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TECHNOLOGICAL PECULIARITIES OF THE PRODUCTION
OF A WEARABLE ANTENNA WITH INNOVATIVE
TEXTILE MATERIALS

Snezhina Angelova Andonova

Department of Mechanical Engineering and Technologies, Faculty of Engineering, South-West University “Neofit Rilski”,
66 Ivan Mihailov Str., 2700 Blagoevgrad, Bulgaria
andonova_sn@swu.bg

Abstract: Essentially, textile materials are insulators. This is one of the main reasons to avoid their use
in the fabrication of radiating elements of the antenna. Their extremely low value, the development
of industrial technologies, as well as the need to design and build antennas on textile materials (embedded
in clothing) are the main prerequisites for the ever-expanding use of textile materials (TM)

for the fabrication of substrates of wearable antennas. Withal,

many questions arise regarding

technological factors affecting the effectiveness of textile materials application for antenna fabrication.
Today, a number of new textile materials are very intensively developed. The subject of this work
is the technological peculiarities of the fabrication of wearable antennas from a new TM registered

with an invention patent in recent years.

Keywords: modern textile materials, wearable antenna.

1 INTRODUCTION

The development of modern industrial technologies
on a global scale is particularly intensive. Setting
the scientific basis of problematic engineering tasks
is especially important in view of their faster and
more efficient solution for optimization of innovative
technological processes. The process of application
of textile materials for the fabrication of wearable
antennas is an extremely up-to-date, interesting and
innovative process, which is why its research
and scientific analysis is the subject of this work.

Essentially, textile materials are insulators - they
have very high electrical resistance. This is one
ofthe main reasons to avoid their use
in the fabrication of radiating elements for antenna.
Their extremely low value (compared to other

materials commonly used for antennas),
the development of the industrial technology
inrecent years (however, electrical loads pass

through textile materials), as well as the need
to design and build antennas on textile materials
(embedded in clothing) [1] are the main
prerequisites for the ever-expanding use of textile
materials to make substrates for wearable antennas.
Wearable antennas made out of conductive fabric
on textile substrates were reported in the past [2, 3].
Withal, many  questions arise regarding
technological factors affecting the effectiveness
of TM application for antennas that have not been
the subject of scientific treatment or have not been
sufficiently and thoroughly studied.
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One of the main criteria that determines
the applicability of TM for antenna fabrication is its
dielectric constant. Studies have been carried out
to determine the effect of the degree of filling
of capacitor plates with textile material, as well as
the influence of the humidity and the temperature
of fibers on the dielectric constant [4, 5].
Also, scientific research has been conducted
in order to identify the influence of the frequency
of the current supplied to the capacitor plates and
the chemical structure of the fibers on the dielectric
constant [4-6]. In recent years, however, a number
of new textile materials have been developed and
have entered into mass production. Each of them

is with  different properties according to its
composition and structure. All this requires
an expansion and deepening of the studies

of dielectric properties of textile materials, taking into
account the multicomponent nature of their chemical
composition and the complexity of their structure.
In the context of the above mentioned, the dielectric
properties of an innovative TM (with multicomponent
composition and complex structure) registered with
an invention patent [7] in recent years, which have
not been a subject of scientific research,
are of a particular interest.

2 DISCUSSION AND ANALYSIS

The purpose of the present work is to investigate
and analyze the dielectric constant of an innovative
double woven fabric at different technological
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variants of operation. The double weaving
technology enables the front side of the TM to have
one type of structure and composition, and
the backside of the TM - another type of composition
and structure that meets specific requirements
for the TM.

2.1 Conditions to execute the experiment

The textile material studied is a double woven fabric
(for winter sports, hunting and tourism) "Hunter'12",
produced by "E. Miroglio SA" — Sliven, Bulgaria.
Flexible textile product is a fabric of multilayer weave
type "double fabric". The considered pattern consists
of 2 classical twills - 3/1 twill for the face fabric and
2/1 twill for the reverse fabric. Between the face
fabric and the reverse fabric there is an intermediate
bonding layer of chemical threads. The cross section
of weaving contexture that underlies this complex
fabric structure is given in Figure 1 [7, 8].

Pure cotton fibers (100%) make the face layer
of the fabric and 100% wool fibers make the reverse
layer of the fabric. The intermediate layer is made
of chemical fibers - polyamide and viscose [8].
General fibrous composition of the face fabric
is characterized by the linear density of warp threads
(c: 1, 3,5,7,8, 10, 12 and 14) Tt = 20.0x2 tex
Sirospun, 70/18/7/5%  Cotton/Viscose/PES/PAG,
while the linear density of weft threads (t: 3 and 10)
is Tt = 16.1 (8.3 + 7.8 Ply twisted) tex, 52/48%
Viscose/PES. General fibrous composition
of the reverse fabric is characterized by the linear
density of warp threads (c: 2, 4, 6, 9, 11 and 13)
Tt=16.1 (8.3 + 7.8 Ply twisted) tex, 52/48%
Viscose/PES, while the linear density of weft threads
(t: 1 and 8) is Tt = 40x1 tex, 100% Wool.

It was the multicomponent ~ composition,
the complexity of the structure and the exceptional
applicability of the above-described TM that aroused
interest in exploring its potential for wearable
antenna fabrication.

In formulating the conditions and methods for

of the morphological method for analysis and
synthesis of methods are applied [9]. The analysis
of technological methods for the production
of wearable antennas shows that the most common
technological variants are with one layer and two
layers of TM given in Figure 2. A wearable antenna
can be made on a single layer of TM as given
in Figure 2, positions 2 and 5.

A number of reasons may require the concealment
of the wearable antenna. Therefore, this antenna
can be inserted between the details of the sewing
article. For example, between the base textile
material and the outer sewn pocket (Figure 2,
position 1) between the two layers of TM
in the manufacture of connecting seams
of the article (Figure 2, positions 3 and 4), between
the two layers of TM in the manufacture of hemmed
seams of the article and a number of others.

Figure 2 Scheme of an example placement of a wearable
antenna on a men's shirt

conducting the experiment, principles
3t by warp 10t
1c 5c 7c 8c 10c 12¢ 14¢c

[}
face layer

L&)

face sublayer

reverse sublayer

reverse layer

1{ 2c 6¢c

¢

o] 7
r 8t

Figure 1 A cross section of weaving contexture that underlies a double woven fabric “Hunter'12”
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Possible technological solutions are by using
a special thread to connect the antenna to the basic
TM or by using a polymeric binder. In this regard,
two experiments were conducted to investigate
the dielectric constant of the described TM. For each
experiment, 2 variants were examined according to
the number of TM layers - with one layer and two
layers.

The tests in Experiment | were performed with TM
without a polymeric binder.

The tests in Experiment Il were performed with a TM
with a polymeric binder.

The dielectric constant of the material was
measured by the resonant perturbation method
described in [10] at frequency of 2.564 GHz.

2.2 Experimental results

The results obtained from the implementation
of Experiment | and Experiment |l are given
inTables 1 and 2. It is important to note that
in the initial conduct of two experiments, 3 repeated
trials were made for each point in the experiment
plan (m = 3). In doing so, it was found that
the studies for Experiment Il were not reproducible.
This is why the number of repeated ftrials at one
point in the experiment plan for Experiment I
is increased to 4 (m = 4 for Experiment I1).

Table 1 Results of conducted studies for dielectric
constant for Experiment |

Study Ne, j Dielectric constant

Variant No, i, (number of layers)| DC;, DC; . DC;;

B1—1 (one layer of TM) 1.963022)|1.963875|1.964554

B2 — 2 (two layers of TM) 1.929429]1.924141]1.923903

Table 2 Results of conducted studies for dielectric
constant for Experiment Il

Study Ne, j Dielectric constant
Variant Ng, i, : : : :
(number of layers) DCis DbCi, DCis DCis

B+ — 1 (one layer of TM
with one layer polymeric [1.893409|1.890665|1.892463|1.893318
binder)

B, — 2 (two layers of TM
with two layers polymeric|1.918928|1.919031|1.918903|1.917414
binder)

2.3 Discussion of experimental results
It is necessary to carry out a process reproducibility
check, which is reduced [11, 12] to a variance
perseverance check (by Cochran's C test):

S?

imax .
G, =—5";

S5 g
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fi=m—1
G\ f, =B (2)
r=0,05

where m is the number of repeated trials for each variant,
B - number of variant, f; and f» - degrees of freedom,
r - significance level.

The C test is used to decide if a single estimate
of a variance (or a standard deviation) is significantly
larger than a group of variances (or standard
deviations) with which the single estimate
is supposed to be comparable [11].

The results for the calculated and tabulated value
of the Cochran's C test for Experiment | are:

G., =091798; G, =09750 3)

Therefore, intra-group variance does not differ
statistically and the study process for Experiment |
is reproducible.

The results for the calculated and tabulated value
of the Cochran's C test for Experiment Il are:

G., =0,731019; G, , =0,9392 A1)

Therefore, intra-group variance does not differ
statistically and the study process for Experiment Il
is reproducible. Therefore, it can be summarized
that the influence of the number of layers
on the dielectric constant has been established.
The results in Table 1 show that as the number
of layers (without polymer binder) increases,
the value of the dielectric constant decreases.
The results in Table 2 show that as the number
of layers (with polymer binder) increases, the value
of the dielectric constant also increases.

As can be seen from the results listed in Tables 1
and 2, the investigated textile material exhibits low
dielectric constant. Consequently, textile material
can find application as a substrate in wearable
antennas for off-body communications in the body
area networks, because the low dielectric constant
reduces the surface wave losses and improve
the impedance bandwidth. From results of two
experiments, it can be summarized that the most
effective technological variant for making a wearable
antenna is variant one (B;) of Experiment II.
This motivates the development of numerical and
experimental models of a wearable antenna for this
technological variant.

Figure 3 illustrates an example for a configuration
ofa wearable antenna with a substrate from
the investigated textile material for one-layer TM
with  one-layer polymeric binder (variant B,
of Experiment II).



Figure wearable antenna

3 Configuration of a
with a substrate from the investigated textile material

3 CONCLUSION
In the present work, the possibility of applying

innovative double cloth to the elaboration
of a wearable antenna has been investigated.
Technological peculiarities for the  design

of a wearable antenna have been analyzed and
considered when carrying out experiments.

The values of the dielectric  constant
of the investigated TM for different technological
variants have been established. The reproducibility
of studies carried out has been proven.
The applicability of the investigated textile material
as a substrate in wearable antennas for off-body
communications in the body area networks has been
established. A highly efficient technological variant
for making a wearable antenna has been
established. A configuration of a wearable antenna
with a substrate from the investigated textile material
has been created.

Researches and analyzes carried out lay
on a scientific basis the solution of interdisciplinary
engineering problems related to technological
peculiarities for the production of a wearable
antenna.
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METHOD OF PATTERN MAKING FOR SWEATING THERMAL
MANIKIN FOR RESEARCH EXPERIMENT PURPOSES
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Abstract: This paper is showing the technique, which was developed during the research of Redefining
Men’s Shirt Pattern’, of making a tightly fitted shirt pattern for the sweating thermal manikin (model-Newton)
for the usage of the research experiments. From supplies to the pattern making procedures are clearly
reported with details. The finished shirt is closely fitted to the manikin with minimum air gaps and
the pattern can also be graded into different sizes for research purposes. The goal of making this pattern
set for the manikin is to understand the true effect of air gaps influenced on the thermal insulation (R¢i) and
the evaporative resistance (Rei). With this method, the researcher will know the increase of the air gap that
is built into the shirt from minimum to different sizes of the air gap. Hence, it will benefit the study of air
gaps related to thermal insulation and the evaporative resistance rather than using the ready-to-wear shirt
which will only give the size labels without knowing the air gap distance that is built in the measurements
of the shirt.

Keywords: shirt pattern, thermal insulation, evaporative resistance, grading, ready-to-wear, sweating

thermal manikin.

1 INTRODUCTION

Using shrink-wrap or duct tape [1, 2] to create
a fitting mannequin for clothing is a common method
in the fashion industry. However, it is difficult to trace
back who is the first one to use this technique nor
since when shrink-wrap/duct tape technique has
been used. The shrink-wrap or duct tape technique
(seems like a molding method in casting sculpture)
is mostly used to clone oneselfs own body for
his/her fitting or to use it as the duplicated self
to create clothing for his/herself. Because of this
reason, the finished body part can only fit the person
who has been duct-taped or shrink-wrapped
to create the molding. More, shrink-wrap or duct
tape is directly applied onto a lightly clothed person;

no detailed or analytical measurements are recorded.

The goal of this cloning technique is to obtain
“another self’ for easy fitting and creating fashion
for oneself.

Thermal insulation and evaporative resistance are
two major factors influencing wearing comfort.
A lot of research had been done by using thermal
manikin  putting on ready-to-wear garments.
For examples: Chen, Fan, Qian & Zhang [3-4] were
using thermal manikin to find out the interactions
between air gap and thermal resistance, as well as
moisture vapor resistance; Jintu Fan & Tsang [5]

Fibres and Textiles (1) 2020

investigated clothing thermal properties on sweating
manikin; Qian & Fan [6] used Walter — the sweating
manikin to predict the thermal insulation and
moisture vapor resistance. Also, a lot of articles are
related to using textiles and ready-to-wear clothing
on the thermal manikin to find out the heat and mass
transfer related to clothing protection and comfort
[7-10]. All of these experiments, even though
the results were quite similar that was when the air
gap distance increase, the insulation or water vapor
resistance increase. However, most
of the researchers were using ready-to-use textiles
or clothing. For clothing, researchers are relied
onthe company's size label to determine
the dimension (air gap size) of the clothes but each
company’s standard of sizing system may not be
the same and it is difficult to compare the results
from one company to another. To solve this problem,
the method of preparing a clothing pattern for
sweating thermal manikin model of any kind was
developed during the research of the Redefining
the Man’s Shirt Pattern1 (F. T. Fung, A. Havelka,
2017 - 2018). It is the adaptation of combining
the shrink wrap and duct tape techniques, with
accurate measurements and marking systems
to ensure the accuracy of the patterns so that
the finished pattern set can be transferred to another
laboratory for repetitive research purposes.
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The goal of the closely fitted manikin pattern set
is to standardize the clothing size (which is the air
gap size that is built-in the clothing) just only for
the experiment purposes but not for the selling.
Hence, results can be compared between different
materials and garment sizes from different
researchers’ experiments.

2 METHODS

2.1 Supplies and tools

Supplies and tools are commonly used stuff that can
be found in any supermarket or stationery store.
The quantity and their purposes are given in Table 1.

2.2 Techniques and procedures

In order to develop a closely fitted shirt
for the sweating thermal manikin model - Newton,
the process is divided into 2 parts: Part 1 is the torso,
part 2 is the sleeve. The following are
the procedures:

Part 1: The torso

Step 1: Using small stickers as reference points
and marked on the thermal manikin (Figure 1).
Then the distance of each of the position points was
recorded by tape measure (Tables 2 and 3).

Step 2: Plastic shrink-wrap was used to wrap around
the entire upper body of the thermal manikin for
the prevention of accidental damaging the manikin
and for easy unmolding. Also, the reference points
could be easily seen through the clear plastic film.

Step 3: Silver duct tape was taped along the contour
of the manikin’s torso on top of the plastic wrap and
at the same time the reference points were
transferred and marked on the silver tape
by a marker.

Step 4: Cut lines were drawn by connecting
the reference points along the contour of the manikin.
Carefully cut along the drawn lines using a pair
of round point scissors.

Step 5: 3D pattern pieces were unmolded.

Step 6: Pressed down the 3D pattern pieces on top
of a piece of brown paper and traced the outlines
of each piece.

Figure 1 Thermal manikin was marked with reference
points from 1 to 21

Table 1 Details of materials, quantity and the purpose of the shirt making procedures

Supplies and tools Quantity Purpose

Shrink-wrap 1 roll — any dimension to protect the manikin from scratches

Duct tape 1 roll — wider the better to create the 3D pattern from the manikin
Small sticker 1 package — smaller the better for marking on the manikin

Marker 1 Black, 1 Red, 1Blue for transfer marks and marking on the manikin
Tape measure 1 roll to take measurements for confirmation
Scissor 1 pair for cutting materials to fit the manikin and cutting pattern pieces
Pen and writing pad 1 each for taking records

Camera 1 piece for taking photo records

Brown paper 1 roll — wider on the width for converted 3D patterns to 2D pattern pieces
Pencil and eraser 1 each for pattern pieces transferring

Curve rulers 1 set for truing the pattern pieces

Table 2 Reference points and their position chart

Number| (X, Y) [cm] Description Number| (X, Y) [cm] Description
0 (0,0) center front neck 11 (0,10) |[from point 10
1 (0, 5) 5 mm down from center front neck 0, 0 12 (0,10)  |from point 11
2 (12, 5)  |from center front neck 0, 0 13 (0,14) |from point 12
3 (-7.5,5) [from point 2 to point 1 14 (0,14) |from point 13
4 (0,10)  |from point 2 15 (0, 5) 5 mm down from center back neck 0, 0
5 (0, 22)  |from center front neck 0, 0 16 (-6, 5) from point 15 to point 2
6 (0, 33.5) |[from center front neck 0, 0 17 (0, 24.5) |from center back neck 0, 0
7 (0,42) |from center front neck 0, 0 18 (0, 35.5) |from center back neck 0, 0
8 (0, 56.5) |[from center front neck 0, 0 19 (0, 44.5) |from center back neck 0, 0
9 (0, 14)  |from point 4 20 (0,59) [from center back neck 0, 0
10 (25,5) |from point 5 21 (-48,0) |[from point 14
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Table 3 Confirmation of the measurements between reference points

D N Connected | Total measurement N Connected Total measurement
escription Description
numbers [cm] numbers [cm]
half front neck 1-3-2 8+7.5=15.5 side-mid-waist to waist 11-12 10
shoulder 2-4 10 side-waist to hips 12-13 13.5
half front chest 5-10 24.5 half back neck 15-16-2 6+6=12
half front mid-waist 6-11 22.5 half back chest 17-10 21
half front waist 7-12 20 half back mid-waist 18-11 18
half front hips 8-13 24 half back waist 19-12 17
mid armhole 4-9 14 half back hips 20-13 24
under armpit 9-10 14.5 center front length 1-5-6-7-8 17+12+9+14=52
side-chest to mid-waist 10-11 10.5 center back length 15-17-18-19-20 |20+9.5+10.5+14.5=54.5

a)

The torso of the manikin was wrapped

around by shrink-wrap

b)
Silver duct tape applied on the manikin

to obtain the tightly fitted 3D body shape
measurements

d)
Half of the right side back 3D body molding

c)
The unmolded half of the right front side
of the 3D molding which was cut open

along the center front and the center
backline

After transforming from 3D pattern pieces
to 2D pieces by using confirmation
of measurement table to correct
the dimension of each piece of the 2D
pattern and 1 cm of seam allowance
isadded around each pattern piece
for sewing purpose

f)

The first test shirt was made from the 2D
pattern pieces with minimum air gaps
between the manikin and the shirt

Figure 2 The procedures of the molding method for the torso pattern development
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Step 7: Using reference points and the recorded
position tables to confirm the dimension of the 2D
pattern pieces were accurately drawn when they
were compared to the 3D molding pieces. Using
a curved ruler set to perfect the outline of each piece
of the pattern. Figures 2a - 2f are showing
the procedures of the process.

a)

center

Sticker marked the point
of the upper arm which was wrapped
by shrink-wrap

d)

3D molding traced the outline on brown
paper

Silver duct tape covered shrink wrap and
markings were transfer to duct tape

Finalized 2D pattern pieces ready to be
used for making a sleeve

Step 8: To finish the pattern set, one centimeter
of seam allowance (for joining pattern pieces
together) is added around each pattern piece.

Part 2: The sleeve

The steps were similar to the torso. Figures 3a - 3f
are the procedures for arm pattern development:

3D molding was flattened and ready to be
traced onto the brown paper

f)
First fitted sleeve sample with minimum air
gaps

e)

Figure 3 The procedures for arm pattern development

Table 4 The total increase in each sample’s circumference and the increase in each sample’s front and back pattern

pieces

Sample number

Radius increase and total increase
in sample’s circumference

Equal amount increases in the front piece
and back piece

sample 1 r = 144.8 mm (no increase), 910 mm 0
sample 2 r+ 3 mm = 147.8 mm, 928.65 mm 18.65 mm/2 = 9.3 mm
sample 3 r+5mm=149.8 mm, 941.22 mm 31.22mm/2 = 15.61 mm

Fibres and Textiles (1) 2020




3 GRADING SAMPLE TO DIFFERENT SIZES

Assuming the cross-section of the thermal manikin
is a geometrical shape of a circle (Figure 4), hence;
the following equation applies to any cross-section
of the manikin’s torso:

Manikin Body Circumference (MBC) = 2.11.r (1)

Figure 4 Assuming the grey part is the geometrical shape
of the body. The white part is the air gap between the body
and the clothing sample. Increase in radius affects
the sample size increase, hence; air gap sizes increase

By tape measure, the chest circumference
of the manikin is 910 mm, hence; using equation (1)
the radius of the chest is 144.8 mm. Based
on the clothing pattern of the first sample with
minimum air gaps, the clothing pattern of other sizes
each will have an increase in the radius
of the manikin body circumference. For example,

the increase in the radius is 0; 3 and 5 mm and so on.

Hence, the total increase of the pattern sizes
is calculated as follow:

Grading Size of Shirt = 2.17.(r + i) (2)

where: i is the increase of the radius: 0; 3 and 5 mm
and so on.

The increase of the body circumference from each
of the samples will be divided equally and distributed
to the front and back on the pattern pieces as shown
in Table 4.

4 CONCLUSION

The technique of making the closely fitted shirt
pattern for the sweating thermal manikin is a simple
and effective method for the researchers.
It is because the researchers not just knowing how
much the air gaps are built in the garment, also they
can decide the air gap size to suit their needs for
the experiment. More, this technique can be applied
to any model of sweating thermal manikin: male,
female, child, hand, head or leg, and the finished
clothing can be transferable to other labs for
repetitive experiments or for comparison verification.
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Abstract: This paper is primarily focused on the description of the relationship between the structural
parameters of woven fabric and its permeability for air and for water vapour. There are significant
differences between the two phenomena. Consequently, there are also differences in the relationship
between the structure and each of these phenomena. In this paper the influence of the weave type
is eliminated by using only fabrics with a plain weave, and influence of material is eliminated by using only
polyester fibres. Then two parameters of the fabric — the fineness of the yarns used and diameter of inter-
yarn pores — are shown to play a very important role. With the use of the multivariate linear regression
method equations for predicting air permeability and relative water vapour permeability have been
proposed on the base of the structural parameters of the woven fabrics — yarn fineness and inter-yarn pore
diameter. The correlations between calculated and measured values were high.

Keywords: air permeability, relative water vapour permeability, woven fabric, porosity, inter-yarn pore.

1 INTRODUCTION

Air permeability and water vapour permeability are
very important properties of textile materials, which
significantly contribute to the physiological comfort
felt by a dressed person. Both the properties are due
to the porous structure of textile materials. However,
the number, size, shape and distribution of the pores
in the fabric may be varied within a wide range.
The aim of a number of research papers [e.g. 1-15],
therefore, is to identify the relationships between
structural parameters of textile material and its air
permeability or water vapour permeability.
Understanding these relationships can lead to
a targeted designing of clothing materials with very
specific comfortable properties (e.g. sports, outdoor,
medical or professional clothing). Some studies
indicate that there are differences in relations
between the structure of the fabric and its
permeability for air or for water vapour [e.g. 12-15].

2 AR PERMEABILITY

Air permeability (AP) of textile materials is generally
understood as the ability of air-permeable fabric
to transmit air under the well specified conditions
given. Permeability measurement is carried out
according to the standard 1ISO 9237. Air permeability
AP [mm/s] is expressed as the speed of air flowing
through the sample of  fabric given.
The measurement conditions have to be defined
properly, namely the clamping area of sample
S[cmz] and the pressure difference Ap [Pa].
Standard measurement devices create a negative
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pressure inside the device, which leads to sucking
air through the tested fabric. The air permeability
of fabric is closely connected with the structure
of the given textile material. Therefore, a number
of contributions [e.g. 1-10, 12-15] are focused
on finding the relationship between the structure
and air permeability of fabrics.

In these works, the structure of the fabric is usually
characterized by its porosity [1, 3, 4, 6-10, 12, 13].
In the case of woven fabrics, a number of authors
also discuss the effect of weave on air permeability
of the fabric [e.g. 1-5, 7]. An even a very small
change in the structure of the fabric causes
a change in the air permeability. This fact can be
used in assessing the quality of fabrics. In earlier
papers [8, 10] it was shown that air permeability
measurement can be used for detection of fabric
structure irregularities. There is also an assumption
[1] that if the inter-yarn pores in woven fabric
(i.e. pores between the yarns — see Figure 1)
are large enough and the air has enough space for
free passage, it will mostly flow just in that way.
Based on this assumption, most authors dealing with
the air permeability of fabrics consider yarns
as an impermeable body. The question of whether
it is right to consider yarns in fabric as impermeable
body was also addressed in an earlier paper [9].
In this paper, for most of the evaluated knitted fabric,
this assumption was confirmed as possible.

The conclusions of the contributions that deal with
the relationship between the structure of the fabric
and its air permeability are fairly consistent.
According to them, the air permeability is very
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closely associated with properties such as porosity
or the average size of one inter-yarn pore
(e.g. diameter, area, perimeter) — regardless
of whether it is a woven or knitted fabric [1-4, 6-7, 9,
10, 12, 13]. These properties, such as the porosity
of the fabric or the size of the individual inter-yarn
pores in the fabric, depend on its constructional
parameters and on the production technology used.

o
o

- — -
1/Dy

o 1/Dg
I |

Figure 1 Scheme of dimensional characteristics of the one
inter-yarn pore in woven fabric

3 WATER VAPOUR PERMEABILITY

Water vapour permeability (WVP) of textile materials
is generally understood as the ability of permeable
fabric to transmit water vapour through textile
structure — usually expressed in units [g/m2/24h].
Water vapour permeability measurement can be
carried out according to the cup method [14, 15],
or according to the standard ISO 11092. Similar
procedure to that given by this standard
is measurement using a PERMETEST apparatus,
which measures the amount of heat passing through
the thermal model of human skin [16, 17]. Relative
water vapour permeability RWVP [%] of textile
sample is a non-standardized but useful parameter
that represents the relative heat flow responsible
for the cooling of the body [16, 17], in the isothermal
steady state is measured by the given equation:

rRwvp =35 x 100 (1)

qo
where gs [\N/mz] is the heat flow passing through
the measuring head covered by the sample and qo [W/m2]
is the heat flow passing through the measuring head
without sample.

Unlike air permeability, water vapour permeability is
significantly influenced by the material composition
of fabric. There are different ways for transfer
of water vapour through fabrics. One of them
is transfer of water vapour through the void spaces
in the fabric — intra-yarn and inter-yarn pores, and
the other one is the diffusion through individual
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fibres [11, 12, 14, 18]. In the case of hygroscopic
fibres (cotton, wool, viscose etc.) water vapour
transfer also occurs by diffusion through the fibres
themselves. So, the water vapour permeability
is much more closely connected with the properties
of the fibre material itself [11, 12, 14] than the air
permeability. The geometrical parameter, which
appears to be the most significant for the water
vapour permeability, is the fabric thickness [11, 15].

Lee and Obendorf [11] searched relationship
between the structural parameters of woven fabrics
and their water vapour permeability using
a statistical modelling. They tested fifteen woven
fabrics with various fabric thickness, weight, fabric
construction and fibre material. Statistical analysis
revealed that it was fabric thickness, fabric cover
factor, mean flow pore diameter of fabric, and
moisture regain of fibre that proved to be significant
parameters affecting water vapour transmission
through woven fabrics. The yarn twist factor and
yarn packing factor were found to be insignificant.

A number of authors investigated the influence
of fabric constructional parameters on both of these
comfort properties. For example, Polipowski et al.
[12] confirmed the above mentioned that a strong
correlation with the thickness of the woven fabric
was obtained for the water vapour resistance and
very strong correlation of the air permeability was
found with the channel clearance area. At the same
time, it was stated that there is a lack of correlation
of air permeability with fabric thickness.
The correlation between air permeability and water
vapour resistance was only 0.44.

The attention of a number of papers, which are
focused on evaluation of comfort properties, is paid
to knitted fabrics [e.g. 13-15]. The reason is practical
because the knitted materials are very often
intended for garments that are in direct contact with
human skin (e. g. underwear, sportswear). Wilbik-
Halgas [13] and similarly Bivainyte [14] investigated
the air and water vapour permeability of double-
layered weft knitted fabric. Wilbik-Halgas [13] shows
that air permeability, contrary to water vapour
permeability, is a function of the thickness and
surface porosity. The vital lack of correlation
between  water vapour permeabilty and
the thickness and surface porosity is accounted
for by a different character of media transport by free
convection and by generally high porosity of knitted
fabrics. Similarly, Bivainyte [14] established
that knitting structure parameters, such as the loop
length, area linear filing rate and pattern have
a significant influence on the air permeability.
Itis the raw material that has the main influence
on the water vapour permeability. To predict water
vapour permeability using the loop length or area
linear filling rate is impossible. There is
no correlation between water vapour permeability
and air permeability because the water vapour
permeability depends on the structure of knits



inthe order  different from air permeability.
Coruh [15] examined single jersey knitted fabrics.
His investigation shows that an increase in the loop
length of the fabric investigated increases
its permeability for air and for water vapour, likewise
an increase in the linear density of yarns decreases
its permeability to air and water vapour.

Based on the above mentioned facts, water vapour
transport  through  porous textile materials
is governed by various factors. Diversity and
complexity of the involved parameters makes it hard
to describe moisture vapour transport in relation
tothese factors [11]. In order to investigate
the influence of individual structural parameters, it is
necessary to eliminate the influence of others.
Therefore, our experiment is focused only on woven
fabrics with plain weave made of 100% polyester
staple yarns. The influence of fibre composition,
aswell as the effect of the type of weave
is eliminated.

4 STRUCTURAL PARAMETERS OF FABRICS

One of the main aims of this research is to discuss
the possibility of predicting the air and water vapour
permeability of fabrics on the basis of their structural
parameters. The basic structure of the woven fabric
may be described as follows: the weave, weft and
warp diameter or the linear masses of these yarns,
the density of the warp and weft, the thickness
of the product or its surface mass [12, 20].
The fabric structure parameters can be divided into
primary and secondary parameters [2]. Primary
parameters of fabric structure are dependent
variables, where the choice of one parameter
influences the effect of the others — it is yarn
thickness, density of yarns, type of weave. All others
fabric structure parameters depend on primary
parameters. These are secondary parameters.
In our experiment the following primary and
secondary structural parameters are considered:

e Do, Dy [1/m] — setts of warp and weft yarns, respectively

e To, Ty [tex] — fineness of warp and weft yarns,
respectively

e t[m] — fabric thickness
o Wp [g/mz] — planar weight.

Porosity P [-] expresses the proportion of air voids
contained in the textile. It can be considered
as a secondary parameter of fabric structure.
The porosity inside textile materials is usually
divided into inter-yarn porosity (includes pores
between the yarns from which the fabric is made)
and intra-yarn porosity (includes pores inside
the yarns, which are formed between the fibers) [4,
5,11, 19].

There exist several different techniques for
characterization of the idealized fabric porosity
based on some constructional parameters of woven
fabrics. Each of these techniques involves some
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simplifying ~ assumptions. In research

the following will be considered:

Density based porosity Pp [-], which is calculated
as [4, 10, 11]:

our

Pw Wp
Ppp=1——=1- 2
b PF pr*t )

where pr [kg/ms] is the density of fibres and pw [k%/mS]
is the volumetric density of the fabric, Wp [kg/m?] is
the planar weight and t [m] is the fabric thickness.
Porosity determined in this way indicates how much
air is contained in the fabric, however, says nothing
about its placement — the shape of pores, their size,
distribution etc. It includes both types of pores —
inter-yarn pores and intra-yarn pores.

Area filling base porosity Ps [-], which is calculated
as[4,6,7,10, 11]:

PS =1- (Dodo + DUdU - DodoDudu) (3)

where do, dy [m] are the diameters of warp and weft yarn,
respectively, and Do, Dy [1/m] are setts of warp and weft
yarns, respectively (see Figure 1).

The diameter of yarn can be determined
by calculation or the experimental use of various
methods. This model of porosity completely neglects
the third dimension of the fabric and includes only
inter-yarn pores.

As shown previously [6], two fabrics may have
the same value of the surface porosity, however,
their air permeability can be significantly different.
Such fabrics may have a larger number of smaller
pores or smaller number of larger pores. The value
of the pore diameter is not well defined because
pores do not have regular shapes. In a simple
approach it is possible to assume that the diameter
of a rectangular pore dpr [m] (see Figure 1) equals
to an average of its width a [m] and length b [m]:

dp=%(a+b)=%<(Dio—do)+<DiU—du)> (4)

In an earlier paper [6] it was shown that the pore
diameter dp [m] calculated according to equation (4)
can be considered as the characteristic dimension
ofthe one inter-yarn pore of woven fabric.
This parameter itself is well applicable
to the prediction of the air permeability value
in the case that fabrics are made from yarns
of the same fineness, because there is a strong
positive linear dependence between air permeability
and the inter-yarn pore diameter value.

5 MATERIALS AND EXPERIMENT

In this research a set of 13 woven fabrics was used
for the experiment. The yarns used were 100%
polyester and were produced by the ring spinning
technology. The fineness of yarns was 16.5, 25 or
40 tex. All fabrics were woven in a plain weave.
A summary of some fabrics parameters is shown
in Table 1.



Table 1 Parameters of used experimental fabrics

No Do Dy To,u t sz Ps Po dp AP RWVP
[1/m] [1/m] [tex] [mm] [g/m7] [-] [-] [mm] [mm/s] [%]
P_1 2060 2020 25 0.326 108 0.288 0.760 0.263 1469 78.3
P2 2820 2800 16.5 0.260 90 0.253 0.749 0.179 1680 83.0
P3 1585 1510 40 0.415 132 0.279 0.770 0.342 1516 73.4
P 4 3060 2720 16.5 0.267 99 0.238 0.731 0.170 1252 82.8
P 5 2420 2160 25 0.334 119 0.230 0.741 0.211 1157 771
P 6 3040 3020 16.5 0.291 108 0.215 0.730 0.153 758.8 79.3
P 7 2420 2340 25 0.313 128 0.211 0.705 0.193 832.7 76.7
P8 1940 1540 40 0.432 151 0.217 0.747 0.277 975.1 73.0
P9 2560 2680 25 0.339 131 0.164 0.720 0.155 791.7 76.5
P_10 2060 1840 40 0.401 168 0.163 0.696 0.209 612.3 70.6
P_11 2880 2860 25 0.332 158 0.121 0.655 0.121 229.5 73.3
P_12 2020 2240 40 0.451 181 0.122 0.710 0.166 2255 71.0
P_13 2260 2160 40 0.431 199 0.106 0.666 0.148 200.4 69.7

For each fabric Do [1/m] and Dy [1/m] values were
determined experimentally according to Standard
EN 1049 — 2. The fabric thickness t [mm] was
measured according to the Standard EN 5084
(1 kPa, 20 cm?). The planar weight W, [g/m?] was
measured according to the Standard EN 12 127.
The air permeability AP [mm/s] was measured using
a digital tester FX 3300 according to the standard
EN 9237 (20 cm?, 100 Pa). The relative water
vapour permeability RWVP [%] was measured with
the use of apparatus PERMETEST (at 23.0+0.5°C),
which is consistent with the Standard EN 11092.
10 measurements were always taken for each
parameter, Table 1 shows average values.

The area filling based porosity Ps [-] according to
equation (3), density based porosity Pp [-] according
to equation (2) and diameter of one inter-yarn pore
dp [mm] according to equation (4) were calculated
for each woven fabric. These values are also shown
in Table 1. The values of yarn diameters do  [mm]
were measured using USTER apparatus before
weaving.

6 RESULTS AND DISCUSSION

The data were processed with the use of linear
regression analysis (using software QC Expert).
First, the correlation coefficients between the air
permeability AP and selected parameters of woven
fabrics structure and correlation coefficients between
the relative water vapour permeability RWVP and
selected parameters of woven fabrics structure were
determined. These results are shown in Table 2
(correlation coefficients in bold are significant
at p<0.05).

Table 2 shows there is relatively high positive linear
dependence (R=0.69) between RWVP and AP.
However, other correlation coefficients that are
shown in Table 2 confirm differences in relations
between the structure of the fabric and its
permeability for air or for water vapour. A strong
positive linear dependence is between air
permeability and porosity of both the types — density
based porosity Pp (R=0.87) and area filling based
porosity Ps (R=0.95). In contrast to this, in the case
of relative water vapour permeability these
correlation coefficients are lower — R=0.50 for Pp
and R=0.64 for Ps. And on the contrary, a strong
negative linear dependence is between RWVP and
thickness of the fabric t (R=-0.92) and fineness
ofyarn Toy  (R=-0.91). In contrast to that,
in the case of AP these correlation coefficients are
low — R=-0.47 for t and R=-0.39 for Ty y. A strong
negative linear dependence is between AP and
planar weight Wr (R=-0.82) and between RWVP
and Wp too (R=-0.95).

These results indicate that while the parameters
of fabric that reveals information on the void spaces
in the fabric are important for air permeability,
the parameters indicating the filling of fabric by yarns
are more significant for the water vapour
permeability. It is a very interesting finding
corresponding to the differences between the two
phenomena described above. While in the case
of passage of air through the fabric the assumption
that the yarns are impermeable bodies and air flows
predominantly through inter-yarn pores is accepted,
in the case of water vapour permeability water
vapour passes through the mass of yarns itself.

Table 2 Correlation coefficients between AP, RWVP and selected structural parameters of woven fabrics

AP [mmis][RWVP [%]] Toultex] | Do[1/m] | Dy[1/m] | t[mm] | We[g/im]| Po[] Ps[1 | d»[mm]
AP [mm/s] 1 0.69 -0.39 -0.05 -0.15 -0.47 -0.82 0.87 0.95 0.61
RWVP[%]|  0.69 1 -0.91 0.65 0.56 -0.92 -0.95 0.50 0.65 -0.10
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Very important information is also provided by spot
diagrams shown in Figures 2 and 3. Figure 2 shows
a comparison of the AP values and values
of the pore diameter dp. It is evident that the values
can be divided into three groups: fabrics made with
16.5 tex, 25 tex and 45 tex yarns. Points in one
group are spaced approximately along a straight
line. This finding is consistent with the findings from
the earlier paper [6] and shows that when the fabrics
are woven from yarns of the same fineness, a strong
linear dependence is between air permeability
and the diameter of one inter-yarn pore (Figure 2
and Table 3).
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Figure 2 Relationship between AP and diameter of one
inter-yarn pore dp
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Figure 3 Relationship between RWVP and diameter
of one inter-yarn pore dp

Figure 3 shows a comparison of the RWVP values
and values of the pore diameter dp. It is evident that
the values can be divided into three groups too:
fabrics made with 16.5 tex, 25 tex and 45 tex yarns.
This confirms the importance of yarn fineness value
for the relative water vapour permeability. However,
the value of dp appears to be very well applicable
to the prediction of RWVP, provided that the fabrics
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are made from yarns of the same fineness (Figure 3
and Table 3). In this case, a close linear relationship
between RWVP and dp is evident, as in the case
of AP, but the slope and displacement
of the individual lines on the y-axis are different.
Table 3 shows the correlation coefficients between
the air permeability and inter-yarn pore diameter
values and between relative water vapour
permeability and inter-yarn pore diameter values
when evaluating individual groups of fabrics with
different yarn fineness separately. The values of all
these correlation coefficients are very high.

Table 3 Correlation coefficients between AP, RWVP and
inter-yarn pore diameter values

7=16.5 tex T=25 tex T=40 tex
AP RWVP AP RWVP AP RWVP
dp 0.99 0.96 0.96 0.90 0.99 0.94

Based on the findings described above the method
of multivariate linear regression was used and model
was tested in the shape:

y=a,*x+a,*x,+a (5)

where air permeabilty AP [mm/s] was chosen
as a dependent variable, and yarn fineness T [tex] and
diameter of one inter-yarn pore dr [Mm] were chosen
as independent variables.

Then, the predictive model in the form:
AP ~ =395 T + 7517 x dp + 543 (6)

is suitable for prediction of the air permeability
(R2=0.86), see Figure 4. Similarly, the predictive
model in the form:

RWVP =~ —0.46 * T + 23.5 *dp + 84.5 (7)

is suitable for prediction of the relative water vapour
permeability (R2=O.92), see Figure 5. The method
of the least squares was used, all tests were
performed at a significance level 0.05. Both models
— (6) and (7) were identified as significant, all
parameters in equations (6) and (7) were identified
as significant.

2000
& 1800
- L]
€ 1600
E K
'@ 1400 R?=0,86
= 1200 o
° -
$ 1000 .
S 800 o %
el
® 600 .
2
& 400 .
]
2 20 e °

o L
0 500 1000 1500 2000
Calculated value of AP [mm/s]
Figure 4 Relationship between calculated and

experimental values of AP




85

83 -
81

79

77 . ey
75 o

73 g.-"': ¢

1 .o

69 .
67

65
65 70 75 80 85

Calculated value of RWVP [%]

R?=0,9187

Measured value of RWVP [%]

Figure 5 Relationship between calculated and

experimental values of RWVP

7 CONCLUSIONS

The main aim of this paper was to demonstrate and
discuss the relationship between fabric structure
and its permeability for the air and for the water
vapour using woven fabric made of polyester staple
yarns. Some important differences between the two
phenomena were discussed. Both phenomena -
air permeability and water vapour permeability — are
based on the porous nature of textile materials and,
therefore, both closely related to their structure.
However, apparently each of them in a different way.
In the case of air permeability, the yarn is usually
considered as an impermeable body and only
the pores  between yarns are considered
as important. Then conclusions of many published
works are quite consistent. Air permeability is very
closely associated with inter-yarn porosity of textile
materials, which can be determined by various
methods. In the case of water vapour permeability
significantly less publications aimed at studying
the relationship between water vapour permeability
and the structure of textile material are available,
and their findings are not always consistent.
Itis obvious that an important role is played
by the material of the fibres themselves. However,
the role played by the inter-yarn pores and intra-yarn
pores is still a matter of discussion.

In our research the set of 13 woven fabrics with plain
weave was chosen for experiment. Fabrics were
made of polyester staple yarns. For these fabrics
the air permeability and relative water vapour
permeability were measured as well as some other
parameters of structure. Subsequently, the mutual
relations were evaluated:

e Relatively high linear dependence was found
between air permeability and relative water
vapour permeability. The correlation coefficient
was R=0.69.

¢ In the case of air permeability, the strongest linear
dependence was demonstrated with planar weight
of fabric (R=-0.82), with density based porosity
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(R=0.87) and with area filing based porosity
(R=0.95). This indicates that the information about
void spaces in the fabric is very important for air
permeability. This conclusion is consistent with
previous findings of other authors.

e In the case of water vapour permeability,
the strongest linear dependence was
demonstrated with planar weight of fabric

(R=-0.95), with thickness of the fabric (R=-0.92)
and with yarn fineness (R=-0.91). This indicates
that the information about the filled spaces is very
important for relative water vapour permeability.

e It was further demonstrated strong linear
relationship between each of the properties — AP
and RWVP — and the inter-yarn pore diameter
values in the case when the yarns used are
of the same fineness.

e Using the multivariate linear regression method
enabled equations for prediction air permeability
and relative water vapour permeability of fabric
to be proposed based on the yarn fineness
and inter-yarn pore diameter values.

In our experiment some important factors
of the fabric structure were eliminated by using only
fabric with plain weave and polyester fibres.
Itallowed showing the important aspects
of relationships especially between relative water
vapour permeability and the structural parameters
of woven fabric such as yarn fineness, inter-yarn
pore diameter and porosity.
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EFFECTS OF VARIOUS HOME DRYING PRACTICES
ON SMOOTHNESS APPEARANCE, SHRINKAGE, HANDLE
AND OTHER PROPERTIES OF WOVEN FABRICS
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University of Monastir, Laboratory of Textile Engineering (LGTex), Iset Ksar Hellal-BP 68-5070 KSAR HELLAL, Tunisia
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Abstract: The main goal of this study is to examine drying practices in order to make an objective
evaluation of fabric properties after one and five cycles of washing-drying. Light and medium weight wool,
cotton and polyester weave fabrics are tested to compare fabric behavior in terms of weight and also
in terms of fiber nature under different drying practices. Smoothness, shrinkage, mechanical properties
related to fabric handle and other physical properties were measured after machine, drip line, flat and line
drying. As results, special drying effects reveals more important in the case of cotton and wool fabrics, and
tumble drying method affects more the measured properties especially after successive cycles of washing-

drying.

Keywords: Drying methods, repeated laundering cycles, smoothness appearance, fabric handle.

1 INTRODUCTION

Although the topic of laundering cannot be
considered innovative, researchers need to continue
to re-examine and report current trends and practices
to teach consumers textile maintenance. Especially
on the light of increasing costs of apparel, laundering
equipment, energy, consumer time, but also fabric
compositions, structures, and finishing treatments.
To be truly satisfactory the garments should be able
to be washed and dried in a household dryer
or hanged in the open air without crease retention
or loss of desired hand and physical properties.

According to previous studies, fabrics appear
smoother after machine drying than after line drying.
In fact, the heated air of the clothes dryer allows
the fibers to relax and recover from deformation.
Machine-dried fabrics tend to have a softer hand
than those that are lines dried. This also could affect
consumer acceptance [1]. The shrinkage potential
of knitted fabrics depends on the conditions of drying
during the finishing process. In a tumble-dryer,
the knitted fabrics shrink the most [2]. Other authors
have shown that reproducible and complete
relaxation will only occur after cotton knitted fabrics
have been washed and tumble dried five times [3, 4].

Previous works have also confirmed the need to use
tumble drying as opposed to line or flat drying
to facilitate total relaxation and hence maximum
shrinkage [5]. It was also demonstrated that tumble
drying plain single Jersey, Interlock and Lacoste
cotton weft knitted structures under a normal cotton
cycle causes significant length and width shrinkage.
The amount of shrinkage increases sharply in plain
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single Jersey and Lacoste [6]. Tumble drying causes
greater levels of shrinkage compared to line drying
of plain woven cotton fabrics. Tumble drying reduces
the level of wrinkling. Over drying increases the level
of shrinkage in woven cotton fabrics and also
improves the appearance ofthe fabrics [7].
In another work, the effect of sunlight and drying
methods on the strength of real wax printed cotton
fabrics produced in Ghana was studied. Sunlight
caused the specimens to lose more strength
in the sun than in the shade. The effect is more
severe on the specimens dried on a flat surface than
those on the clothesline [8]. The reference [9] has
shown that tumbling in the dryer is effective
in removing wrinkles from garments
of the hydrophobic fibers. The reference [10] has
shown that line-dried cotton and polyester fabrics
were significantly stiffer than machine dried fabrics

In our previous works, we reported the effect
of laundering conditions (machine load, spinning
speed and repeated cycles) on fabric properties
of three woven cotton fabrics. Spinning speed and
machine load have significant effects on dimensional,
on mechanical tactiie and on clothing properties
of woven cotton fabrics [11]. The use of overlaid
contour plots via experimental design allowed
the determination of optimum spinning conditions
for selected fabrics.

On the other hand, we studied the behavior
of the same cotton fabrics under industrial ironing
conditions. We focused on using Taguchi method
coupled with desirability function analysis for solving
multicriteria optimization problem. Experimental
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results have shown that different optimal ironing
conditions may be applied on different woven cotton
fabrics [12].

The main goal of this study is to examine the effect
of drip line drying, flat drying, line drying and tumble
drying on fabrics' properties. Light and medium
weight wool, cotton and polyester woven fabrics are
tested for good comparison and conclusion.
Smoothness appearance, shrinkage, physical and
mechanical properties were evaluated.

2 EXPERIMENTAL
2.1 Description of test fabrics

The investigation has been carried out with nine
types of weaved fabrics going from light to medium
weight. Basic characteristics of the selected fabrics
are shown in Table 1. Samples 60x60 cm were cut
from each fabric for laboratory laundering procedures
according to ISO 6330: 2003: Domestic washing and
drying procedures for textile testing.

2.2 Fabric characterization

Washed and dried samples were tested according
to the following test methods.

e Smoothness appearance following AATCC 124:
2009.

e Recovery angle following ISO 2313: 1972.

o Dimensional change in warp and weft directions
according to I1ISO 3759: 2007 and ISO 6330:
2001.

¢ Air permeability following ISO 9237: 1995.

e Siro FAST system was used in all measurements
of the following mechanical properties:

- Thickness T, [mm], measured at 196.12 Pa
pressure using FAST 1: compression meter,

Table 1 Basic structural parameters of unwashed fabrics

- Surface thickness ST [mm],
ST = Tg— T100

where T1go is the thickness measured at 9.8 kPa.

- Bending rigidity B; [uNm],
Bi=WxC’x9.807 x 10° 2)

where W is fabric mass area [g/m?], C; is the bending

length measured on FAST 2: bending meter, i: 1/2

respectively warp and weft direction.

- Extensibility, E100-1 [%] and E100-2 [%] is
extension in warp and weft direction
respectively at a fixed force of 98 N/m,
measured using FAST 3: extension meter.

- Shear rigidity G [N/m],
G=123/E5 B (3)

where E5-B [%] is the extension in the bias direction
(45°) to warp or weft at 4.9 N/m.

(1)

Measurement methods are clearly described
in previous studies [13, 14].
All  experimental tests were carried out under

standard atmosphere for conditioning and testing
textiles following 1ISO 139: 2011.

2.3 Methods

Washing method was adapted to simulate five
repeated home laundering practices in washer-
extractor machine “Electrolux Wascator FOM 71 MP-
Lab”, following 1ISO 6330: 2003.

In order to study the effect of drying method on fabric
properties, 4 drying methods described in Table 2
are tested. Fabric dried until fully dry out; 5%
of residual humidity for cotton and wool fabrics and
2% for polyester fabrics.

All experimental tests were carried out under
standard atmosphere for conditioning and testing
textiles, according to ISO 139: 2011.

Fiber content Cotton (100%) Polyester (100%) Wool (100%)
Fabric code coO1 CO2 CO3 PES1 PES2 PES3 WO1 W02 WO3
Weave design Plain Twill 3/1 | Twill 3/1 Plain Plain Twill 3/1 Plain Plain Twill 3/1
Mass per unit area [g/m’] 138.4 2281 344 751 124.2 2415 146.6 204 262
Thickness [mm] 0.322 0.562 0.796 0.274 0.3 0.589 0.326 0.598 0.721
Table 2 Description of drying modes
Mode Description Conditions
Drip line dry: The wet fabric is carefully depressed and hanged on a line in wale direction
Mode 1
thus fully dry out.
Mode 3 Flat dry after spinninq:‘The thoroughly wet fabric is carefully depressed, spread on a flat, 20 + 2°C
smooth surface and drains thus fully dry out.
Line dry after spinning: The thoroughly wet fabric is carefully depressed and hanged on a line
Mode 2 | T
in wale direction thus fully dry out.
Mode 4 Tumble dry after spinning: The thoroughly wet fabric is carefully depressed and drains 20 minutes at 60°C
in a tumbler dryer (Electrolux T4130)
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3 RESULTS & DISCUSSION

3.1 Smoothness appearance

AATCC 124: 2009 is based on a numerical scale of 5
for negligible or no wrinkles to 1 for severe wrinkles.
Results relative to cotton, polyester and wool fabrics
are respectively shown in Figures 1a, 1b and 1c.

Tumble drying (mode 4) produced higher wrinkle
evaluation grades than static drying (mode 1, 2, 3)
after one washing drying cycle. For cotton and
polyester fabrics, tumble drying caused the least
wrinkling and the highest wrinkle evaluation grades
at the end of the 5™ cycle.

Cotton and wool fabrics dried in machine received
ratings between 2 and 3. Polyester fabrics used
generally for blouses, skirts and shirts had rating
between 3 and 4 which is the range typically found
as the minimum required in apparel performance
specifications [15]. In fact, polyester fabrics have
the smallest absorption ability because of the higher
degree of crystalline zones in the polymer fibers.
In addition, the glass transition temperature is about
85°C and it is not reached by the laundering.
So, the fabric can resist to wrinkles.
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Figure 1 Mean fabric smoothness rating for drying treatments: a) cotton fabrics, b) polyester fabrics and c¢) wool fabrics
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Under static drying conditions, drainage and
evaporation of water from the cotton and wool fabrics
cause increasing capillary attraction between fibers
and yarns. This tends to hold the fabric in the wet
conformation, and as the fibers de-swell and
the moisture content falls, strong inter and intra fiber
adhesion develop as hydrogen bonds reform
in the cellulosic matrix. Any wrinkles folds or creases
then become hydrogen-bonded into the dry fabric
structure. These cannot easily be removed unless Ty
is exceeded by an appropriate combination
of moisture and heat [16].

In tumble drying, the constant agitation of the fabric
structure prevents capillary attraction between yarns
and fibers from forming inter-fibers adhesions

in the structure. Consequently as the fibers de-swell,
there is sufficient mobility in the structure for further
relaxation to occur. At tumble drying temperatures,
intra fibers hydrogen bonds will not reform until
the fabric is almost bone dry. Consequently, as long
as cotton and wool fabrics are removed from
the drier before they are completely dry, and before
the drier cools down, much of the undesirable
wrinkling and creasing can be avoided.

3.2 Shrinkage

Mean fabric shrinkage, in warp and in weft direction,
for each fabric following machine or static drying are
shown respectively in Figures 2 and 3.
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Figure 2 Mean fabric shrinkage in warp direction for drying treatments: a) cotton fabrics, b) polyester fabrics and c¢) wool

fabrics
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Figure 3 Mean fabric shrinkage in weft direction for drying treatments: a) cotton fabrics, b) polyester fabrics and c) wool

fabrics

Tumble drying caused higher mean levels
of shrinkage compared to static drying, both in warp
and in weft direction. The value of shrinkage is due to
fabric structure and fiber composition.

Cotton and wool fabrics continue to shrink after
the 5" cycle of washing. Agitation and temperature is
the cause of shrinkage in tumble drying. Polyester
fabrics shrink lower than cotton and wool fabrics after
tumble drying. The cause may be the contraction
of the structure by temperature during time.

Wool fabrics shrank more under tumble drying and
with less level in the case of line drying and after drip
line drying. This may be due to the fact that the yarn
diameter increased after line drying, since studies
onthe role of yarn swelling on the mechanism
of shrinkage in wool fabrics have suggested that
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voids are created within the yarn as it dries. Tumble
drying breaks the hydrogen bonds that had been
formed between fibers and yarns when in the swollen
state and allows the yarn to collapse inward,
reducing yam diameter and facilitating further
shrinkage.

3.3 Fabric handle

Fabric handle is related to basic mechanical
properties; compression, bending, tensile especially
initial low stress regions of these properties [17].
The results of the measurements of different fabric
properties before and after various drying regimes
are given below in Tables 3 and 4. We analyzed
the data set for any possible trends or cause-effect
relationships.



Table 3 Mean fabric properties measured by Siro Fast
system for drying treatments, 1 cycle

Table 4 Mean fabric properties measured by Siro Fast
system for drying treatments, 5" cycle

T, | ST | B-1 | B-2 |[E100-1|E100-2| G/10

T, | ST | B-1 | B-2 |[E100-1|E100-2| G/10

Fabric|Mode| ;1ymj | (mm|uNm]|uNm]| [%] | %] |Nm]]  |FaPricMode iy immi|[uNm] uNm]| [%] | [%] |N/m]
1 10.957|0.658| 9.29 [12.31| 5.20 2.96 |10.88 1 0.938(0.646| 7.30 | 9.66 | 5.66 3.16 (14.30

co1 2 10.969|0.67| 9.35 |12.31| 5.20 2.90 [11.08 co1 2 10.938(0.646| 8.00 | 9.60 | 5.60 3.20 [13.67
3 10.956|0.657| 8.95 [12.18| 5.33 290 | 9.84 3 10.938|0.646| 7.96 | 9.40 | 5.70 3.00 [15.00

4 10.954|0.655| 9.04 [12.49| 5.25 2.95 [10.25 4 10.938|0.647| 8.06 | 9.77 | 5.65 3.20 [13.67

1 10.807|0.263(34.26| 5.80 | 5.30 2.93 |11.18 1 0.811(0.268|29.39| 4.80 | 5.00 2.81 |12.30

co2 2 10.806(0.262|48.62| 8.75 | 5.33 3.00 [12.30 co2 2 10.807(0.262|31.02| 4.67 | 5.20 2.85 [11.83
3 10.806(0.262|33.92| 6.33 | 5.25 2.87 [10.98 3 0.81 |0.265(30.70| 4.80 | 5.11 2.79 [11.18

4 10.809|0.265|34.57| 5.99 | 5.25 2.95 |10.25 4 10.815/0.27 |29.89| 4.70 | 5.20 2.90 |11.71

1 10.941|0.275| 38.03|39.81| 4.83 3.27 [13.67 1 10.972|0.305(32.1729.78 | 6.50 412 |15.77

co3 2 10.955|0.288(38.02(40.06| 4.90 3.33 [12.95 co3 2 10.962|0.295|32.95|30.65| 6.49 4.22 |15.38
3 10.955(0.256|39.81|39.81| 5.00 3.33 [13.67 3 10.972|0.305|32.87|30.57| 6.55 425 |15.38

4 10.952|0.285|37.74140.38| 4.85 3.30 (13.18 4 10.972|0.305|30.73|30.51| 6.56 4.35 |14.47

1 10.411(0.111| 8.41 | 5.33 | 0.70 3.20 | 1.54 1 10.406|0.116| 5.94 | 482 | 1.20 3.00 | 1.51

PES1 2 0.402|0.101| 7.89 | 5.08 | 0.85 3.20 [ 1.54 PES1 2 0.41 (0.119]| 6.26 | 4.34 1.35 3.00 | 1.51
3 10.408|0.108| 8.23 | 5.07 | 0.75 3.20 | 1.51 3 10.408|0.116| 6.40 | 5.10 1.30 3.33 [ 1.50

4 10.405|0.105| 7.92 | 5.10 | 0.90 3.25 [ 1.45 4 10.407|0.116| 6.43 | 4.72 | 1.40 3.12 [ 1.45

1 10.286|0.032| 5.50 [ 13.03| 2.13 0.70 | 4.27 1 0.28 [0.028]| 4.97 |10.45| 2.90 0.65 | 3.46

PES2 2 10.288(0.033| 5.35 |13.68| 2.66 0.70 |4.32 PES2 2 10.282(0.031| 4.78 | 10.13| 3.10 0.65 | 3.51
3 10.287|0.032| 5.03 [13.66| 2.25 0.75 [ 4.32 3 10.281|0.031| 4.94 {10.13| 3.33 0.65 | 3.28

4 10.286|0.032| 5.51 {13.07| 2.80 0.75 [ 4.10 4 10.281/0.03 | 5.07 {10.40| 3.40 0.70 | 3.08

1 0.62 [0.165| 0.72 | 8.89 | 2.65 2.80 | 2.98 1 0.615(0.132| 7.38 | 6.64 | 2.85 2.80 | 2.59

PES3 2 10.618(0.162| 0.76 | 8.08 | 2.70 2.80 | 3.08 PES3 2 10.613(0.131| 7.16 | 7.16 | 3.00 2.85 | 2.54
3 10.619(0.163| 1.03 | 8.60 | 0.65 2.75 | 3.08 3 10.612(0.129| 7.40 | 7.40 | 3.00 2.85 | 2.52

4 10.621|0.166| 0.46 | 8.10 | 0.65 2.80 | 2.89 4 10.614|0.132| 6.40 | 7.94 | 3.13 290 | 2.46

1 10.641|0.275| 4.37 | 4.26 | 2.85 6.00 | 2.05 1 10.645|0.273| 3.23 | 3.30 | 3.12 6.65 | 1.54

Wo1 2 10.683|0.317| 4.28 | 4.28 | 3.15 6.00 | 2.34 Wo1 2 10.699|0.327| 3.13 | 3.25 | 3.55 6.66 | 1.70
3 10.645(0.279| 4.24 | 4.36 | 2.88 6.00 | 2.14 3 10.684(0.306| 3.50 | 3.24 | 3.11 6.50 | 1.51

4 10.638|0.272| 3.88 | 4.02 | 3.15 6.33 | 2.24 4 10.725|0.345| 2.80 | 2.80 | 3.33 6.85 | 1.51

1 10.982(0.32| 6.99 | 6.99 | 4.00 3.00 | 2.93 1 10.991|0.326| 6.46 | 5.81 | 4.00 3.33 | 2.46

Wo2 2 0.99 |0.328| 7.74 | 7.01 | 4.22 3.10 | 3.09 Wo2 2 1(1.002(0.324| 6.61 | 583 | 4.20 3.30 | 2.59
3 10.991|0.329| 7.49 | 7.01 4.25 3.00 | 2.99 3 |1.003|0.325| 6.46 | 5.97 | 4.00 3.35 | 2.31

4 10.988|0.326| 6.86 | 6.38 | 4.50 3.25 | 3.04 4 11.115|0.423| 5.84 | 5.69 | 4.25 3.50 | 2.34

1 10.904|0.291/10.80| 9.89 | 3.50 455 | 3.08 1 097 (0.26 | 897 | 8.67 | 4.00 4.88 | 2.40

Wo3 2 10.957(0.342|10.90| 9.92 | 3.80 450 |3.24 Wo3 2 10.978(0.268| 9.03 | 8.73 | 4.33 490 | 284
3 10.955|0.339/10.90| 8.96 | 3.50 450 | 3.20 3 0.977|0.267| 9.22 | 8.41 4.00 485 | 2.34

4 10.915/0.302| 9.99 | 9.05 | 4.13 475 | 3.24 4 11.004|0.292| 7.40 | 7.59 | 4.50 5.00 | 2.40

Compression may be defined as a decrease Under different drying methods, the thickness

in intrinsic thickness with an appropriate increase
in pressure. Surface thickness ST (equation 1)
shows the roughness of fabric surface and structural
stability of a surface layer. The fabric is considered
toconsist of an incompressible core and
a compressible surface. It is reported that an
increase in the surface thickness (less than 0.1 mm)
can be perceived subjectively in fabric handle.
For very thin and light-weight fabrics, a smaller
increase in ST could produce a perceptible change
in handle [18]. The thickness T, measured in cotton
fabrics in the case of tumble drying is lower
compared to the same fabrics dried with static
methods and a maximum is reached after flat drying.
These results coincide with the results of reference
[7] which explains this with an increase of the weft
and the warp yarn diameter of cotton in plain
structures dried on the line compared to the same
samples dried on machine. In another reference,
the some author explained that drying in tumble
broken hydrogen bonds of cotton in yarns and
in fibers in a swollen state which allow to yarns
to penetrate in the spaces formed in the dry state [6].
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of polyester and wool fabrics is not affected in
the first cycle of laundering. The felting phenomena
of wool fabrics appear after successive cycles
of tumble drying and may explain the fact that fabrics
becomes thicker after tumble drying.

Bending length (equation 2) is related to the ability
of a fabric to drape and bending rigidity is related
more to the quality of stiffness felt when the fabric
is touched and handled.

Static drying (mode 1, 2, 3) resulted in higher
stiffnress compared to tumble drying. In ASTM
D1388: 1981, it is stated that differences in bending
rigidity of about 10 percent can just be detected
subjectively [15]. Using this criterion, there should be
no perceivable differences in stiffness between
the line-dried, the flat dried, the drip line dried and
the machine-dried samples in the first cycle. After
five cycles of washing drying, all samples should
exhibit pronounced decreases in stiffness. The drip
line dried cotton, polyester and wool samEIes show
slight noticeable stiffness after 5" cycles
of laundering. The decrease is more severe
in the case of tumble drying.



The ability of a fabric to stretch at low loads is critical
to garment and other sewn product's making up
procedures. Tumble drying gives higher extensibility
in warp direction of wool and cotton fabrics. This is
may be due to the increase in fiber and yarn crimp
as a consequence of relaxation from weaving tension
and more freedom for fibers and yarn movement.
However, there are no differences in extensibility
in weft direction. The method of drying appeared to
have little or no effect on the results of polyester
fabrics. These results are confirmed after five cycles
of laundering.

Shear rigidity is a parameter providing a measure
of the resistance to rotational movement of warp and
weft threads within a fabric when subjected to low
levels of shear deformation. A decrease in shear
rigidity is noted after tumble drying. Shear rigidity

is higher after static drying. Shear rigidity decreases
by successive cycles of washing-tumble drying.
In fact, there is a reduction of fiber-fiber contact
in interlacement points of yarns and a decrease
of inter yarns pressure in the structure which
becomes completely relaxed under washing and
especially after tumble dry.

4 WRINKLE RECOVERY

Wrinkle recovery is the property of a fabric which
enables it to recover from folding deformations.
The approach based on wrinkle recovery angles
standardized in AATCC 66-20083 and ISO
2313:1972 specified the compression force and time
to create a folded wrinkle and the suspension
condition to observe the change in the folding angle.
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Figure 4 Mean fabric wrinkle recovery in warp direction for drying treatments: a) cotton fabrics, b) polyester fabrics and

c¢) wool fabrics
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Figure 5 Mean fabric wrinkle recovery in weft direction for drying treatments: a) cotton fabrics, b) polyester fabrics and

c¢) wool fabrics

Figures 4 and 5 show that successive washing-
drying cycles, whatever the drying method,
decreases wrinkle recovery angle of cotton and wool
fabrics, but increase in the case of polyester fabrics.
Drying method had not a large effect on the wrinkle
recovery angle in weft and in warp direction
in the first cycle of laundering-drying. The variation
is clearer after successive cycles during which
tumble drying have a clear effect.
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5 AIR PERMEABILITY

Air permeability facilitates human body ventilation
and vapor removal. This property is crucial,
especially for underwear and clothes worn in a hot
environment [19]. Air permeability is defined
according to 1ISO 9237: 1995 as the velocity of an air
flow passing perpendicularly through a test specimen
under specified conditions of test area, pressure drop
and time.
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Figure 6 Mean fabric air permeability for drying treatments: a) cotton fabrics, b) polyester fabrics and c¢) wool fabrics

The results presented in Figure 6 show that air
permeability strongly depends on the fabric structure
and fiber contents. The air permeability of all fabrics,
after washing and drying cycles, decreased
compared to air permeability of untreated fabrics.
It occurred because of the influence of shrinkage
during washing and drying under the impact
of moisture, heat and mechanical action.
Interestingly, that air permeability of fabrics from
cotton and wool yarns decreased most of all than
fabrics weaved from synthetic yarns. In fact,
laundering processes cause an increase in
the thread density of the fabrics, and as a result
a decrease in the fabric’'s porosity, this in turn
diminishes the air permeability. So, drying regimes
which cause the most fabric shrink may also cause
the most loss in air permeability.
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6 CONCLUSION

The study summarized the effect of drying methods
on the smoothness appearance, wrinkle recovery,
shrinkage, hand properties and air properties
on woven fabrics. Tests were carried on nine
different fabrics and four different drying methods:
drip line drying, flat drying after water extraction, line
drying after water extraction and tumble drying were
tested. The fabric changes that occur during
repeated laundering, especially during drying such
as, shrinkage, are highly dependent of fiber type and
fabric construction. In terms of the overall objectives
of this investigation, we have shown that tumble
drying causes greater levels of shrinkage than static
drying. We also have shown that consumer will be
satisfied by fabric appearance after tumble drying



through successive cycles. In spite of the weak
variations of the mechanical properties, the effect
of drying method reveals significant especially in
the case of cotton and wool fabrics. Succeeded
cycles of drying intensified the effects. In future
works, we will interest on other types of fabrics and
also on garment behavior.
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THE EFFECT OF REINFORCING FABRIC ON ION EXCHANGE

MEMBRANE PROPERTIES UNDER CYCLIC pH CHANGES
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MemBrain s.r.o, Pod Vinici 87, 471 27 Straz pod Ralskem, Czech Republic
kristyna.janegova@membrain.cz

Abstract: The article deals with comparison of the influence of ion exchange membranes (IMs)
composition on their dimensional changes and electrochemical properties. Mainly the influence of chemical
stability of polyester (PES) or poly(phenylene sulfide) (PPS) reinforcing fabric was investigated.
These fabrics were made from fibers of the same thickness and had the same construction of warp and
weft. IMs were exposed to cyclic pH changes which were realized by alternately soaking in HCl and NaOH
solutions of concentration 1 mol.L™" for 24 hours. Overall, IMs spent 9 days in each solution. Dimensions,
weight, ion exchange capacity and area resistance of IMs were continuously evaluated. Reinforcing with
PPS fabric led to length and height stabilization of IMs as compared with reinforcing by PES fabric.
Moreover membranes reinforced with PPS fabric showed the highest ion exchange capacity and stable
area resistance (7.4+0.5 Q.cm’ or 6.3+0.1 Q.cm’ for anion or cation exchange membrane, respectively)
during the testing period. Contrary, IMs reinforced with PES fabric showed gradual decrease of area
resistance corresponding to increased swelling. The sharpest decrease in area resistance was observed
for IM(H)-PES Ralex, from 11.6 Q.cm? to 3.5 Q.cm? for anion exchange membrane and from 6.1 Q.cm’
to 3.5 Q.cm” for cation exchange membrane. It was proved that by minimizing the dimensional changes

of IMs longer stability of area resistance and ion exchange capacity was obtained.

Keywords: reinforcing fabric, degradation, pH, polyester, poly(phenylene sulfide)

1 INTRODUCTION

Membrane processes are being used for drinking
and industrial water treatment. The processes find
their application more and more in chemical,
automotive and food industry or energetics.
Membranes used in processes in which the gradient
of electric field is the moving force are classified
as ion exchange membranes (IMs). They are mainly
used in electrodialysis, electrodeionization, diffusion
dialysis or cataphoresis [1-3].

IMs are preferentially made from polymer materials
[4]. So called heterogeneous IM belong
to the polymer composites as is demonstrated from
the structure of its fracture on Figure 1. Basic
component of heterogeneous IM is resin
functionalized with ion exchange groups. Particles
of the resin are dispersed in thermoplastic matrix,
so the IM can be produced via extrusion in a form
of sheet, hollow fiber or tubular membrane [2, 5, 6].

Flat sheet membranes use to be reinforced with
polymer fabric which significantly improves their
mechanical properties [7, 8]. Under working
conditions IMs contain usually tens of weight percent
of water which enables the swelling of resin particles
and fills pores and voids present in membrane
structure. Water acts as a plasticizer and medium for
transport of ionic species. Based on the type of resin
functional groups, two kinds of IMs are distinguished.
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Anion exchange membranes (AMs) transport
preferentially anions and reject cations and cation
exchange membranes (CMs) transport cations and
reject anions [1].

o HV spot | mag (]| pressure | det = mode WD - 400 pm

o4
7% 10.00kV | 4.0 | 400 x 60 Pa  vCD None 9.7 mm MemBrain

Figure 1 Fracture of ion exchange membrane obtained
by scanning electron microscopy

Before use, IMs need to be swollen which is usually
realized by soaking them in demineralized water for
several hours. Membrane swelling is strongly
affected by the properties of reinforcing fabric.
In general, dimensional changes of IMs caused
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by swelling are not isotropic. Also membrane tensile
properties are dependent on the direction
of measurement, thus IMs represent orthotropic
structure. Properties of IMs gradually change under
the operational conditions of individual technologies.

These changes are referred to the changes
in membrane  microstructure. Some  producers
recommend activation of membranes in various

chemical solutions prior to their use. Some types
of activation are also usually done before membrane
characterization and quality control. The main
objective of the activation is to make the resin
particles available in a matrix. As a consequence
of volumetric changes of the resin caused
by hydration pressure and changes of ionic form
of functional groups membrane matrix become more
open and a network of conductive channels through
IM is generated [9]. Usually acid or base solutions
are used for IMs activation or clean in place [10].

This work deals with repeated applying of HCI and
NaOH solutions to the IMs. The objective was
to evaluate the effect of cyclic pH changes
on the geometry and functional properties of [IMs.
The purpose of examining IMs reinforced with
poly(phenylene sulfide) (PPS) fabric was its
enhanced chemical stability against polyester (PES)
fabric.

2 EXPERIMENTAL

2.1 lon exchange membranes

Three [IMs were characterized, commercially
available IM(H)-PES Ralex (MEGA a.s., Czech
Republic) and two development samples IM-PES
and IM-PPS. IMs had the same type and filling
of the resin. The development membranes differed
from the commercial one in the thermoplastic matrix.
Matrix of IM-PES and IM-PPS was based on different
types of linear low density polyethylene (LLDPE)
whereas IM(H)-PES Ralex was made from low
density polyethylene (LDPE) matrix. Membranes
differed also in their reinforcing fabric which was
made  from polyester  (PES), specifically
poly(ethylene terephthalate), or poly(phenylene
sulfide) (PPS). Both fabrics were made from
monofilament of a diameter 55 ym and had identical
construction of warp and weft (32/35 threads
per1cm). Size of Ilink was approximately
260/230 um in the direction of warp and weft.
Free area of used fabrics was 67%. Ultimate force
and ultimate strain in the warp direction were higher
for PES fabric (220 N, 31%) than for PPS fabric
(140 N, 25%). Figure 2 illustrates the construction
ofused PES fabric.c Dry IMs had thickness
in the range 350-450 uym.

2.2 Membrane activation

First, IMs were swelled 24 h under room temperature
in demineralized water. Individual membranes were
soaked in 0.5 L of appropriate solution, AMs in NaOH
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(1 molL™), CMs in HCl (1molL™"). After 24 h
solutions were poured out and IMs were rinsed with
demineralized water till the neutral pH. Then, AMs
were soaked in HCI solution and CMs in NaOH
solution for 24 h and after that rinsed again with
demineralized water till neutral pH. This procedure
represented one activation cycle. During this cycle
the change of ionic form of AMs is represented
as C'-»OH —CI, for CMs as Na'—H'—Na".
Membranes underwent totally nine activation cycles.

i{.;' HV
% 1.00kV 4.0 | 500X 2.7

pre det mode = WD 300 pm
ETD SE  10.0 mm MemBrain

spot | mag OJ

Figure 2 Scanning electron microscopy scan of PES fabric
used for membranes reinforcement

2.3 Dimensional and weight changes

After each activation cycle, dimensional and weight
changes (Ax, %) of IMs were determined according
to (1).

Ax = 100%(Xs - Xg)/X4 (1)

The symbols in (1) represent the values
of parameters (mass m, length /, width w or thickness
h) in swelled (x;) or dry (xy) state.

2.4 Electrochemical properties

lon exchange capacity (IEC, mmol.gd,y'1) was
determined after each activation cycle by titration
procedure described in [4, 11] using Metrohm 682
Titroprocessor (Gemini BV). The uncertainty of IEC
determination was below 1%.

After 3, 6™ and 9" cycle area resistance (Ra, Q.cm?)
(2) was measured. Membranes were equilibrated
inNaCl  soluton (0.5 molL™)  previous
the measurement. Resistance was determined
by potentiometric compensation method at 25°C.
The scheme of electrochemical cell of self-made
construction is mentioned in [4].

Ra = S(Uinssor - Uso)/I (2)

The symbols in (2) represent effective membrane
area (S, cmz), potential of measuring cell filled with
NaCl solution (0.5 mol.L™") and membrane (Upssos
mV) or electrolyte itself (U, mV), and applied direct
current (I, mA).



3 RESULTS AND DISCUSSION

Dimensional changes of IMs connected to swelling
or change of ionic form are fundamentally affected
by the presence of reinforcing fabric. Generally,
reinforced IMs swelled preferentially in the direction
of their thickness contrary to the width and length.

3.1 Dimensional and weight changes

Figures 3 and 4 show the impact of cyclic pH
changes on the length of AMs and CMs. It is clearly
visible that CMs resistance against cyclic pH
changes is higher than the resistance of AMs.
The resistance of CMs is given by different
mechanism of exposure in alkaline solution towards
AMs. As CMs reject anions, OH™ cannot penetrate
into their structure and attack PES fabric [9, 12].
The alkali solution acts predominantly on the CMs
surface whereas the fabric is during the extrusion
lamination pressed between two heated rolls
underneath the membrane surface. As AMs enables
the transport of anions, presence of OH can cause
the alkali hydrolysis. In this reaction carbonyl oxygen
is attacked by OH", the scission of an ester bond
occurs and equivalent amount of hydroxyl and
carboxyl end groups is produced [13]. Alkaline
hydrolysis is catalyzed by quaternary ammonium
chloride present in the anion exchange resin [14].
Generally, it is accepted, that PES fibers are
attacked by alkaline solutions from their surface,
thus their diameter decreases. Moreover cracks
which significantly reduce the strength of fiber can be
indicated when the fibers are stressed in alkaline
solution [15]. Fabric made of PES loses its strength
and is not able to limit the swelling in the direction
oflength and width. This is obvious from
the significant enlargement of the length on Figure 3.
After the 3" activation cycle, AM-PES showed steep
increase of its length whereas for AM(H)-PES Ralex
the length increased significantly after the 5" cycle.
Using the same resin type and filling and the same
PES fabric, AM(H)-PES Ralex seemed to be loosely
two times more resistant against the beginning
of fabric degradation towards AM-PES.

The dimensional stability of IMs is very important
during the operation in membrane units. Taking this
in mind, PPS fabric is suitable alternative to PES
fabric for operations in alkali environment.
Even the construction of both fabrics was virtually
the same, PPS fabric enables higher increase
inlength for AMs and CMs immediately after
the swelling in demineralized water (Oth cycle).
However, change in length for IMs reinforced with
PPS fabric was below 4%.

The changes in length and width of IMs depend
on the number of threads in warp and weft and also
on the fixation method. Both PES and PPS fabrics
had the same construction but differed in their
mechanical properties. Changes in width reflected
trends observed for change in length. Moderate
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anisotropy was observed, which can be associated
with different tensile stress of warp and weft threads
during the weaving [16]. Fabric from PPS enabled
higher increase in width than PES fabric, for AM and
CM below 9%.
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The increase in thickness of IMs after the swelling
(0™ cycle) was in the range 40-45% for AMs and 59-
68% for CMs. The course of thickness changes
according to the number of activation cycles for
AM(H)-PES Ralex and AM-PES depicted in Figure 5
shows the mutual relationship of dimensional
changes. Whereas the length (Figure 3) and width
of these AMs increased with the number of cycles,
thickness had decreasing trend. The least affected
were IMs reinforced with PPS fabric. For CM(H)-PES
Ralex and CM-PES (Figure 6) a decline in thickness



change after 50 cycle was observed. This behavior
did not correspond to the stable length (Figure 4) and
width.
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The increase in thickness was higher for CMs than
for AMs which is the result of lower IEC of anion
exchange resins. Therefore, by intensive swelling
in the direction of thickness the matrix of CMs
is more stressed than in AMs. The increase
of swelling tends to rise membrane porosity. At high
water content the resin particles could be washed out
of the matrix to the surrounding solution. Lower
content of resin thus could cause the decrease
of swelling in the direction of thickness without
significant influence on length and width. Weight
changes of AMs and CMs are shown in Figures 7
and 8.
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The course of weight changes is essential
for understanding the evolution of porosity
in membrane structure under the effect of cyclic pH
changes. After the swelling (Oth cycle) the network
of ion conductive channels is being formed which is
further developing during membrane operation or
also static exposition to the aqueous solutions.
The more  aggressive is the  surrounding
environment, the faster is the development in IM
porosity, the coherence of thermoplastic matrix
decreases and resin particles are more prone to be
washed out [9]. Porous structure is filled with
surrounding solution and the increase in weight of IM
is usually observed [17] as in the case of AM(H)-PES
Ralex and AM-PES. For this couple of AMs
the presumption of alkali hydrolysis of PES fabric
was the highest. With gradual degradation of PES
threads, the resulting porosity was filled with HCI
or NaOH solutions or demineralized water.



3.2 Electrochemical properties

Area resistance is a measure of membrane process
power requirements. Ideal IM has as low area
resistance as possible and thus intensive ionic
transport enabling to increase the capacity of given
technology. Prior to area resistance determination
it is usual to use membrane pre-conditioning ranging
1-2 activation cycles described in the article. Results
of membranes characterized without pre-conditioning
(0th cycle) show the importance of the activation
on membrane properties. As mentioned previously,
activation is important for development of ion
conductive channels throughout  the IM.
As a consequence, resistance is  decreasing
as is shown for most of the IMs in Figures 9 and 10.
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The method of area resistance determination
is destructive; each measurement was thus done for
a different piece of IM. The decrease of resistance
is not caused only by accessibility of larger amount
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of resin particles. As a side effect of porosity
increasing cracks and voids in thermoplastic matrix
arise, which generally increase the permeability of IM
for both anions and cations regardless the ionic
charge of functional groups attached to the resin.
As a consequence, IM loses its permselectivity,
i.e. preferential selectivity of AM towards anions or
CM towards cations.

The ability of ionic transport of IM can be quantified
via ion exchange capacity (IEC). This parameter was
evaluated after each activation cycle. The results
ofIEC need to be interpreted with respect
to microstructure development. Only resin particles
enabling interaction with solution or electrolyte can
contribute to the final IEC value. If there are particles
which are fully wrapped with polymer matrix they
cannot contribute to the resulting IEC. With ongoing
activation of IM structure larger amount of resin
particles is accessible, thus IEC should increase.
Atthe same time with increasing porosity finer
particles could be washed out resulting in decrease
of IEC. Final IEC reflects all mentioned effects.
The values of IEC found during cyclic pH changes
for all IMs were nearly constant. The highest value
for AMs was found for AM-PPS and was constant
during all measurements (1.9+0.0 mmol.gdry'1).
lon exchange capacity of AM(H)-PES Ralex and AM-
PES matched 1.7£0.2 mmol.gg . All CMs had IEC
in the range 2.3£0.2 mmol.gdry'1, specifically
2.5+0.0 mmol.gdry'1 for CM-PPS. Article [12]
evaluated long-term influence of NaOH solution
(5-15 wt.%) on heterogeneous IMs. The authors did
not observe any changes of IEC during IM exposition
but they reported the decrease in resistance.
The cause was degradation of PES fabric and
related dimensional changes of I[IMs leading
to the increase in membrane porosity.

4 CONCLUSION

Three types of AMs and CMs were compared. Based
on the obtained results it was shown that chemical
composition of reinforcing fabric is very important
for dimensional stability of membranes as well as
for their electrochemical properties. Reinforcing with
PPS fabric contrary to PES fabric which is used
in commercially  available IM(H)-PES Ralex
membranes had positive impact for dimensional
changes minimization. The more IM is resistant
to dimensional changes connected to the swelling
and ionic form changes, the slower the porosity
develops. As a consequence lower amount of ion
exchange resin particles is washed out of membrane
matrix and fewer pores and voids developed thanks
to PES fabric degradation in alkaline environment are
filled with solution which surrounds IM. Fabric made
of PPS had significantly positive impact
on stabilization of IMs electrochemical properties.
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Abstract: The article is devoted to solving the problem of developing the scientific basis for the primary
processing of non-narcotic hemp stems in order to produce high-quality fiber that can be used in various
industries. The current state of hemp production in Ukraine and other countries of the world was analyzed
and also promising uses of hemp raw materials was considered. Criteria characteristics of straw stalks
of non-narcotic monoecious hemp must be considered when developing innovative technologies
for preparing trusts and its mechanical processing in order to produce fibers suitable for use in various
industries, which will contribute to an increase in the production of hemp products, improve its quality,
and increase the competitiveness of non-narcotic hemp products as well as the Ukraine’s entry

into the world market.

Keywords: hemp, processing, criteria charcteristics, content of bast, trust, fiber.

1 INTRODUCTION

The increase in demand for the environmentally
friendly products made of natural raw materials
despite a big variety of goods from synthetic and
artificial fibers is recently observed in the developed
countries of the world. It should be noted that thanks
to specific natural properties of natural fibers,
including hempy, they cannot be replaced with other
types of fibers at production of a certain range
of products. Besides, fiber of hemp can replace even
linen fiber in the most various scopes of application
[1-9]. Therefore today hemp draws to itself great
attention both researchers and producers. First, it is
a commercial crop which is capable to accumulate
huge biological weight in comparison with other
cultures. Secondly, it can be used for production
of the unlimited range of products in various
industries. And the third, it is capable to clean
the polluted territories and promoting preservation
of the environment.

All parts of a plant of hemp, namely: the fiber
emitted from stalks, leaves and seeds; are widely
used in the textile, food, chemical, pharmaceutical,
cosmetic industry and other branches of the national
economy. The list of the products made of hemp
now approaches 50 thousand names [10-13].

Thanks to high productivity of hemp in comparison
with wood of coniferous and deciduous breeds
of trees, to high content of cellulose (nearly 80%)
and low content of lignin in fiber and also high
qualitative of the paper made on the basis of hempy
cellulose (to high rates of whiteness, absolute
resistance to breakdown and the absolute resistance
to tear), the hemp is competitive raw materials for
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production of different types of paper: valuable,
technical filtering, tissue, printing, etc. The paper
of fiber of hemp is made in China, India, USA,
the countries of South America, Spain, Great Britain
and other countries [12, 13].

Valuable properties of the oil received from hemp
seeds, namely high saturation its fatty acids (oleic
acid - 10-16%, linolenic acid - 50-60%, gamma and
linolenic acid - 2-5%), allow to apply it not only
in the food industry, but also in cosmetology
(as a component of products for care of a body and
spirits), paint and varnish, building industry, etc.
Production of oil from hemp seeds now actively
develops in Canada, France and the countries
of South America [14].

The modern technologies applied in China and
Romania allow to produce from hemp fibers the fine
fabrics which are characterized by high rates of air
permeability, hygroscopicity, wear resistance
and durability.

It is known that hemp fibers are widely used
for production of the reinforced composite polymeric
materials applied in the car, an avia - and
shipbuilding. Besides, the ability of hemp
to accumulate the big biological weight (more than
15 t/hectare) allows to use it as raw materials
for receiving biogas, ethanol and liquid biofuel.

Recently, in our country fiber of hemp was a main
type of raw materials only for production of twisted
products - ropes and ropes of different types and
appointment, a twine, driving belts, etc. However,
the high prime cost of the twisted products made
of natural raw materials forced businessmen
to replace natural fibers with chemical.
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Reduction of demand for long fiber of hemp became
the reason of reduction of the acreage reserved
for this culture. It led to decrease in efficiency
of enterprises which are engaged in cultivation
of hemp and enterprises for hemp processing as
they were the main consumers of a hempy raw
materials.

Comparing the level of development of enterprises
which are engaged in cultivation of hemp
and enterprises for hemp processing in Ukraine and
in the other countries of the world, it should be
noted that this culture, having huge potential, in our
country is not used in full. Such position
of the industry is caused by two important reasons.
First, only recently it was succeeded to overcome
the contradictory attitude of power structures
towards this culture connected with insufficient
knowledge of people of existence of modern
industrial grades of not narcotic monoecious hemp
(with the minimum contents the cannabinoid
substances of connections or their total absence)
which are widely used in production in many
countries of the world already now. So, the hemp
grades created at Institute of bast cultures of NAAN
of Ukraine (Glukhov of the Sumy region) grow up
in such states as Australia, Austria, Great Britain,
Canada, Netherlands, Germany, Czech Republic,
Finland, etc. [9.15]. Secondly, reduction of acreage
of hemp in Ukraine in comparison with global trends
is caused by lack of demand on long and short
hempy fiber in our country, which is domestic sales
market of hempy products, impossibility of selling
of these products in foreign markets, due to their
poor quality and also narrow scope of a hempy fiber.

Exit of the industry on hemp processing from crisis
can be reached by development of the latest
technologies of processing of straw and trusts
of hemp that will allow to receive fiber with new
technological properties which  will conform
to requirements of technologies for their further use
in textile, pharmaceutical, pulp-and-paper and other
industries. Therefore improvement of the existing
technologies of receiving trusts and development
of new technology of machining of stalks trusts
of hemp which will promote expansion of scope
of the fiber received from it, is a relevant task
of the industry.

2 LITERATURE REVIEW

Created by the Ukrainian selectors Senchenko G.1.,
Migal M.D., Vyrovets V.G., Layko |.M., etc. not
narcotic grades of hemp are known around
the world. Thanks to the biological feature of a plant
removed by the Ukrainian scientists which consists
in lack of psychotropic compound
of tetrahydrocannabinol  in  total with  high
performance technical grades of hemp allowed
tokeep a of enterprises which are engaged
in cultivation of hemp in such countries as France,
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Russia, Canada, China and to revive the industry
inone and all economically developed countries
of the world.

Works of the leading scientists of Ukraine [2, 5, 15]
who confirm that changes of not narcotic grades
of hemp were resulted by changes
in the morphological structure of a fibrous part
of stalks of hemp which exclude a possibility of use
of traditional technologies of its processing are
devoted to studying of features of the anatomic and
morphological structure of stalks and the chemical
composition of fiber of not narcotic monoecious
hemp. Earlier conducted pilot studies
of technological properties of stalks of hemp showed
that physicomechanical properties significantly differ
in a dioecious hemp which was still widely applied
in production from properties of modern grades
of not narcotic monoecious hemp.

Achievements of domestic and foreign scientists
inthe field of preprocessing and profound
processing of stalks of not narcotic hemp which are
opened in scientific works [4, 9, 12, 14] give
the chance to claim that these developments are
pioneer and are at an initial stage of pilot studies.
Their system development demands the further
scientific  practices directed to a solution
of the problem of effective use of a hempy raw
materials in various industries.

Researches and the analysis of physicomechanical
properties of various forms of hemp for the purpose
of definition and assessment of characteristics
on which the modes and parameters
of technological processes of receiving high-quality
hempy products are based is a main objective
of work. In article the current state and the prospects
of development of enterprises which are engaged
in cultivation of hemp in Ukraine, a possibility
of the maximum multipurpose use of this crop is also
analysed, to contribute to the development
of production of consumer goods and expansion
of scope of not narcotic monoecious hemp in various
industries.

3 RESEARCH METHODOLOGY

In Ukraine industrial crops of technical hemp till
September, 2012 were protected. The industry
of enterprises which are engaged in cultivation
of hemp therefore suffered huge losses, and
cultivation of extremely profitable crop at that time
was non-profitable that led to sharp reduction
of crops of this valuable commercial crop.
Recognition at the level of government institutions
of uniqueness of not narcotic grades of hemp
allowed to make changes to the Ukrainian legislation
and to remove protection of crops of plants with the
content of tetrahydrocannabinol of less than 0.08%
then acreage of the specified culture in the country
increased by 3 times.



Comparing the level of development of enterprises
which are engaged in cultivation of hemp and
enterprises for hemp processing in Ukraine to other
states of the world, it should be noted that this
culture, having huge potential, in our country is not
used in full. If in other countries of the world
production of a hempy fiber increased from 57.5
thousand tons in 1996 to 115 thousand tons in 2005,
then in our country, on the contrary, during this
period rapid reduction of its production and reduction
of acreage from 3200 to 1940 hectares was
observed [16-18].

This negative trend, unfortunately, remained and
until recently: in 2009 the acreage of hemp was only
300 hectares, in 2010 - 800 hectares, in 2011 - 430
hectares, in 2012 - 650 hectares, in 2013 - 860
hectares, in 2014 - 980 hectares, and since 2015
increase in acreage under technical hemp almost
by 3 times (Figure 1) is observed.
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in Ukraine [19]
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Increase in demand for hempy raw materials
intheworld is connected with  expansion
of the sphere of its use, namely: for replacement
of synthetic materials on the basis of natural fiber,
production of cellulose, construction materials,
products of the food industry and many other things
[20]. Thanks to detailed studying of properties
of modern not narcotic grades of hemp,
development of the latest technologies of its
processing allowing to use all components of a stalk
of hemp the innovative products with new qualitative
characteristics which find broad application
in various branches of industrial production [21-23]
are created. Fiber content in modern grades of not
narcotic hemp is 30-35%. Technical textiles of hemp
are used as sea and river ropes, twine, ropes, grids,
tarpaulin and canvas and also textile products:
fabrics, working clothes, footwear, haberdashery
products. In the world not narcotic hemp is used for
production of nonwoven and composite materials,
geotextiles, cellulose, paper of different types and
appointment. Today there is a possibility of use
of the whole stalk of not narcotic hemp on the power
purposes, in particular, for production of liquid
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biofuel, ethanol and biogas [24]. A fibre of hemp
makes 65-70% of all weight bast stalks and consists
mainly of cellulose (45-58%), lignin (21-29%) and
pentozan (23-26%). From fibres are made
construction and heat-insulating plates, paper, fuel,
etc. Hemp is the most suitable raw materials for
production of a construction blocks from hemp
fibres, than flax. Good strength indicators
of a construction blocks from hemp fibres with use
fibores of hemp are explained a portlandtsement
by the fact that on the enterprises for hemp
processing before release of bast fibers of a stalk
of hemp are exposed to long hydrothermal
processing (within 20-30 days are soaked, then dry).
It allows to reduce significantly contents in them
the easily hydrolyzed of substances which slow
down curing of the portlandtsement. A construction
blocks from hemp fibres, light concrete, a kind
of wood concrete with application hempy fires
as organic filler, is made of mix fibres, binding
substance (as a rule, cement), mineral filler (sand)
and waters. For a mineralization fibres and
accelerations of hardening of mix add chloride
calcium, sulfate alumina together with lime-
pushonkoy to it or other additives. The volume mass
of a construction blocks from hemp fibres is from
400 to 700 kg/m3. Material has low warm and sound
conductivity, is convenient for processing, does not
give in to rotting, and is the adverse environment
for rodents and insects. It is used for construction
of internal partitions in rooms and also for warm and
sound insulation. The main producers are France,
Australia, Ireland, Germany and Ukraine [25].

It is known that process of preprocessing of bast
fiber raw materials consists of a number
of consecutive operations which nature and quantity
depend on the anatomic structure of stalks and also
on many economic and organizational factors.
It should be noted that broad use of technologies
of nonconventional use of a hemp production,
thanks to scientific developments in processing
industry, will contribute to innovative development
of a hemp breeding of Ukraine [26]. At the same
time nearly the only solution of problems which face
the enterprises for processing the bast fiber
materials is profound processing of low-grade short
fiber in various industries, fuller use of production
wastes, etc. Complex processing of hemp raw
materials is an indispensable condition of overall
performance of the enterprise. Besides, now
in Ukraine selectors created new highly productive
grades of not narcotic monoecious hemp, however
processing them on traditional technology does not
allow receiving quality fiber. Therefore the solution
of an issue of primary and profound processing
of modern not narcotic grades needs to be carried
out, since correction of the modes and parameters
of technological processes of receiving fiber.
For the purpose of justification and development
of technology of preprocessing of modern grades



of not narcotic hemp a number of pilot and
theoretical studies of physicomechanical properties
of stalks and fiber by not narcotic monoecious hemp
and cannabis on the basis of the Kherson National
Technical University is conducted. For determination
of the main technical characteristics on two types
of hemp two sexual types (fimble and female hemp)
grades of dioecious hemp as the Ermakovsky local
and all sexual types of a high-performance grade
of monoecious hemp USO-31 were chosen.
By results of these researches it is established that
stalks of straw of not narcotic monoecious hemp
of various  sexual types are characterized
by uniformity on  such  morphological and
technological to indicators as length and diameter
of stalks, the maintenance of a bass and its
explosive loading. Therefore preprocessing of not
narcotic monoecious hemp does not demand
application of the specific technological modes
for plants of each sexual type that is characteristic
of preprocessing of stalks of a fimble and a female
of hemp dioecious.

Complex researches of  physicomechanical
properties trusts not narcotic monoecious hemp and
cannabis showed that between them there are
considerable differences in quality and quantitative
indices. Despite increase in explosive loading,
decline in quality of fiber of not narcotic monoecious
hemp in comparison with cannabis is observed,
namely: increase in linear density and reduction
of flexibility. The  difference in properties
demonstrates that technologies which were applied
on the dioecious hemp processing plants earlier
cannot be used for modern grades of not narcotic
monoecious hemp. Therefore there was a need
ofthe detailed analysis and assessment
of physicomechanical and technological properties
of various forms of hemp. For quantitative
assessment of distinctions on physicomechanical
characteristics of monoecious not narcotic hemp
from similar characteristics of dioecious hemp it is
necessary to use methods of mathematical
statistics: comparison of two averages selective for
selections with randomly the distributed populations
- big independent selections [26]. Such assessment
is necessary for definition of physicomechanical
characteristics most of which differ between two
forms of hemp. A dioecious hemp and monoecious
hemp further it is accepted to «call these
characteristics "criteria". Taking into account these
characteristics it is necessary to adjust the modes

and parameters  of technological  processes
of receiving trusts and its machining.

Let's consider application of the theory
of mathematical statistics for assessment

of differences of two forms of hemp - a dioecious
hemp (fimble and a female hemp) and all types
of monoecious hemp (a monoecious female hemp,
the monoecious feminized fimble, feminized fimble
and monoecious masculinised female hemp)
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on the following indicators: diameter of stalks
of straw and the maintenance of a bass in stalks,
an exit of long fiber about trusts, explosive loading
and linear density of fiber.

From the theory of mathematical statistics
it is known that when independent selections have
large volume (not less than 30 everyone), averages
selective are distributed approximately normally and
selective dispersions are rather reliable estimates
of general dispersions. In this interpretation general
dispersions can be considered known. Under our
assumptions the approximate criterion
of comparison of two averages selective takes
place. In order that at the chosen significance value
a to check a null hypothesis Hy: M(X) = M(Y) about
equality of population means of two populations with
unknown general dispersions at the competing
hypothesis H;: M(X) # M(Y) it is necessary
to calculate value of criterion on the presented
formula, it is estimated, W,

Y

/DK(X)JFDK(Y) (1

where X is an average selective values of criteria
characteristics of dioecious hemp; y is average selective
values of criteria characteristics of monoecious hemp;
Ds (X) is selective dispersion for dioecious hemp; Dg (Y) is
selective dispersion for monoecious hemp; n is number
of measurements of each characteristic dioecious hemp
and m is number of measurements of each characteristic
of monoecious hemp.

Then according to the table of values of function
of Laplace @ find a critical point of W,, from equality:

I/VC:

)_ l-«a

(W, )= " @)

Kp
If |W,| < W,, then indicators of physicomechanical
characteristics of different sexual types of two forms
of hemp differ slightly.

If | W, > W,, then indicators of physicomechanical
characteristics of different sexual types of two forms
of hemp differ considerably and these characteristics
have to be used for correction of the modes and
parameters of technological processes of receiving
trusts and its machining. Significance value a = 0.05.

Calculate values of function of Laplace in a critical
point by a formula (2):
l-a 1-0,05 095
@ W = = 2 = 2
r,)-"5% =10
After that, from the table of values of function
of Laplace find that W,, = 1.96.

For all above-mentioned physicomechanical
characteristics of two forms of hemp absolute values
of criterion W, which are presented in Tables 1-3
were calculated and analysed.

Absolute values of criterion W, on an indicator
diameter of stalks of grades of Ermakovsky local
and USO-31 are presented in Table 1.

=0,475




Table 1 Absolute values of criterion W, according to selective data of diameter of stalks of the studied hemp grades

Grade and sexual types Ermak9vsky local Ermakovsky local Uso-31" | UsO-312 | Uso-31° | UsO-31*
of hemp fimble female
Ermakovsky local fimble 0.000
Ermakovsky local female 82.976 0.000 symmetric.
USso-31" 100.073 23.953 0.000
USO-31° 65.568 8.246 9.828 0.000
Uso-31° 76.175 11.524 8.692 1.808 0.000
Uso-31° 80.671 17.889 2.115 7.097 5.767 0.000
Note: 1 - monoecious female hemp; 2 - monoecious feminized fimble; 3 - feminized fimble; 4 - monoecious maskulinizirovanny female
hemp.
Analyzing values of criterion W, presented of criterion W, i.e |W,| > W,,. Thus, on an indicator
in the table according to selective data the maintenance of a bass in stalks the studied

of an indicator diameter of stalks, it is possible
to draw a conclusion that all values of criterion W,
on an indicator diameter of stalks considerably
exceed values of criterion Wy, i.e |W,| > W,,. It gives
the grounds to claim that on an indicator diameter
of stalks the studied grades of hemp differ
considerably. An exception is feminized fimble and
monoecious feminized fimble USO-31 grades which
on an indicator diameter of stalks practically do
not differ. These are sexual types of monoecious
not narcotic hemp therefore, really, on an indicator
diameter of stalks they also should not differ
considerably. For monoecious hemp of different
sexual types of technology of processing should not
differ. Absolute values of criterion W, on an indicator
the maintenance of a bass in stalks of hemp
of grades of Ermakovsky local and USO-31 are
presented in Table 2. From Table 2 it is visible that
all values of criterion W, considerably exceed values

grades of hemp differ considerably.

Thus, the criteria characteristics given above -
diameter of stalks of straw of hemp and
the maintenance of a bass in them - further it is
necessary to use for adjustment of parameters and
the modes of machining of stalks trusts
of not narcotic monoecious hemp in comparison with
the modes and parameters of this process
for dioecious hemp.

Absolute values of criterion W, on an indicator
an exit of long fiber from trusts of hemp of grades
of Ermakovsky local and USO-31 are presented
in Table 3.

Analyzing of Table 3, it is possible to draw
a conclusion that all values of criterion W, much
more exceed values of criterion W,,, i.e |W,| > W,,.
Thus, on an indicator an exit of long fiber from trusts
the studied grades of hemp differ considerably.

Table 2 Absolute values of criterion W, according to selective data of an indicator the maintenance of a bass in stalks

of the studied hemp grades

Grade and sexual types Ermakovsky local Ermakovsky local Uso-31" | uso-312 | uso-31® | uso-31
of hemp fimble female
Ermakovsky local fimble 0.000
Ermakovsky local female 10.340 0.000 symmetrically
US0-31' 25.500 67.882 0.000
USO-317 19.558 62.191 14.767 0.000
uUso-31° 12.738 26.679 8.370 2.025 0.000
Uso-31° 3.478 9.588 10.184 6.663 4.950 0.000

Table 3 Absolute values of criterion W; on selective given vent an indicator of long fiber from trusts of the studied hemp

grades
Grade and sexual types Ermak9vsky local Ermakovsky local UsO-31' | USO-312 | USO-31® | USO-31*
of hemp fimble female
Ermakovsky local fimble 0.000
Ermakovsky local female 41.800 0.000 symmetric
USO-31" 43.412 104.355 0.000
USo-31° 34.059 87.057 7.913 0.000
Uso-31° 32.271 86.461 10.787 2.530 0.000
uUso-31* 31.921 111.734 22.804 11.068 8.165 0.000
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Table 4 Absolute values of criterion W, according to selective data of explosive loading of fiber studied hemp grades

Grade and sexual types Ermak9vsky local Ermakovsky local Uso-31" | Uso-312 | uso-31® | uso-31*
of hemp fimble female
Ermakovsky local fimble 0.000
Ermakovsky local female 24.343 0.000 symmetric
US0-31' 58.316 21.922 0.000
USO-317 49.115 12.456 21.974 0.000
Uso-31° 62.879 24.318 3.508 31.623 0.000
uUso-31* 38.694 11.617 8.528 2.657 10.733 0.000

Table 5 Absolute values of criterion W, according to selective data of linear density of fiber studied hemp grades

Grade and sexual types Ermakovsky local

Ermakovsky local

. Uso-31' | USO-31* | USO-31° | USO-31*
of hemp fimble female
Ermakovsky local fimble 0.000
Ermakovsky local female 41.158 0.000 symmetric
US0o-31" 190.671 113.399 0.000
US0-317 239.473 121.342 14.261 0.000
Uso-31° 200.798 110.068 14.078 1.754 0.000
USso-31° 156.183 96.000 7.593 3.178 4.093 0.000
Absolute values of criterion W, on an indicator 4 RESULTS

explosive loading of fiber and monoecious hemp
of the studied grades are presented by a two-blast
furnace in Table 4. From Table 4 it is visible that all
values of criterion W, considerably exceed values
of criterion Wy, i.e |W,| > W,,. Thus, on an indicator
explosive loading of fiber the studied grades
of hemp differ considerably.

Absolute values of criterion W, on an indicator
the linear density of fiber of the studied grades
of hemp are presented in Table 5. Analyzing
of Table 5, it is possible to draw a conclusion
that practically all values of criterion W, much more
exceed values of criterion W, ie |W| > W,,.
Therefore on an indicator the linear density of fiber
the studied grades of hemp differ considerably.

Exception is feminized fimble and monoecious
feminized  fimble USO-31 grades  which
on an indicator the linear density of fiber differ
slightly.

Thus, according to the theory of mathematical
statistics physicomechanical characteristics of two
forms of hemp which differ considerably were
defined. Treat them: diameter of stalks of straw, the
maintenance of a bass in stalks, an exit of long fiber
from trusts, explosive loading and linear density
of fiber.  Considering the revealed criteria
characteristics of stalks of straw of not narcotic
monoecious hemp it is necessary to develop
innovative technologies of preparation trusts and its
machining for the purpose of receiving the fiber
suitable for use in different industries that will
promote increase in the production of a hemp
produktion, improvement of its quality, improving
competitiveness of goods from not narcotic hemp
and entry of Ukraine into the world market.
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Modern market conditions demand new approaches
to development of technologies which have
to consider the forecast concerning demand
foraconcrete type of a hemp produktion.
The directions of use of hemp change that, in turn,
causes requirement of change of technologies
of cultivation, cleaning and processing. Besides,
modern technologies have to be energy saving and
most mechanized.

Effective primary processing of stalks of hemp
is impossible without development of innovative
technologies and providing the hemp processing
enterprises with new, more highly productive
effective processing equipment which use will
promote improvement of quality, expansion
of the range and reduction of prime cost of fiber.

In modern conditions new scientific approach
to development of technologies is necessary
for preprocessing of stalks of not narcotic

monoecious hemp.

The presented calculations on the basis of methods
of mathematical statistics give the chance to define
criteria  characteristics of stalks of straw
of not narcotic grades of hemp — diameter of stalks
and the maintenance of a bass in stalks according
to which it is necessary to carry out adjustment
of parameters and the modes of technological
processes of receiving trusts and machining
of hempy raw materials. Criteria characteristics
of fibers - explosive loading and linear density - it is
offered to use for determination of functional
purpose of fibers after machining trusts.
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Abstract: Recently knitted fabrics structure was developed for protective garments. The new fabric made
of ballistic nylon plated with wool called knit-plated was designed and evaluated for thermal and water-

vapour resistance. Also,

the moisture management properties were

investigated to measure

the enhancement of wool to the fabric. The surface properties of the fabric, including coefficient of friction
and surface roughness, were measured. The results indicates that the ballistic nylon-wool achieved good
thermal comfort as well as the wool provide an average accumulative one way water transport.
Furthermore, the results reveal that the fabric has smooth surface in the next-to-skin side due to plated

wool.

Keywords: ballistic nylon, thermal comfort, knit plated, moisture management, surface roughness.

1 INTRODUCTION

Knitted fabric structures have been used in deferent
applications that include protective apparel such as
firefighter clothes and soft body armour [1].
Most ballistic body armours used today consist
of multiple layers of fabric and are made
of expensive high-performance fibres such as Kevlar,
Zylon, Twaron or Spectra [1, 2]. Several knitted
structures, including single jersey, plush, interlock
and 1x1 rib, have been investigated to understand
their stab and cut resistant performance.
Flambard [2] developed a plush and single jersey
knitted fabric using an 18 gauge circular knitting
machine. The fabrics were produced using spun
yarns of Zylon and Kevlar®29 and weight 2640 g/mz.
Alpyildiz [1] proposed a new style of knitted structure
fabric called “double-face” and “double-face-Inlay”
for stab and cut resistance by using a flat knit
machine. The yarns used were similar to those used
by Flambard [2].

However, the  thermal comfort  properties
of the knitted ballistic fabric were not examined
inmost of this literature. Traditional protective
garments used are heavy, bulky, inflexible, and
uncomfortable to wear, especially in hot-humid
climates [3]. On the other hand, Mahbub [4]
has developed a weft-knit plated Kevlar-wool
for seamless soft body armour panel for female
police officers. The panel consist of five layers,
the first layer was made of Kevlar-wool plated and
the rest were made of 100% Kevlar plated,
the weight were 555 g/m2 and 520 g/m2 respectively.
In addition, the body armour panel and its fabrics
were tested and evaluated for thermos-physiological

Fibres and Textiles (1) 2020

comfort. The results revel that both fabrics provided
a moderate comfort as a multi-layer panel and single
fabric [5].

In this study, the Knit-Plated structure made
of ballistic nylon-wool fabric was manufactured based
on the Mahbub [4] "weft-knit plated" Kevlar-wool
fabric, and wool has been incorporated in the fabric
to enhance the thermal comfort performance.
In addition, ballistic nylon was used toreduce
the fabric cost in compares with Kevlar price.
The physical properties of the designed knitted fabric
was tested and evaluated for thermal and water-
vapour resistance. The Sweating Guarded Hot-Plate
(SGHP) was used to simulate the heat and
processes that occur between the skin and the fabric.
Also, the moisture management performance was
determined by using the Moisture-Management
Tester (MMT), which was used to measure liquid
moisture transport behaviour of the fabric including
the liquid absorbency, liquid spreading and transport
of water through the fabric. In addition, the surface
friction was investigated to determine the roughness
of the fabric.

1.1 Research objectives

The research aim to evaluate the thermal comfort
properties of the developed ballistic nylon wool fabric
to determine the enhancement of wool plated
to the fabric structure. The objectives are:

1- to measure the thermal and water resistance
in order to regulate fabric comfort.

2- to evaluate fabric moisture management
properties in order to provide good moisture
transfer properties.
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Figure 1 Front face made of ballistic nylon (A) and back face made of wool (B)

2 MATERIAL DESIGN

2.1 Yarn

The yarns used in this study were 93 tex continuous
filament of ballistic nylon and 41 tex wool, spun two-
fold yarn.

2.2 Ballistic nylon-wool (BNW) fabric production

The BNW fabric was produced using a flat knitting
machine Shima Seiki SES-S.WG® and its CAD
program. The knit-plated fabric made of ballistic
nylon and wool yarns was produced at 18 gauges
with 30 knitted fabric quality (tightness). The fabric
structure was designed as a single jersey weft-
knitted and is illustrates in Figure 1(A, B).
The ballistic nylon has been knitted on the front face
Figure 1(A) and Figure 1(B) shows the wool yarn
plated on the back of the fabric.

3 METHODS AND METHODOLGY

The BNW fabric’s physical properties, includes fabric
thickness, mass per unit area and dimensional
change, were tested. The following standards were
used: AS 2001.2.15-1989 for fabric thickness,
AS 2001.2.13-1987 for mass per unit area and
AS 2001.5.4-1987  for  dimensional change.
The thermal and water-vapour resistance were
measured according to ISO 11092:1993, while
moisture management according to AATCC TM 195-
2009. In addition, the Automatic Surface Tester
(KES-FB4-AUTO-A) was wused to measure
the surface friction and roughness. The fabric
specimens were conditioned for 24 hours under
standard conditions of 65+3% relative humidity (RH)
and temperature of 20+2°C, according
to the Australian Standard AS 2001.1-1995.

3.1 Dimensional change test (D¢)

Three specimens from BNW fabric were marked
(200200 mm) and measured, avoiding the fabric
edge by 25 mm. Three pairs of marks parallel
to the course and wale directions were drawn.
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The distance between each pair was measured and
recorded. The washing procedure used was (3A)
gentle heating and rinsing in 20+3°C for a horizontal
machine with household detergent (Surf brand).
The samples were dried by flattening the fabric
on a table until completely dried. Measurement after
washing was recorded. The percentage change was
calculated using equation (1):

D¢ = (D4-Do)/Dy%100 (1)

where: D, = percentage change in dimension,
D, = dimension after washing and D, = initial dimension.

3.2 The sweating guarded hot-plate (SGHP)

The designed fabric was tested for thermal and
water-vapour resistance before and after washing
to measure the difference that could occur. The test
specimens were cut as squares of 300300 mm.
Three specimens were tested and the arithmetic
mean of three individual reading for each sample
was recorded and the standard deviation (SD) was
calculated. The thermal resistance test measures

the energy required to maintain a constant
temperature of 35°C on the surface of the measuring
plate [6]. Both thermal measurement unit

temperature and the thermal guard temperature were
set to 35.0°C. The air temperature was 20.0°C and
the relative humidity was 65%. The air speed
was 1 m/sec. The thermal resistance for the fabric
was calculated by measuring the heat temperature
between the plate surface and the surrounding
ambient air every 15 minute [7].

The water-vapour test measured the power required
to keep a constant vapour pressure between the top
and the bottom surface of the fabric [8]. The test
recorded the average power required to keep
the measuring unit at its selected temperature based
on 15 minute integration. The value of the arithmetic
mean of three reading results from each fabric was
calculated. The test atmosphere was 35.0°C and
40% relative humidity for the water-vapour test
measurement unit. The thermal guard temperature



was set to 35.0°C and the air speed was 1 m/sec.
The water-vapour resistance results were calculated
by the vapour pressure difference between
the saturated plate surface and the ambient air
according to the Standard [7].

3.3 Moisture-management tester (MMT)

The MMT instrument was used to test the liquid
solution transfer and distribution behaviour. The test
started by placing an 80x80 mm test specimen
between two horizontal electrical sensor rings.
A saline solution (9 g sodium chloride per liter) was
dripped freely onto the top surface at the centre
of the fabric. As the solution moved, the moisture
behaviour of the test specimen was measured and
recorded. The MMT parameters measured were:

- Wetting time - the time in which the top and bottom
surfaces of the fabric just started to get wet
respectively after the test commenced. The results
can be explained as following: 1) 2120 no wetting;
2) 20-119 slow; 3) 5-19 medium; 4) 3-5 fast;
5) <3 very fast.

- Absorption rate - the average moisture absorption
ability of the fabric’s top and bottom surfaces
during the rise of water content, respectively.
Theresults can be explained as following:
1) 0-10 very slow; 2) 10-30 slow; 3) 30-50 medium;
4) 50-100 fast; 5) >100 very fast.

- Maximum wetted radius - defined as the maximum
wetted ring radius at the top and bottom surfaces,
respectively. The results can be explained
as following: 1) 0-7 no wetting; 2) 7-12 small;
3) 12-17 medium; 4) 17-20 fast; 5) >22 very fast.

- Spreading speed - the accumulative spreading
speed from the centre of the fabric sample
to the maximum wetted radius. The results can be
explained as following: 1) 0-1 very slow;
2) 1-2 slow; 3) 2-3 medium; 4) 3-4 fast;
5) >4 very fast.

- The accumulative one-way transport capability
(OWTC) - which measure the water content
between the two surfaces. The higher results
indicate that the quicker and easier for water
to transfer to the atmosphere from the skin.
Theresults can be explained as following:
1) <-50 very poor; 2) -50-100 poor; 3) 100-200
good; 4) 200-400 very good; 5) >400 excellent.

- The overall moisture management capability
(OMMC) - indicates the capability of the fabric
to manage the transport of the water. In other
words, the higher result means better moisture
management. The results can be explained
as following: 1) 0-0.2 very poor; 2) 0.2-0.4 poor;
3) 04-0.6 good; 4) 0.6-0.8 very good;
5) >0.8 excellent.

3.4 Automatic surface tester

The coefficient of friction (MIU) and the surface
roughness (SMD) was measured. The test was
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onthe wool face of the BNW, which represent
the next-to-skin side, of the fabric. Three fabric
samples were cut to 200x200 mm and then placed
under the test sensor, which measures the friction
at three different positions on each specimen from
the next-to-skin side. The wales and courses
directions were measured and the arithmetic mean
was recorded. The range for MIU is from 0 to 1,
where the value close to 1 indicates increasing
friction and decreasing smoothness. The range
for SMD is range among 0 to 20, the value of 20
can be considered as the maximum surface
roughness (irregularity) [9].

4 RESULTS AND DISCUSSION

The BNW fabric physical properties results are
shown in Table 1.

Table 1 Fabric physical properties

Knit-plated Fabric (BNW)

Thickness Mass per unit area Dimensional change
[mm] [g/m?] [%]
wales -1
12 530 courses -2.5

It can be seen that the BNW fabric has reasonable
thickness however the fabric mass is heavy with
530 g/m2. Furthermore, the BNW dimension has
changed after washing due to the nature of wool
fibore. The wales direction shrunk about (-1%),
while the courses lost more than with (-2.5%)
of it dimension due to the plated wool in the back
as shown in Figure 1.

4.1 Thermal and water-vapour resistance

The thermal resistance results before and after
washing are shown in Figure 2.

0.04

0.03
g

£ o0.02
0.01
0
Befor After
Figure 2 Thermal resistance results
The results reveal minor increase in thermal

insulation after fabric been washed, which could be
due to the fuzz of wool fiber that appear after




washing. In addition, the BNW fabric is heavy and
has achieved almost the high rate of thermal
resistance value of 0.026£0.01 m2K/W. Data
indicates that the developed fabric can transfer heat
away, hence can be considered as comfortable
in moderate activity. According to the Standard,
the thermal resistance for heavy-weight fabrics
should be between 0.02 and 0.025 m2.K/W.

Water-vapour results are shown in Figure 3.
Theresults indicate slight increase about
0.17 m2.Pa/W. Therefore, the fabric can be

considered as a comfortable and breathable fabric.
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Figure 3 Water-vapour resistance

According to Horrocks [8], if a fabric achieves
a value less than 20 m2.Pa/W, it can be considered

as breathable and comfortable at a moderate activity
rate. The BNW fabric after wash was 6.40 m2.Pa/\V,
which is less than the standard.

4.2 Moisture-management

For the MMT tests, the ballistic nylon face was
on the bottom surface (UB) of the machine, which is
the outer-to-skin side of the fabric. The plated wool
was located on the next-to-skin side, which represent
the top surface (UT) of the machine. The moisture

measurement  properties for the BNW are
summarized in Table 2.
Table 2 Fabric MMT results
uT UB
Wetting time [s] 15.2 30
Absorption rate [%/s] 37.3 25.5
Wet-out radius [mm)] 15 19
Spreading speed [mm/s] 1.3 2.5
OWTC [%] 145.8
OMMC 0.4

The results show that the wetting time between
the two surfaces is varied. The low wetting time and
high absorption rate of the wool surface suggest
that the wool surface can absorb water faster than
the ballistic nylon surface. Hence the wool face
is next-to-skin for better moisture management.
In addition, Figure 4 shows the water content versus
times and confirms that the wet-out radius for UT
was lower than UB, which means UT has a moderate
ability to transfer the absorbed water to the outer
surface.

Water Content vs Time

Water Content(%)
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Figure 4 Water content versus times
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Figure 5 shows the wet-out radius difference
between the two surfaces.

Water Location vs Time
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Figure 5 Fabric moisture transport

The result reveals that the BNW fabric has
arelatively large spreading rate (2.5 mm/s) and
large wet-out radius (19 mm) on the UB, indicating
that liquid can spread quickly, transfer easily and dry
quickly on the outer surface of the fabric. The fabric
OWTC was 145.8% and the OMMC was 0.4 hence,
the grade was good. Figure 6 illustrates the finger
print of the BNW fabric, which is the moisture
management property for all the parameters. This is
indicating that the BNW knit-plated fabric has

an average water between both

surfaces.

penetration

4.3 Surface friction (MIU) and roughness (SMD)

The fabric coefficient of friction and the surface
roughness are shown in Table 3 for both wales and
courses directions.

Table 3 Surface properties

coefficient of friction (MIU) surface roughness (SMD)

wales course wales course

0.33+0.099 0.19+0.001 17.25+0.94 4.37+0.57

The table reveals the significant differences between
the wales and course directions with 0.33 and
0.19 MIU, respectively. This due to the wool plated
in the next-to-skin side as the course direction would
be smoother than the wale direction, which can be
confirmed in Figure 1(B) for the back face structure.
According to machine manual [9] the range for MIU
is from O to 1, where a value close to 1 indicates
increasing friction and decreasing smoothness.
In addition, the BNW has a low coefficient of friction
in both direction with (<0.05) and can be considered
as a smooth fabric when it be worn in the next-to-
skin.

{Average for Fabric: BNW)

Grade |I| @ @

4] (5]

Top wetting time (s)

Top absorption rate {%/s)

Top max wetted radius (mm)

Top spreading speed (mm/s)

Bottom wetting time (s)

Bottom absorption rate (%/s)

Bottom max wetted radius {mm)

Bottom spreading speed (mm/s)

One-way transport index (%)

Grade [1] [z]

Poor Fair Good

Overall moisture management

4] [¢]

Very Good Excellent

This Is meisture management fabric

Figure 6 Fabric finger print of MMT properties
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The fabric surface roughness is shown in Figure 7.
Iltcan be seen that the wale direction roughness
is higher than the course with 17.25 SMD.
On the other hand, the roughness is remarkable
in the course direction with 4.37 SMD, indicating
the less regularity that the wale.

W i

Wale

SMD

SMD

A ‘:‘ \
\

I

A A\ poliad o da o oG ipe gl
Y yllf A "\‘I.’ lJ NG “- VA ‘,‘J\J\_}?‘-‘f LAY f {vlr—

Course

Figure 7 Fabric surface roughness (irregularity)

According to the machine manual [9] for SMD
the range is among 0 to 20, the value of 20 can be
considered as the maximum surface roughness
(irregularity). In spite of the low SMD in the course
direction, the wale illustrates the high surface
roughness close to the 20 SMD. This is due to
the plated structure of the back face of the BNW
fabric which cases the irregularity. From the results
itcan be reveal that the BNW fabric has low
coefficient of friction and high roughness in the next-
to-skin side.

5 CONCLUSION

A new weft knit-plated fabric made from ballistic
nylon and wool using a flat knitted machine was
developed. The thermal and water-vapour resistance
were evaluated for comfort. Also, the moisture
management performance and the surface properties
were measured. The results reveal that the new
fabric has good thermal and water-vapour resistance
and can be considered as comfortable in moderate
activity rate. Furthermore, plating wool into the fabric
produced good moisture absorbency and transport
properties. The fabric shows high irregularity
in surface roughness (SMD) and Ilow value
of coefficient of friction (MIU), the fabric can be worn
next-to-skin.
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SEAM SLIPPAGE AND PUCKERING OF SEWN COTTON
FABRICS
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Abstract: Seam puckering and slippage are the main parameters which determine the seam and sewn
fabrics quality. This study sheds light upon the effects of weave structure, sewing needle size and weft
yarn density on seam slippage and puckering. A full factorial design with 3 experiments was executed
to investigate this study. Non-linear regression models were derived to correlate seam quality with stitch
density and needle size for all weave structures. From the experimental results, it was revealed that all
parameters under study were found to have a significant impact on seam slippage and puckering.

Keywords: Seam slippage, puckering, seam performance, sewn fabrics, stitch density, seam type.

1 INTRODUCTION

The quality of sewn textile products is largely
determined by their sewing qualities. Some
of the moist important characteristics which are used
to determine and evaluate the quality of sewn
garment are seam slippage, puckering, seam
strength and efficiency. When the sewn fabrics
at their both sides of seams undergo dynamic or
static stresses, the slippage of their constituent
yarns away from these seams refers mainly to seam
slippage. This slipping of the seams generally
deteriorates the sewn fabric appearance and
reduces its usage life. When sewn fabrics undergo
applied forces, which result in slipping weft yarns
over warp ones or the vice versa, causes what
called seam slippage. This mechanical characteristic
of the seam generally relies on type and content
of the constituent fibers, type and structure
of the constituent yarns, seam size, seam type and
allowance, stitch density and constituent yarn
densities, sewing threads linear density and tension,

and the woven fabric constructional parameters [1-9].

Many research studies related the seam slippage
to fabric and sewing parameters. Kalaoglu, et al. [10]
related seam slippage to the fabric weaves and weft
yarn density. Meric and Durmaz [11] investigated
the influence of sewing thread structure and
lubrication ratio on seam slippage. In their study,
sewing threads were made up of multifilament,
staple and core-spun polyester with different
lubrication ratios range between 2 and 4% and with
different twist factors. They have found that seam
opening was more related to fabric structure than
sewing thread structure. Sewing thread structure
and the value of twist multipliers were found to have
no influence on seam slippage. However, core-spun
sewing thread exhibited more resistance to seam
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slippage than other sewing thread types.
Bharani, et al. [12] studied the influence of cotton
woven fabric structures treated with silicon softener
on seam slippage. The results obtained from this
study revealed that the finishing of cotton woven
fabrics with silicon softener reduced the seam
slippage significantly. Also it was found that cotton
fabric with plain structure has a higher seam
slippage than twill and satin woven structures.
In another research study [13], the higher seam
slippage associated with plain woven fabrics
is attributable to the highest intersections and friction
between warp and weft yarn in the weave repeat.
It was also stated that not only fabric structure,
sewing thread structure and sewing machine
condition but also dyestuffs significantly affect
the seam slippage [14]. Sewing thread tension,
displacement of sewing fabrics’ yarns, machine
feeding and sewn fabric shrinkage which occur after
or during sewing or laundering processes results in
gathering seams of sewn garment which causes
what so called seam puckering. This undesirable
phenomenon leads to unwanted appearance of the
seam line and consequently reduces the aesthetic
value of sewn products. Therefore it is acquired
much attention from researchers in the last two
decades [15]. Nguyen, et al. [16] evaluated seam
puckering objectively using fuzzy logic. The data of
seam pucker in this study were obtained from 3D
designed scanning. The measurement process
determined the amplitude, wavelength and wave
generating points. The correlation coefficient
between these shape parameters of the seam
puckering and objective grade was found to be 0.94.
In another study [17] it was found that less
extensible sewing threads do not affect the seam
puckering. While sewing thread and fabric shrinkage
have a huge influence on seam puckering.



Finally, the seam performance mainly depends upon
the mechanical properties of the sewing threads and
sewn fabrics. Fabric and their constituent yarn
mechanical properties have been investigated
in numerous studies [18-28]. While seam slippage
and puckering still need more investigation.
Therefore, this paper focuses on studying
the slippage of the seams and their puckering during
sewing process. The effects of sewing thread linear
density, stitch densities and weave structure
of woven fabrics were intended to be investigated
on seam slippage and seam puckering.

2 EXPERIMENTAL PART

2.1 Materials

Throughout this study, twenty seven sewn cotton
fabric samples were produced. These sewn fabrics
under study made from 100% Egyptian cotton yarn
fabrics with warp and weft yarns of count 30/1 Ne.
The warp vyarn densities were kept constant
at 60 end/inch while the weft density was varied
as 50, 60 and 70 ppi respectively. The fabrics
samples were woven with different weave structures,
i.e. plain-1/1, twil-2/2 |, and satin-4. After leaving
the weaving machine, all fabric samples were
desized, scoured and bleached. The general view
of weave repeat for all structures was shown

in Figure 1.

Satin 4

Plain 1/1 Twill 2/2

Figure 1 Weave repeats used in this study

The cotton fabric samples were cut in the warp
direction with a dimension of 10 cm length and
10 cm width; thereafter the width of all samples was
raveled to be 5 cm. Each tow raveled samples were
put on each other and sewn in the weft direction.
The sewing process was accomplished using a Joki
DDL-5550 Lockstitch sewing machine with stitch
density 7 stitches per cm; while sewing needle size
was varied. All fabrics were sewn using stitch of type
301 Lockstitch (shown in Figure 2) and
superimposed seam of type SSa as shown
in Figure 3. A sewing thread made of 100%
polyester core spun yarn with linear density 22 tex
was also used to sew the specimen samples.
The levels of fabric and sewing parameters were
listed in Table 1.

Needle thread —Pp; Fabric

-V\Fabric

Bobbin thread ——p

Figure 2 Lockstitch of type 301
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Figure 3 General view of superimposed seam of type SSa

Table 1 Sewing parameters used in this study

Weft density Sewing needle count
Weave structure " -
[ppil (needle size)
Plain 1/1 50 80
Twill 2/1 60 90
Satin 4 70 100

./ layer No. 1

laver No. 2

2.2 Laboratory testing

Before testing, all fabric samples were conditioned
in 20£2°C temperature and relative humidity 65+2%
for one day. For each test method, ten readings
were carried out for each sample and then their
average was calculated.

In this study, seam puckering of different sewn
garments was evaluated and measured objectively
using the seam thickness strain which is considered
an indicative to seam puckering. This test was done
according to standard ISO 9073-2: 1997-02.
The seam thickness strain measures the percentage
increase in the sewn fabric thickness over
the thickness of woven fabrics without sewing under
a constant compression of load 2 kPa. The seam
puckering can be calculated using thickness strain
as follows:

2F

Thickness strain [%] = ° 2 100 1)

where: S - seam thickness and F - fabric without seam
thickness.

Throughout this study, seam slippage resistance
in weft direction, in which warp yarns slipping over
weft ones, was carried out using Instron of model
4411 testing tester in accordance with International
standard ISO 13936-1-2004.

2.3 Statistical analysis

In order to disclose the influence of independent
parameters, i.e. weave structure, weft density and
sewing needle size on seam slippage and puckering,
a 3% full factorial design was implemented.
This factorial design was statistically analyzed using
Analysis of variance (ANOVA) to detect
the significant effect of each factor on seam quality
parameters. The significance level was determined
as 0.05 = a (significance level) < 0.01. In order
to detect the regression relationship between each
of seam slippage and seam puckering
and the independent variables, i.e. weft density and
sewing needle size, a non-linear regression model
was derived. The regression models in this study



were derived for each type of weave structure;
and these models have the following form:

Z=ao+alx+a2y+agxy+a4xz+asy2 (2)

where: Z - seam quality parameter, i.e. seam slippage
or seam puckering; x - weft density [ppi]; y - sewing needle
size [Nm]; ap — constant; as, az - regression coefficients.

3 RESULTS AND DISCUSSION

Throughout this study, the effects of independent
parameters i.e. weave structure, sewing needle size
and weft density on seam quality which lies in seam
slippage and puckering will be discussed. The effect
of weft density and sewing needle size on seam
quality parameters for each weave structure will be
plotted and investigated.

Generally, the sewing needle diameter is called
needle count or needle size. To express the sewing
needle size, there are two well-known systems
in the apparel industry. These are metric and singer
systems. Metric system, which abbreviated as Nm
was used to express sewing needle size or count
in this study. In this system, as the metric count
increases, the sewing needle size also increases
and also the needle diameter increases. One Nm
is equal to one hundredth of millimeter that is
the needles of count 80, 90 and 100 Nm
corresponds to the diameter of 0.8, 0.9 and 1 mm
respectively.

3.1 Effects on seam slippage

Seam slippage is a pulling away or separation
of fabric yarns at the seam, resulting in gaps or
holes to develop without yarn breakage. The values
of seam slippage resistance against both weft
density and sewing needle size for different weave
structure were depicted in Figures 4-6. The results
of the statistical analysis were listed in Tables 2-4.
It can be proved that weft density and sewing needle
size have a huge influence at 0.01 significance level
on seam slippage.

From Figures 4-6 it can be noticed that as
the sewing needle size increases, the seam slippage
resistance decreases. By contrast, as the weft
density increases, the seam slippage resistance has
the same manner. The resistance to seam slippage
of plain, twill and satin weaves increased by 22, 25
and 13% respectively with the increase in weft
density from 50 to 70 ppi. Increasing the contact
points between sewn fabric yarns and sewing thread
occurs with increasing the stitch density, which
inturn giving a strong gripping of fabric yarns
which preventing them from slippage.

For plain, twill and satin weaves, a reduction
in seam slippage resistance was exhibited by 12, 11
and 17% with the increase in sewing needle size
from 80 to 100 Nm. Regardless the influence
of the weft density, increasing sewing needle size
from 80 to 100 Nm leads to a reduction of seam
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slippage resistance by approximately 12, 11 and
17% for plain - twill and satin sewn fabrics.

Seam slippage resistance
(Newton)
e
B2

=
Sewing needl?

size ;. Weft density

(ppi)

Figure 4 Response surface of the influence of weft density
and sewing needle size on seam slippage resistance
of sewn plain fabrics
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Figure 5 Response surface of the influence of weft density
and sewing needle size on seam slippage resistance
of sewn twill fabrics

o 2
51
= i IO
s 2
2 0
4
(7] 15
o = A
= 5L
o S 16 555522
v 81 SSOSLSS
on S SLSL58S5
s A e
a2 q SIS
= Z S55555555252
o S
2 120 s
DSSoSSSSeS
£ OS2 s
= S S5 TES
eSS e
53 S =2
»n S5L54

&
X
X
A\

)
Sewing needle

]
5 Weft density
size

(ppi)

Figure 6 Response surface of the influence of weft density
and sewing needle size on seam slippage resistance
of sewn satin fabrics



Table 2 ANOVA results for the effects on seam slippage of plain fabric

Source of variation Sum - Squares Deg_]ree of freedom Mean squares F value P value Fcrit value
Weft density 1688.889 2 844.444 76.000 0.001 6.944
Sewing needle size 705.556 2 352.778 31.750 0.004 6.944
Error 44.444 4 1111
Total 2438.889 8
Table 3 ANOVA results for the effects on seam slippage of twill fabric
Source of variation | Sum - Squares Degree of freedom | Mean squares | F value P value F.rit value
Weft density 1777.556 2 888.778 192.747 0.000 6.944
Sewing needle size 450.889 2 225.444 48.892 0.002 6.944
Error 18.444 4 4.611
Total 2246.889 8
Table 4 ANOVA results for the effects on seam slippage of satin fabric
Source of variation Sum - Squares Degree of freedom Mean squares F value P value F..it value
Weft density 402 2 201 46.385 0.002 6.944
Sewing needle size 914.667 2 457.333 105.538 0.000 6.944
Error 17.333 4 4.333
Total 1334 8

The negative impact of sewing needle size on seam
slippage resistance may be due to increase
the opening in the sewn fabric when penetrating
the needle in the fabric which results in the reduction
of seam slippage resistance.

The regression relationships which correlate
the resistance to seam slippage with both weft
density and sewing needle size have the following

non-linear forms:

Seam slippage (Newton)-plain weave =
=384.2-5.1x - 1.8y + 0.05x° + 0.013xy

Seam slippage (Newton)-twill weave =
=341.7 +2.7x - 6.6y - 0.03x° + 0.03xy +

+0.03y%

Seam slippage (Newton)-satin weave =
=368.4 + 0.51x - 5.2y + 0.01x* - 0.01xy +

+0.03y%

(©)

(4)

(®)

3.2 Effects on seam puckering

One of the most frequent sewability problems
confronting the garment industry is the seam
puckering. This phenomenon can adversely affect
the garment appearance at the seam line. Seam
puckering affects significantly by sewing thread
tension, structural jamming, finishing type, seam and
sewing parameters.

The values of seam puckering at the levels of weft
yarn density and sewing needle size for different
weave structures were plotted in Figures 7-9.
The results of the statistical analysis listed in Tables
5-7 showed that weft density and dewing needle
size have a significant impact on seam puckering.
ltwas also proved that there is a significant
difference among the three weave structures
in relation to seam puckering.

Table 5 ANOVA results for the effects on seam puckering of plain fabric

Source of variation Sum - Squares Degree of freedom Mean squares F value P value Frit value
Weft density 300.222 2 150.111 57.489 0.001 6.944
Sewing needle size 160.222 2 80.111 30.681 0.004 6.944
Error 10.444 4 2.611
Total 470.889 8
Table 6 ANOVA results for the effects on seam puckering of twill fabric
Source of variation Sum - Squares Degree of freedom Mean squares F value P value | F. value
Weft density 317.556 2 158.778 21.817 0.007 6.944
Sewing needle size 166.889 2 83.444 11.466 0.022 6.944
Error 29.111 4 7.278
Total 513.556 8
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Table 7 ANOVA results for the effects on seam puckering of satin fabric

Source of variation Sum - Squares Deg_]ree of freedom Mean squares F value P value Ferit value
Weft density 192.889 2 96.444 66.769 0.001 6.944
Sewing needle size 112.889 2 56.444 39.077 0.002 6.944
Error 5.778 4 1.444
Total 311.556 8

From these figures it can be noticed that as
the sewing needle size increases, the seam
puckering also increases; while seam puckering
decreases with increasing the weft yarn density.
Increasing the weft yarn density from 50 to 70 ppi
cm leads a reduction in the seam puckering by 38,
35 and 35% for plain 1/1, twill 2/2 and satin 4
respectively. Decreasing the seam pucker with weft
yarn density may be attributed to increasing woven
fabrics weight, which in turn decreases the seam
puckering.

Seam puckering
-3

Sewing needl® S .
e o, Weft density

NS (ppi)

Figure 7 Response surface of the influence of weft density
and sewing needle size on seam puckering of sewn plain
fabrics

Seam puckering
7, e R
%;%%%%%gc

e
. o> =
Sewmg needle Weft density
size % (ppi)

Figure 8 Response surface of the influence of weft density
and sewing needle size on seam puckering of sewn twill
fabrics
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Figure 9 Response surface of the influence of weft density
and sewing needle size on seam puckering of sewn satin
fabrics

The effect of sewing needle size was found to have
an inverse trend to the effect of stitch density.
The higher the needle size the higher is the seam
puckering values for all weave structures. Increasing
the sewing needle size from 80 to 100 Nm results in
increasing the seam puckering by 41% for plain
weave, 34% for twill weave and 40% for satin weave.
It was also deduced that twill woven fabric
associated with higher seam puckering values, while
satin weaves accompanied by lower seam puckering
values.

The relationships which correlate the seam
puckering with both weft density and sewing needle
size have the following non-linear forms:

Seam puckering-plain weave = -168.4 +

+4.2x+1.6y - - 0.03%° - 0.01xy - 0.002°  (©)
Seam puckering-twill weave = 87.9 +2.1x - 7)
- 2.6y - 0.02x° - 0.03xy + 0.023y*
Seam puckering-satin weave = -179.8 + 4.4x + 8)
+ 1.6y - 0.03x° - 0.01xy - 0.003y*

4 CONCLUSION

Seam slippage and seam puckering are the main
factors influencing the appearance of garment.
These seam quality parameters are affected
by many sewing process and seam variables.
In this study the effect of weft yarn density, weave
structure and sewing needle sized on seam slippage
and puckering were investigated. A full factorial
design of 3° experiments was performed and




analyzed using ANOVA.
regression
sewn woven

In order to derive
relationships between seam quality,
fabric and sewing parameters,

aregression analysis was also used. The findings
of this study can be sum up as follows:

Weave structure, weft yarn density and sewing
needle size were found to have a huge influence

on seam slippage resistance and seam puckering.

As the weft density increases, the seam slippage
resistance increases. On the contrary, the higher
the sewing needle size, the lower
is the resistance to seam slippage.

Increasing the weft density enhances the seam
appearance by lowering the values of seam
puckering.

Increasing sewing needle size results in yarn
jamming, which in turn increases the values
of seam puckering.

Sewn fabrics from plain weave structure
associated with higher seam slippage resistance
compared to other weave structures. While twill
structures exhibited higher seam puckering.
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Abstract: In this study some mechanical and comfort properties of eleven cotton, viscose, cotton/Lycra,
and viscose/lLycra single jersey knitted fabrics used as scarves in the Egyptian market were measured.
Bursting strength, abrasion resistance, air permeability, thermal resistance, water vapour permeability and
water permeability were measured. The relation between most of these properties and fabric
constructional parameters was found. Regression equations were found to predict each of abrasion
resistance, air permeability, and thermal resistance in terms of loop length and stitch density. While water
vapour permeability was predicted in terms of fabric thickness and wales per centimeter. Loop length and
stitch density are the key factors affecting the mechanical and comfort properties of single jersey knitted
fabrics. The effect of percentage Lycra on the properties under study was investigated. An acceptable
relation was found between Lycra percent and each of air permeability (R2=0.65) and water vapour
permeability (R2=O.8). Increasing Lycra percent decreased both air permeability and water vapour
permeability. Also a relation between Lycra percent and each of abrasion resistance and thermal
resistance was found with (R2=0. 5) for both. Increasing Lycra percent increased both abrasion and thermal
resistances. No relation was found between Lycra percent and bursting strength.

Keywords: Single jersey knitted fabric, mechanical properties, comfort properties, stitch density, loop

length.

1 INTRODUCTION

Viscose rayon has its silk-like feel and aesthetic
property. It can retain its brilliant colors. It has similar
properties to that of cotton and other cellulosic
fibers. It has moisture absorbance more than cotton
[1]. Fabric wicking, air permeability, water vapour
permeability, evaporation rate and drying time were
measured before and after laundering for six
different knitted structures made from 37 tex viscose
staple fibers. Fabric structure significantly affects air
permeability and fabric wicking. Air permeability and
water vapour evaporation rate correlated negatively
to fabric thickness. Also they decreased after
laundering process. The fabric wicking in both wales
and course directions was high in the first five
minutes after this the wicking rate decreased. Fabric
structure  affects the  wickability  strongly.
Also the wickability increased after laundering [2].
Thicker single jersey synthetic fabric with Lycra has
higher thermal insulation [3]. Cotton fabrics with
longer stitch lengths absorb less energy than those
of shorter stitch lengths. So fabric with lower stitch
length feels cooler to the initial touch [4]. Lower yarn
counts in tex have less thermal resistance and
conductivity for rib 1x1 cotton fabrics. The statistical
results show that thermal properties did not affected
by the fabric tightness. The finer yarns have higher
water vapour permeability. Also the water vapour
permeability increases when the tightness factor

Fibres and Textiles (1) 2020

increases [5]. The effect of yarn linear density and
stitch length on thermal comfort properties, water
vapour permeability and air permeability for 100%
bamboo single jersey fabrics were studied.
Thicker fabrics have less air permeability resulted
from thicker yarn and higher loop length. The air
permeability and the water vapour permeability
increased with higher yarn counts and higher loop
lengths. Also the thermal resistance decreased with
the decrease in fabric thickness [6]. In a comparison
between viscose and Excel yarns with two yarn
counts 15, 20 tex and three stitch densities it was
found that the thicker the fabric the lower its air
permeability. Excel single jersey fabrics have higher
air permeability than viscose fabric. Fabric thickness
is a major parameter in determining the evaporation
of water vapour [7]. The loop length has a significant
effect on air permeability [7, 8]. The air permeability
increased when the loop length increased.
The same effect between water vapour evaporation
and the loop length was found [8]. Two linear
equations with high coefficients of determination
were concluded to correlate each of air and water
vapour permeability with loop length. Also a linear
equation between thermal resistance and fabric
thickness was concluded with high coefficient
of determination [9]. A negative correlation was
found between air permeability and fabric thickness
[9, 10]. The effect of elastane on single jersey cotton
fabrics on air permeability and bursting strength was
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studied. It was found that cotton elastane blended
fabrics (elastane in every course) has very low air
permeability compared with 100% cotton fabric
knitted from yarn with count 30 Ne. Also the bursting
strength for cotton elastane fabric was higher than
that of cotton fabric [11].

A study of the effect of fleecy yarn’s raw material
using denim knitted fabrics with different raw
materials (cotton, viscose, modal, tencel, and
bamboo) and different counts on bursting strength
were studied. Changing the count of the fleecy yarn
was more effective on the bursting strength
for the studied samples than changing the raw
material of the fleecy yarn. Changing fleecy yarn raw
material did not affect bursting strength parameter
significantly [12].

2 MATERIALS AND METHODS

2.1 Preparation of samples

Eleven finished knitted fabrics suitable for scarves
with two different raw materials cotton and viscose
were collected from different Egyptian factories with
different fabric constructions (three viscose, four
cotton, three viscose Lycra and one cotton Lycra)
with yarn count 20 tex. The Lycra was found in each
course in the four fabrics that contains Lycra.
Table 1 shows the fabric specifications of these
fabrics.

Table 1 Fabric specifications

Sample | Sample . Lycra Yarn
No Code Material %] count | Structure
(]

[tex]
1 C1 100% cotton 0 30 |[single jersey
2 Cc2 100% cotton 0 30 |[single jersey
3 C3 100% cotton 0 30 [single jersey
4 C4 100% cotton 0 30 |[single jersey
5 Cci1 cotton/Lycra 7 30 |[single jersey
6 V1 100% viscose| 0O 30 |[single jersey
7 V2 100% viscose| O 30 [single jersey
8 V3 100% viscose| 0 30 [single jersey
9 VI1 viscose/Lycra| 3 30 |[single jersey
10 VI2 viscose/Lycra| 5 30 |[single jersey
11 VI3 viscose/Lycra| 3 30 |single jersey

Table 2 Fabric construction parameters

2.2 Test methods

Different properties were measured under standard
working conditions for the fabrics under study
by the following standards.

2.3 Fabric construction parameters

Fabric weight per unit area: Standard procedures for
measuring GSM for fabric samples as per (ASTM-
D3776) followed by using digital measuring balance
[13].

A fabric thickness was measured according
to standard (ASTM-D1777) [14].

Stitch density obtained by counting the number
of courses and the number of wales in one inch
according to standard (ASTM-D3887) [15].

Stitch length of each fabric sample was measured
according to (ASTM-D3887) [15].

2.4 Mechanical and comfort properties
of fabrics

Bursting strength dimension [kPa] was measured

according to (ASTM-D3786) [16].

Abrasion Resistance (cycles) was measured

according to (ASTM-D4966) [17].

Air permeability of the fabrics was measured

according to (ASTM-D 737) [18].

Thermal resistances of the fabrics were measured
on Permetest according to the standard ISO 11092.
The thermal resistance was measured in m2mK/W
[19].

Water vapour permeability of the fabrics was
measured on Permetest at National Institute for
Standard according to the standard ISO 11092 [19].

Water permeability of the samples was measured
according to (JIS L 1092-1986) [20].

3 RESULTS AND DISCUSSION

Table 2 shows the results of the construction
parameters of the fabrics under study. Table 3
shows the results of the properties measured
of the fabrics under study.

Sample No | Sample code | Weight [gm/m’] | Wales percm | Courses per cm Loop length [mm] Thickness [mm]
1 C1 117 13 17 2.74 0.390
2 C2 158.5 16 21 2.46 0.410
3 C3 139 16 15 2.73 0.367
4 C4 141.5 14 19 2.59 0.390
5 Ci 197 14 20 3.34 0.703
6 V1 185 15 22 2.55 0.497
7 V2 148 15 19 2.50 0.397
8 V3 140 15 18 2.60 0.383
9 VI1 202.5 16 23 2.72 0.470
10 VI2 235.5 16 27 2.98 0.633
11 VI3 203.5 17 19 2.95 0.470
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Table 3 Fabric physical and mechanical properties

s Bursting Abrasion Air Thermal Relative water Water
ample . - . . -
code strength resistance pern;eablllgy reszlstance vapour permeability permeability
[kPa] [cycles] [ecm®/s/cm®] [m*.mK/W] [%] [L/s]
C1 680 98.33 112.67 13.64 69.1 0.56
C2 680 73.33 45.37 10.26 67.83 0.57
C3 426.67 67.67 194 17.24 64.57 0.39
C4 580 90 188.3 15.44 69.93 0.36
Ci 520 346.67 243 19.62 58.8 0.53
V1 560 26.67 183 14.12 66.13 0.55
V2 520 50.67 153 10.12 67.73 0.40
V3 473.33 63.33 171 12.36 69.47 0.41
VI 553.33 306.67 322 17.68 64.3 0.48
VI2 546.67 356.67 23.17 20.62 60.8 0.53
VI3 486.67 195 39.6 18.52 62.13 0.39
3.1 Effect of fiber material on different on abrasion resistance. The more compact fabric
properties with higher stitch density has more abrasion

Paired comparison test was applied between cotton
and viscose fabrics to calculate the significant
difference for all measured properties.

3.2 Bursting strength

Applying  paired comparison test between
the bursting strength of the four 100% cotton fabrics
and the three viscose ones no significant difference

was found between them (p value=0.36).
This means that changing raw material did not affect
bursting strength (agree with [12]).

Also no significant difference was found between
the three 100% viscose fabrics and the three
viscose Lycra fabrics for bursting strength
(p value=0.75), (contradicts with [11D).
This contradiction may be because [11] used only
two samples for comparison (one 100% cotton
single jersey fabric and the other was cotton
elastane single jersey fabric).

3.3 Abrasion resistance

Although no significant difference was found
between fabric weights for the four 100% cotton
fabrics and the three viscose ones when applying
paired comparison test between them (p value=0.3).
A significant difference was found between
the abrasion resistance of the four 100% cotton
fabrics and the three viscose ones when applying
the same test (p value=0.04). Cotton fabrics have
higher abrasion resistance than viscose fabrics. Also
a significant difference was found between the three
100% viscose fabrics and the three viscose Lycra
fabrics for abrasion resistance (p value=0.008).

The following regression equation was concluded

to estimate abrasion resistance for the eleven
fabrics under study.

A.R =-1140.8 + 363.3-loop length + 0.98w-c;
R?=0.87 (1)
where A.R - abrasion resistance, w - number of wales per
centimeter and ¢ - number of courses per centimeter.
From equation (1), it is obvious that both stitch
density and loop length have positive effect
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resistance. Compact fabric means more amount
of yarn in the unit area which needs more force
(more number of cycles) to reach fabric distortion
or abrasion. Figure 1 shows the relation between
stitch density and abrasion resistance.

400
350 | X R?=03219 o
300 L 4

250

200 &
150 -

100 4 s

50 *s

Abrasion resistance (cycles)

200 250 300 350 400 450 500
Stitch density per cm

Figure 1 Relation between abrasion resistance and stitch
density

It was found that loop length has no relation
or correlation with neither courses per centimeter
nor stitch density correlation coefficient = 0.1, while it
has a good relation with fabric thickness correlation
coefficient = 0.7. Fabric thickness increased when
stitch length increased (as in Table 3 & Figure 1,
reference [8]). This explains why in equation (1)
by increasing the loop length the abrasion resistance
increased. The increase of fabric thickness with loop
length may be to finishing process.

3.4 Air permeability

Applying paired comparison test between the air
permeability of the four 100% cotton fabrics and
the three viscose ones no significant difference was
found between them (p value=0.65).
While a significant difference was found between the
three 100% viscose fabrics and the three viscose




Lycra fabrics (p value=0.0003). From Table 3,
itcould be said that viscose Lycra fabrics has
significantly lower air permeability than viscose
fabrics, because Lycra gives more tight knitted
structure, (agree with [11]).

The following regression equation was concluded
to estimate the air permeability for the eleven fabrics
under study.

A.P =706.2 - 0.65-w.c - 147-oop length;
R*=0.63 @

where A.P - air permeability, w - number of wales
per centimeter and ¢ - number of courses per centimeter.
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Figure 2 Relation between air permeability and stitch
density

From equation (2), it is obvious that both stitch
density and loop length have negative effect on air
permeability. The higher stitch density leads to more
compact structure which means more amount
of yarn in the unit area that obstructs the air flow
passage which leads to lower air permeability.
Figure 2 emphasizes this effect. At the same time
the higher loop length leads to higher fabric
thickness as discussed before. This means more
amount of yarn in the unit area which obstructs
the air passage causing less air permeability.

3.5 Thermal resistance

Applying  paired comparison test between
the thermal resistance of the four 100% cotton
fabrics and the three viscose ones no significant
difference was found between them (p value=0.38).
While a significant difference was found between
the three 100% viscose fabrics and the three
viscose Lycra fabrics for thermal resistance
(p value=0.01). In other words it could be said that
viscose Lycra fabrics has significantly higher thermal
resistance than viscose fabrics.

The following regression equation was concluded
to estimate the thermal resistance for the eleven
fabrics under study.
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T.R =-20 + 11.oop length + 0.02.w-c; 3
R*=0.76 (3)
where T.R - thermal resistance, w - number of wales
per centimeter and ¢ - number of courses per centimeter.
From equation (3), it can be concluded that loop
length and stitch density are the factors affecting
thermal resistance for the fabrics under study.
The higher loop length leads to higher fabric
thickness as discussed before. This means more
amount of yarn in the unit area which leads to higher
thermal resistance. Also the higher the stitch density
(more compact) structure the lower the thermal
resistance.

3.6 Water vapour permeability

Applying paired comparison test between the water
vapour permeability of the four 100% cotton fabrics
and the three viscose ones no significant difference
was found between them (p value=0.96). While
a significant difference was found between the three
100% viscose fabrics and the three viscose Lycra
fabrics for water vapour permeability (p value=0.02).
This means that viscose Lycra samples have
significantly higher water vapour permeability than
viscose fabrics, because Lycra gives more tight
knitted structure.

The following regression equation was concluded
to estimate the water vapour permeability
for the eleven fabrics under study.

W.V.P = 96.4 — 28.7:thickness - 1.15w; R? =
0.85 (4)
where W.V P - water vapour permeability, w - number
of wales per centimeter.

From equation (4), it is clear that fabric thickness
has positive effect on water vapour permeability
which means thicker fabrics have lower water
vapour permeability (agrees with [7]). Figure 3
emphasizes this effect. Also the more the number
of stitches per centimeter the lower the water vapour
permeability.

~
N

R?=0.7239

~
o

[=a)
oo

D
()]

¢
A
*

2 3

=)
N

4

(=3}
N

water vapour permeability %

Y
AW

0 0.1 0.2 03 04 05 0.6 0.7 0.8

Thickness (mm)

D
o

U1
(o)

Figure 3 Relation between water vapour permeability
and thickness



3.7 Water permeability

Applying paired comparison test between the water
permeability of the four 100% cotton fabrics and
the three viscose ones no significant difference was
found between them (p value=0.8).
Also no significant difference was found between
the three 100% viscose fabrics and the three
viscose Lycra fabrics for water permeability
(p value=0.8).

3.8 Effect of Lycra percent on properties under
study
For studying effect of Lycra percent the three

viscose Lycra fabrics were used with the cotton
Lycra fabric.

The effect of Lycra percent on bursting strength
is shown in Figure 4
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Figure 4 Relation between bursting strength and Lycra
percent

From Figure 4, it is obvious that Lycra percent does
not affect bursting strength significantly (R2=0.006).

The effect of Lycra percent on abrasion resistance
is shown in Figure 5.
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Figure 5 Relation between abrasion resistance and Lycra
percent
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From Figure 5 it can be said that Lycra percent
affect abrasion resistance to some extent R?=0.5.
Abrasion resistance increased with the increase
in Lycra percent.

The effect of Lycra percent on air permeability
is shown in Figure 6.

10

Lycra percent %

Figure 6 Relation between air permeability and Lycra
percent

From Figure 6, it can be said that Lycra percent
affects air permeability (R°=0.65). Air permeability
decreased with the increase in Lycra percent.

The effect of Lycra percent on thermal resistance
is shown in Figure 7.
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Figure 7 Relation between thermal resistance and Lycra
percent

From Figure 7, it can be said that Lycra percent has
effect on thermal resistance to some extent
with R?>=0.5. Thermal resistance increased with
the increase in Lycra percent.

The effect of Lycra percent on water vapour
permeability is shown in Figure 8.
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Figure 8 Relation between water vapour permeability
and Lycra percent

From Figure 8 it can be said that Lycra percent has
good effect on relative water vapour permeability
(R2=0.8). Water vapour permeability decreased with
the increase in Lycra percent.

4 SUMMARY
Loop length is a key factor affecting single jersey
knitted fabric properties. It affects abrasion

resistance, air permeability and thermal resistance.

Stitch density in another key factor for single jersey
knitted fabrics which affects abrasion resistance and
air permeability.

The higher stitch density gives lower air permeability
due to more compact structure which obstructs
passage of air passage. Also higher stitch density
increases abrasion resistances because
of the higher amount of yarn exists in compact
structure.

Fabric thickness as well as wales per centimeter
affect relative water vapour permeability negatively.

The Lycra percent affects both water vapour
permeability and air permeability negatively, while it
affects both thermal resistance and abrasion
resistance positively. Increasing Lycra percent
in fabric decreased both relative water vapour
permeability and air permeability. Increasing percent
Lycra in the fabric increased both thermal resistance
and abrasion resistance. The effect of Lycra percent
on air and water vapour permeability is stronger than
its effect on both thermal and abrasion resistances.
Lycra percent has no effect on bursting strength
in this study.

The effect of fiber row material appears only
in abrasion resistance property, where cotton fabrics
have more abrasion resistance than viscose fabrics,
while for the other measured properties the effect
of changing fiber row material does not affect these
properties significantly.
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Abstract: Traditional knowledge is a knowledge structure about the environmental condition by utilizing
traditional resources. One of traditional knowledge of Javanese people which has high historical value
is tritik and jumputan craft art. Therefore, it needs evidence on how big is the effect of society traditional
knowledge towards the society interest in using the product as the result of tritik and jumputan craft art.
This research is as an effort to investigate the effect of traditional knowledge towards the level of society
preference in using the product of tritik and jumputan motif craft art. This study used incidental sampling
method in taking the respondents samples in the amount of 100 respondents. Based on the result
of significance test multiple linear regression coefficient for variable the community knowledge tcount > tiable,
is 7.491 > 1.66071 and significance value < 0.05, is 0.000. The result of determination coefficient (RZ)
obtained in the amount of 0.364. The community knowledge has positive and significant effect towards
the level of preference in wearing the product with tritik and jumputan motif.

Keywords: traditional knowledge, tritik and jumputan, craft, Indonesia.

1 INTRODUCTION

Surakarta City is rich in handicraft which is a form
of traditional knowledge [1]. Traditional knowledge is
a composition of knowledge about environmental
conditions by utilizing traditional resources [2].
Efforts are needed in order to continue its existence
[3]. Global interest in protecting traditional
knowledge and cultural wealth is increasingly
evident in the Pacific region over the past few
decades [4]. These efforts can be carried out
through regeneration in the younger generation
in order to be able to preserve the nation's cultural
heritage [5]. Traditional knowledge transmission
is delivered through socialization to schools
to provide an overview of cultural protection for
future generations [6]. Cultural protection can be
transmitted well through traditional knowledge and
legal protection of regional culture [7]. The need
to maintain the existence of culture as a form
of character strengthening and aesthetic protection
of the supporting community life [8]. The cultural
value system is the highest level of customs that
becomes a guideline, gives enlightenment and
becomes an orientation to the life of a society
because it is considered valuable and important
in community’s lives [9].
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The hereditary culture has been widely developed
in Javanese society, more specifically the Surakarta
region [10]. One of the traditional knowledge
of the Javanese community that has high historical
value is the art of tritik craft and jumputan. Tritik and
jumputan is one form of textile craft from Java [11].
The method of decorating the white cloth using tritik
techniques is to sew baste then pulled then dyed
and the motif is formed after the yarn is released
[12, 13]. Tritik is a technique to decorate cloth. Tritik
fabric is made by stretching the fabric then being
pulled tightly together into a lump of cloth which
is then dipped into the dye [14]. The method
of decorating a white cloth using a tritik technique
isto sew baste and then be dyed and the motif
is formed after the yarn is released [15]. It is named
as dye sewing because the making is done
by means of being sewn or folded in such a way and
then dipped in a dye solution to form a motif [16].
Tritik experienced rapid development where initially
the tritik fabric consisted of only one color, namely
dark blue, black, or red like red noni which later
developed into more complex patterns with
contrasting color contours [17, 18]. Seeing
the potential that can be developed and the demand
from the world market, the development of tritik
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techniques is carried out to provide a different
perspective on the process of work [19].

It is different with the case of jumputan techniques
that are quite familiar in the world of textiles and
clothing coloring. Jumputan comes from the word
"jumput" which has a meaning in the form of making
cloth that is pulled or being jumput which is
a Javanese term [20]. Jumputan is a textile
or handicraft product whose manufacturing process
is easy and the equipment is simple so that it can be
reached and many apply it as a product of a home
industry [21]. Jumputan fabric usually has a motif
that fills all ingredients. The usual jumputan cloth,
one pair consists of material for the top, bottom, and
shawl [22]. For this type, artisans generally make
Jumputan with one color theme. Jumputan is widely
known by the term used as Jumputan batik cloth.
Jumputan is the biggest commodity as a Javanese
livelihood [23].

The existence of tritik and jumputan certainly needs
to be realized through a form of cultural appreciation
that arises from the formation of traditional
knowledge in society [24]. Indicators of the ability
to appreciate culture can be divided into three
things, namely understanding, interpreting and
valuing. Appreciation can occur if a person
experiences, both  directly and indirectly,
in the artwork or culture [25, 26]. Cultural
appreciation is a manifestation of community's
preference in their cultural values [27], in this context
the cultural values are in the form of fritik and
jumputan motifs. In addition to respecting the use
of the products, the community also needs
to understand the meaning behind the motifs of tritik
and jumputan [28]. Tritik and jumputan fabrics are
fabrics that are unique both in terms of motifs and
how they are made. Various types of jumputan
cloths are quite popular with the people so that their
products are widespread [29].

Understanding and meaning of cultural values
is a reconstruction of principles in traditional
knowledge [30]. The reality that occurs

in the community is the large number of tritik and
Jjumputan products that are starting to become
national products, so that cultural works have been
widely imposed by Indonesian society in general
[31]. But in this case, there is no understanding
and appreciation of the community towards
the cultural products they use. The community has
not fully understood the style and symbols that are
worn so that the message of culture has not yet fully
derived. The transmission of morality values and
the message of a noble culture have not been well
understood by the wider community [32].
The curiosity of community towards the products
of tritik culture and jumputan needs to be
encouraged so that they can take the message
contained in every motif and color. Therefore,
it is necessary to prove how much the community
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traditional knowledge affects their
in using tritik and jumputan craft products.

Several previous studies that are relevant to this
study have not specifically investigated traditional
knowledge in tritik craft and jumputan. This study
is more specific in investigating how much influence
given by the community traditional knowledge
on their preference in wusing tritik motifs and
Jjumputan products.

preference

2 METHODS

Participants in this study were the people
of Surakarta City. The city of Surakarta was chosen
because Javanese traditions and culture in this city
still exist and continue so that the city of Surakarta
has branding as the Representative City of Java.
The incidental sampling method was used in this
study [33] as the respondent's sampling method.
Referring to Hair [34], the sample size
is recommended at 100-200 respondents so that
the precision value is high. 100 questionnaires were
distributed in April 2019 with a span of one month
by sharing it where the participants were filling it
indirectly at that time. There are 5 items
for the measurement  of variable  knowledge
of community and 6 items for the variable level
of preference of tritik handicrafts and jumputan.
The variables are measured by 5 Likert scales
(1 = strongly disagree to 5 = strongly agree).
The analytical method uses statistical descriptive
analysis and analysis data.

3 RESULTS

Descriptive analysis is intended to find out
the characteristics and responses of respondents
to items in the questionnaire. According to Sugiono
[33], descriptive analysis is a statistical analysis
used to analyze data by describing collected data.

Table 1 The demographic profile from sample

Demographic variable Categories %
Male 19
Gender Female 81
21-30 39
Age 31-40 19
41-50 25
51 -60 17
Employees 28
Occupation Civil servant 25
Entrepreneur 47
SHS 39
D1/Diploma 1 1
. . D3/Diploma 3 18
The highest education S1/Undergraduate 40
Nurse assistant 1
Pharmacist 1

From the 100 respondents surveyed, 81% were
women. Up to 39% of respondents were aged
between 21-30 years. While as many as 47%




of the respondents' jobs were self-employed
and 40% of the respondents were undergraduate
education.

Table 2 Indicators of community knowledge

Item

Community knowledge No n| N | %

Knowledge about traditional knowledge 1 379|500 |75.8

Steps of making tritik and jumputan motif| 2,3 [636|1000(63.6

The application of tritik and jumputan
motif 4,5 |763|1000|76.3

The data above shows that the application of tritik
and jumputan motifs has the highest percentage
thatis 76.3% because the phenomenon
in the community shows great enthusiasm for
the use of cultural products as a form of application
of tritik and jumputan motifs. Then the community
knowledge towards traditional knowledge is also
in a good category with a percentage level of 75.8%.
The last is the method of making tritik and jumputan
motifs that are in a good category with a percentage
level of 63.6% where there are still few people who
know about the process of making tritik motifs
and jumputan.

Table 3 Indicators of preference level

3.1 Validity test

Validity test is a measure that shows the level
of validity of an instrument. An instrument is said
to be valid if the instrument can measure what
should be measured. The validity test used
is the Factor Analysis Method (KMO). To be able
todo afactor analysis, it must be fulfilled
the requirement that the value of Kaiser Meyer Olkin
Measure of Sampling Adequacy (KMO MSA) must
be more than or equal to 0.500 and significance
below 0.05. While to know whether each item
is valid, it can be seen from the MSA value in anti-
image correlation that the value of MSA must
at least 0.5 which indicates that the item is valid and
can be further analyzed [34].

Table 4 Results of factor analysis

KMO and Bartlett's test

Kaiser-Meyer-Olkin measure of sampling adequacy |0.769
Approx. Chi-square 583.824
Bartlett's test of sphericity Df 55
Sig. 0.000

The level of preference Item No. n N %
The feellng of pref_erence in tritik 1,2 775 | 1000 | 77.5
and jumputan motif
Qoods owner§h|p with tritik and 3.4 695 | 1000| 69.5
umputan motif
The usage of gooqs with tritik 56 651 | 1000 | 65.1
and jumputan motif

The data above shows that the community’s
preference on tritik and jumputan motifs has
the highest percentage that is 77.5% because
the general community is very interested in ftritik
and jumputan motifs which are considered attractive
and aesthetic. Then community ownership of objects
with tritik and jumputan motifs is also in a good
category with a percentage level of 69,5%. The last
is the use of objects with tritik and jumputan motifs
that are in the good category with a percentage level
of 65,1% where there are still a few people who use
tritik and jumputan motifs.

Table 5 Results of community knowledge data validity test

Based on Table 4 of the output of 'KMO and
Bartlett's test', it can be seen that in the first test,
the value of the KMO-MSA (Kaiser Meyer Olkin
measure of adequacy) is 0.769 and s
at the significance level of 0.000. With this data
it means that it can be analyzed further, because
it has met the criteria stating that the KMO MSA
value must be greater or equal to 0.500.

Whereas in the output of 'anti-image matrices',
the correlation value for validity test can be seen
inthe numbers with the sign 'a' which indicates
the number of MSA (measure of sampling
adequacy).

From the data in Table 5, it can be concluded that all
items in the community knowledge questionnaire
have an MSA value in anti-image correlation above
0.5 which indicates that the item is valid and can be
analyzed further. Then from Table 6, it can be
concluded that all items in the preference level
questionnaire have an MSA value on anti-image
correlation above 0.5 which indicates that the item is
valid and can be analyzed further.

No Community knowledge Anti-image Antl-lm_ag?
covariance correlation’s
1. || know that tritik and jumputan are one of traditional knowledge 0.650 0.914°
2. |l know how to make tritik motif 0.278 0.667°
3. || know how to make jumputan motif 0.372 0.617°
4. |l know that tritik motif can be used to decorate blangkon and kemben 0.370 0.719°
| know that jumputan motif can be used to decorate clothes and interior equipments a
5. | ) 0.522 0.709
like bed cover, pillow cover and table cloth
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Table 6 Results of validity test on the preference level data

No The level of preference Anti-image Antl-lm_ag?
covariance correlation’s

1. |I'minterested if there is cloth with tritik and jumputan motif 0.279 0.765°
I’'m interested if there is interior equipments such as bed cover, pillow cover, table a

2. p " . : 0.242 0.727
cloth with tritik and jumputan motif

3. |l have a t-shirt or shirt with tritik and jumputan motif 0.618 0.900°

4. | hav_e interior equ!pments such as bed cover, pillow cover and table cloth with tritik 0.544 0.909°
and jumputan motif

5. Lgr?;?;::ttly use clothes with tritik and jumputan motif because it can make me more 0.307 0.814°

6. In:‘gglc more handsome or more beautiful if | wear clothes with tritik and jumputan 0.346 0.828°

3.2 Reliability test

Reliability test is a tool to measure a questionnaire
which is an indicator of a variable. Reliability testing
is done by looking at Cronbach alpha. A variable
is said to be reliable if it gives a Cronbach alpha
value that is > 0.70 [35]. Items that enter testing are
valid items only. To determine whether
the instrument is reliable, the 0.6 limit can be used.
According to Sekaran [36], reliability that is less than
0.6 is not good, while 0.7 is acceptable and above
0.8 is good. The results show Cronbach alpha
for each variable as follows:

Table 7 Results of reliability test

of r count for the relationship of community
knowledge (X7) with the level of preference (Y)
is 0.603> r table 0.195. Therefore it can be
concluded that there is a relationship or correlation
between the community knowledge variable
and the preference level. Because r count
or Pearson correlation in this analysis is positive,
it means that the relationship between the two
variables is positive or in other words, the increasing
community knowledge will increase the Ilevel
of community preference.

Table 8 Results of Pearson's bivariate correlation analysis

Variables Cronbach’s No Description
alpha of item
Knowledge
of the community 0.791 5 accepted
The level of preference 0.850 6 good

From Table 7, it can be seen that community
knowledge has acceptable reliability because
Cronbach's alpha is above 0.70, while
the preference level has good reliability because
Cronbach's alpha is above 0.80.

3.3 Inter variable correlation

Based on Table 8, the conclusions can be made
as follows: Based on significance value sig. (2-
tailed), the value of sig is known, (2-tailed) between
the variable of community knowledge (X7) with
the preference level variable (Y) that is 0.000 <0.05,
which means that there is a significant correlation
between the variable of community knowledge and
the variable of preference level. Based on
the Pearson correlations, it is known that the value

KS LP
Pearson correlation KS 1.000 0.603
LP 0.603 1.000
) ) KS 0.000
Sig. (1-tailed) P 0.000
N KS 100 100
LP 100 100

3.4 Hypothesis test

Positive effect of community knowledge on the level
of preference:

The t-test basically shows how far the effect of one
independent variable individually explains
the dependent variable [35]. The t-test s
an individual fit test of the variable community
knowledge on the level of preference.
Anindependent variable affects the dependent
variable can be seen from the significance value
of the t-test. That value is said to be significant
if the significance level is < 0.05. The results of this
test indicate that the path analyzed has a significant
effect. It can be seen from the result
of the significance level that is smaller than 0.05.

Table 9 The t-test results of community knowledge with a level of preference coefficients ®

Change statistics

Mode . Std. error .
R square Adjusted R of the R square F change df1 df2 Sig. F
| R square . change change
estimate
1 0.603 0.364 0.358 3.48396 0.364 56.111 1 98 0.000
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Table 10 Results of R value analysis of community knowledge with the level of preference model summary b

Change statistics

Mode Std. error

R square Adjusted R of the R square F change df1 df2 Sig. F
| R square - change change
estimate
1 0.603 0.364 0.358 3.48396 0.364 56.111 1 98 0.000

The general value (R) is 0.603, while the adjusted
R square value is 0.364. This means that 36.4%
of the dependent variable (level of preference)
can be explained by its independent variable
(community knowledge). The remaining 63.6%
is influenced by other variables not included in this
research model.

From multiple linear regression analysis, it is known
that the regression coefficient of each variable
is positive, so that it can be said that community
knowledge is positively related and significant with
the level of preference.

4 DISCUSSION

This study discusses the effect of traditional
knowledge on the level of community’s preference
in using tritik and jumputan motifs. This happens
because traditional knowledge provides
understanding to the community in encouraging
interest and preference for using the craft products
of tritik and jumputan motifs. The community

in general already knows about traditional
knowledge. Traditional knowledge as a public
knowledge of the traditions exists around
the supporting community. Through traditional

knowledge, the community has an understanding
of culture and traditions that have been inherited
from generation to generation. One of the traditions
and cultures of the community who still have
existence is tritik and jumputan. Tritik and jumputan
become a local cultural heritage with traditional
knowledge, which with its existence it motivates
the community to understand and apply tritik and
jumputan in daily life. The analysis results show
the large regression coefficient for the public
knowledge variable is 0.681 with positive
parameters. So that it can be said that community
knowledge has a positive and significant effect
on society preferences. Based on the significance
test of multiple linear regression coefficients for
the community knowledge variables, it was found
that teount > tawe Or 7.491 > 1.66071 and
the significance value < 0.05, which is 0.000.
The results of the determination coefficient (R2) are
obtained at 0.364. Based on these data it can be
concluded that community knowledge has a positive
and significant effect on the level of community's
preference in wearing the tritik and jumputan motifs.
Conversely, if the traditional knowledge
of the community is low, their interest or the level
of community's preferences will be decreased,
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especially in using cultural products with fritik and
Jjumputan motifs.

Cultural preservation is the main condition for
strengthening character and national identity.
In this case, a stimulus is needed to encourage
interest as an effort to preserve culture.
The provision of stimulus in the form of embedding
traditional knowledge is needed, according to what
was stated by Wardhana [37] who said that through
efforts to  cultivate traditional knowledge
in the community, then interest  will grow
in preserving jumputan culture as one of the nation's
cultural heritage. Utami & Irhandayaningsih [38]
reinforced that traditional knowledge or indigenous
knowledge needs to be owned by the community
in order to encourage the preservation of the culture
around them. If community's preference in tritik and
Jjumputan as their own culture can be appreciated
properly, then the culture of the community
will strengthen. The application of traditional
knowledge also needs to be instilled early
to encourage the love of young people towards tritik
and jumputan. This is in accordance with what was
stated by Darmojo [39] that early childhood
education can be applied to batik jumputan making
so that it can foster the love of early childhood
towards their culture. In his research, early
childhood can be directly introduced to how to make
batik by the teacher so that children can feel
the sensation and indirectly explore their creativity
so that their interests and talents can be well
channelled. As an effort to strengthen -cultural
identity, especially in the conservation of fritik and
Jjumputan, community also need to play an active
role by using tritik products and jumputan. In this
case, according to what was stated by Kusumadara
[40] that cultural sustainability can be realized
through the joy and pride of the community towards
their culture. Appreciation of the community towards
tritik and jumputan by wearing ftritik motifs and
Jjumputan indirectly encourages cultural
preservation.

5 CONCLUSION

This research is an effort to investigate the effect
of traditional  knowledge towards the level
of preference in using product with ftritik and
jumputan motif. Based on the analysis which had
been conducted, it can be concluded that there is
positive and significant effect of community
knowledge towards their level of preference.




Traditional knowledge will have positive effect
towards the improvement of level of interest in using
the product of tritik and jumputan motif. Cultural

preservation becomes the main requirement
of strengthening the character and identity
of the nation. In this case, it needs stimulus

to people the interest as an effort of cultural
preservation. Giving stimulus in the form of nurturing
traditional knowledge is required. If society interest
towards tritik and jumputan as her own culture
and appreciated well, then the culture will be
strengthened by itself.
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Abstract: The aim of the present work is to analyze the interaction of sweat with socks comprised
of different main and plating yarn combinations. Main yarn selected of different blends Coolmax/cotton
50/50 (CC), 100% Coolmax (CM), 100% spun polyester (SP) and 100% micro spun polyester (MP) with
linear density of 20 Nec (nominal english count) each. Plating yarns of two types i.e. nylon plated air
covered (N;) and polyester plated air covered (P;) of linear densities 70 D and 75 D were used. The socks
were prepared on a circular plain knitted machine with seven different yarn combination using main and
plaiting yarns. Socks sample prepared abbreviated as CCN;, CMP;, CMN,, SPP.;, SPN.;, MPP. and MPN..
Moisture management properties were measured MMT device. The liquid transport properties like wetting
time, absorption rate, spreading speed, one way transportation capacity and overall moisture management
capacity (OMMC) were measured and analyzed. The result shows that socks samples CCN; containing
hydrophilic materials like cotton so possess greater absorbency and least transportation of liquid. Socks
samples especially CMP;, MPP. and SPP. being hydrophobic materials exhibit ‘good’ moisture

management properties.

Keywords: Socks, main yarn, plating yarn, moisture management.

1 INTRODUCTION

Clothing comfort has become one of the widest
concerns for the textile manufacturers.
Most of the end users like to be comfortable in their
garments that may help them for better
thermoregulation system and freedom of movement.
Freedom of movement directly relates with
construction and properties of knitted fabric made
up of, while body temperature related to vapors and
air circulation [1].

Many studies are there about construction and
performance characteristics of fabrics and their
assessment how the comfort properties and comfort
levels can be imparted or achieved. Most of them
emphasized over blends of conventional cellulosic
materials like cotton, wool, regenerated materials
i.e.rayon & bamboo and synthetic materials
i.e. polyester & aramid fabric materials but not purely
the synthetic materials along with core
of polyurethane as elastomeric yarn. Out of already
worked materials, 100% cotton and polyester is top
of the list [2-12].

The reason of high consumption of cotton is its
higher heat releasing and heat absorption properties
accompanying moisture absorption and desorption
respectively. This strengthens the buffering effect
of the clothing between the human body and
the surrounding environment. But the limitations
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regarding cotton based socks is its higher
absorbency level which acquire poor moisture
transportation and release properties consequently
causes discomfort, less wearer performance,
irritation, itching or prickling. They keep up
the perspiration in the fabric layer next to the skin,
giving wearer an uncomfortable feeling of wet and
cold depending on the environment. The location
of moisture inside the textile products influences
the skin wetness as well as skin/textile friction. It has
been observed that wet textile materials have high
value of coefficient of friction causes smelling
of socks and wearer foot deceases [13]. It has urged
the researcher to develop such type of socks that
possess better comfort properties.

Socks are the most widely used textile garment
usually inside the shoes. More often these are used
to attain comfort, better performance characteristics
and to provide ease against rasping between foot
and footwear. Socks are used to keep foot dry, cool
and warm depending on the climatic conditions,
body requirements and its activities. Dryness of foot
plays vital role to keep foot free of perspiration and
bacteria that cause variety of foot problems including
blisters and athletic deceases. That why the wearer
will feel comfort if we able to manage to transport
sweat away from the skin surface, in the form
of liquid or vapor consequently the fabric touching
the skin feels cause dryness. The transport of both
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moisture vapor and liquid away from the body
is called moisture management [13].

The most commonly used classes of knitting
patterns consist of warp knitting and weft knitting.
Another class of less rampant knit is called a circular
knit. Warp knit is a type of knitting in which the yarns
are stitched lengthways, in a zigzag pattern.
The loops are interlocked in a lengthwise direction
[14]. Due to its zigzag knitting across different
columns, the knits are usually done by machine.
While weft knit is a type of knitting in which yarns are
stitched width-wise, across the fabric.
Some examples of weft knits are plain knits or rib
knits [15]. The third class of knits that is relevant
to this project is circular knit. These knits can
produce tube forms that are seamless [16], since
most knitted garments are in tube forms such as arm
sleeves or socks. Similarly to weft knits, circular
knits can be done either hand-made or by machine.

After all it is decided to compare comfort properties
most likely to be moisture management of socks
made up of synthetic materials along with different
blended materials.

Moisture management in socks essentially refers
to how well material is transporting moisture out and
keeping the wearer dry. The moisture remaining
in the socks can further increase body temperature
leading to more perspiration. The ultimate objective
of managing moisture in socks is to ensure moisture
is transported to the outer surface in the shortest
possible time. Once ftransporting outwards,
the moisture should spread to a large surface area
and evaporate as fast as possible with the wearer
experiencing a feeling of dryness [17]. Moisture
management has the following functions: regulation
of body temperature — when core temperature
of human body exceeds 37°C, it starts to sweat
generation. Transporting the sweat away from
the skin and evaporating it to the atmosphere,
reduces body temperature [18].

Above mentioned problem of sweat poor
transportation and release from the core of fabric
structure has urged the researcher to develop such
type of socks that possess best liquid management
characteristics. The significance of this research
is to provide comfort against perspiration produced
inside our socks and its evaporation that may keep
wearer skin dry. The moisture absorption and its
transfer within the socks play an important role for
evaluation of wearer comfort and performance
of textile product against wetness, sweat and
skin/textile friction.

The main objective of this study was to compare
sweat management properties regarding liquid
moisture management of socks made up
of synthetic materials comprised of different blend
on overall moisture management capacity of socks.

To measure moisture management properties
of sportswear and dynamic liquid moisture
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properties, moisture management tester (MMT) was
established. This tester is very unique in its
construction and fulfills all the aspects of sweat
management introduced here as different indices for
fabric top and bottom sides [18].

The liquid management trend in the form of ‘wetting
time’, ‘absorption rate’, ‘one-way transport
capability’, ‘spreading/drying rate’ and ‘overall
moisture management capacity’ (OMMC) were
measured and then analysed. Wetting time is
actually the ability of fabric to wet and is defined as
the time [s] when the fabric happening to be wetted
as test is started. ‘Absorption rate’ is the speed
at which the mean quantity of generated sweat is
absorbed during the initial change of water content.
‘Spreading speed’ is the accumulated rate of surface
wetness to a maximum radius from the point
at which the drop is fall. The ‘maximum wetted
radius’ is the greatest water ring radius measured
on the surface of fabric. ‘Accumulative one-way
transport capability’ is the difference between
the areas of the liquid moisture content curves
of a fabric with respect to time [5]. ‘Overall (liquid)
moisture management capability’ (OMMC)
is an index is an intimation to instruct the overall
ability of the fabric to manage the transport of liquid
moisture and calculated using equation:

OWTC = C1MARb + CQOWTC + CgSSb (1)

where Cy;, C,, and C; are the weights of the indexes
of the absorption rate.

2 MATERIALS AND METHODS

2.1 Yarns (type and properties)

Yarns of two types, main and plating, were deployed
together side by side to prepare footy socks. Main
yarn used is in direct contact with the skin and
provides desired comfort while plating yarn,
characterized by limited elasticity, provides lateral
force to conjoin main yarn with the skin and clasp
the socks avoiding slippage.

Main yarns of four types i.e. Coolmax/cotton 50/50
(CC), Coolmax 100% (CM), spun polyester 100%
(SP) and micro spun polyester 100% (MP) of alike
fineness (20/1 Ne) were used. While plating yarns
(fixed linear densities & draft ratio of elastane) were
of two types 1) nylon air covered elastane (N¢), 2)
polyester air covered elastane (Pg) as shown in
Figure 1.

Core Yarn

Resultant Yarn

Figure 1 Side view of ACV yarn - resultant and elastane
yarn [19]



Table 1 Main yarn testing results

. Main yarn 20/1 carded
Sr. No Parameters Standard test method/ Equipment M *CC *SP NP
1 Linear density [Ned] ASTM D1907 20.58 20.24 20.10 20.38
2 Turns/inch** ASTM D1422 15.99 17.05 12.95 13.87
3 Tenacity [cN/tex] ASTM D2256 16.09 14.07 30.02 33.83
4 Uniformity percentage [%] 9.42 8.97 8.97 87.22
5 Hairiness USTERS 7.14 6.15 5.77 8.78

**turns per inch means the number of twists per inches of main yarn *CM= Coolmax; *CC= Coolmax/cotton 50/50; *SP= spun polyester

and *MP= micro polyester

Table 2 Plating yarn specifications

Composition [%]

Sr.No | Sample ID Yarn Description
polyester/nylon elastane
1 P 20D-75/36/1 D 100% polyester air covered elastane yarn (95/5)% 95.22 4.78
N 20D- 70/24/1 D 100% nylon air covered elastane yarn (95/5)% 95.52 4.48

Testing results of main and plating yarns (Tables 1
and 2) were measured under standard atmospheric
conditions 21+1°C and 65+2% RH (ASTM- D1776).

2.2 Socks manufacturing

Total 7 socks samples were developed using
different yarn combinations (CCN,, CMP.,, CMN,,
SPP,, SPN., MPP. and MPN,) on socks knitting
machine of specifications (Lonati FL-454J, model
2004, gauge 12GG, diameter 4", speed 250 rpm,
feeders 2 and number of needles 144) as shown

in Figure 2.
7 Main Yam and
( plaiting yam

Inlaid Yam

Socks Preparation

Figure 2 Internal view of knitting machine [20]

Table 3 Physical testing of socks

The selections of materials were done on the basis
of their availability for development of socks
samples.

All of the developed socks samples exhibit the same
single jersey plain fabric structure as shown
in Figure 3.

Figure 3 Structural of plaited socks sample [21]

Socks samples physical and composition results
after half bleaching are given in Tables 3 and 4
using standard test method AATCC 20A.

sr. No Sample Socks weight Body stretch Thickness Tear strength Extension
) [GSM] [%] [mm] [N] [mm]
1 CCN. 331.64 21.88 1.52 306 135
2 MPP, 332.3 20.5 1.52 437 112
3 MPN¢ 331.5 20.25 1.38 398 133
4 CMP, 332.9 21 1.54 369 125
5 CMN, 331.75 21.56 1.38 299 137
6 SPP. 332.3 21 1.5 376 109
7 SPN. 3325 20.94 1.6 406 139
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Table 4 Quantitative fibre analysis of socks

Sr. No |Sample |Sample description (plating yarn + main yarn) Composition [%] Quantitative analysis [%]
1 CCN. |20D Lycra (5%)-70/24/1 PA 95% + 20/1 Coolmax/cotton 50/50 PET/cotton/PA/Lycra |35.73+37.54+21.86+4.87
2 MPP;  |20D Lycra (5%)-75/36/1 PET 95% + 20/1 micro spun polyester 100% |PET/Lycra 95.09+4.91

3 MPN; |20D Lycra (5%)-70/24/1 PA 95% + 20/1 micro spun polyester 100% PET/PA/Lycra 74.45+21.29+4.26

4 CMP.; |20D Lycra (5%)-75/36/1 PET 95% + 20/1 Coolmax 100% PET/Lycra 95.16+4.84

5 CMN. |20D Lycra (5%)-70/24/1 PA 95% + 20/1 Coolmax 100% PET/PA/Lycra 74.2+21.31+4.49

6 SPP;  |20D Lycra (5%)-75/36/1 PET 95% + 20/1 spun polyester 100% PET/Lycra 95.44+4.56

7 SPN;  |20D Lycra (5%)-70/24/1 PA 95% + 20/1 spun polyester 100% PET/PA/Lycra 74.57+21.05+4.38

3 RESULTS AND DISCUSSION

Developed socks samples were evaluated for their
interaction to sweat generation using MMT tester.

3.1 Top and bottom fabric wetting time

Figure 4 demonstrating wetting time top (WT,) and
bottom (WT,r) of all socks sample. WTy, and WTyn,
is actually the time start to wet socks samples [5-9].

Figure 4 portrays that socks sample CCN, exhibit
highest values of wetting time than rest of six
combinations of socks samples due to presence
of cotton contents. Cotton fiber being hydrophilic
retains the sweat for maximum time due to higher
adhesion forces between sweat and fiber surface.
This inherited behavior exhibit poor moisture release
and ftransport consequently swells fiber reduces
interspaces between fibers and yarns inside
the sock structure.

Figure 4 also portrays least spending time samples
CMP, followed by MPNc, SPPc, MPP;, CMN, and
SPN, present swift flow of generated sweat through
its structure.

8
4
2
0

CMPc [ MPNc | SPPc [ MPPc | CMNc | SPNc | CCNc |
[mWTt(Sec) | 640 | 690 | 679 | 681 | 644 | 7.60 | 830

'mWTb(Sec) | 630 | 670 | 6.80 | 684 | 690 | 757 | 842

Wetting ime top and bottom values
D

Socks Samples

Figure 4 Mean comparison of wetting time top and bottom

As studies proved that wetting of the fabric
corresponds fiber-air interface replaced by fiber-
liquid sweat interface [19]. In this case, air spaces
present context to extensibility values (139 mm and
137 mm) present inside socks structure entrapped
the sweat contents exhibiting higher time to air voids
and hydrophilicity of materials that enhance force
of adhesion between fiber surface and water
molecules’ wettability to spend less time to absorb
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sweat. Another parameter TPI (turns per inches)
in CM 100% is lower than MP 100% followed by SP
100% enhances the capacity to hold higher amount
of sweat than MP 100% and SP 100% due to
presence of air voids within the yarn structure
between fibers [20].

3.2 Mean comparison of top and bottom
absorption rate

Figure 5 reveals that socks sample CCN. exhibit
highest rate of absorption at top (AR;) and bottom
(ARp) which is due to presence of cotton contents
(highest regain). Out of rest 6 socks samples
(synthetic material) react to sweat with varying rate
of absorption at bottom side (skin side) can be

ordered, MPN, > MPP;,, SPN, > SPP,,
CMP, > CMNg..

60

Es0
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]

30

q SPPC  MPPC A CMNC | CMPC MPNC & SPNC = CCNC
mARt| 2200 2400 | 2900 | 3600 3600 | 4200 4200
WARb 2410 2690 @ 3000 | 3510 3870 | 4040 @ 44.93

Socks samples

Figure 5 Mean comparison of absorption rate at top and
bottom

Socks samples MPN, and SPN. (nylon plated)
exhibit higher rate of absorption than MPP. and
SPP. (polyester plated) because of higher nylon
regain than polyester fiber. The reason of higher AR,
of nylon plated socks is also due to higher values
of extension [mm] which portray the presence
of dominant air voids than polyester plated socks.

Socks samples CMN, and CMP. have interacted
the sweat in very different way. The AR, in socks
samples with plated polyester is higher than nylon
plated socks. The reason is presence of cross
sectional multi-channels enhance the rate
of transportation of sweat water. Polyester plated




socks sample (CMP,) have also the thickness more
than CMN.; so AR, of the synthetic socks samples
have the order MPN; > MPP, and SPN, > CMP..
Reason of higher AR, in MPN, than MPP; is due
higher value of extension [mm] indicates
the presence of maximum air voids that hold
maximum concentration of generated sweat.
While SPN, > CMP. socks samples, it is due to
presence of maximum air voids, higher thickness
of fabric, higher values of imperfection and lower
twist per meter values than CMP...

3.3 Mean comparison of spreading speed at top
and bottom

In Figure 6, it is observed that socks sample CMP,
shows highest spreading speed followed by MPP,
SPP. CMN,;, MPN,, SPN, and CCN, respectively.
‘Spreading speed’ is the accumulated rate of surface
wetting from the center of the specimen where
the test solution is dropped up to the maximum
wetted radius [5, 9].

Per Figure 6 if we compared the spreading speed
values of socks sample having similar main yarns
of same specifications and different plating yarns
(polyester and nylon), revealed that the socks
samples CMP,, MPP. and SPP. (polyester plated)
shown greater spreading speed values at bottom
side (SSb, contact with skin) than socks samples
containing nylon plated yarns but trend is different
in socks samples due to presence of cotton

contents.
8
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5 2.50
(=]
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T 2.00
©
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hel
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CCNc | MPNc | SPNc | CMNc | SPPc | MPPc | CMPc
mSSt(mmisec) | 146 | 177 | 175 | 205 | 200 | 242 | 265
m SSb (mm/sec) 152 1.87 1.99 210 240 252 270

Socks samples

Figure 6 Mean comparison of spreading speed

Socks samples with highest spreading speed values
at skin contacting side were evaluated and it was
found that in socks sample CCN,; contains
38% cotton and 36% polyester (1:1). This sample
exhibit the minimum value of the spreading speed
attop and bottom sides of its fabric surface
compared to rest of 6 different combinations
of socks samples. It is all due to presence of cotton
contents lead to absorb more water clinginess
to the surface of cotton fiber and later its penetration
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to micro pores due to more of its amorphous region
compared o manmade fibers.

On the other hand, socks sample SPP. showed
the greater value of spreading speed (SSb) than
SPN. at bottom side. Higher value of spreading
speed at bottom (SSb) is due to higher polyester
contents about 75% in SPPC than SPNC (75%),
less fabric thickness and compactness than nylon
plated socks samples (SPN,).

3.4 Mean comparison of accumulative one-way
transport index (AOWTI) and overall
moisture management capacity (OMMC)
of socks samples

Figure 7 representing AOWTI [%] and OMMC

results of socks samples. OMMC is grading
assigned to socks samples as ‘excellent’, ‘good’
or ‘poor in sweat management performance.

Grading scale range is given in Table 5.

Table 5 Grading of moisture management indices tester

[7]

Index Grade
1 2 3 4 5
AOWTI | <-50 -50-99 100-199 | 200-400 >400
[%] poor fair good very good | excellent
OMMC | 0.0-0.19 | 0.20-0.39 | 0.40-0.59 | 0.60-0.80 >0.80
Figure 7 interprets the performance of socks

samples and portrays similar trend between OMMC
and AOWTI. Excellent results against AOWTI and
OMMC values are attained by socks samples can be
ordered CMP. followed by MPP.,, SPP. CMN,
MPN,., SPN, and CCNCc respectively.

Uy
038
0.7

0.6
05
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02
0.1

0

CCNC SPNC MPNC CMNC SPPC MPPC CMPC }
mOMMC| 0460 | 0500 | 0513 | 0520 | 0622 | 0639 | 0.660

Uvenll Mosture Management Urade

Socks samples

Figure 7 Mean comparison of OMMC values

Further, if we compare AOTI and overall moisture
management capacity of socks samples context
to plating yarn used inside the socks, the best
results for OMMC and AOWTI are of Coolmax
polyester (CMP,) are good as compared to Coolmax
nylon covered (CMN.) while micro-polyester
polyester covered (MPP.) exhibit better moisture
management characteristics compared to micro-
polyester nylon covered (MPN.), similarly spun
polyester -polyester covered (SPP.) exhibit better
overall moisture management properties compared




to spun polyester nylon covered and Coolmax cotton
nylon covered exhibit least (poor) moisture
management properties. This trend is due to higher
content of polyester fiber being hydrophobic
in nature suck away the sweat to fabric outer surface
and due to higher values of extensibility values
of socks samples. These higher values portray
the presence of majority of free spaces within
the socks structure consequently increasing its
higher OMMC of values (Table 3).

OMMC and AOWTI values of developed socks were
analyzed statistically using one way variance
analysis and found that there is significant effect
of TPl (p value is 0.046) and extension value
(p value is 0.018). Main effect plot between OMMC,
AOWTI, TPl and extension value [mm] are given
in Figure 8.
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Figure 8 Main effect plot between TPI vs extension [mm]
and AOWTI [%]

Unable to attain OMMC rating as ‘excellent’ samples
were first processed and allow them to be relaxed
toretain strain energy due to different tensions
in spinning and knitting. This chemical treatment
of socks has affected the fabric density due to
contraction consequently reducing air void and
moisture accumulation capacity in socks.

Das B., et al. [10] mentioned in his work that sweat
peeing through socks samples involves the two
processes which are diffusion and sorption-
desorption. Water vapor diffuses through socks
samples involves openness within the yarn as well
as free voids inside the fabric correspond to inter-
fiber interstices in yarn along fiber itself while
moisture transport through sorption-desorption
process will increase with the hygroscopicity
of the material [10].

4 CONCLUSION

In this research we have mainly emphasized over
moisture management properties of plated socks
samples produced by using different type of four
main yarns and two plated yarns with total
7 combinations (CMPc, CMNc, MPPc, MPNc,
SPPC, SPNc and CCN,). All of the combinations
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were analyzed for their overall moisture
management performance and found that best
socks samples combination were CMP,;, MPP,
and SPP.. According to the results we concluded
that including yarn and socks parameters i.e. TPI
and extension [mm] significantly influence overall
moisture management and accumulative one-way
transport index values of plated socks samples and
samples CMP., MPP, and SPP, are rated as ‘good’
in moisture interaction.
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Abstract: The problem of controlling the proportionality of clothing design by the gradation method

of typical figures of preschool age children
for the determination of intermediate control

is investigated. Set
measurements

of dimensional features
is analytically grounded. The use

of the gradation algorithm for the tasks for scaling the geometric model of the body surface into
a geometric model of garment details has been proved. The interrelation of gradation coefficients from
dimensional standards with the estimated values of the dimensions of the constructional dimensions
of shoulder clothing dimensions is experimentally investigated. The regression analysis confirmed
the gradation coefficients for design development and control of the dimensionality of the finished product.

Keywords: proportionality, design, children's clothing, gradation, dimensional feature, constructive section,

coefficient, age group, formula, regression.

1 INTRODUCTION

One of the most important tasks facing
the manufacturers of clothing is the preparation
of high-quality design and technological
documentation. The initial stage of creating a sewing
product is the development of design drawings,
on the basis of which a basic set of pattern parts is
created. The unsuccessful choice or incorrect
application of the method of making drawings and
the further development of the basic patterns
of parts, despite the adherence to all principles
of design, can significantly affect the quality
of the result of the finished sewing product.

A significant place in the design preparation
of production is the gradation of patterns
of the garments’ parts. The use of grading methods
to develop patterns of different sizes and heights
simplifies and accelerates the process of preparing

working documentation for the manufacture
of clothing.
There are two principal approaches to

the implementation of the gradation: gradation
by diagrams and parametric gradation. Modern
automated clothes systems provide a fairly rapid
construction of templates of various sizes and
heights, both according to known gradation
schemes, and by the primary algorithm
of anthropometric modification of the basic design
ina given morphological type of the figure, which
simplifies the process of obtaining the template
of the required sizes.
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Nowadays, the question of the gradation process
of clothes patterns for children despite numerous
studies, remains open, which is largely due to
the lack of methods for checking the quality
of gradation of patterns, taking into account
the preservation of the anthropometric
proportionality of products in the personalized
parameterization of the sexual and age groups
of the children’s population.

2 DISCUSSION OF IDEAS

The construction of the geometric model
of the garment surface is based on the logical spatial
relationship between the displacements
of the anthropometric points of the body surface
tothe design points of the garment details.
The information model of the design details must be
identical or close to the property
of the proportionality of the surface of the body
section [1-3].

The promising application of three-dimensional
visualization  software  products to create
an objective system of anthropometric dimensional
features is confirmed by works [4-6].

The Julivi Clo 3D program contains electronic
mannequins of typical figures of various
morphological types, which are re-formatted for
children's clothing in an anthropometric database
of current national standards [6]. However,
the singular dimension of the control measurements
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of the dimensions of the structure is not confirmed
by the preservation of the coefficients of gradation
of dimensional features in the non-uniform scaling
of the shape of the product.

An example of the use of non-uniform scaling
as a prototype  of gradation is considered
in the construction of structures of various types
of clothing in CAD Julian by calculating the scaling
coefficients using the computer program Scale factor
[71. However, in the information database
of increments, there is no differentiation
of the gradation coefficients for dimensional groups.
An analytical way of systematizing the types
of figures at the level of classification by factoring
of proportionality, considered in [8], complements
the anthropometric database of current dimensional
standards for the tasks of parameterization
of the clothing proportionality.

The mechanism for obtaining projective dimensional
features of a person through the use of feedback
between the drawing and dimensional features
in the CAD of clothing for the technical possibilities
of changing the coordinates of the main points
of the figure outline is given in [9, 10]
on the example of CAD "Gracia".

The disadvantage of using shape outlines to form an
anthropometric database is inability to take into
account the level of displacement of anthropometric
heights in the configuration of sections of the design
given by the girths.

Investigations [11] on the construction of shoulder
wear for girls in pre-school and junior school groups
revealed contractions of contours of the loops
involumes 332, 352 in increments requiring
clarification of the calculation formulas
of the standardized method of clothing design used
by the members of economic assistance matching
the use of the dimensional feature of the anterior-
posterior diameter of the hand T 57 in calculations
of the armhole width.

Analytical study of the same-size features
of the typical  figures of boys and girls
in the preschool age group shows their independent

variability, both with change in size and with
a change in height  [12]. This causes
the anthropometric  discrepancy of  structures

constructed on a typological series of dimensions
of the gradation coefficients.

Adaptation of anthropometric
to the control measurements of sections
of the finished  product requires the  study
of the calculation formulas of the main structural
segments. The first priority is the intermediate
control of coherence by measurements of length and
width, which characterizes the dimensions
of the product and confirms the relevance
of the research.

information
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3 METHODS

The flat design of the garment details is presented
as a set of straight and curvilinear sections forming
a closed loop.

Construction of a geometric model of clothing
surface is theoretically grounded in the study [1].

In the working documentation for the sewing
product, the measurement table provides the quality
control of the finished product by measurements
in the size-growth groups. The name and number
of basic measurements vary from 2 to 21 depending
on the range of products [13]. Accordingly, the main
design document for manufacturing a product
in a given range of size of the groove is a graduation
drawing, which must meet the requirements
for the quality of the design [14, 15].

While grading patterns changes on certain sections
lead to similarity, which belongs to the group
of linear and corresponds to the affine method
of changing the scale of the contour of the part
in the regulated amount of compression (stretching)

of the anthropometric sign in the form
of the coefficient of gradation [1, 16, 18].
The affine transformation in the gradation

of the patterns means any change in the scale
of the curve simultaneously in one or two axes.
In this case, the straight lines remain linear, parallel -
parallel, the ratio of the segments, located
on the same straight line (or on parallel lines),
remain unchanged, the algebraic order of the curve
does not change.

Thus, the principle of gradation is based on the use
of a group of linear geometric transformations
of the contour of the construction part by increasing
the coordinates in the main constructive points
[14, 16].

(x1; y1) = [(Xo+AX0); (Yot+AYo)] (1)

where: xo, yo are the coordinates of the constructive points
of the original construction [cm]; Axo, Ayo - values
of moving of corresponding  constructive  points
in a construction of another size.

It is known that the designer anthropometric
standard contains information on the uniform
increase of subordinate dimensional attributes
in a number of typical figures and reproduces
sufficiently well the morphological status of different
in the age, national and sex characteristics
of the population for the problems of the ready-made
clothes market.

However, at a significant number of sewing
enterprises, designing products for children
of nursery and preschool age groups is often

performed without taking into account the gender
of the child, which has a significant impact
on the size and shape of the areas of static contact
of clothing and, thus, the quality of planting products
on the figure.



Therefore, the main condition of anthropometric
studies of the body surface of children for
the gradation of patterns is the inclusion of age
groups: in particular, preschool one - 3 years —
6 years 11 months [16].

In accordance with the current system of standards
for typical children’s shapes [13] and taking into
account the opportunities of the industry and
the conditions of trade for the design of clothing for
preschool age children, an optimal number of typical
figures is provided, which includes 8 typical male
figures and 8 typical female figures of the preschool
age group (Table 1).

Table 1 Classification of typical figures of boys and girls
of the preschool age group

Dimensional feature | Size of the dimensional feature [cm]
Chest circumference 52 56 60
Waist circumference 48 51 54
98 98
. 104 104
Height 110 110
116 116

Note: Basic size is highlighted

For children of the preschool age group,
the regression equation after linearization
of the calculation of subordinate dimensional
attributes has the following entries:
Before the linearization:

Xi= a+bx+0x 16 + €X1 XXyg ()
After the linearization:

Xj=a+b.x;+ C.Xy (3)

where: x; is any subordinate dimensional sign; xs is body
length (height); x4 - chest circumference; a, b, ¢ are
coefficients of regression.

As a rule, the calculation formulas of the design
methods establish the dependence of the size
of the structure on the values of dimensional
features. In particular, the main type of constructive
segments in the standardized method of clothing
design used by the members of economic
assistance has also a form of linear regression:

A-B=c,T;+a,+A (4)
where: ¢, is a coefficient, which determines the proportion
of dimensional feature in the segment; T; is the magnitude
of the dimensional feature; a,, - free member of the formula
with the index of the number of the system of basic
structural segments, which take into account the features
of the body structure of sex-age groups and A - the total
value of constructive increments and technological
allowances.

Since in the structure of the calculation formulas,
constructive increments are constant for all sizes
and increments, it is expedient not to consider them
in the studies of gradation coefficients.
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The system of the main constructive sections
of the unified method of designing the clothes
of the Council for Mutual Economic Assistance
contains information about the segments that are
output for the construction of the basis of the design
of clothing, and contains a unified sequence and
method of construction, the initial solution
of the main constructive nodes [16], so it is
necessary to study the application of the design
of the product of dimensional features and compare
with  the  corresponding gradation factors
in the standards.

The express method of analyzing the reasons
for the anthropometric inconsistency of gradation
increments along the lines of the chest and thighs
inthe basic designs of shoulder products for
preschool age children is based on the verification
of the formula for calculating the width of the product
along the breast line, since this particular area
of the basic structures of the shoulder products
determines the overall dimensions of the shoulder
products in width [17].

The width of the shoulder product along the line
of the chest consists of the width of the back
(area/31-33/), the width of the front (area/35-37/)
and the width of the perimeter (area/33-35/).
The following formulas [15, 16] are used
in the calculation of the values of these sections
of the design in the only method of designing

the clothes of the Council for Mutual Economic
Assistance:

/31-33/=0.5T47 - 0.5 + A3;.33 (5)

/33-35/=T57 + 1.0 + A33_35 (6)

/35-37/=0.5(T45+ T15-T14) — 0.5 + Azs5.37 (7)
where: T47 is the width of the back [cm]; Asr.33, Aszz-35
Ass.37 - structural additions to the corresponding sections
of the design [cm]; T57 - anterior-posterior diameter
of the hand [cm]; T45 - breast width [cm]; T15 - the second
circumference of the chest [cm]; T714 - the first
circumference of the chest [cm].

Formula (5) can be attributed to the formulas
of the 1% type, because the size of the area is
determined by the corresponding dimensional type
of the figure and the increase. Formulas
of the 1% type provide the correspondence
of increments of gradation to gradation coefficients.

Formula (6) refers to the formulas of the 2 type,
since for the calculation of the size of the area
of the construction of the size of the product;
a dimensional feature that characterizes a certain
parameter of the hand is applied. Consequently,
onthe area of an armhole, the increments
of the gradation  characterize not the area
of the body but the change in the diameter
of the hand.

Formula (7) consists of dimensional features that
characterize the chest belt, so it also refers to
the formulas of the 1% type.



Consequently, from the considered formulas only
formula (6) contains the dimensional sign 757, which
does not characterize the size of the chest belt
of the figure. In addition, T57 is excluded from
the current children’s size standards [13]. Therefore,
it is advisable to establish the dependence
of the armhole width on the corresponding area
ofthe chest belt, that is the influence
of the dimensional feature of the size of armhole
T109 (Figure 1), which is included in the state
standards of the typical figures of the children’s
population GOST 17916-86, GOST 17917-86.

4|
| |

Figure 1 Diagram of measuring the dimensions
of the "anterior-posterior hand diameter" (757) and
»-armhole width" (T709) in the typical figures of boys and
girls

Since this dimensional feature is included
in the circumferential dimensions of the child's chest
belt, it can be assumed that the calculated width
parameter of the armhole of the basic structure
should correspond to the parameters of the body
part and, accordingly, the increment of the gradation
in the area of the projections will characterize
the change in the body area.

Taking into account that the line of transition
of the trunk to the upper limb in products with
asewing sleeve characterizes the combination
of contours of the holes and the cap of the sleeve,
it is necessary to establish the relationship between
the parameters of the armhole and the parameters
of the sleeve.

In the unified method of designing the clothes
of the Council for Mutual Economic Assistance [15],

the length of the armhole in shoulder products
for children is calculated by the formula:

LA =0.96T38 + (Azz.13 + Aszs.15) +

+0.57(T57 + 1.0 + Agg.5) + 2/33-331/ ®)
where: Tss is an arc through the highest point
of the shoulder joint [cm]; /33-331/ - magnitude

of the armhole increase [cm].

The width of sleeve cap (WSC) in shoulder products
for children is calculated by the formula:

WSC=T57+30+A (9)
Consequently, the structure of formulas (8-9)
indicates the absence of a section of the width
of the plain in the control dimension of the width
of the product at the level of the armhole depth,
which suggests a mismatch with the gradation
coefficients after calculation.

4 EXPERIMENTAL PART

After the replacement of the size feature T57 into
T109 in formulas (6, 8, 9) the research
of anthropometric  correspondence of  sizes
of structural parts along the width of the product
along the breast line of shoulder products for
children of the preschool age group has been
performed.

For this purpose, the size of the sections
of the structures along the breast line has been
calculated, depending on the size and height
of the typical  figures of boys and girls
of the preschool age group. Then the comparison
of the obtained values with the corresponding
gradation coefficients has been made.

The dimension of changes in the size
of the constructive sections along the breast line
onthe typical figures of boys and girls
in the preschool age group, depending
on the change in size, are given in Table 2.

The dimension of changes in the size

of the constructive sections along the breast line on
the typical figures of boys and girls of the preschool
age group, depending on the change in height, are
given in Table 3.

Table 2 Estimated coefficient of gradation of constructive sections according to the height of preschool age group

The dimensions of the change in the size of the constructive sections [cm]
Constructive section 98 104 110 116

52-48 56-51 52-48 56-51 52-48 56-51 52-48 56-51
56-51 60-54 56-51 60-54 56-51 60-54 56-51 60-54

1 2 3 4 5 6 7 8 9

/31-33/ girls 0.65 0.6 0.6 0.55 0.6 0.5 0.55 0.5

boys 0.6 - 0.65 0.35 0.7 0.45 0.75 0.5

} girls 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6

/33-35/ boys 0.5 - 0.5 0.4 0.5 0.5 0.6 0.4
/35-37/ girls 0.55 0.7 0.65 0.7 0.65 0.65 0.6 0.65

boys 0.6 - 0.6 0.7 0.55 0.75 0.7 0.7
/31-37/ girls 1.6 1.7 1.65 1.65 1.75 1.65 1.75 1.75

boys 1.7 - 1.75 1.45 1.75 1.7 2.05 1.6
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Table 3 Estimated coefficient of gradation of constructive sections according to the size of preschool age group

The dimensions of the change in the size of the constructive sections [cm]
Constructive section 52-48 56-51 60-54
98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116
1 2 3 4 5 6 7 8 9 10
/31-33/ girls 0.25 0.2 0.25 0.2 0.2 0.2 0.15 0.15 0.2
boys 0.25 0.25 0.25 0.3 0.3 0.3 - 0.4 0.35
girls 0 -0.1 -0.1 0 0 0 0 0.1 0.1
/33-35/ boys 0 0.1 0.1 0 0.1 0 - 0 0.1
135-37] girls 0 0.05 0.15 0.1 0.05 0.1 0.1 0 0.1
boys 0.05 0.1 0 0.05 0.05 0.15 - 0.1 0.1
/31-37 girls 0.25 0.15 0.3 0.3 0.25 0.3 0.25 0.25 0.4
boys 0.3 0.25 0.15 0.35 0.25 0.45 - 0.5 0.35

Table 4 Comparison of dimensions of changes in size of structural sections with a change in size with coefficients of

gradation (girls and boys)

The dimensions of the change in the size of the constructive sections [cm]
Constructive section 98 104 110 116
52-48 56-51 52-48 56-51 52-48 56-51 52-48 56-51
56-51 60-54 56-51 60-54 56-51 60-54 56-51 60-54
1 2 3 4 5 6 7 8 9
/35-37/ girls 1.6 1.7 1.65 1.65 1.75 1.65 1.75 1.75
/35-37/ boys 1.7 - 1.75 1.45 1.75 1.7 2.05 1.6
Coefficient of gradation 2 2 2 2 2 2 2 2

Table 5 Comparison of dimensions of size’s change of constructive sections with height change with gradation

coefficients
The dimensions of the change in the size of the constructive sections [cm]
Constructive section 52-48 56-51 60-54
98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116
1 2 3 4 5 6 7 8 9 10
/35-37/ girls 0.25 0.15 0.3 0.3 0.25 0.3 0.25 0.25 0.4
/35-37/ boys 0.3 0.25 0.15 0.35 0.25 0.45 - 0.5 0.35
Coefficient of gradation 0 0 0 0 0 0 0 0 0

The comparison of the dimensions of the change
in the size of the design sections along the line
of the breast, depending on the change in size and
height with the gradation coefficients on the typical
figures of boys and girls of the preschool age group,
is given in Tables 4 and 5.

As a result of the comparison of the dimensions
of changes in the size of the design sections along
the line of the breast, depending on the change
in size and height with the gradation coefficients,
it has been found out that the dimensions of change
the size of the constructive sections along the breast
line does not correspond to gradation coefficients.

In the single method of designing the clothes
of the Council for Mutual Economic Assistance,
when calculating the width of the front,
the dimensional feature "Breast Width" (T45) is used
and the difference in dimensional features is "first
breast chest" (T714) and "second breast chest" (T75).

Since the measuring tape is located in an inclined
plane on the breast area, both in measuring
the circumference of the chest of the first one and
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in measuring the circumference of the second
breast, it is assumed that this precludes
the inconsistency of increments of the gradation
along the width of the product by the coefficients
of gradation. Therefore, it is recommended
to express the width of the front through
the dimensional features: "the third breast" (T716),
"the width of the back" (T47), "the width
of the armhole cavity" (T109).

Then the formula for calculating the width of the front
(section/35-37/) in the basic structures of shoulder
products for the typical figures of boys and girls has
the following view:

/35-37/=0.5(T16 - T47) - T109 + Ass.37 (10)
The dimensions of the change in the size
of the constructive  sections along the line

of the chest for the typical figures of boys and girls,
depending on the change in size, was calculated
using the improved formulas for calculating the width
of the front and the width of the armhole,
and the results are shown in Tables 6 and 7.
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Table 6 The dimensions of the change in the size of constructive sections with a size change

The dimensions of the change in the size of the constructive sections [cm]
Constructive section 98 104 110 116
52-48 56-51 52-48 56-51 52-48 56-51 52-48 56-51
56-51 60-54 56-51 60-54 56-51 60-54 56-51 60-54
1 2 3 4 5 6 7 8 9
/31-33/ girls 0.65 0.6 0.6 0.55 0.6 0.5 0.55 0.5
boys 0.6 - 0.65 0.35 0.7 0.45 0.75 0.5
: girls 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6
/33-35/ boys 05 - 05 0.4 05 05 0.6 0.4
/35-37/ girls 0.95 1.0 1.0 1.05 0.9 1.0 0.85 0.9
boys 0.9 - 0.85 1.25 0.8 1.05 0.65 1.1
/31-37 girls 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
boys 2.0 - 2.0 2.0 2.0 2.0 2.0 2.0
Table 7 The dimensions of the change in the size of the constructive sections with the change in height
The dimensions of the change in the size of the constructive sections [cm]
Constructive section 52-48 56-51 60-54
98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116 | 98-104 | 104-110 | 110-116
1 2 3 4 5 6 7 8 9 10
/31-33/ girls 0,25 0,2 0,25 0,2 0,2 0,2 0,15 0,15 0,2
boys 0,25 0,25 0,25 0,3 0,3 0,3 - 0,4 0,35
: girls 0 -0,1 -0,1 0 0 0 0 0,1 0,1
/33-35/ boys 0 0.1 0.1 0 0.1 0 - 0 0.1
/35-37/ girls -0,25 -0,1 -0,15 -0,2 -0,2 -0,2 -0,15 -0,25 -0,3
boys -0,25 -0,15 -0,15 -0,3 -0,2 -0,3 - -0,4 -0,25
) girls 0 0 0 0 0 0 0 0 0
[31-371 boys 0 0 0 0 0 0 - 0 0

Comparison of changes in the width of the design
along the breast line, depending on the change
in size and height with coefficients of gradation for
the typical figures of boys and girls, confirmed
the retention of the gradation coefficient for the width
of the product /31-37/, which is 2.0 cm.

Thus, the change in the structure of the calculation
formulas of the design methodology, namely,
the calculation of the width of the perimeter due to
the dimensional feature "armhole width" (7709),
and the calculation of the width of the front, due to
the dimensional features of the "third breast" (716),
"back width" (T47) and "armhole width" (T709)
ensures the correspondence of the constructive
dimensions changes in width of the product, which
improves the proportionality of shoulder products for
typical figures of boys and girls of the preschool age
group.

The first condition is compliance with the gradation
rules when choosing a calculation and analytical
method for grading the structural sections
of the width of the product along the chest line.
Since the constructive sections /11-31/, /31-33/, /33-
37/ after the changes are located in a rectangular
coordinate system, the gradation value is defined as
the difference between the points of a certain graded
row AX,[; and AX,E; (Figure 2). So, the dimensions
of gradation of points are calculated by the formulas:

AX,T = VKOG - X.I) (11)

AXE; = 1K(Y.AT - YIT) (12)
where: k is the serial number of the size, counting from
the zero initial size of a certain graded row; XZI',-K, XZI',O,
YZI_jK, Yz/-/o, the coordinates of points of k-th size and zero

initial size; z - index of major dimensional features T7,
T16.

=
>

5 RESULTS Y o

The results of the research are presented r 7}—1—'

by the conditions for ensuring the reliability Co]

of the parameters of the anthropometric { {';_ I;_

correspondence of the values of the structural L

dimensions of the measurement of the product width - |

after making changes to the  structure r .#—{_Hﬁ X

of the calculation formulas of the methodology Xl !

of clothes’ design of the Council for Mutual . . ) )

Economic Assistance [16]. Figure 2 $cheme for determining the dimensions

of the gradation AX;/j and AXE;
Fibres and Textiles (1) 2020 81




In the calculation-analytical method, grading figures
are calculated on the basis of gradation coefficients,
which, in the anthropometric (constructive) standard,
fix the difference between the values of dimensional
characteristics, in particular ~ for  children
of the preschool age group, between adjacent sizes,
heights and their combinations. Dimensions from
standards are called anthropometric coefficients
of gradation.

By the experimental studies of the constructive
sections of the product's width on the breast line
/11-37/ (Tables 2 and 3) of the product
the calculative coefficients of gradation parts have
been defined.

For the consideration of the plane of the oblique

section in the area of the posterior angle
of the armhole, in which the T75 (Figure 3)
is measured, the calculations are performed
according to the recommendations [16].

0,5T47 A T57 C 37
= 31 371
FT’ 36 =
(=)
NS &
~ o~

=
41 46 47

Figure 3 Scheme for determining the width of the front
at the posterior angle of the armhole

In accordance with Figure 3:

AB=0.4(T15-0.5T47) (13)

BC = (T40-T39) — (T36-T35) (14)

AC = JAB*-BC® = as (15)

The indices of the dimensional features T correspond to
the dimensional standards; the free member ag is the
serial number of the system of the main structural
segments. The dimension as defines a decrease in the
size feature T15 for matching the width of the front along
the horizontal line.

Calculations are made on the base size 110-56-51
for children of preschool age group using
1% standard — state one (anthropometric 1986),
the second standard - branch one (designer 1977).
These standards are used to study dimensional
characteristics. After calculations the following
values of ag are received:

For boys: (1)ag = 0.057; (2)ag= 0.037;
For girls: (1)ag = 0.05; (2)ag= 0.04.
The second condition is the observance

of the necessary accuracy of the allowable
deviations at the design stage of the product.
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In accordance with the system of allowances [16],
the average figures of allowances in the design
process are 0.05 cm, rounding at design calculations
up to 0.05 cm.

Consequently, the value ag < 0.1 cm which confirms
the expediency of the exclusion of ag from
the calculation of the width of the front
for the younger children and the use
of the dimensional feature T716 instead of T175.

Then the formula has the form:
35-37 = 0.5(T45 + T16 - T14) + Ass.3; (16)

The third condition is to ensure the unification

of constructive elements of construction
of approximating curves.
The analysis of the geometric construction

of the conjugation of the armhole [1.1] confirms
the expediency of replacing the dimensional feature
T57 with T109, since t. 352, which fixes the armhole
width in the segment /33-35/, in the calculations
shifts towards the narrowing for the base size 110-
56-51 (to 0.5 cm for boys and 0.7 cm for girls).
This is confirmed by Figure 4.

4
15
A
}k34 "
3
a)
343"
343"
343"
b)

— lack of conjunction of the contour of the armhole
""" conjugation of the armhole contour

Figure 4 Scheme of contraction of the conjugation
of the radiusography of the armhole contour:
a) on the example of the design, b) possible variants

With the use of T709, the center of the circle
for the design of the upper part of the armhole is
on the extension of the contours from the points
of change of the contour 332 (back), 352 (in front)
as the vertex of an equilateral triangle. The method
for drawing up the contour of the upper portion



of the armhole is shown in Figure 5 and definitely
ensures the conjugation of the lower and upper parts
of the armhole.

14"

15
352/
= 352
BZ a)
' 15
S
A
343" / 352
b)

Figure 5 The design of the contour of the upper part
of the armhole: a) the first way; b) the second method

Since in the formula (8) for calculating the width
ofthe armhole the dimension T57 is replaced
by the dimensional feature T709, then the structure
of the calculation formula for the LA and WSC takes

the following form:

LA =0.96T38 + (Azz.13 + Aszs.15) +

+0.57(T109 + 1.0 + Agy.5) + 2/33-331/ (7)
or
LA =0.96T38 + (A33_13 + A35-15) +
+0.57/33-35/ + 2/33-331/ (18)
WSC = Tipe +az; + A (19)
The verification of these formulas is performed
forthe base size 110-56-51. According to

the recommendations [16] a;; = 3.0 cm, and is
calculated by the formula:

arr = 0.5T28 - T57

As the research shows a;; = 0.5T,5 — T109
respectively for Ts; a71G= 2.4; a71B =2.3;
and for T109 371G =2.9; a71B =2.6.

So, for Ts7,T109 a7 < 3.0. The value of the deviation
for Ts; does not meet the condition of observance
of accuracy Agen = 0 3 mm. For Ty there is
a compromise. Then for Tgg:

WSCs =8.9cm; WSCg=8.7 cm.

The minimum sleeve width is checked with:

(20)

WSC = T23 + Am,'n
where: Anmir allows to bend the arm at the elbow.

The results of checking the design and minimum
width of the sleeves confirmed the condition:

WSC™°; = 8.9 cm; WSC™"; = 8.9 cm;
WS @, = 8.7 cm; WSC*; = 8.7 cm.

Therefore, we support the recommended formula
(19).

The condition of the approximation of the contour
is achieved by the unification of the centers
of radiusography.

The fulfilment of the formulated conditions ensures
the check how the measurements of the width
of the product along the chest line and the width
of the sleeve under the armhole correspond
to the coefficients of the anthropometric gradation
in the values of the calculated grading coefficients.

A systematized number of sizes of structural
segments in typical size groups of leading
dimensional features and basic sizes of typical
figures for girls and boys are given in Table 8 and
thus, forms an anthropometric database for
controlling the dimensions of the product.

(21)

Table 8 Anthropometric base of output dimensions of the main structural segments (without allowances) of shoulder
clothes for typical figures of young children

Constructive section Dimensions [cm] X S BF1 BF2 BF3
T1 98 104 110
T16 52 56 52 56 52 56 60 55.75
T18 48 51 48 51 48 51 54
/31-33/ 11.05 11.7 11.3 11.9 11.5 12.1 12.6 g 12.26 0.4 12.5 12.5 12.5
11.05 | 1165 | 11.3 | 11.95 | 11.7 | 12.25 12.7 b.12.0 | 0.5 | 12.6 | 1275 | 12.75
/33-35/ 6.7 71 6.7 7.1 6.6 7.1 7.6 g7.12 0.6 6.7 6.7 6.0
6.6 71 6.6 71 6.6 7.0 7.5 b. 7.05 0.5 6.5 6.5 6.0
/35-37/ 8.75 9.7 8.5 9.5 8.4 9.3 10.3 g9.41 0.5 | 10.9 111 10.65
8.65 9.75 8.4 9.45 8.35 9.25 10.25 b.945 | 0.5 | 10.9 11.0 10.7
g 28.79 1.5 | 30.1 30.3 29.15
[31-371 b.28.5 | 1.5 | 30.0 | 30.0 | 29.45
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Deviations /31-37/ from T15 is for girls — 0.3 and for

boys — 0.4, which correspond to the second

condition. According to the specified method,

the design sections are calculated according
to the formulas:

31-33=0.5T47-05+A (22)

33-35=T109+1.0+A (23)

35-37 =0.5(T16-T47) — T109 + A (24)

The arithmetic mean and the S variance confirmed
the expediency of using the segment /31-37/
of the base figure to detect patterns of segments
change /33-35/ in the parameters of the sleeve.

A criterion estimation of the influence of gender
onthe dimensional features was made by
regression analysis of the dimensions of structural
segments in the set of basic figures
of the researched dimensional row: X, BF1, BF2,
BF3 (Figures 6 and 7).

According to the results of studies
of the constructions 110-56-51 for girls and boys,
a gender variability of 0.3 cm has been found, which
corresponds to the value of the total allowance.

Anthropometric coefficients of gradation
of dimensional features for the control of design
stages of products for preschool age children are
shown in Table 9.

35
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30 S, YL 03— 5915 R? = 0,0982
28,79
25
20 y =-0,06x%+0,372x+ 11,96
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15
12;26 1273 325 12,5 =.1,0575x2+ 6,3665x + 1,9575
" T or —
S T e
e B S 1 — 57 -2 6
5 y=0,5025x2- 3,5355x + 12,273
o R?=0,9148
BF1 BF2 BF3 BF4
—e—31-33 —m—33.35 3537
3137 ‘ — polynomial  (31-33) — polynomial  (33-35)
—  polynomial (3537 —  polynomial  (31-37)

Figure 6 Regression dependences of gender changes in dimensional characteristics of girls
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Figure 7 Regression dependences of gender changes of boys' dimensional characteristics
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Table 9 Gradation coefficients of dimensional characteristics of control measurements of the shoulder product,

size 110-56-51

Dimensional Girls Boys Common
feature T1 T16 T1+T16 T1 T16 T1+T16 average value
T29 0 0.5 0.5 0 0.5 0.5 0 0.5 0.5
T15 0.4 3.6 4.0 0.2 3.8 4.0 0.3 3.7 4.0
T57 0 0.6 0.6 0 0.5 0.5 0.5 0.55 0.55
T15 0.2 3.8 4.0 0.4 3.6 4.0 0.3 3.7 4.0
T45 0.4 1.0 1.4 0.2 1.0 1.2 0.3 1.0 1.3
T47 0.6 0.8 1.4 0.6 1.0 1.6 0.6 0.9 1.5
T40 1.1 0 1.1 1.1 0.2 1.3 1.1 0.1 1.2
T39 0.5 -0.2 0.3 0.5 -0.3 0.2 0.5 0.05 0.25
T109 0 0.8 0.8 0 0.6 0.6 0 0.7 0.7
T36 1.1 0.5 1.6 1.0 0.7 1.7 1.05 0.6 1.65
T35 0.6 0.2 0.8 0.5 0.6 1.1 0.55 0.4 0.95
6 CONCLUSIONS 3. Porterfield A., Lamar T.AM.: Examining
) ) the effectiveness of virtual fitting with 3D garment
As a result of the use in the method of design simulation, International Journal of Fashion Design,
the improved formulas for calculating the parameters Technology and Education 10(3), 2016, pp. 320-330,
of the width of the armhole and the width of the front, https://doi.org/10.1080/17543266.2016.1250290
the concordance of the values of the change 4. sayem A.S.M., Kennon R. Clarke N.. 3D CAD
in the size of the structural sections along the width systems for the clothing industry, International Journal
of the product and along the breast section with of Fashion Design, Technology and Education 3(2),
the corresponding grading coefficients in the basic 2010, pp. 45-53,
structures of the shoulder products for the typical https://doi.org/10.1080/1754 3261003689888
figures of boys and girls of the preschool age group 5. Dabolina I., Vilumsone A., Dabolin$ J., Strazdiene E.,
has been achieved. Lapkovska E.: Usability of 3D anthropometrical data
in CAD/CAM patterns, International  Journal
Completed c_ievelopmgnts can be used for baby of Fashion Design, Technology and Education 11(1),
clothing design techniques that use an anterior- 2017, pp. 41-52,
posterior hand diameter to calculate armhole widths. https://doi.org/10.1080/17543266.2017.1298848
In order to ensure the relationship between the width 6. Baranova T.M.: Automation of the process
of the armhole and the parameters of the sleeve, of formation of the anthropometric database for
the relationship between the armhole width of and the design of constructions in the conditions of mass
the armhole |ength of the product’s armhole and prOdUCtiOn, Problems of the nght and Textile IndUStry
the width of the armhole and the width of Ukraine Net, 2010, pp. 5-8
of the sleeve’s cap have been established. 7. Zakharkevich O.V., Kuleshova S.G.: Development
. . of the method of scaling patterns and virtual garments
The repre_sen_t_atlveness of the method for assessing forms, Viakn a Textil (Fibres and Textiles) 24(4),
the  reliability  of  control measurements 2017, pp. 34-40
in the Structure: con.structlon . IS.. conflrmed 8. Kudryavtseva N.V.: Method of determining the types
by the quadratic equations of variability of leading of human figures for "targeted” designing of shaping
standard features. elements of belt clothing, Bulletin of the Khmelnitskyi
This allows using the algorithm to verify National University Ne 4, 2013, pp. 73-78
the proportionality of the products in the choice 9. Zalkind V.V.. Obtaining projective dimensional
of chart grading patterns, taking into account design features of human figure by means of CAD clothes,
techniques and current dimensional standards. Bulletin of the Khmelnitskyi National University Ne 3,
2014, pp. 224-227
7 REFFERENCES 10. Aileni _R._M., Farima D CiocoiL_J M.: Simulating cloth
in realistic  way using vertices model based,
1. Slavinska A., Zakharkevich O., Kuleshova S., 7™ International Conference TEXSCI 2010, Liberec,
Syrotenko O.: Development of a technology for CZ, 2010, https://doi.org/10.13140/rg.2.1.2518.3440
interactive design of garments using add-ons 11 Dombrovskaya O.M., Pryimak N.V.: Improvement
of avirtual mannequin, Eastern-European Journal of the method of geometric construction
of Enterprise Technologies 6/1(96), 2018, pp. 28-39, of conjugation ~ of the  armhole,  Bulletin
https://doi.org/10.15587/1729-4061.2018.148984 of the Knmelnitskyi National University Ne. 5, 2009,
2. Vovk J.V., Slavinska AL.: Identification pp. 150-153
of anthropometric information of the outline of a 12 Dombrovskaya O.M., Mitsa V.V.: Study of basic
female figure and drawings of belt line products, clothing designs for boys and girls of the preschool
Bulletin of Khmelnltsky| National UniVerSity Ne 4, age group, Bulletin of the Khme|n|tsky| National
2012, pp. 153-166 University Ne. 5, 2015, pp. 54-57
Fibres and Textiles (1) 2020 85




13.

14.

15.

16.

Slavinskaya A.L.. The Methods and Ways
of Anthropometric Research for Designing of Clothes:
Monograph, Khmelnitskyi: KhNU, 2012, 189 p

Masalova V.A., Shildt E.V.: Gradation by the method
of scaling of patterns of sewing products, Clothing
Industry Ne.5, 2005, pp. 38-41

Razdomahin N.N.: Aspects of anthropometric clothing
provision: technology of searching for anthropometric
points on photographs of a human figure, Clothing
Industry Ne2, 2006, pp. 24-25

The unified methodology for designing the clothes
ofthe CMEA (UMCD CMEA), Theoretical basis,
Moscow, TsNIITEllegprom, 1988, 163 p

Fibres and Textiles (1) 2020

86

17.

18.

Basiluk E.V., Bannova I.M.: Development
of the method for grading the patterns of female
shoulder outfits with differentiation of gradation
schemes by silhouettes, Bulletin of Khmelnitskyi
National University Ne5, 2008, pp. 17-21

Koshevko J., Yakymchuk D., Yakymchuk O.,
Chepeliuk O., Myrhorodska N., Orlenko O., Nosova I.:
Study of cutting presses in designing a women’s
costume for hospitality industry, Eastern-European
Journal of Enterprise Technologies 5/1(89), 2017,
pp. 26-36,
https://doi.org/10.15587/1729-4061.2017.110962




FIXATION OF REINFORCING FABRIC FOR ION EXCHANGE
MEMBRANE

Eliska Stranska and David Nedéla

MemBrain s.r.o., Pod Vinici 87, Straz pod Ralskem 47127, Czech Republic
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Abstract: A reinforcing fabric is an integral part of heterogeneous ion exchange membranes (IEMs).
It guarantees the mechanical resistance of IEMs. Thermal fixation of the fabric is one of the most important
refining operations, which is also reflected in the production of IEMs during lamination on heated cylinders.
The influence of the fixation temperature (grey variant, 120, 160 and 215°C) of the Ulester 31HDA
polyester fabric with a twill weave on the production of IEMs was studied. DSC, iodine sorption value
measurement and dimensional stability during the additional heat load were studied for commercially
supplied fabrics Ulester 31HDA. The values were compared with a model series of fabrics prepared
in laboratory drying under precisely defined conditions (temperature and time). The principle of fixation
is the rearrangement of the internal fiber structure associated with the change of the crystalline phase.
The reinforcing fabric is dimensionally stable up to the fixation temperature. lodine sorption value
decreased with the increasing temperature of fixation. No changes were seen from SEM images or density
measurements. DSC analysis did not show the predicted dependence for the model series of fabric.
Dimensional changes after temperature loading increased with temperature.

Keywords: heterogeneous ion exchange membrane, preparation of membrane, reinforcing fabric, iodine

sorption value, differential scanning calorimetry, shrinkage of reinforcing fabric.

1 INTRODUCTION

Heterogeneous ion exchange membranes (IEMs),
which are used in electroseparation processes,
consist of a polymeric matrix, an ion exchange resin
which contributes to the transport of ions through
the membrane and also a reinforcing fabric
that guarantees good mechanical properties [1-3].
Heterogeneous IEMs can be prepared by extrusion
of a polymer and ion exchange resin mixture, with
the simultaneous incorporation of a reinforcing fabric
on heated rolls [2, 3]. In this manufacturing process,
it is important to have a properly fixed fabric in terms
of temperature. If the reinforcing fabric is insufficiently
fixed, additional shrinkage occurs during lamination
of IEMs, which affects the quality of the produced
IEMs, decreases the free area of the reinforcing
fabric and thus also increases the electrical
resistance of the manufactured IEMs [4]. Production
is more demanding - extending the runway time,
adjusting the entire production line, quality
of the fabric is transferred to the manufactured IEMs
quality. It is also necessary to buy a larger width
of fabric to keep the required width
of the manufactured IEMs. These factors increase
the price of the reinforcing fabric and the IEMs.

For synthetic fiber fabrics, fixation is one of the most
important refining operations. The desired touch
and shape stability is a result of simultaneous heat-
fixation and stretching of the fabric. The main change
in synthetic fibers during fixation is the increase
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of the content of the crystalline fraction [5]. The fabric
should be dimensionally stable up to the fixation
temperature. The degree of fixation can be
determined by several procedures, for example, by
measuring DSC (differential scanning calorimetry),
ISV (iodine sorption value), fiber density, critical time
measurement, temperature, concentration or
measurement of dimensional changes before and
after thermal loading in a laboratory press.

The aim of the work was to characterize
the commercially supplied grey reinforcing fabric and
fixed fabrics at 120, 160 and 215°C and then to test
them in the process of manufacturing IEMs. First,
it was necessary to create a model line of fixed
fabrics at defined temperatures and times, which was
characterized by DSC and ISV. The commercially
available reinforcing fabrics Ulester 31HDA were
compared to the model series and additionally
the dimensional changes at 120, 140 and 160°C,
mechanical properties and density were determined.
Cylinders used for laminating IEMs are normally set
to these temperatures.

2 EXPERIMENTAL

2.1 Materials

The reinforcing woven fabric Ulester 31HDA (Silk
& Progress, Czech Republic) in 4 variants was used
to test the degree of fixation and quality of IEM
preparation. Basic parameters of the fabrics are
shown in Table 1.


mailto:Eliska.Stranska@membrain.cz

Table 1 Properties of used reinforcing fabrics

Reinforcing fabric Temperatt{x:g]of fixation Thl[tilkmn]ess V\ﬁrg{l]\:{%ﬂ Free (o[e/‘t:_]n) area
Ulester 31HDA grey - 263 27.7/30.5 40.6
Ulester 31HDA 120 120 249 28.5/30.5 39.8
Ulester 31HDA 160 160 260 29.8/30.2 39.2
Ulester 31HDA 215 215 242 29.2/30.4 39.1

Ulester 31HDA is a polyester woven fabric with a twill
(2:2) weave, consisting of a monofilament of 150 ym
in warp and 100 ym in weft direction. Ulester 31HDA
grey was not washed and fixed. Other fabrics
(Ulester 31HDA 120, 160 and 215) were already
washed and fixed at 120, 160 and 215°C at Alligard
(Czech Republic). The fabrics were stretched
to the frame during the fixation, the duration
of the heat was 2 minutes. Ulester 31HDA grey was
used to prepare the model fabric series that were

fixed at 120 - 215°C for 1 or 2 minutes
in the laboratory drying oven.
2.2 Methods

Model reinforcing fabrics were characterized by DSC
and ISV. Commercially supplied reinforcing fabrics
(Ulester 31HDA grey, 120, 160 and 215) were
characterized using SEM (scanning electron
microscopy) and DSC. Dimensional changes before
and after the thermal loading in the laboratory press,
the ultimate force and strain, ISV and the density
by pycnometry were determined. All commercial
reinforcing fabrics were subsequently tested
in the production of IEMs on the continuous
lamination line in MemBrain s.r.o. and the influence
of the degree of fixation on the production and quality
of IEMs was evaluated.

SEM — scanning electron microscopy

The structure of the reinforcing fabrics was
investigated using a FEI Quanta 250 FEG scanning
electron microscope. The SEM measurement
conditions were 10 kV voltage, in low vacuum
(80 Pa) with LFD (large field detector) for secondary
electrons.

Dimensional changes during temperature loading

Shrinkage in the warp and weft direction
was determined at 120, 140 and 160°C for all fabrics
according to CSN 800823 [13] in the laboratory
press. Testing was only in dry conditions;
the reinforcing fabrics were placed between cold
metal sheets.

DSC - differential scanning calorimetry

The purified sample was placed in a DSC PT 10
(Linseis) pan. DSC analysis was performed during
heating and cooling. Two cycles of heating and
cooling were measured in Ar atmosphere.
The heating rate was 15°C min”, the cooling rate
was 2°C min'. The maximum temperature
was 305°C. The melting point and melting enthalpy
were evaluated from DSC curves. Crystallinity [%]
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was calculated using the enthalpy of melting AH,,
from the 1% cycle according to the equation:

AH

o (1)
AHY,
where AH is the enthalpy of melting for 100% crystallinity
of polyester from 2M cycle.
ISV — iodine sorption value

Sorption of I, [5-8] into the amorphous regions
of the fabric was determined by the iodine sorption
value (ISV) [mg Iz.g'1]. First the solution of 40 g KI +
59 I, + 50 ml of water was prepared. The samples
were degreased and dried. 1.2 ml of the prepared
solution was added to 0.2 g reinforcing fabric. After
5 minutes, 100 ml of water was added. After 1 hour,
75 ml of the solution was taken and titrated with
0.02M sodium thiosulphate of the exact
concentration. Starch was used as an indicator. ISV
was calculated according to the equation:

mg |
ISV( gz)
g

Crystallinity = 100 %

V (101,2) 2)

thiter) c (Na,S,03) M (1)
m

where Wingis the volume of blind sample, Vi is the volume

of titer with sample, ¢ (NazS.03) is the concentration

of sodium thiosulfate, M (l.) is molar weight of iodine.

Mechanical properties

The mechanical properties of the reinforcing fabric
were measured with samples of dimensions
of 50x200 mm (clamping length) according to
the 1ISO 13934-1 [14] using an H5KT (Tinius Olsen)
tensile testing machine with a test speed
of 100 mm.min™". The stress was in the warp and
weft direction.

Density

Density was measured using the Pycnomatic ATC
automatic  helium  pycnometer (ThermoFisher
Scientific).

Preparation of IEMs

IEMs were prepared from an anion exchange resin
and polyethylene. The mixture was extruded through
a flat head between the rolls, onto which the Ulester
31HDA (grey, 120, 160 and 215°C) commercially
available fabric was introduced. The temperature
of the rolls for all fabrics was 140°C, the temperature
of the extruded mixture was 136°C. The continuous
lamination line speed was 1 m.min”. IEMs were
laminated on both sides. IEMs were rolled up after
cooling [9].
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3 RESULTS AND DISCUSSION

The dimensional changes (length - warp direction,
width - weft direction, thickness) of commercial
Ulester 31HDA after additional heating at 120, 140
and 160°C was tested by the laboratory press.
The reinforcing fabric was fixed by cold metal sheets
and was inserted into the heated press
to the desired temperature. Sample sizes were
determined before and after exposure. The results
for the warp and for the weft are shown in Figure 1.
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Figure 1 Shrinkage of reinforcing fabrics Ulester 31HDA
in the weft (a) and warp (b) direction

The thickness of the samples increased in all cases
due to the shrinkage of the fibers in the crossing
of fabric. During the IEMs lamination, additional
shrinkage occurred only in the weft direction.
The warp is stretched by the roll from which it is
unwound. Dimensional changes increased with
higher temperature in the warp and weft directions.
Dimensional changes in the warp direction were
much lower than in the weft direction. This is due to
the process of fixation and weaving, where
the anisotropy of the reinforcing fabric properties

occurs [10]. Ulester 31HDA grey had the highest
shrinkage. The shrinkage decreased with
the increasing Ulester 31HDA fixation temperature,
which we anticipated.

The results did not show significant differences
of fabric density and mechanical properties. Average
values for ultimate force have an increasing
tendency, but they are within the measurement error.
The ultimate strain in the weft direction also showed
a slight increase (Table 2). The anisotropy
of mechanical properties in the weft/warp direction
was already published by many authors [10-12].
The impact of stress on mechanical properties
is enormous. The anisotropy of fabric properties is
given by the fabric structure based on
the perpendicular threads in the warp and wetft. It can
also affect the relative shifts of individual threads and
the interaction of the threads at the bonding points.

During the fixation, the internal structure is
rearranged, increasing the content of the crystalline
fraction. From a thermodynamic point of view, it is
the establishment of new conformational equilibria
of the polymer chains in the threads deformed during
the refining operation. I, sorption is the basic method
for determining the degree of fixation of synthetic
fibers. |, is absorbed only into the amorphous regions
of the threads at polar sites (NH, CO). The proportion
of crystalline regions in the fiber increases with
the increasing degree of fixation and the sorption of I,
decreases [5-8]. From the model series and
commercially available fabric Ulester 31HDA, it is
seen that ISV decreased with the increasing fixation
temperature. The decreasing dependence is well
evident in Figure 2. The ISV is determined with
arelatively high error. For more accurate
measurement of the fabric with an unknown fixation
temperature, the method should be adjusted.

From DSC analysis, it was possible to calculate
the crystallinity of the material, which varied
according to the temperature history of the sample.
There was a melting peak in the DSC curve, which
did not change with the temperature of the fixation
of the reinforcing fabric. Crystallinity was calculated
from the 1° cycle (heating and cooling) when
the sample still had a temperature history due to
the fixation temperature. The problem with DSC
measurement for fabrics was the small sample
weight at the detection limit and poor heat transfer
from the pan to the sample. The heat transfer was
improved in the 2 cycle (fabric is in the sheet form),
but the temperature history of the sample was not
visible on the DSC curve.

Table 2 Density, ultimate force and strain for commercial reinforcing fabrics

Reinforcing fabric Densm&; g)r:‘c_%ometry Ultlmate[:lo;c:n-‘x\]larp/weft Ultimate str;kr} - warp/weft
Ulester 31HDA grey 1.380 1260425 / 543+12 4613 / 28+2
Ulester 31HDA 120 1.393 1240435/ 57113 46+3 / 28+1
Ulester 31HDA 160 1.380 1330+16 / 62119 44+1/ 3443
Ulester 31HDA 215 1.385 1290165 / 63516 4214 | 3611
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An increasing proportion of the crystalline phase
to temperature was only apparent for commercially
available Ulester 31HDA samples (Figure 2).
For the model series of samples, the increasing
proportion of the crystalline phase was not
confirmed. This was probably due to insufficient heat
transfer from the pan to the sample or low sensitivity
of the DSC.

SEM pictures of commercially supplied Ulester
31HDA are shown in Figure 3. No significant
changes during fixation were visible on the threads.
The increasing fixation temperature only slightly
decreased of the free (open) area of the reinforcing
fabrics (Table 1) in the order of percentages.

225
© model fabric -
[ 2 min exposure

® model fabric -
1 min exposure

® Ulester 31HDA

- 175 } 120, 160, 215 °C

[ISV|,mgl, g’
I}
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°
° °
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@]
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Temperature of fixation, °C b)

Figure 2 lodine sorption value ISV (a) and crystallinity (b)
of model fabric and commercially supplied Ulester 31HDA

The production of IEMs with Ulester 31HDA 215 and
160 took place without any significant problems.
The Ulester 31HDA 215 and Ulester 31 HDA 160
on 140°C warm rolls had a shrinkage of 0.4%,
respectively 2.6% in the weft direction. Values
correspond to the measured data from the laboratory
press at 140°C. Production of IEMs took place
at lower temperatures (140°C) than the temperature
of the fixation of the reinforcing fabric (160 and
215°C). Textiles were stable at this temperature.

IEM production with Ulester 31 HDA grey and 120
was more problematic. Greater parameter changes
and setting of pressures on rolls had to be done.
The Ulester 31HDA grey and Ulester 31 HDA 120
on 140°C warm rolls shrinked by 16.7%, respectively
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10.2% in the weft direction. These values also
the measured data

correlate  with
in Figure 1.

presented

d)

Figure 3 SEM pictures of Ulester 31HDA grey (a), Ulester
31HDA 120 (b), Ulester 31HDA 160 (c) and Ulester 31HDA
215 (d)



The formation of wrinkles and fabric duplication
occurred with high shrinkage of the reinforcing
fabrics on the rolls, where there is uneven tension
and material distribution. The defects are visible
in Figure 4. In some places, the reinforcing fabrics
were folded and rolled into the IEM in two layers.
Another problem was the formation of surface
wrinkles formed by the imprinting of PET foil which is
used to separate IEM from heated rolls.
The reinforcing fabric rumpled the PET foil because
of its high shrinkage and wrinkles from PET foil were
imprinted on the IEM surface.

a)

c)

Figure 4 Images of unsatisfactory production of IEMs;
wrinkles caused by high shrinkage of the fabric
on the warm rolls

Fibres and Textiles (1) 2020

91

These IEMs were then marked as unsatisfactory.
Despite the difficulties, it was eventually possible
to start production with this type of reinforcing fabric,
so all variants would be used in the production
of IEMs.

4 CONCLUSIONS

The effect of the fixation temperature of reinforcing
fabric Ulester 31HDA on IEM production and their
characterization was investigated using basic
methods such as DSC, ISV measurements
or dimensional changes before and after
the temperature exposure.

ISV decreased with the fixation temperature due to
lower sorption of iodine in crystalline regions.
However, the method is not sensitive enough
to determine the precise fixation temperature
of reinforcing  fabrics.  Dimensional  changes
at temperatures below the fixation temperature
of the fabric were within 5%. Shrinkage increased
with increasing temperature. Below the fixing
temperature, the fabric is still thermally stable.
The crystallinity was determined from DSC analysis.
Anincreasing trend was demonstrated only
in commercial samples Ulester 31HDA. From SEM,
density, or ultimate force and strain measurements,
there was not visible difference between reinforcing
fabrics treated at different temperatures. All types
of Ulester 31HDA  textles can be used
in the manufacture of IEMs by lamination. In some
cases, itis necessary to increase the correction
of the individual parameters of continuous lamination
line. The price of fixation of the reinforcing fabric is
around 20% of the purchase price of the reinforcing
fabric. Production problems with the reinforcing
fabric fixed at lower temperature than the production
temperature of the IEM are large and there is
the large amount of unsatisfactory production. Thus,
other IEM components are also drawn. The price
of fixation of the reinforcing fabric thus appears to be
more advantageous. It is also recommended
to fixation at 160 or 215°C.
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development of Membrane Innovation Centre" supported
by the program NPU | Ministry of Education Youth and
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Abstract: Batik is a traditional textile that has developed in Indonesia. UNESCO's recognition
of Indonesian traditional textiles (batik) as a cultural heritage is driving the development of batik trends
in Indonesia to become not only a fabric, but also a regional identity. This study aims to explain how
the identity of the region is manifested in a specific motif in each region in Indonesia that can be identified
from fabric and clothing products. This research employed artistic research approach with multiple-case
study design in five batik industry areas, namely Semarang, Kudus, Cirebon, Surabaya and Malang
as the center of the people's batik industry. The research was carried out through the steps of: a) visual
data collection and batik creation process, b) visual analysis, c) synthesis and d) verification. Product data
were collected through batik product documents and were corroborated through observation. The data
were then analyzed using an interactive model. Batik motifs are based on guiding elements and design
principles. There are findings of the structure of motifs from the regional icons during batik making both
in the form of cloth and clothing. This has become the trend of Indonesian batik today

Keywords: batik, icon, identity, motif, textile.

1 INTRODUCTION

This article was written based on the results
of aresearch in the past year about Indonesian
Batik. Batik is a traditional Indonesian textile art
that has developed since the 18" century. Batik
as a traditional textile has been handed down from
one generation to the next for centuries [1]. Batik is
a traditional textile which was originally only worn
by the royal or aristocratic groups in Java.
The tradition of making batik textiles is considered
asacred thing that can only be done inside
the palace and the results are for the clothes
of the king, his family and his followers, which are
symbols of Javanese feudalism [2]. Javanese
feudalism appears in the types of batik that can only
be worn by kings and aristocrats, which
distinguishes batik from those used by ordinary
people or ordinary people.

UNESCO's recognition of Indonesian traditional
cloth (batik) as a cultural heritage on October 2,
2009 became a booster of the growth of the batik
industry in Indonesia [3]. As one of the traditional
arts and culture, Indonesian batik is currently
increasingly has its own attraction for foreign
communities. The success of batik textiles attracted
international attention [2]. The application of batik
design that is increasingly developing shows
the creativity of batik designers in the traditional
textile industry that is in line with the target
audience [4]. Batik developed rapidly in Java Island,
which was integrated in the north coast culture.
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Batik in the north coast of Java, besides being
popular for its creativity and uniqueness, also has
a strong historical background of traditional textiles,
started from the regions of Cirebon, Semarang,
Kudus, Surabaya, to Malang. The phenomenon
of the development of batik today is not only
as a piece of cloth with a sprinkling of ornaments
or motifs, but has developed into a legitimacy
oridentity of an area. In Indonesia, nowadays,
creations of batik products have now begun
to appear, including Semarang Batik (Semarang-
style batik), Kudus Batik (Kudus-style batik), Cirebon
Batik  (Cirebon-style  batik), Surabaya Batik
(Surabaya-specific batik) and Malang Batik (batik
typical of Malang citizens). Thus, research is needed
on the development of Javanese batik which is
becoming the current trend. Research related efforts
to develop the batik industry sector, which can be
said as an effort to lift the image of traditional textile
art based on local culture [5].

Currently, the research related to batik has been
done, but there is no research that discusses
the batik textile industry from the perspective
of regional identity which is becoming a clothing
trend in Indonesia lately. This research has a novelty
in the form of empirical disclosure about
the perspective of regional identity in the process
of traditional textile production and its implications
inthe form of regional clothes. The construction
of regional identity is inherent in the depiction
of iconic motifs.
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This research is useful as it does not only conserve
monumental batik in Indonesia, but also emphasize
the difference between ftraditional batik textiles
in Indonesia and other countries that contain
educational values based on traditional culture.
Indonesian textile batik is not only a textile material
product in the form of cloth, but also it has cultural
values in the form of knowledge, attitudes and skills
that are passed on from one generation to the next
through the educational process in society.
Additionally, this study is useful to: 1) improve
the reproduction of motifs, fabrics and batik clothes
based on regional identities; 2) publish batik
as a cultural heritage, especially the noble values
in it; and 3) encourage the development of the batik
industry as a medium for visual arts education.

2 METHODOLOGY

This paper is based on field research which is
oriented to empirical and theoretical analysis
of educational values in batik textile works
as a product of local culture, therefore the research
approach employed artistic research [6]. It relates
to the specific purpose of the research which is
to analyze the design of Javanese batik motifs and
the construction of identity that is contained.
This research was conducted with a multiple-case
study design [7] in five traditional batik industry
areas studied, namely Cirebon Batik, Semarang
Batik, Kudus Batik, Surabaya Batik and Malang
Batik. The object of research is batik textiles
in the form of fabric or clothes. The research
locations are five traditional batik industry centers,
namely: 1) CV Cipta Karya Mandiri, 2) Kampung
Batik Semarang, 3) Kampung Batik Trusmi,
4)Virdes @ Batik Collection and 5) CV Batik
Antique Malang.

The research was carried out through the following
steps: a) visual data collection and batik creation
process through observation of the creation process,
b) mapping of motif specifications from various
regions in Indonesia, c) aesthetic visual analysis
of batik motifs, and d) verification. Product data were
collected through batik product documents and
corroborated through observation. Data analysis
used qualitative approach using an interactive
model. The analysis of batik motifs is carried out
based on the guidelines of the elements and design
principles.

3 RESULTS AND DISCUSSION

3.1 Process of batik creation

Indonesia has many popular batik industries
inthe form of small and medium businesses.
The batik industry in Indonesia is generally a small
and medium industry which is the livelihood of some
people [8]. Widespread batik art belongs
to the people of Indonesia and Javanese, especially
after the end of the XVIII century or the beginning
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of the XIX century. The batik industry in Indonesia
is spread in several regions on the island of Java
which later became the name of the types of batik
[9].

Traditional batik which is still continuously preserved
and developed openly are Batik from the Cirebon
(West Java Province), Semarang (Central Java
Province), Kudus (Central Java Province), Surabaya
(East Java Province) and Malang (Central Java
Province). Four of the five regions are
in the northern Javanese cultural region.
The characteristics of traditional textiles in the north
coast of Java are open, dynamic and creative
in terms of motifs and patterns [9].
These characteristics differ greatly from traditional-
classical textiles in the interior (Solo and
Yogyakarta) which are very rigid and obedient with
very strict motive structures, because they were
influenced by the power of the Javanese kingdom
in the past [10].

In the current development, iconic motifs
in Indonesia are sourced from cultural and
philosophical backgrounds also come from physical
buildings. The existence of regional icons becomes
the main source of ideas in making motifs. Palace
Gate and the vehicle of the king of Cirebon
are specific form icons in Cirebon, Central Java.
The building of Lawang Sewu and the Tugu Muda
monument are the icon of Semarang, Central Java.
Monument of Kudus Tower is the icon of Kudus,
Central Java. While on the eastern part of Java
Island there is the Surabaya Monument
as the Surabaya icon and the Monument of Malang
as the icon of the city of Malang, East Java.

The process of making batik is very unique and
different from the traditional textile creation in other
countries. The process is done for many times,
at least five times. Making motifs is done on a piece
of cotton or silk fabric using a pencil. The sticking
process of wax liquid that has been heated to 59°C
on a piece of cotton or silk cloth by following
the motif functions to cover up the motif. Coloring
process can be done naturally or chemically.

| 1. Designing motifs on plain fabrics |

.

2. Gluing the waxy liquid to close
the motif using "canting"

e

| 3. Coloring the fabric |

| 4. Melting the candle |

| 6. Drying the fabric |




Natural dyes are produced from the colors that
we can get from a variety of plants, for example fruit,
roots, leaves, or tree bark [11]. Chemical dyes are
processed / produced chemically by industry. These
chemical dyes can be classified into seven color
ingredients namely Napthol, Indigosol, Rapide,
Ergan Soga, Soga Couplings, Soga Chroom and
Prosion. The next process is to melt the wax
by boiling it in boiling water. The motif part that is
covered by wax will be seen after the wax
is dissolved with boiling water. The last process
is washing the fabric using water. Water has
an irreplaceable role in the textile industry. Every
textile production depends on water and
the adequacy of good quality water. Washing is one
of the most important activities in the process
of making textiles [12]. Figure 1 shows the photos
of the batik making process.

Table1 Visual analysis of motif designs with regional icons

Figure 1 Process of making batik traditionally

3.2 Iconic motif structure as regional identity

Batik motifs are analyzed
structure, namely the main

and filler motif (isen-isen).

based on their forming
motif, companion motif,
Table 1 explains how

batik regional icons were analyzed for their shape

and structure.

INo| Developing Batik Motif Analysis of Motif Structure

Icon Description

Regional Icon

* Main motif: palace gate and
veranda (Kingdom of Cirebon)

o Companion motifs: cloud motifs
and fence motifs.

o Filler motif: line and point
elements

o Motif structure uses parallel-
repeat technique

o Using white fabric as
background and brown color
on the motif

e The source of the idea of motifs
is the Cirebon area icon, which is
the palace gate of Cirebon in
Central Java

¢ The gate is a landmark
in Cirebon, Central Java

Palace Gate of Cieo‘n
Central Java

o Main motif: paksi naga liman
||« Companion motifs: bird and soil
motifs
o Filler motifs: line and point
elements
" | » Motif structure uses opposite-
M| repeat technique
¥ | Using white fabric as
background. Brown, yellow and
black on the motif

liman

» The source of the idea of motifs
is the traditional vehicle
of Cirebon Palace in the past
¢ The shape of the vehicle
is the imagination of the paksi
naga liman (a combination
of elephants, eagles, and
dragons)
e The icon of paksi naga liman
vehicle is the identity
of the Cirebon area

The vehicle of the king
of Cirebon in Cirebon, Central
Java

* Main motif: lawang sewu

o Companion motif: Javanese
tamarind plant motif

=| (Tamarindus Indica)

i1 |e Filler motif: line and point
elements

o Motif structure uses diamond-
repeat technique

o Use sogan-brown color
as background. White color is
used in the tamarind motif
outline and orange in the motif

» The idea source of the motif is
the Lawang Sewu building, an
icon in Semarang, Central Java
area

e This building is a building with a
Dutch architectural style that is
in the center of Semarang City
as the icon of Semarang City

The building of Lawang Sewu
in Semarang, Central Java

e Main motif: Tugu Muda
o Companion motif: Javanese
M| tamarind plant motif
(Tamarindus Indica) and bird
motif
o Filler motif: line and point
elements
| e Motif structure uses opposite-
repeat technique and red
as a background. Green and
blue colors are on the main
motif

Batik Motif of Tugu Muda

¢ The idea source of the motif
is the Tugu Muda building
which is also an icon
of Semarang Central Java and
is located besides Lawang Sewu
¢ This building is located
in the center of Semarang City,
as one of the icons of Semarang
City

il

m' ‘u i

—a

The monument Tuu ua
in Semarang, Central Java
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o Main motif: Kudus Towere
Companion motif: tobacco leaf
and tobacco flower motif
(Nicotiana Tabacum)

o Filler motif: point elements

o Motif structure uses quarter-
drop technique

o It only uses one main color
which is blue as background

Wl | e The white color of the fabric

is used for outline motifs

¢ The idea source of the motif
is the Kudus Tower which is
an icon of Kudus City, Central
Java

e This building is a protected
historical building (artifact)
in Kudus City

¢ This building is a religious
symbol of Islam in Java

Monument of Kudus Towr
in Kudus, Central Java

e Main motif: monument, shark
and crocodile

o Companion motif: flora motif
(leaves and flowers).

o Filler motif: point and line
elements

o Motif structure uses parallel-
repeat technique

o |t uses five color variations,
including black
on the background, white,
green, blue, and red

e the e el e on the motif
Batik Motif of Surabaya
| |Monument

¢ The idea source of the motif
is the Surabaya monument,
an important icon of Surabaya
City, in East Java

e The word "Surabaya" comes
from the Javanese language,
consisting of the words "suro"
and "boyo", meaning "shark"
and "crocodile”

e This building is located
in the center of Surabaya City,
East Java

bk
Surabaya Monument

#l |« Main motif: Malang Monuments
Companion motif: tendril motif

o Filler motifs: points, lines,
square

o Motif structure uses parallel-
repeat technique

and brown on the motif

- - £ >.
Batik Motif of Malang
Monument

#l |« It uses black on the background

¢ The idea source of the motif
is the monument of Malang city,
an icon in Malang City, East Java
e This monument is located
in the center of Malang City,
East Java

e e

onment of Malang Cit

When in the beginning of batik, depicted in particular
motifs, served as the identity of the Royals, later
on it has evolved into a medium to showcase one's
regional identity [13]. The trend of batik motifs that
are developing in Indonesia at this time shows many
local icons. The phenomenon is actually motivated
by the interests of one region's identity with each
other. The strong importance of identity (brand
image) in several regions has implications
for creativity in developing the iconic motifs of each
region. Basically, the motifs that are developed
originate from the idea of regional landmarks
(physical environment or artifacts).

When we refer to the historical view, batik was
originally an art form from the Javanese kingdom
which later became popular among the people,
notonly the nobles but also ordinary people.
Through a piece of batik fabric, the cultural meaning
is conveyed and preserved. Through visual forms
and symbols, batik also conveys cultural meanings
handed down from generation to generation.
Batik keraton, batik paksi naga liman, batik lawang
sewu and batik malang were made with a repetitive
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stamp technique through laying wax with a stamp,
coloring and removing wax. The stamp technique
was chosen because the motif has symmetry so that
it can be produced faster when stamped. Different
from the kudus motif and suro-boyo motif made with
written techniques. This technique uses a canting
tool (a traditional stationery containing wax ink).

This process  requires a longer  duration,
but the result of motives is more dynamic.
3.3 Application of regional icon motifs

on clothes or uniforms

Here is an example of the application of batik fabric
with motifs on formal clothes presented in Figure 2
and Figure 3. The applications can be presented
on the collar, arms and body on formal clothes for
men and women.

Batik cloth with regional icon motifs is more
appropriate to be applied to formal clothes
or uniforms. The application of motifs on formal
clothes for women is usually in the form of formal
dresses, while for men it is usually in the form
of a shirt with short and long sleeves. People wear




formal clothes in various situations, such as at work,
meeting someone new, or in a job interview [14].
Formal dress is often worn to follow the norm, gain
respect, signify professionalism and maintain social
distance [15].

(a) shirt collar model

9

(b) slaves & cuff

(a) shirt sketch

Figure 2 Example of motif placement on long-sleeved
pattern of menswear

(a) shirt collar model

(a) shirt sketch /

; . (b) slaves & cuff

Figure 3 Example of motif placement on womenswear

For the Javanese, batik is a traditional cloth which is
integral to their cultural identity [16]. The application
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of motifs and fabrics to clothing is very flexible and
varied [17]. The examples in Figures 2 and 3 apply
to the Surabaya monument motif, which can also
be applied to other batik motifs. The batik motifs that
will be applied to the fabric are adjusted according to
the design of the clothes. Based on the results
of visual analysis, the application of batik motifs
on clothes adjusts the structure of the collar, arms
and body. The shape of the clothes, which can be
produced from the application of the regional icon
batik motifs, can be broader for other motifs
(motif of gapura kraton, motif of paksi naga liman,
motif of Lawang Sewu, motif of Tugu Muda, motif
of Kudus tower, motif of Surabaya monument and
motif of Malang monument). The fabric can also be
applied to dresses or skirts by adding plain cloth
as a complement. Additionally, the size of motifs
can be further reduced so that the composition
of the motif can be more complicated and complex.
The application of colors, especially women's
clothing, can use bright colors as another variation.

4 CONCLUSION

Based on the research discussions, it could be
concluded that the phenomenon of batik
from the regions of Cirebon, Semarang, Kudus,
Surabaya and Malang, which illustrates motifs
in the form of regional icons, shows a growing trend
at the moment. Regional identity was depicted
in specific motifs in each region in Indonesia which
can be identified from fabric and clothing products.
The motifs are the paksi naga liman, Gapura
Cirebon, tugu muda Semarang, Lawang Sewu
Semarang, Kudus tower, Surabaya monument and
Malang monument. The developed motif structure
consists of the main motifs, companion motifs
and filler motifs (isen-isen) originating from the idea
of the environment of physical icons or local area
artifacts. Development of basic motifs into patterns
employs parallel-repeat technique, opposite-repeat
technique and diamond-repeat technique.
After the motifs and patterns are arranged into batik
fabric, that's where it starts to be considered how
to apply it to clothing aesthetically.

The admission of batik as one of the world's

intangible cultural heritages had an impact
on extensive development in several regions
in Indonesia (Java). The trend of developing

the motifs is motivated by the interests of the identity
of one region against another. The importance
of identity in some areas of Java has implications
for creativity in developing iconic motifs.

This research can be significantly used
as a theoretical reference and practice of batik motif
design and its application in formal menswear and
womenswear. The pattern of its application
in clothing design is done by considering the collar
model, the shape of the arms and the shape
of the body parts.
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Abstract: This article attempts to create a mechanism for determining the optimal management of the use
of production capacity in the textile industry. The peculiarity of this mechanism is that it is based
on the hierarchy method using the choice of a Pareto-effective set of alternatives. The method of analyzing
hierarchies in such systems has two rather important advantages. On the one hand, it allows stakeholders
to express their subjective view on the system of values of the enterprise. On the other hand,
on the contrary, the method minimizes subjectivity (including lobbying) in relation to specific alternatives.
Indeed, after defining specific criteria with a system, it is rather difficult to present an essentially
non-objective comparison of alternatives on them. Based on the proposed methodology, has been
developed the software that allows you to calculate alternatives and making the best decision.
The proposed methodology is universal and can be used in all types of industry for selecting the optimal
strategy and for further improving of an enterprise development strategy.

Keywords: textile industry, optimal management, hierarchy analysis method, internal material flows,
capacity utilization, evaluating alternative solutions, multistep decision choice.

1 INTRODUCTION

Despite the fact that rich experience has been
accumulated in the history of the world economy
in organizing industrial production and managing
the efficient use of production capacities,
the possibilities of rational use of production
capacities in large industrial companies have not
been fully utilized. Textile products account for 5.0%
of world trade and 6.4% of industrial exports [26].
Atthe end of 2017, the use of production in this
industry amounted to 88.0% in India, 81.2%
in the Netherlands, 81.0% in China and 78.9%
in Turkey [27]. In other developing countries with
lively labor, an even lower rate is observed.

World scientific research centers conducted
research in the field of optimizing the use
of production capacities at textile enterprises,
managing resources at an enterprise, and improving
the supply chain of products at textile enterprises.
Currently, research is being carried out in priority
areas for making managerial decisions to increase
the efficiency of capacity utilization, the introduction
of modern automatic control systems MRP Il, ERP
in the management of capacity utilization, strategic
planning of capacity utilization, developing
an enterprise development strategy and improving
management efficiency at textile enterprises.

In recent years, Uzbekistan has pursued a policy
of accelerated modernization of the textile industry.
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However, the level of utilization of production
capacities of textile enterprises in the republic
remains low. Incomplete use of available production
capacities at textile enterprises negatively affects
the financial condition of the enterprise, which leads
to a decrease in the return on investment.
The Strategy for Action on Five Priority Directions
of Development of the Republic of Uzbekistan
in 2017-2021 defines priority tasks for “further
modernization and diversification of the industry
by moving it to a qualitatively new level, aimed
at accelerating the development of high-tech
manufacturing sectors, primarily for the production
of finished products with high added cost based
on deep processing of local raw materials” [28].
The effective implementation of these tasks requires
the development of proposals and recommendations
to improve the efficiency of use of production
capacities at textile enterprises of the country.

2 LITERATURE REVIEW

The last twenty years have been studies in the study
of  production capacity, the organization
of production at industrial enterprises and
the management of production processes were
analyzed by Y. Levin, et al [1], A. Sebastiano,
etal [2], A. Golmohammadi, et al [3], C. Chien,
et al [4], M. Dauvis, et al [5], Kupriyanov Sergey V.,
etal [6], Dadalova MV [7], K.S. Kryvyakin [8],
E. Milewska [9]. D. Huang, et al [10], Jingfeng Shao,
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et al [11] and T. Koltai, et al [12]. The foundations

of production management were laid by P. F.
Drucker [13], R. Mayer [14], W.R. Chestnut,
etal[15], and the strategic management

of production capacity in enterprises has been
deeply studied by scientists Y. Khojasteh [16],
J. H. Blackstone, et al [17], J. V. Bon, et al [18] and
A. A. Thompson, et al [19].

On the part of M. Dadalova, the concept of “capacity
management” has been investigated, interrelated
functions have been examined, the implementation
of which is the management of production capacity.
In his work, the author analyzed the stages
of development of production capacity management
strategies and types of production capacity
management strategies in accordance with
the capabilities of the enterprise related to its current
activities and future plans. He proposed
a methodology for integrated assessment
of production capacity management, which is based
on qualitative and effective indicators of production
capacity management. Methodology for assessment
the efficiency of production capacities management
at textile enterprises were investigated by
B. O. Tursunov in other works [25] and this research
is a logic continue of last research part.

K.S. Krivyakin studied the organization of the use
of production capacity at machine-building
enterprises, proposed a model and algorithm for
the effective organization of the use of production
capacity, developed a methodological approach
tothe organization of the balance of use
of production capacity, based on an analysis
of the balance of components of production capacity
in the scale of the workshop. But the author did not
take into account the goals of the head and
stakeholders of the enterprise, which would
significantly =~ complicate  the implementation
of the developed methods if the stakeholders could
not come to a unified consensus.

The Saaty method was successfully applied by
T. Tsibizova and A. A. Karpunin [20] in assessing
the quality of management processes, in particular
to assess the quality of the work of teachers.
The proposed approach provides an objective
assessment of the quality of the daily work
of a teacher associated with the current performance
and student attendance, and not only with
the results of intermediate final assessments.

But in all the above-mentioned research papers,
the mechanism for determining the optimal
management of the use of production capacity
at the textile  industry  enterprises was  not
considered, and we made an attempt to develop
amechanism for determining the optimal
management of the use of production capacity,
which was tested on the textile industry.
The mechanism is based on a hierarchy method that
uses the choice of a Pareto-effective set
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of alternatives, which allows interested parties
to express a subjective view of an enterprise’s value
system. On the other hand, on the contrary,

the method minimizes subjectivity with respect
to specific alternatives.
3 METHODOLOGY
The hierarchy analysis method (MAI) s

a mathematical tool for a systematic approach
to complex decision making problems. This method
was developed by the American mathematician
Thomas L. Saaty [21], who wrote books about him,
developed software products and has been
conducting ISAHP symposia for 20 vyears
(the International Symposium on Analytic Hierarchy
Process). MAI is widely used in practice and actively
developed by scientists around the world. Along with
mathematics, it is also based on psychological

aspects. MAI allows to structure the complex
problem of decision making in the form
of a hierarchy in a clear and rational way,

tocompare and quantify alternative solutions.
The hierarchy analysis method is used throughout
the world to make decisions in a variety of situations:
from management at the interstate level to solving
industry and private problems in business, industry,
health care and education [22].

4 ANALYSIS AND RESULTS

In conditions of globalization economy, an important
activity of the enterprise is the constant analysis
of the requirements of the consumer market and
the use of the information obtained to develop
corrective measures aimed at the effective
management of the use of production capacity.

It should be noted that the efficiency of industrial
production directly depends on the volume,
structure, technical condition and level of use
of fixed production assets. It is an increase in capital
productivity and ensuring full utilization of facilities
and equipment is an important direction in improving
the efficiency of enterprises and a condition for
ensuring its competitiveness.

The current state of the economy of Uzbekistan and
all currently existing problems confront enterprises,
the need to formulate strategies to increase
the efficiency of using production capacity
corresponding to the specifics and characteristics
ofa market economy, pursuing a balanced,
reasonable policy to produce products of adequate
quality and the necessary volumes required
by the consumer market.

The development of market relations, the need
to adapt the enterprise to changes in the external
environment brings to the fore the solution
to the problem of the effective management
of the use of production capacity [8].
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Industrial enterprises are systems of high
complexity, the elements of which at the entrance
and at the exit are subsystems of a great variety.
The whole complex of activities within the enterprise
is so complex that it cannot be fully interpreted.
Therefore, the formation of a mechanism to control
the wuse of production capacity uses only
a systematic approach and analysis.

The mechanism for managing the use of production
capacity of an enterprise should solve the main and
complex problem - the realization of the functions

of enterprise  management as a mechanism
of equilibrium  of the internal components
of the enterprise under the influence
of environmental conditions. The solution

to a complex problem is its decomposition in aspects
of consideration [24].

The object of the proposed mechanism for
managing the use of production capacity
is the production potential of the enterprise.

Improving the efficiency of capacity utilization
requires continuous planning. Moreover, the plans
are needed, of course, both operational and
strategic. The formation of the mechanism for
controlling the use of production capacity takes its
basis in strategic planning, since the achievement
ofthe desired result depends on a number
of interdependent decisions.

The basis of the proposed mechanism for managing
the wuse of production capacity (Figure 1)
is the process of forming a strategy to improve
the efficiency of the use of production capacity,
implemented through a method of analyzing
hierarchies.

The strategy to improve the efficiency of the use
of production capacity is based on the results
of coordinated actions in the field of planning,
organizing and monitoring activities for the use
of production capacity of the enterprise. The above
activities are cyclical in nature, according to
the result of which the management entity makes
decisions on making the appropriate changes,
focusing on the achievement of planned indicators
and factors of the external and internal environment
of the enterprise.

The subject of management of the process of using
production capacity in an enterprise in order to make
a rational managerial decision requires
the decomposition of a complex problem into simpler
particular tasks. This is the focus of the hierarchy
analysis method (analytic-hierarchical process).
The method is based on ordinal processing,
i.e. “Soft” information that comes to the decision
maker (DM), and on the basis of this incomplete
information, allows us to determine a number
of alternative solutions [20].

Coordination of capacity utilization activities

¥

24
1. Planning the use of production 2. Organization of the use 3. Monitoring the use of production
capacity: of production capacity: capacity:
1.1 Planning optimal equipment 2.1 Creating  conditions  for 3.1 Monitoring of production organization
loading for optimal equipment L\ optimal use of equipment and technology compliance
loading 2.2 Organization of flexible use[> 3.2 Monitoring of rational use of labor
1.2 Planning the number of labor resources resources
of employees necessary for 2.3 Organization of management 3.3 Control over the use of materials in
the effective use of PC of internal material flows production
1.3 Planning the material needs 3.4 Ensuring the rational use of elements
of production of production capacity

L

External factors
affecting the process
of using production
capacity

&

F = f(demand, supply,
I:> price, competition)
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Forming a strategy to increase the efficiency of using production capacity
based on the hierarchy analysis method
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Internal factors

F = f(technological, ©
labor, finance, fixed affecting the process
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capacity
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Figure 1 Mechanism of managing the use of production capacity of a textile enterprise (Source: author's elaboration)
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The whole mechanism is focused on the choice
of the strategy of the enterprise; here the formation
of a strategy to improve the efficiency of the use
of production capacity is a key element. It should be
noted that external and internal factors influence
the formation of a strategy for increasing
the efficiency of production capacity utilization.

The system of goals for making strategic decisions
does not always have a specific form; moreover, it is
first necessary to develop the targets required for
making a decision. In the course of the sequential
identification and formulation of the main goals
through the definition of sub-goals, a hierarchical
target system is created. At the same time, it is also
necessary to establish differences in the importance
of goals of one hierarchical level. However, with
the growing number of criteria taken into account
when evaluating alternative solutions, the ability
of the decision maker (DM) to analyze problems
decreases [23].

For optimization, it is reasonable to use a multistep
decision choice using a modified hierarchy analysis
method [13] using rapid estimates of dominance and
different weights of experts depending on their
qualifications and consistency. Such approaches
allow to exclude the least significant variants
of the criteria and get rid of the analysis of obviously
losing alternatives. A fairly large number of papers
are devoted to theoretical methods for substantiating
such approaches [4-19]. An interesting example
of using the combined multi-stage method to simplify
the management of competitiveness is given in [20].

In this article, we will call the “analysts” a group
of experts working on the adoption of an optimal
mechanism  for managing an enterprise.
“Stakeholders” will name all interested persons
whose opinion will be taken into account when
searching for the appropriate solution. All together
we will call "experts."

In some cases it is important to take into account
the different significance of the opinions of experts.
Forthis purpose, we introduce the concept
of the weight of the expert, v,, i=1L...,m, where
m - the total number of experts. For simplicity, further
calculations will assume that the weights of the experts

are normalized: v, +v, +...+v, =1.

To select the optimal solution in these systems, it is
proposed to use the following multi-stage
mechanism for choosing the optimal solution, built
on a combination of survey methods, analysis
of dominance and analysis of hierarchies.

Stage 1 Formation of a preliminary extended list
of alternatives and criteria and their rapid
assessment.

Stage 2 Optimization of the number of alternatives
based on the choice of their Pareto-effective set.
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Stage 3 Determining the weights of the significance
of the criteria and optimizing their number
by eliminating the extremely insignificant.

Stage 4 Stakeholder survey with a view to pairwise
comparison of alternatives by criteria. Determination
of the final weights of alternatives using the Saaty
method and various weighting factors
of the stakeholders, adjusted to the consistency
of the assessment. [24]

If necessary, alternative leaders obtained in the final
stage can be analyzed using more labor and
financially costly methods.

Stage 1 Analysts present their options for criteria
and alternatives for management decisions

A set of criteria and alternatives are proposed
to complement the stakeholder. After offering their
options, they also give a preliminary assessment
on a 5-point scale to the criteria and alternatives for
the tables (see below). Having collected all
the offers, a similar 5-point evaluation is carried out
by analysts.

Table 1 Criteria rating scale

Score The importance of the criterion

Very important criterion

Important criterion

Criterion can be considered

Criterion can be ignored

The criterion is not worthy of consideration or the criterion is
not named by this stakeholder

= (IN[Ww|B~O;

Table 2 Scale of preliminary assessment of alternatives

Score Quality alternatives

One of the best management solutions

Good management decision

Acceptable management decision

Bad management decision

= |IN[W[~|O

Very bad management decision option or Alternative not
named by the respondent stakeholder

As a result, after the end of the first stage, we obtain
two matrices of preliminary estimates:

Ao =(a) (1)
where g, — evaluation of the j-th altemative
by the i- expertt j=1,...,N,, N, - total number
of alternatives.

Cy = (cik) )
assessment of the k-th criterion by
k=1,...,N,; N, -total number of criteria.

i -the expert;

If it is clearer, you can write: We get two tables of rapid
assessment:
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Table 3 Scale of preliminary assessment of alternatives

A Alternative 1 | Alternative 2 Alternative
Expert 1 all a12 alN[
Expert 2 ay, a,, @Gy,
Expert m A A2 amN

C, Criterion1 | Criterion 2 Criterion N
Expert 1 o C1y Cin,
Expert 2 Cyy Cy ... Can,
Expert m Col Co2 CmN,

Stage 2 A Pareto-optimal set of alternatives is selected
An alternative string p is considered to be dominated
if there is another row in the same table such q that all

its indicators are not worse than the indicators

of the row k£ and there is at least one better:
Viia,za,; 3l:a,>ay, (3)

Dominated alternatives can be removed from

consideration. Indeed, they are inferior to other
alternatives in the opinion of all experts. As a result
of the stage, the matrix of alternatives can significantly
decrease and take the form:

A =(ay) )
j=1...,n, where n, — new number of alternatives,
n,<N,-

It should be noted that it is impossible to do the same
with criteria because even less significant criteria can
influence the choice if the indicators of alternatives are
equal by the leading criteria.

Stage 3 Determined by the weight criteria

In this case, the comparison of criteria according
to the Saaty method [21] is carried out with the only
difference that pairwise comparison of criteria based
on an expert survey is not carried out, and previously
obtained express estimates are used for comparison
matrices. To translate the assessments of each expert
into quantitative points of comparisons, it is proposed
to use the following relationships:

Table 4 Scale schedule for the assessments of each expert
into quantitative points of comparisons

Difference

If the ratio is inverse, the quantitative indicators are set
accordingly: 1,1/3,1/5,1/7,1/9.

Thus, for each i-expert, a matrix of pairwise
comparisons is constructed:

B' = (b ) (5)
where always b, =1 and b}, =1/b}, ; k,l=1,...,N,.

As a result, according to the standard formulas for
determining the approximate eigenvalues of this
matrix, weights w, of each criterion k are determined
according to the i -expert of the:

i (pip AL
Wk:(bkl'bm'w'bkm) (6)
Sy =W+ Wy +...+ Wy 7)

wh =W/ Sy (®)

It can be shown that with this definition of comparisons
they will all be consistent. Based on the weights
obtained for each expert, we construct a common
weight column for the criteria as a weighted average
of experts with regard to their weights:

1 2 m
W, =W W + VW, .V, W 9)

If there are a lot of criteria, then it is possible to carry
out a screening procedure. It is proposed to assume
unimportant and in the future not to use criteria
for which the weights satisfy the following system
of restrictions:

w, <&
i . (10)
w, <9, Vi
where ¢ and J are the criteria for screening criteria.
We recommend taking &£=0,05 and 6=0,1,

but these parameters can be adjusted upwards with
too many remaining criteria and downward
in the opposite case. After screening off unimportant
criteria, it is necessary to repeat the procedure
for determining the weights of criteria, starting with
the construction of comparison matrices B'.
As aresult, we obtain a set of n, significant criteria

(n. <N, ) with a weight column w:

T _
w _(W]5W27"’5Wn(,)

(11)

Stage 4 With an optimized set of alternatives,

PP . Number —— - -
b‘:_t‘"e:“ Qualitative interpretation indicator | We perform a pair-wise comparison procedure using
estimates . s . T
ignificant criteria.
e —¢. = ( |The criterion q is equivalent to the 1 signinea C ena ]
how criterion p The classical procedure of the Saaty method with
2,y — ¢;, =1 |The criterion gis allittle more important 3 a 9-point scale [22] is used. We conduct a survey
5 $§:é:feﬁg;eg‘:2§"me o ot ofexperts and compile matrices of pairwise
c. —C,. = . . . .
ig ~ Cip than the criterion p 5 comparisons of alternatives for each criterion for each
¢ —_c. =3 |The criterion is much more important 7 expert:
iq ip than the criterion DK — (dki ) (12)
¢ —c. = 4 |The criterion q is fundamentally more 9 pa
o important than the criterion p where superscripts denote i-th expert's opinion on the k-th
criterion.
Fibres and Textiles (1) 2020 103



if, in i -the expert’s opinion, the alternative p
d’p‘; =1|and ¢ alternative are indifferent from the point
of view of the £ -th criterion;

if, in i -the expert’s opinion, the alternative p
ki H : . .

d,, =3 |is slightly better than the alternative g in terms

of k -the roth criterion;

if, in i -the expert’s opinion, the alternative p
d/p“q =35 [is better than the alternative ¢ in terms of the
k -th criterion;

if, in the opinion of i -the expert, the alternative
p is significantly better than the alternative ¢

in terms of the & _th criterion;

Ko_
dpq—7

If, in the opinion of i -the expert, the alternative
p is fundamentally better than the alternative

g interms of the k -th criterion;

Ko_
dpq—9

always:
ki ki ki
dpp = 1’ dp = 1/ dqp

q

(13)

Next is the procedure for determining the weights
of alternatives:

ki ki gki ki \Y"a
Gy =(dyi-dpy ... df,) (14)
S¢ =G +GY +...+ G (15)
g, =G, [S¢ (16)

In addition, consistency relationships are defined
to compare each expert for each criterion [22]:

S5 df e df v s ab, (17)
Lkz‘:Z{ci,glfff+z’;i.g§i+...+2ﬁi-g,lfi (18)
-
o B (19)
n,—1
i
crl = £ (20)
RI

where RI - random index of consistency, which is
determined depending on the number of alternatives
on the table:

Table 5 Values of the random consistency index

n 314|567 |89 1]|11[12]13 |14

a

RI]0.58(0.90|1.12|1.24|1.32|1.41(1.45|1.49|1.51|1.48|1.56|1.57

As is known, comparisons are considered consistent
if CR <0.1; poorly matched comparisons for
0.1<CR<0.2 and inconsistent for large values CR.

In order to take into account consistency, it is
proposed, when weighing the weights
of alternatives, to multiply i-the expert’'s weight v,

by an additional “coefficient of consistency” z*
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of his opinion on the £k-th criterion, defined
as follows:
1, CRY<0,1
Z"=10,5 , 0,1<CR"<0,2 21)
0 , CR">0,2

So, the weights of alternatives according to all criteria
are obtained as weighted average by weight
of experts, taking into account the consistency of their
opinions:

k _ Kkl k1 k2 k2 km km
gp_gp WV -z +gp VYV, Z +"'+gp v, Z

(22)

m

where gﬁ - weight alternative p by criterion k .

As a result, we determine the matrix of weights
of alternatives by the criteria:

G=(g}) (23)

Multiplying matrix G by w vector, we get the final
column of weights of alternatives to achieve our goal:

w=Gw (24)
or if to paint on elements:
1 2 .
o, amtgiw, t... g W
1 2 .
) g2wl+g2w2+...+g;"w”£
S = _ (25)
1) 1 2 .
g gﬂa Wl + g"u WZ +...+ g:[, W”L
The alternatives with the greatest weights «,
are accepted as alternatives-leaders and are

recommended for implementation in production.

The approbation of the mechanism shows that it is
necessary to take the necessary measures
to improve the efficiency of the use of production
capacity at the enterprise Namangan Tukimachi
LLC. The proposed method of forming a strategy for
increasing the efficiency of using production capacity
based on the hierarchy analysis method is universal
and can be used in other industries.

5 CONCLUSIONS

In this study, we tried to create a mechanism for
determining the optimal management of production
capacity in the textile industry. The basis
of the mechanism is the formation of the company's
strategy, which are defined by goals. AHI is used
to select the optimal control. In its original form,
the AHI implies the use of the original approach
by T. Saati to calculate the relative significance
ofthe signs and the formation of estimates
of the relative importance of alternatives in terms
of signs, as well as using the majority principle
for the final calculation of the weights of alternatives.
However, the method does not provide for taking
into account the presence of problem situations;
on this basis, we used the choice of a Pareto-
effective set of alternatives.
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And so, the method of analyzing hierarchies in such 8.

systems has two rather important advantages:

it allows stakeholders to express a subjective view

of an enterprise’s value system, and the method

minimizes subjectivity (including lobbying) in relation

to specific alternatives. Indeed, after defining

specific criteria using the system, it is rather difficult 9

to imagine a substantially non-objective comparison '

of alternatives to them. The results are important

for decision-making in textile enterprises, as well as

for other sectors of the economy. 10
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50" ANNIVERSARY OF ESTABLISHMENT THE RESEARCH
INSTITUTE FOR TEXTILE CHEMISTRY IN ZILINA

Jozef Sestak

VUTCH-CHEMITEX, spol. s r.o., Rybniky 954, 011 68 Zilina, Slovak Republic
jozef.sestak@yvutch.sk

50 years from establishment of the Research
Institute for Textile Chemistry (VUTCH) will elapse
on March 1, 2020. The institute was established
on the base of Decision of the Ministry of Economy
of the Slovak Socialist Republic No. 10/1970.
The research institute started its activity originally
inrented premises of the national enterprise
Slovena Zilina. It picked up on a long-standing,
nearly 18 years' tradition of the company research
department and later branch research department
at the national enterprise Slovena, which was one
ofthe  biggest textile research  workplaces
in Slovakia.  Originally, 22  workers worked
in the newly established institute; 6 of them with
university education and 10 of them with secondary
professional education. 17 workers worked directly
in the research. The rented premises covered
862 m>. Ing. Rastislav Salma has been appointed
managing director of the institute and he remained
in his office untii  1979. Principal acitivity
of the institute focused mainly on development and
application of new technologies and textile
auxiliaries for finishing, development of new textile
products, development and construction
of machinery for non-traditional finishing processes
and evaluation of care and quality of home textiles.

The period of 1980-1989 was a significant stage for
VUTCH not only with regard to further development
of the research activity, but also construction of new
working spaces and widening the material base
of the institute. The research activity focused
on inter-branch and inter-sectorial field. Ing. Alojz
StryCek, CSc. has been appointed managing
director of the institute and, after his promotion
to the function of general director of the national
enterprise Slovena, Ing. Peter Jergu$, CSc. has
been appointed managing director on 1.1.1985.
Increasing number of projects included in the state
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plan of development of the science and technology
points to a permanently growing technical level
of the solutions. The most important projects were
as follows: New textile auxiliaries and technologies
from aqueous and non-aqueous media,
New directions of special textile finishes,
Development of new assortments of home textiles,
Advanced methods for recovery of textile waste.
Results of the technical solutions have been
implemented in many enterprises: Slovena n.p.
Zilina, BZVIL n.p. Ruzomberok, Merina n.p. Trenéin,
Zavody 1. maja n.p. Liptovsky Mikulé$, Tatrasvit n.p.
Svit, Petrochema n.p. Dubova, Duslo n.p. Sala,
NCHZ n.o. Novaky, LTZ n.p. Revuca, LKZ n.p. Holi¢
etc. On the base of successful solution of a project
a production line for manufacture of shaped car
carpets designed for passenger cars S-742 as well
as aline for manufacture of car carpets for
passenger cars Skoda-Favorit has been introduced.
At agiven time all requirements for deliveries
of the shaped car carpets up to a quantity
of 180 thousand assemblies/year were satisfied.
The production lines were manufactured without
requesting foreign currency and exclusively from
domestic components and materials. Costs
of importing one line from capitalist states
represented 20-25 million valuta crowns.

For the first 20 years of existence of the institute
total of 159 research tasks and projects have been
solved in following structure: state projects — 12,
sectorial tasks — 8, branch tasks (financed
by the Directorate-General  Slovakotex) - 33,
company tasks — 43, others (study works, services
etc.) — 63. An integral part of creative activity
of the workers were also results achieved in the field
of innovatory movement. In total, the workers
of the institute submitted 102 patent applications and
143 proposals for innovation in the period of 1975-
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1989. Out of that total, 64 author's certificates have
been granted and 99 proposals for innovation have
been adopted. In the late 1980s, 202 employees
worked in the institute and useful area of own
premises in three buildings was 4 450 m?.

A strong turbulent period was marked in the institute
in the first half of the 1990s. It was caused
by serious all-society changes in the frame
of Slovakia. In September 1989, Ing. Jozef Sestak
was appointed managing director on the base
of elections of the employees. He held the above-
mentioned office constantly until December 2018.
Fate of the industrial research organizations became
uncertain. Privatisation process of the state
enterprises has begun. The state enterprise VUTCH
has been privatised by own management
on 1.9.1994. A period of uncertainity since 1990 was
over. The period brought about also a significant
reduction of employees up to alevel of 108
(on 31.12.1993) as well as decrease of turnover
to about 23 mil. Sk. We continued on a limited scale
to solve state as well as so-called economic
research tasks in the field of research and
development in spite of declining support
by the state and decreasing interest
of the manufacturing enterprises after liquidation
of VHJ Slovakotex Tren&in. Research works of that
time fosued on elaboration of projects as follows:
TECHNITEX - Development and application
of technical textiles, EKOS - Solution
of environmental problems in consumer industry,

INTEGRA - Integrated and composite textile
materials, OLEOCHEMIA - Application
of oleochemical raw materials in manufacture
of industrial auxiliaries etc.

There was asignificant change in structure

of the activities of the research institute in the period
of 1995-1999. At the end of the period there was
significant reduction of the research activities mainly
due to economic problems in many textile
enterprises, which were subsequently liquidated
or which did not cope up with the transformation
process after privatisation. Besides, at the end
of the 1990s there was further reduction of support
of research and development in the form of state
government grants. Therefore, it was necessary
to work intensively on development of new activities
which  would contribute towards economic
stabilisation of the institute, exploitation of creative
potential of the professional team as well as
technical potential in the chemical and textile
laboratories. Two years after establishment
of the authorized testing laboratory SKTC-119
(established on 1.1.1993) it has been noted that
it was a correct step. The process of accreditation
for selected tests performed by the Slovak National
Accreditation Service (SNAS) has been handled
asaresult of a responsible approach. Share
of turnover from testing and certification services
amounted to cca 20-25% from total turnover
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of the institute in 1995-1996. Reputation
of the authorized testing laboratory SKTC-119 has
grown continuously amongst the professionals
aswell as non-expert public in the frame
of the Slovak Republic in the above-mentioned
period. Aremarkable turnaround and growth
of turnover in the field of testing and certification
activities has occured since the introduction
of compulsory certification of textiles and clothing
on 1.7.1997. For example, in 1998 even 3243
certificates were issued and share of turnover from
testing and certification of products amounted to 55-
60% from total turnover of the institute in 1998-1999.

The first contacts with the representatives
of the International OEKO-TEX® Association for
textile human ecology through a partnership with
OTI Vienna have been established in the above-
mentioned period. The aim was to establish SKTC-
119 in an appropriate form on the international level.
The institute succeded in making this intention
in 1999 when it became a co-opted member
of the OEKO-TEX® Association. At that time share
from these activities amounted to 7.5% from total
turnover of the testing laboratory.

In 1995-1999 an important  contribution
to stabilisation of the economical results
of the institute had also in-house manufacture
of chemical specialties, small scale textile and
engineering manufacture.

This manufacture was notable also due to the fact
that ahigh share of products constituted
implemented results from own research projects,
solved in the past. The assortment of textile
auxiliaries included mainly washing, softening,
levelling and other agents for textile finishing.
The production volume was 100-150 t/year. Special
electroconductive and antibacterial additives with
trade mark BIOSTAT® were manufactured later.

In the beginning of the 21% century situation
in the institute was associated mainly with expansion
of the testing and certification activities. Legislation,
laying down obligatory certification of textiles and
clothing in the frame of the Slovak Republic has
been applied until 2004. This situation has changed
fundamentally after entry of the Slovak Republic
to the European Union on 1.5.2014. A sharp drop
of outputs in this field has been recorded. It was
necessary to seek new opportunities for the testing
laboratories in the frame of the international OEKO-
TEX® system in accordance with the valid EU-
legislation and to focuse also on safety evaluation
of the personal protective equipment.

In the field of research and development
we continued to focuse on elaboration of projects
aimed at development of various special products,
articles designed to protect consumer's health and
life as well as on development of co-operation with
the basic research in the field of application of new
advanced technologies (e.g. application of low-
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temperature plasma, nanotechnologies,
nanoparticles) etc. Among the most important were
projects as follows: AMBT — Antimicrobial fibres
and textiles, PROTECTION - Research and
development of assortment of special protective
clothing, NANOTEX - Nanostructural surface
modification of fibrous and textile materials,
TENETEX - Nonwovens for advanced technical
applications. Direct financial support
of the international projects was ensured
by the 6" Frame Programme of the European
Commission. In particular, the international projects
titted ENVITEX and ITE focused on creation

of a database of textile enterprises and
a benchmarking study.
Gradually we transfered our activities and

experience in the research also to the field
of testing. We obtained means to complement
the laboratories; we purchased equipment for
special tests (flammability, hydrophobic properties,
rubbing resistance). Besides, new test methods
for finishes applied using nanotechnologies, e.g.
in the field of personal protective equipment, have
been introduced. The research project ZDRAVIE
(HEALTH) — Assessment of influence of selected
chemical substances in textiles on consumer's
health - was important for further development
of the testing activity in the field of assessment
of content of harmful substances, constituting
a health hazard, in textiles.

After 2005, possibilities for funding the research
activities also from support sources of the European
structures expanded considerably. We succeeded
in obtaining financial means to supplement
infrastructure of the testing laboratories through
the project IMPLEMENTACIA (IMPLEMENTATION).
Besides, we took advantage of the first structural
funds available for the Slovak Republic upon entry
to the European Union. The project INOVATEX —
Innovation of testing textiles and clothing to increase
the competitiveness of VUTCH-CHEMITEX, spol.
sr.o. - was very important for us. The financial
means obtained in the frame of the project
significantly contributed to replenishment
of technical infrastructure of the testing laboratories,
mainly with orientation on inorganic analytical
methods and establishment of alaboratory for
evaluation of antibacterial efficiency of textile
materials.

A significant process of establishment of the notified
bodies for selected regulated field of products and
services according to the EU Directives was
implemented in the period of 2004-2005, which was
linked to the entry of the Slovak Republic
to the European Union on 1.5.2004. Our institute
has been notified under number 1296
for the assortment of personal protective equipment
(PPE) by the Slovak Office of Standards, Metrology
and Testing (UNMS SR). Later, notification for toys
has been added to this.
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So far the last decade in the 50-year's history
of the institute has its specific attributes as well.

During these ten years there have been periods
of progress and troubles. We have succeded
in obtaining financial support for 12 key projects with
a government grant in the frame of public calls
of the Slovak Research and Develoment Agency
(APVV). An important achievement was acquiring
a major project supported from the EU structural
funds of 1.25 mil. Eur in the period of 2011-2014.
We obtained also financial support for renewal
and replenishment of the infrastructure
of the laboratories of over 175 thousand Eur
in the frame of this project. Topics in the field
of research and development became
nanotechnologies, application of low-temperature
plasma on textile materials and research in the field
of smart textiles and clothing. In the above-
mentioned period there was a significant change
in structure of incomes of our commercial company.
The original share 70/20/10 (research and
development/ services of SKTC-119/ manufacture)
has gradually changed to 30/60/10 (research and
development/services of SKTC-119/ others).

Change in orientation of research and development
mainly on advanced technologies and products
is evident from following research projects: NANSOL
— Research, preparation and introduction of nanosol
manufacture for nanostructural modification of textile
materials, AMBIPOL — Research and preparation
of antimicrobial nanosol and methods for evaluation
of antimicrobial properties of textiles, VY-INTECH-
TEX — Research of technologies and products for
smart and technical textiles, NANO-MULTI-TEX —
Research of nanotechnologies and preparation

of multifunctional textiles for soldier protection
at the battlefield, PLAZ-NANO-TEX - Research
of influence of low-temperature plasma

on enhancement of permanency of surface finish
applied on textile materials using nanosols,
INTELIGENTEX — Smart textiles and clothing for
mobile monitoring of human vital functions. Many
of the above-mentioned themes are being
investigated also at present in the frame of research
projects focusing mainly on the field of smart textiles
and clothing and/or protection of quality and
originality of products as well as health protection.

Intensity of work in the field of competencies
of the Notified Body No. 1296 for personal protective
clothing increased, on the other hand volume
of R&D  works  decreased. Applications for
assessment of PPE comformity with technical
regulations, submitted by the tendering authorities
(state bodies, wholesalers trading in PPE etc.)
showed an increasing trend every year; at present
the Notified Body has even 20-25 big
applications/year. The largest turnover and increase
in the number of certificates showed -certification
in the international OEKO-TEX® system in the last
10 years. Co-operation with the OEKO-TEX®
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Association started already in 1998-1999, but only
after audit performed by the representatives
of OEKO-TEX® in August 2013 we received status
of an associated member of the OEKO-TEX®
Association with authorisation to issue certificates
for textles and clothing according to
the STANDARD 100 by OEKO-TEX® with world-
wide validity.

Services provided by the accredited testing
laboratories are covered completely
by the Accreditation Certificate No. S-068, issued
by the Slovak National Accreditation Service.

At present 380 accredited methods are used to test
textile raw materials, textile and clothing products,
personal protective equipment, toys, skins, leather,
paper, paper tissue, carboard, plastics, washing,
cleaning and cosmetic agents. The testing
laboratories are accredited also on an international
level, in the U.S. Consumer Product Safety
Commission as CPSC  Accepted Testing
Laboratories under registration number Lab ID 1513.

Services provided in the field of testing and
certification of products, in so-called legally
regulated sphere, require expertise, training and skill
of the team, therefore we work hard in expert
working groups established by the Slovak Office
of Standards, Metrology and Testing and participate
in the meetings of the Horizontal Committee
of the notified bodies directly in Brussels. The goal
isto ensure direct application of the European
legislation in conditions of manufacturers of PPE
on the territory of the Slovak Republic.

Very important is also our active participation
in the Technical Commission for PPE established
by the Slovak Office of Standards, Metrology and
Testing focusing on application of the latest
knowledge in the field of technical standards for PPE
applied in the processes of PPE conformity
assessment.

In conclusion, |would like to say thank you
to my staff whose hard work, enthusiasm, creative
invention and professional skill contributed during
the 50 years’ history of the institute to its reputation
and acceptation at home and abroad. Ing. Dana
Rastocna lllova, PhD. became managing director
of the company VUTCH-CHEMITEX, spol. sr.o.
in January 2019.

Iwould also like to thank all manufacturing
enterprises and companies co-operating closely with
the institute in the past. Some contacts have been
terminated over time, but we received new
requirements from the business sector which
confirm repeatedly positive sense of our activities.
In the past as well as at present we co-operated with
the academic sphere, colleges, universities and
institutes of the Slovak Academy of Sciences.
We benefited from exchange of expertise and new
theoretical knowledge, acquired in the frame
of the co-operation, on their application in industrial
practice.

| believe that also in the next years we shall keep
the high credit among the co-operating companies
and organisations to full satisfaction
of the concerned parties.

—
—3

Ing. Jozef Sestak, CSc.

Managing Director of VUTCH and VUTCH-CHEMITEX, spol. s r.o.
in the period of September 1989 — December 2018
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	Abstract: This article attempts to create a mechanism for determining the optimal management of the use of production capacity in the textile industry. The peculiarity of this mechanism is that it is based on the hierarchy method using the choice of a Pareto-effective set of alternatives. The method of analyzing hierarchies in such systems has two rather important advantages. On the one hand, it allows stakeholders to express their subjective view on the system of values of the enterprise. On the other hand, on the contrary, the method minimizes subjectivity (including lobbying) in relation to specific alternatives. Indeed, after defining specific criteria with a system, it is rather difficult to present an essentially            non-objective comparison of alternatives on them. Based on the proposed methodology, has been developed the software that allows you to calculate alternatives and making the best decision. The proposed methodology is universal and can be used in all types of industry for selecting the optimal strategy and for further improving of an enterprise development strategy.

	1 INTRODUCTION

	4 ANALYSIS AND RESULTS

	In conditions of globalization economy, an important activity of the enterprise is the constant analysis of the requirements of the consumer market and the use of the information obtained to develop corrective measures aimed at the effective management of the use of production capacity.

	It should be noted that the efficiency of industrial production directly depends on the volume, structure, technical condition and level of use of fixed production assets. It is an increase in capital productivity and ensuring full utilization of facilities and equipment is an important direction in improving the efficiency of enterprises and a condition for ensuring its competitiveness.

	The current state of the economy of Uzbekistan and all currently existing problems confront enterprises, the need to formulate strategies to increase the efficiency of using production capacity corresponding to the specifics and characteristics of a market economy, pursuing a balanced, reasonable policy to produce products of adequate quality and the necessary volumes required by the consumer market.

	The development of market relations, the need to adapt the enterprise to changes in the external environment brings to the fore the solution to the problem of the effective management of the use of production capacity [8].

	Industrial enterprises are systems of high complexity, the elements of which at the entrance and at the exit are subsystems of a great variety. The whole complex of activities within the enterprise is so complex that it cannot be fully interpreted. Therefore, the formation of a mechanism to control the use of production capacity uses only a systematic approach and analysis.

	The mechanism for managing the use of production capacity of an enterprise should solve the main and complex problem - the realization of the functions of enterprise management as a mechanism of equilibrium of the internal components of the enterprise under the influence of environmental conditions. The solution to a complex problem is its decomposition in aspects of consideration [24].

	The object of the proposed mechanism for managing the use of production capacity is the production potential of the enterprise.

	Improving the efficiency of capacity utilization requires continuous planning. Moreover, the plans are needed, of course, both operational and strategic. The formation of the mechanism for controlling the use of production capacity takes its basis in strategic planning, since the achievement of the desired result depends on a number of interdependent decisions.

	The basis of the proposed mechanism for managing the use of production capacity (Figure 1) is the process of forming a strategy to improve the efficiency of the use of production capacity, implemented through a method of analyzing hierarchies.

	The strategy to improve the efficiency of the use of production capacity is based on the results of coordinated actions in the field of planning, organizing and monitoring activities for the use of production capacity of the enterprise. The above activities are cyclical in nature, according to the result of which the management entity makes decisions on making the appropriate changes, focusing on the achievement of planned indicators and factors of the external and internal environment of the enterprise.

	The subject of management of the process of using production capacity in an enterprise in order to make a rational managerial decision requires the decomposition of a complex problem into simpler particular tasks. This is the focus of the hierarchy analysis method (analytic-hierarchical process). The method is based on ordinal processing, i.e. “Soft” information that comes to the decision maker (DM), and on the basis of this incomplete information, allows us to determine a number of alternative solutions [20].

	�

	Figure 1 Mechanism of managing the use of production capacity of a textile enterprise (Source: author`s elaboration)
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