the mixing of the components
was carried out at the first transfer of the draw frames.

For this, for each component, the corresponding mixtures were compiled for

the production of a tape. The proportion of components is given in Table 2.

Table 1. Basic properties of fibrous waste.

Linear Average Breaking load The content
No. Name of the Density, length, bsol . of vices and
waste absolute relative,
T, tex L, mm Resn Rusn/tex weeds, %
cotton fiber
1 Nut and fluff scabby 0.143 34.3 3.4 25.48 32.3
2 Carded scrub 0.143 35.2 3.6 27.6 12.6
3 Comb fleece 0.143 34.7 3.1 26.2 1.9
viscose wool
4 Fluff scutching 0.152 36.2 20.4 15.7 1.3
5 Carded scrub 0.152 354 19.2 14.1 0.9
polyester fiber
Fluff scabby 0.163 35.3 46.3 26.8 1.1
Carded scrub 0.163 36.3 47.3 20.7 0.6
Table 2. The composition of the mixture components.
Types of Disposals
No. Name of the waste Nut and fluff Carded scrub, Combed hair,
scuffed, in % in % in %
1 Cotton waste 25 35 45
2 Viscose waste 10 90 -
3 Polyester waste 10 90 -
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Based on the distribution of waste, a three-component mixture was achieved,
taking this into account, an experiment with sequential simplex planning was
chosen to study the relationship of the composition of the property, which is
carried out in order to achieve an almost stationary region of the response func-

tion, which is also well formalized and easy to optimize.

2.2. Rationalization of the Sorting Composition of Single and
Reinforced Yarns

Experimental studies were carried out in a production laboratory on a PR-150-1
machine, where the further production of single and reinforced yarns makes it
possible to provide the same conditions for spinning and reinforcement.

Table 3, the matrix of the lattice method of planning the experiment for
the case of three components is presented and the following designations are
adopted:

X,—coded value of the share of cotton waste in the mixture, %;

X,—coded value of the proportion of viscose waste in the mixture, %;

X,—coded value of the proportion of waste polyester fibers in the mixture, %;

Y,—relative breaking load, sn/tex;

Y,—square uneven that at breaking load, %;

Y,—quadratic unevenness in linear density, %;

Y,—elongation at break, %.

Based on the data in Table 3, the coefficients of the polynomials are calculated
and the following dependences of the optimization parameters on the composi-

tion of the sort are established.

Y, (P, )=6.12X,+7.6X,+7.63X, +4.18X X, +2.42X X,
+4.72X, X, +1.17X, X, X,

Y,(H,)=83X,+11.4X, +16X,+14X,X, +14.6X X,
+50.4X,X, +10.88X, X, X,

Y, (H;)=57X,+33X, +4.1X, +44X X, +1.6X X,
+6X,X, +33.3X,X,X,

Y,(V,)=5X, +4.5X, +4.6X, +12.6X,X, +6.4X X,
+18.6X, X, +48.6X, X, X,

Since the simplex of lattice matrices is saturated (the number of experiments
is equal to the number of determined coefficients in the polynomial), there are
no degrees of freedom to check the adequacy. Therefore, to check the adequacy
of the obtained models (I), additional experiments are carried out at some con-
trol points of the factor space.

The number of control points and their location on the simplex depend on the
problems of the complexity of the experiment and the high cost. Most often, the
control points are chosen either in the zone of the factor space that is most in-

teresting for the researcher, or so that, if necessary, they can be used to construct

DOI: 10.4236/eng.2021.134014

187 Engineering


https://doi.org/10.4236/eng.2021.134014

I. N. Tuychiboevich

a polynomial of a higher degree [1]-[10].

In Table 4, the results of additional experiments are given which were carried
out to check the adequacy of the models.

The homogeneity of the dispersion of the experiments was verified by the

Cochran criteria.
G, :Szumax{Y}Su2 {Y} (1)
Calculations have shown that the variances of all optimization parameters are

homogeneous, since the condition GR < GT is satisfied.

The reproducibility dispersion was calculated by the following formula
1
S*{y}=—RSs? 2
)= RS u vy (2)

The adequacy of the obtained models was checked at each control point ac-
cording to the Student’s criterion, the calculated value of which was determined
by the formula.

_ (3 —yR)m
==
S { y} 1-j

Comparing the calculated and tabular values of the Student’s criterion, it was

3)

found that all models are adequate to the experimental data and can be used for

calculations.

Table 3. Planning matrix and experiment results.

Experience serial Share of components Average parameter values

number X, X, X, i Y; Y, Y,
1 1 1 0 6.12 8.3 5.7 5
2 0 0 0 7.6 11.4 3.3 4.5
3 0 0 1 7.63 16 4.1 4.6
4 0.5 0.5 0 7.9 9.5 3.4 7.93
5 0.5 0 0.5 7.44 8.5 4.5 6.43
6 0 0 0.5 8.8 11.1 5.23 9.2
7 0.333 0.333 0.333 8.1 12.3 5.6 6.5

Table 4. Results of control experiments.

Experience Proportion of components Average parameter values
number X, X, X, r Y, Y, Y,
7 0.333 0.333 0.333 8.133 12.3 4.5 6.5
8 0.15 0.70 0.15 8.38 6.02 4.4 8.7
9 0.70 0.15 0.15 7.4 5.9 3.8 7.3
10 0.5 0.3 0.2 7.4 6.1 4.0 8.2
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Interpolation of the test results is recommended to select the optimal zone for
the proportions of components.

For this purpose, curves were constructed that represent diagrams of the
composition of properties, on which, within the simplex, a family of isoclines is
depicted, showing the nature of the change in the parameters of the mixture of
the composition of properties in Figures 1-4.

Analyzing the isoclines, it is easy to make sure that the optimal ratios of the
mixture components are within the range of X, = 33.333; X, = 33.333; X] =
33.333.

Thus, on the basis of the experiment carried out, the values of the components

that ensure the optimum yarn quality have been determined.

Max = 5.74
Min = 3.04

A2

—33, 0.1
X A A \"K\/ ° X
" 0102 03 04 05 06 07 08 09 2

Figure 1. Isolines of the dependence of unevenly and spinning according to the linear
density of a single yarn on the sorting composition, %.

Max = 5.68
Min=4.4

= X
" 01 02 03 04 05 06 07 08 09 2

Figure 2. Elongation at break, %.
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Max = 8.77
Min = 6.1

! 01 02 03 04 05 06 07 08 09

Figure 3. Relative breaking load, sn/tex.

Max = 16
Min = 1.99

1 01 02 03 04 05 06 07 08 09 2

Figure 4. Square uneven breaking load, %.

Similar experiments to optimize the sorting composition were carried out for
yarn production. In this case, the input optimization parameters acquire new
values.

It is known that the properties of a reinforced yarn, consisting of a core thread
to the outer sheathing layer, depend on the combination of the fibrous composi-
tion of the components to their values.

When forming a reinforced yarn on PR-150-1, the sheathing layer completely
covers the core thread, forming the outer layer, while the fibers in the braid are
compacted to the core by means of torsion, which creates a frictional force that
resists breaking forces.

Taking into account that the friction force depends not only on the twist, but
also on the properties of the braid fibers, the dependences of the main properties
of the reinforced yarn on the sorting composition in the presence of a rod were

investigated.
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The planning matrix and research results are shown in Table 5.
Based on the results of the experimental data, the coefficients of the poly-
nomial were calculated, and adequate equations were obtained:
Y,(P,)=102X,+9.9X, +10.1X; +3X, X, +18X X,
+04X,X,+174X, X, X,

Y,(H,)=10.1X, +11X, +13.1X, ~4.2X, X, - 24X, X,
—21.4X,X, +105.8X X, X,

Y,(H,)=54X,+52X, +52X, —0.4X,X, -32X X,
—2X,X, +120.9X,X, X,

Y, (V,)=83X,+7.2X,+7.6X,-2X, X, -1.4X X,
+0X,X,+16.2X X, X,

The adequacy of the regression equation was checked on the basis of comple-
mentary experiments (Table 6).

Comparing the response surfaces and analyzing the isolines, one can conclude
that the optimal ratios of the components are X, = 33.3; X, = 33.3; X, = 33.3,
which corresponds to cotton waste in the amount of 33.3%, waste 33.3%, po-
lyester waste 33.3%.

Property composition diagrams are shown in Figures 5-8.

Table 5. Planning matrix and experiment results.

Proportion of components Average parameter values
Variants

X X X h n r Y
1 1 0 0 10.2 10.1 5.4 8.3
2 0 1 0 9.9 11.0 5.2 7.2
3 0 0 1 10.1 13.1 5.2 7.6
4 0.5 0.5 0 9.3 9.5 5.2 7.25
5 0.5 0 0.5 9.7 4.5 2.5 7.6
6 0 0 0.5 10.1 4.7 4.7 7.4
7 0.333 0.333 0.333 10.3 7.5 4.3 7.1

Table 6. The result of control experiments.

Proportion of components Average parameter values
Variants
X X X Y Y, Y Y,
7 0.333 0.333 0.333 10.08 9.65 8.9 7.85
8 0.15 0.70 0.15 12.37 8.74 6.88 7.8
9 0.70 0.15 0.15 12.11 8.9 6.82 7.95
10 0.50 0.3 0.2 16.3 9.85 8.8 8.56
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Max = 16
Min = 9.29

« : - {
' 01 02 03 04 05 06 07 08 09

Figure 5. Relative breaking load, sn/tex.

Max = 13.1
Min = 6.64

- X
! 01 02 03 04 05 06 07 08 09 2

Figure 6. Roughness at breaking load, %.

Max = 9.11
Min = 4.49

X
' 01 02 03 04 05 06 07 08 09 %,

Figure 7. Roughness in linear density, %.
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' 01 02 03 04 05 06 07 08 09 2

Figure 8. Elongation of the reinforced yarn, %.

2.3. Comparative Analysis of Yarns of Various Reinforcement
Methods

In the literature review of the chapter 1.2, various reinforcement methods were
considered, such as annular, rotary, aerodynamic.

At present, valuable fibers are used in the production of pile fabrics from
reinforced yarn. However, these fabrics can be made from yarns made from fiber
waste on a rotary machine.

For this, in turn, leads to savings in valuable raw materials and a reduction in
technological processes of spinning [5].

For comparative analysis, sortings were drawn up, which are indicated in
chapter/3.2/. Semi-finished products, strap and roving were obtained from these
grades. The studied physical and mechanical properties of semi-finished prod-
ucts are suggested in the following Table 7.

It can be seen from the table that the linear density, and the uneven linear
density, meet the requirements of GOST.

To achieve the goal, a reinforced yarn was produced from fibrous waste, con-
sisting of 50% core yarn made from valuable fiber and 50% of an upholstery
layer consisting of fibrous waste from spinning-twisting and rotary machines.
After that, the physical and mechanical properties of the resulting yarn were ful-
ly studied and its comparative characteristics are given in Table 8.

The table shows that when yarn is produced from fibrous waste, its physical
and mechanical properties slightly differ from the properties of yarn obtained
from valuable fiber. The main reason for this is that the upholstery yarn is de-
rived from waste fiber and consists of short fibers, despite accounting for 50% of
the total weight of the twisted yarn.

Table 9 shows that the yarn produced by the rotary method, in its properties,
exceeds the indicators of the yarn produced by the ring method. In addition, a

slight twist of the yarn makes it possible to obtain a more pile fabric.
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Table 7. Physical and mechanical properties of polyfineries.

No. Name of semi-finished Linear density, Unevenness, State Standard
products T, tex in % (SS)
1 Waste Cotton Canvas 420 1.6 1.5
2 VISCOSE WASTE CANVAS 400 2.3 1.9
3 Polyester Waste Canvas 400 1.9 1.7
4 Cotton waste combed tape 3.81 4.6 5.6
5 Cardboard viscose tape from 3.67 3.1 5.6
6 Polyester comb tape from. 3.67 3.7 5.6
7 Belt from draw frames 3.62 2.1 2.1+2.5
8 roving 625 1.7 2.1+2.5
Table 8. Comparative characteristics of yarn properties.
In the factory, In the factory,
Yarn indicators Core thread conv. made of conv. from
valuable fibers fiber waste
Linear density of the yarn, tex 24.8 49.9 (25 x 2) 49.7 (25 x 2)
Breaking load, R.sn 295.12 663.17 631.19
Relative breaking load. Roth sn/tex 11.9 13.3 12.7
Twist, K, cr/m 796 573 488
Twist coefficient of variation, in % 38.7 41.4 34.3
o by linear density 4.0 2.6 3.67
o by breaking load 14.7 8.8 10.6

Table 9. Comparative table of physical and mechanical properties of reinforced yarn.

Yarn parameters

From Waste fiber

Core filament

Ring way Rotary way

Linear density of the yarn, tex 24.8 49.7 (25.2) 50.9

Breaking load, R.sn 295.12 631.19 692.24
Relative breaking load, 11.9 12.7 13.6
Rotary, CN/tex. Twist, cr/m 796 488 442
Twist factor 38.7 343 36.9

Rough coefficient, %
Linear density 4.0 3.67 2.6
breaking load 14.7 10.8 12.3
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The experiments have shown that when producing reinforced yarn from fibr-
ous waste, the rotary spinning method makes it possible to obtain pile fabric of
the flannel type. At the same time, the use of spinning waste allows you to save
valuable raw materials, shorten the technological process of yarn production,
and also increase the productivity of labor and equipment.

From the above analysis of the yield of the reinforced yarn, it was found that
the quality of the yarn is largely influenced by the core thread. Further research
is aimed at studying the methods of feeding the core thread.

3. Conclusions

1) Studied the properties of fiber waste from spinning production. The main
physical and mechanical indicators of fibrous waste, as a raw material for yarn,
as having reduced staple length characteristics, but possessing the necessary
physical and mechanical properties, including hygroscopicity, appearance,
which is very valuable in the production of pile fabrics (flannel, boomazy), have
been determined.

2) The interrelationship of the composition of the sorting components with
the properties of the yarn has been investigated in a simplex planning of opti-
mizing the composition of the mixture.

3) On the basis of experiments, the optimal ratios of components have been
established that ensure the required quality of a single yarn.

4) Reinforced yarn has been obtained experimentally in a circular and rotary
way. The qualitative indicators of the yarn of the rotary reinforcement method

were compared and selected.
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