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Abstract: The conductive threads are very crucial and essential parts of smart textiles. 
However, there is still a lack of information in general about the operating parameters 
of embroidery with conductive threads and their influences on communication among electronic 
components in the e-textiles product. In this article, silver-coated conductive threads have been 
usage in the fabrication of 4 embroidered designs with two different stitch types (Tatami, 
Running) and two lengths for each stitch (4 mm, 6 mm). The electrical characteristics were 
measured and determined in the frequency domain from 100 kHz to 120 MHz. The impedance 
and resistivity of threads are determined also using the AC voltages at three different 
frequencies 100 kHz, 1 MHz and 10 MHz. The applied voltages were 0.0 -1.0 volts through 
thirty (30) steps. The most important results are summarized in the polarization of silver, which 
is contributing to the measured impedance values so that all stitch types with different lengths 
have the same behavior and trend. The designs of shapes by embroidered stitches are acting 
as perfect resistor at low frequencies while they are acting as perfect inductor at high 
frequencies. The 6 mm stitches length in all stitch types provides low resistance rather than 
4 mm stitches against the common prediction. Therefore, these designs of embroidered shapes 
by certain stitches could be a good potential for antenna applications. 

Keywords: conductive thread, e-textiles, wearable electronics, embroidery. 

 

 

1 INTRODUCTION 

Textiles have been developed significantly in recent 
years than they were in the past, and it has 
a tendency to take advantage of advanced digital 
technologies. Therefore, the possible incorporation 
of electronics has rendered garments a new type 
of high-tech product [1]. The incorporation 
of technology into textile during production of smart 
garments is extremely important as this process 
involves the integration of two important 
components, namely textile and electronic units. 
The incorporation method depends on a desired 
function as each of many functions has unique 
requirements that must be met during 
the incorporation process. Accordingly, smart textile 
is a broad interdisciplinary field of research that 
combines design with textile techniques, electrical 
engineering, and information and communication 
technology in order to develop new products that 
meet specific aesthetic, functional and technical 
requirements [2] in an integrated manner. 
The incorporation of electronics into textiles has 
already opened the way for the production 
of garments with special capabilities which are used 
in the fields of defense, sports, medicine and health 

monitoring [3]. Such an innovation has become 
supportive of the functions that users aspire to, thus 
providing greater efficiency to perform the required 
tasks.  

Currently, there are several distinct methods 
ensuring an effective functional link between textiles 
and electronics by incorporating conductive threads 
into fabrics, dyes, painting and embroidery. These 
methods and their end-use specific functions offer 
solutions to effectively use the materials with 
manufacture technology. The function of a textile is 
determined by the method used for the linking 
process [4]. This research deals with the technique 
of embroidery; a traditional method of incorporating 
threads into fabric, originally used for adding 
an aesthetic aspect [5] on all kinds of fabrics, given 
the high potential of embroidery, its rapid adaptation 
to new designs, and ability to continuously develop 
[6]. In addition, embroidery is applied on fabrics 
at the final manufacturing stage, and this can be 
an advantage because it makes initial manufacturing 
processes much easier [7, 8] and means 
for the mass production of electronic textiles [5, 9]. 
Thus, the ability of embroidery to incorporate 
electronics into traditional fabrics represents 

mailto:aaalbeshri@uj.edu.sa
mailto:egohar@kau.edu.sa
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an opportunity to create new and versatile functions. 
This is applicable as the integration of multiple 
sensors and signal processing units to obtain 
interactive wearable textile systems, enabling 
the collection of large amounts of information, while 
providing greater security to the user [10]. 

Digital embroidery designs also allow the integration 
of electronic components [wires, switches, sensors 
or other electronics) into the surface of fabric, and 
through the use of conductive threads along with or 
without traditional threads to achieve the electrical 
conductivity advantage on textiles [11]. Thus, 
embroidery techniques using conductive threads 
on substrate fabrics have become a very attractive 
approach for fabricating textile-based circuits 
for smart wearables because of their circuit design 
freedom and ease of manufacture compared 
to other processes such as weaving, knitting 
and printing [8]. Automated embroidery has been 
one of the most widely used fabrication techniques 
in the field of smart textiles that contributes 
to the development of flexible and wearable 
electronics and is therefore referred to most often 
as electronic embroidery [2].  

Electronic embroidery is one of the manufacturing 
techniques used in the field of smart textiles. In their 
pioneering work [12] Maggie Orth is responsible for 
the term e-embroidery, which describes the digital 
stitching of electro-conductive threads into textiles 
[13]. She used embroidery to create conductive 
electrodes for capacitive sensing, inspiring other 
works and thereby casting the seed for 
the prospective field of smart textiles [5]. Therefore, 
embroidered electronic systems are being 
increasingly researched, leading many researchers 
to examine the potentials and functional solutions 
offered by electronic embroidery, including 
physiological monitoring, due to the potential 
to place the base material in all directions instead 
of tailored fiber placement (TFP), including through 
availing direct contact between electrical sensors 
and the skin [14, 15], measuring temperature and 
the ECG signal, use of Electrocardiography (EKG) 
shirt with embroidered electrodes for measuring 
an electrocardiogram [16]; use of sensor for 
measuring an electromyogram [17]. 

Other researchers examined some medical cases, 
including the embroidered electrodes and their use 
in wearable surface electromyography (sEMG) [18]. 
Meanwhile, Linz et al. presented the first successful 
measurements with sensors. To obtain maximum 
unobtrusiveness with sensors for monitoring health 
parameters on the human body, they combined two 
technical solutions. First, contactless sensors for 
capacitive electromyography measurements were 
proposed. Secondly, the sensors were integrated 
into textile, so complete fusion with a wearable 
garment is enabled [19]. Roh et al. introduced 
the all-fabric intelligent temperature regulation 
system for smart clothing applications [20]. 

The techniques used in electronic embroidery 
to date can be identified in single-thread embroidery 
(ring stitches) which have been used mostly in body 
signal measurements. Two-thread embroidery 
(standard embroidery) which is a very versatile 
method for creating new technical materials that rely 
on precision and are repeatable. Intricate patterns 
can be achieved, such as circuit board stitching, 
pinch gesture recognition, strain and deformation 
sensors (resistive or capacitive sensors), moisture 
sensors (either capacitive or short- circuit based) [6, 
9]. However, tailored fiber placement (TFP) places 
high tenacity fibers on a basic fabric to create 
preforms. TFP allows the exact placement of fiber 
and fiber - like materials onto a textile substrate. 
Electrically conductive yarns offer a variety 
of braiding possibilities [2, 9]. Each technique 
is used separately and the techniques can be 
combined according to the functional purpose. 

In the field of communication and data transmission 
technology, automated embroidery using conductive 
threaded is considered a promising technique 
as antennas can be incorporated into garments [21-
24]. With the continued increase in demand for 
smart wearable fabric systems, many studies have 
dealt with modeling embroidered contacts for 
electronics in textiles [25] as well as with employing 
embroidery inductors to increase the success 
of a textile-based circuit [26] and employing 
embroidery in a simple and easy manufacturing 
technique aimed at creating robust, reliable, 
pressure-sensitive sensors for concrete and 
wearable interfaces. The textile-based sensor 
technology is also an important component of textile 
industry, as it provides potential for incorporation 
into woven fabrics [27]. Other studies have 
examined the use of embroidered textile-based 
pressure sensors [5, 28-32]. The joining 
of conductive threads through embroidery was 
not limited to previous functions, but it included also 
the creation of an electronic chip board using 
conductive threads, incorporating framed-electronic 
components into fabric [33] and interaction-centered 
applications, such as pinch gesture recognition 
on textiles [34]. In general, there is lack 
of information about the operating parameters 
of embroidery with conductive threads and their 
influences on communication among electronic 
components in the e-textiles product. Some of these 
parameters are length of stiches, type of the stiches, 
type of conductive materials and conductive threads, 
electrical properties of those conductive threads and 
the communication of signals flow in the possible 
contacts of the conductive thread. In this article, 
a comparison study between two types of stitches 
made within different length and different conductive 
thread with a same conductive material as silver was 
made. The conductive thread and threads are very 
crucial and essential parts of the smart textiles. 
The variations in the application of silver-coated 
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synthetic (polyamide, polyester and nylon) threads 
beside natural (cotton, silk and wool) threads 
in embroidery are very wide the electrical properties 
and characteristics must be well studied and known 
for each specific and proper application. 

2 MATERIALS AND METHODS 

The appropriate commercial conductive threads 
Amman silver tech-50 and Madeira HC12 have been 
selected for embroidery, also obtaining standard 
100BY OEKO-TEX. We have been provided with 
standard threads by the company. 

Table 1 Standard threads 

Threads type A 
(silver tech-50) 

B 
(HC12) 

Threads size 
[count] [35] 

Tex no 62 62 
Linear density [dtex] 210*3 616*2 

Threads diameter 
[35] 

Optical diameter [mm] 0.36 0.39 

Tensile properties 
of threads [36] 

Breaking force [cN] 1930 2950 
Elongation at break [%] 20 22 

 

The conductive threads A and B have been 
employed in fabrication of 4 embroidered designs 
with two different stitches types (Tatami, Running) 
and two lengths for each stitch type (4 mm, 6 mm). 
The basic textile of military camouflage was used 
for the Kingdom of Saudi Arabia and two layers 
of supportive textile were used for embroidery 
of Vaseline to reinforce the fabric on the back 
to prevent damage and tear in delicate materials and 
as a backing and reinforcing layer for embroidery. 
Based on the previous variables, the following 
design was proposed to implement embroidery 
samples in a way that suits the possibility of taking 
electrical measurements, as it requires preparing 
the design with a length of 1 meter and a spacing 
of 3 mm for the Running stitch and as for 
the samples of stitches (Tatami stitch) area 
of 5x5 cm and at an angle of 90°. 

Embroidery samples were performed using 
an ELUCKY embroidery machine with an 11/75 
needle to fit the thickness of the fabric. 
The morphological structure and texture 
of the conductive fibers spun to the thread were 
studied and measured in terms of dimensions and 
components the scanning electron microscope SEM, 
Quanta FEG 250, FEI and equipped with energy 

dispersion of X-ray spectroscopy technique EDX, 
Dutch company Quanta with field emission with 
an electric voltage of 5 kV to 30 kV. The Polarizing 
optical microscopy POM using Leica DM750P (Leica 
Microsystems, Switzerland) equipped with reflection 
Kit was used to investigate the texture of thread and 
their coating layer. The electrical properties 
of the conductive threads were measured and 
determined by the electrical characteristics using AC 
High Tester 3535 (Hioki, Japan) in frequency 
domain from 100 KHz to 120 MHz for high range 
of frequencies. While the lower range was measured 
by Ando AG-4311B LCR meter.  

 

 

Figure 1 Design of embroidery samples 

3 RESULTS AND DISCUSSION 

3.1 Thickness of threads 

There are discrepancies in the thickness for the two 
types of the conductive threads, where are 
determined from scanning electron microscope 
as well as polarizing optical microscope as stated 
in morphology sections. The thicknesses are shown 
in Table 2, because the thickness of those 
conductive threads is a vital parameter 
in the electrical properties determination. 

Table 2 Thickness of threads by both SEM and POM 
techniques 

Threads Diameter [mm] Radius [mm] 

A 0.35±0.05 0.175±0.025 
B 0.50±0.05 0.250±0.025 

 
The following laboratory tests were conducted 
at the Saudi Standards, Metrology and Quality 
Organization (SASO) and to determine 
the specifications of the fabrics used and were 
as in Table 3. 

 

Table 1 Standard of the fabrics used 

Textile 
Fiber 

composition 
[37] 

Weave identification 
(construction) [38] 

Fabric 
thickness [mm] 

[39]  

Thread per unit 
length [40]  

Fabric tensile 
strength [N] [41]  

Mass 
per unit area 

[g/m2] [42]  warp weft warp weft 

Basic textile 
polyesters and 

viscose 
plain weave 1/1 0.3 32/cm 32/cm 1032.8  822.2 201  

Supportive 
textile 

polyesters non-woven 0.19   70.9* 63.4* 50 

*marked testing included in accreditation scope in SASO 
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3.2 Metal composition of the embroidery 
threads 

The conductive filaments were imaged with 
a scanning electron microscope technology 
at different levels of magnification up to 6000x. 
The fibers spun to the thread were studied and 
measured in terms of dimensions and components 
of it by X-ray energy dispersion spectroscopy 
technique attached to the scanning electron 
microscope made by the Dutch company Quanta 
with field emission with an electric voltage from 5 to 
30 kV. 

The Figure 3 shows an imaging of thread using 
a polarized optical microscope. 
The X-ray energy dispersive spectroscopy 
of the threads is given in Figure 4. 

Through the above, the basic components that make 
up the threads can be summarized in the Table 4. 

 
Table 2 the basic components for the threads 

Conductive 
thread 

Element [%] 
C O Ag 

A 50.22 33.08 16.69 
B 29.10 17.58 53.31 

 
 

 
a) b) 

 
c) d) 

Figure 2 Conductive filament imaging of A thread (a, b) and for B thread (c, d) at different magnifications (a - 400x;        
b, d - 1500x and c - 200x) 

 
 

 
a) b) 
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c) d) 

Figure 3 The longitudinal section of the conductive A thread using a polarizing optical microscope with magnification 
200x (a), the A thread cross-section (b); the longitudinal section of the conductive B thread (c) with magnification 200x 
and the B thread cross-section (d) 

 
 

 
A thread 

 
B thread 

Figure 4 The X-ray energy dispersive spectroscopy of the threads 
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3.3 Electrical proprieties 

There were having different DEN and other textile 
parameters as stated in their datasheet. 
The electrical characteristics were measured and 
determined using AC High Tester 3535 (Hioki, 
Japan) in frequency domain from 100 KHz to 
120 MHz. This range was carefully selected for 
futuristic studies on antenna performance and 
efficiencies of those threads. Moreover, the efficacy 
of the embroidered conductive thread will be 
examined within different shapes, length, 
and designs. The impedance and resistivity 
of threads are determined also using the AC 
voltages at three different frequency 100 KHz, 
1 MHz and 10 MHz. 

The applied voltages are from 0.0-1.0 V through 
thirty (30) steps. The voltage should be small 
because the thread performance will be dealing with 
small voltages and signals from embedded 
electronics, sensors, and surrounding stimuli. Thus, 
the electrical test ought to consider these variations 
in the measurements of any electrical properties 
or parameters. These voltages were applied at 3 
different frequencies: 100 KHz, 1.0 MHz and 
10 MHz. 

Electrical resistivity ρ [Ω.m] is known as specific 
electrical resistance or volume resistivity, which is 
an intrinsic property of matter. Electrical resistivity 
determines how strongly conductive thread resists or 
conducts electric current. Thus, low material 
resistivity means high conducting materials that 
allow electric current [42]. 

The A thread resistivity is a little bit lower than 
former conductive threads. Where, it was stable 
at 1.63 Ω.cm and 1.78 Ω.cm with 0.1 and 1.0 MHz 
respectively. Within 230% increase of resistivity, 
the A thread became 3.77 Ω⋅cm at 10 MHz for all 
applied voltages (see Fig.5-a). 

In Fig.5-b), the resistivity of B conductive thread is 
stable at 2.27 Ω⋅cm and 2.22 Ω⋅cm with different 
voltages at 0.1 and 1.0 MHz respectively. While 
at 10 MHz the resistivity increased to 4.39 Ω.cm, 
but it was steady with all applied voltages. 

Conductance G [S] 

The reciprocal quantity of electrical resistance which 
is a measure opposition to the electric current flow 
for an object is the electrical conductance. Thus, 
electrical conductance is a measure for an electric 
current to pass through an object easily. According 
to Ohm’s law, both current I and potential V are 
proportional to each other, the constant of this 
proportionality is resistance R or conductance G 
[43].  

� =
�

�
  , � =

�

�
=

1

�
 (1) 

 

 

 
A thread 

 

B thread 

Figure 5 The electrical resistivity of threads measured 
with different voltages in range of 0.0-1.0 V at three 
different frequencies 100 KHz, 1.0 MHz and 10 MHz 

 

 

 

Figure 6 Log-Log scale graph of the thread electrical 
conductance G for all conductive threads against 
the frequencies 
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In Figure 6, the electrical conductance G is 
the highest for both A and B thread around 4 S. 
Several factors could affect electrical conductance 
such as the quality of coating, the thickness 
of conductive threads, length of threads and 
the composition of threads (as stated in morphology 
sections) [44-46]. It was worthy to be noted 
the conductance stability against frequencies is 
variant from each thread to another. A and B threads 
show the lowest stability until a few MHz, but having 
the highest electrical conductance values. 

3.4 Electrical properties of embroidered textile 

The embroidered textile consists of three layers for 
summer seasons using light material that designed 
to the militarily use. The embroidery has been 
performed using two extra supported textiles for 
embroidery. The electrical characteristics also have 
been determined for the textile without any 
embroidered stitches or conductive threads. 
In Figure 7, the impedance |Z| is typical of insulator 
material in range 15.5 MΩ at 150 Hz and decreased 
exponentially to 23.5 KΩ at 100 KHz. Then at high 
frequencies, the |Z| is reach to 177 Ω at 120 MHz. 
The phase angle is stable against all frequencies 
up to 100 MHz at -89

° 
which is the characteristic 

of good small resistor accompanied with a capacitor. 
The reason for that is the textile in between parallel 
two electrodes acting as typical dielectric material. 
The real part of Z* as the resistance Rs is decrease 
exponentially also as |Z| but starting from lower 
value at 1.15 MΩ at 150 Hz and continue in 
the decrease to 49 Ω at 120 MHz. the reactance X 
as imaginary part of Z* is increased from -15.2 MΩ 
at 100 Hz and then increased to -170 Ω at 120 MHz 
in exponential way. 

 

 

Figure 7 The semi-log scale plot of the impedance |Z| 
characteristics against the frequencies applied for 
embroidery on the blank textile without stitches 

The Nyquist plot (or Nyquist Diagram) is a frequency 
response plot used in control engineering and signal 
processing. Nyquist plots are commonly used 

to assess the stability of a system with feedback. 
In Cartesian coordinates, the real part of the transfer 
function is plotted on the X axis, and the imaginary 
part is plotted on the Y axis. The frequency is swept 
as a parameter, resulting in a plot based 
on frequency. The Nyquist plot here is typical 
for insulator component as shown in Figure 8, which 
the Nyquist plot of blank textile declare the stability 
of the textile against the frequency which decrease 
from 1.2 MΩ to the lowest value 177 Ω of impedance 
at highest frequency 120 MHz.  

 

 

Figure 8 The Nyquist plot based on broad range 
of the frequencies for different embroidered stitches for   
E-clothes using Silver tech 50 conductive threads. 
The experimental real and imaginary values 
of the impedance of the conductive embroidered stitches 
in two different lengths 

 

 

Figure 9 The conductance G and susceptance B against 
of the frequencies for E-clothes blank textile without any 
embroidered stitches. The experimental real G and 
imaginary B values of the admittance are co-presented 

In Figure 9, the real and imaginary part 
of admittance |Y| values G and susceptance B are 
plotted against the applied frequencies from 100 Hz 
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to 120 MHz. The current flow is not conducted 
in blank textile materials. The conductance G is very 
small which starts at 0.85 µS at 150 Hz and increase 
exponentially with increasing frequencies up to 
0.065 S at 1 MHz then go into plateau for one 
decade of MHz from 0.8 MHz to 20 MHz. while 
the susceptance B is much smaller than 
conductance G. The susceptance B is increased 
from 62.5 mS at 150 Hz up to 0.014 S at 100 MHz 
as is shown in Figure 9. 

3.5 Embroidery proprieties 

The conductive threads A and B have been 
employed in fabrication of 4 embroidered designs 
with two different stitches types (Tatami, Running) 
and two length for each stitch (4 mm, 6 mm), 
(Table 5). 

3.6 Alternative current AC measurements 

The conductive thread A and B threads have been 
employed in fabrication of 4 embroidered designs 
with two different stitch types (Tatami, Running) 
and two length for each stitch (4 mm, 6 mm). 
The impedance against frequencies from 100 Hz-
120 MHz is plotted in Log-Log scale that measured 
for two types of stitches with two different stitch 
lengths for each stitch type (4 mm and 6 mm). 

It is clearly seen from Figure 10a) that for A 
conductive thread, the impedance of Tatami stitches 
within length 6 mm has the lowest value at 0.6 Ω 
and stable from 100 Hz to 0.1 MHz but within 4 mm 

length to be 1.3 Ω in average for the same 
frequencies.  

In the B conductive thread, the impedance of Tatami 
stitches within length 6 mm has the lowest value 
rather than the same type of stitch but within 4mm 
in low frequencies from 100 Hz to 1 MHz. 

However, the impedance of Running stitch 
in a conductive thread one for its both length 4 mm 
and 6 mm are nearly the same and in a gradual 
increase from 1.6 Ω to 2.98 Ω. All impedance values 
are located between 0.6 Ω up to 4.3 Ω. Once, 
the impedance is crossing the frequency of 1 MHz, 
the polarization of silver is contributing again 
to the measurement, so that all stitches types with 
different length have the same behavior and trend, 
also the impedance becomes too high up to 120 Ω 
at high frequencies 100 MHz as it is shown 
in Figure 10b). 

The same trend is observed also in the Running 
type stitches in B conductive thread of 6 mm stitch 
length against 4 mm stitch length also at low 
frequency. The Running stitch type of stitches has 
lower impedance than Tatami ones but is higher 
than Tatami stitches. All impedance values 
are located between 0.3 Ω up to 6.18 Ω. Once, 
the impedance is crossing the frequency of 10 MHz, 
the polarization of silver is contributing 
to the measurement so that all stitches types with 
different lengths have the same behavior and trend 
as is shown in Figure 10b). 

 

 

Table 5 Embroidery stitches performance of the different on conductive threads 

Type of stitches Running stitch Tatami stitch 
Length of stitch 4 mm 6 mm 4 mm 6 mm 

A thread 

    

B thread 
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a) b) 

Figure 10 The absolute value of impedance |Z| against the frequencies of different embroidered stitches for E-clothes 

 

In A conductive thread, the phase angle is increased 
exponentially from very low values near to zero until 
1 MHz, then the angle continues increasing into 
the plateau that started from 1-10 MHz with values 
near 90°. The same trend as in another B 
conductive thread is observed in the A conductive 
thread. However, the design's shapes by 
embroidered stitches are acting as a perfect resistor 
at low frequencies while they are acting as a perfect 
inductor. In A conductive thread Satin stitches within 
6 mm length are showing the lowest phase angle. 
On contrary, the Tatami 6 mm stitches length is 
the highest phase angle at low frequencies. Phase 
angles in between Tatami 6 mm, other stitch types 
have typical trends also which Tatami 4 mm 
override, as well as both Running stitches of 4 mm 
and 6 mm, are override on each other. All stitch 

types override on each other at high frequencies  
10-100 MHz. 

The impedance phase angle for any component 
(in our case the embroidered stitches designs) 
is defined as the phase shift between the voltage 
across that component and current through that 
component. For a perfect resistor, the voltage drop 
and current are always in phase with each other, 
and so the impedance angle of a resistor is said 
to be 0°. For a perfect inductor, voltage drop always 
leads current by 90°, and so an inductor’s 
impedance phase angle is said to be +90°. For 
a perfect capacitor, voltage drop always lags current 
by 90°, and so a capacitor’s impedance phase angle 
is said to be -90°. Therefore, the impedances in AC 
behave analogously to resistances in DC circuits: 
they add in series, and they diminish in parallel. 

 

  
a) b) 

Figure 11 The absolute value of impedance phase angle against the frequencies of different embroidered stitches   
for E-clothes 
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In Figure11 the phase angle is increased 
exponentially from very low values near to zero until 
100 KHz, then the angle continues increasing 
to the plateau that started at 1-10 MHz with values 
near 90°. 

� = |�| cos � (2) 

� = |�| sin � (3) 

This means the design's shapes by embroidered 
stitches are acting as a perfect resistor at low 
frequencies while they are acting as a perfect 
inductor. Running stitches (B) within 4 mm length 
are showing the lowest phase angle. On contrary, 
in the B conductive thread the Tatami 6 mm stitches 
length is the highest phase angle at low frequencies 
but the same with Tatami in B thread 4 mm at high 
frequencies. 

The same trend of 6 mm in B thread is observed, 
which is higher than 4 mm in B thread in all stitches. 
Thus, the 4 mm in B thread length is favorable 
for low phase shift designed embroidered stitches 
electronic component. 

In Figure 12, the real value of resistance Rs 
is shown against the wide range of frequencies from 
100 Hz up to 120 MHz. The Rs is real part 
of the impedance complex Z* as the following: 

�∗ = �� + ���� = |�|��� = � + �� (4) 

where: �′ is the real part of the complex impedance, which 
is represented by resistance value R. Similarly, 
the imaginary part �′′ is the amount of dissipated energy 
of the current signal in the circuit component. This term 

is always represented with � = √−1 imaginary symbol [47]. 
This imaginary part is valued by reactance X. 

In Figure 12, the real value of resistance Rs 
is shown against the wide range of frequencies from 
100 Hz up to 120 MHz.  

The Rs of 6 mm Tatami stitches in A conductive 
thread with length 6 mm is the lowest resistance and 
it is a half value of the 4 mm Tatami stitches. 
The 6 mm Tatami stitches in A conductive thread 
is similar to B conductive threads as well.  

Also, the resistance of Tatami stitches in B 
conductive threads with length 6 mm is the lowest 
resistance and it is in the few-tenth other Tatami 
stitches with length 4 mm. The 6 mm stitches length 
in all stitches types provides low resistance rather 
than 4 mm stitches against the common prediction. 
This could be explained as the stress and strain due 
to the automatic machines of embroidery are less 
in 6mm if compared to these stresses accompanied 
with 4 mm stitches length. 

The reactance X is the imaginary part 
of the impedance. It is the opposition of a circuit 
component to the current flow due to the inductance 
or capacitance of that component. Higher reactance 
leads to smaller currents at the same voltage 
applied. Although, reactance X is similar to electric 
resistance in this respect even if is measuring unit is 
“ohm” it also but differs in that reactance does not 
lead to dissipation of electrical energy as heat. 
Instead, energy is stored in the reactance and later 
returned to the circuit whereas a resistance 
continuously loses energy. Therefore, these designs 
of embroidered shapes by certain stitches could be 
a good potential for antenna applications. 
The reactance X is below 1 Ω until 1 MHz, while 
there is a continuous increase after 1 MHz to 100 Ω 
till 120 MHz, approximately as well as B conductive 
thread embroidery. The X is a typical trend without 
any significant differences in all types of stitches with 
their different stitch lengths (Figure 13). 

 

 

  

a) b) 

Figure 12 The real value of resistance Rs against the frequencies of different embroidered stitches for E-clothes 
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a) b) 

Figure 13 The reactance X of the designed embroidered shapes by A conductive thread plotted in log-log scale against 
applied frequencies 

 

However, a much close up to the reactance X, 
one can find that the Tatami 6 mm in A conductive 
thread is the lowest reactance but Tatami 4 mm 
is the highest reactance X. Both lengths of running 
stitches have the same values in A conductive 
thread, also, the reactance X of Running stitches 
6 mm and 4 mm. One can find that the Tatami 6 mm 
in B conductive thread is the lowest reactance. 
Also, the reactance X of Running stitches of 4 mm 
is lower than the 6 mm. 

The Nyquist plot (or Nyquist Diagram) is a frequency 
response plot used in control engineering and signal 
processing. Nyquist plots are commonly used 
to assess the stability of a system with feedback  
[48, 49]. In Cartesian coordinates, the real part 
of the transfer function is plotted on the X-axis, and 
the imaginary part is plotted on the Y-axis. 
The frequency is swept as a parameter, resulting 

in a plot based on frequency. The Nyquist plot here 
is typical for conductive component for all stitches 
types in both stitches lengths 4 mm and 6 mm. 
In Figure 14a), the Nyquist plot of A conductive 
thread is presented. The Tatami stitches length 
of 6 mm is showing the lowest value of impedance 
0.5-0.65 Ω.  

In B conductive thread, the Nyquist plot of Tatami 
stitches length of 6 mm is showing the lowest value 
of impedance overall the frequencies against 
the Running stitches 4 mm length in B conductive 
thread which shows the highest impedance and 
resistance (Figure 14b). Also, in Figure 14b), 
the Running stitches of A conductive thread of 4 mm 
and 6 mm lengths have high values of impedance 
from 3.5-4.0 Ω but very small reactance near zero 
across all low frequencies up to a few MHz. 

 

 

  
a) b) 

Figure 14 The Nyquist plot based on broad range of the frequencies for different embroidered stitches for E-clothes. 
The experimental real and imaginary values of the impedance of the conductive embroidered stitches in two different 
lengths are presented 
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On the other hand, the admittance � = 1 �  ⁄ is 
reciprocal of the impedance Z, which is a measure 
of how easily a circuit or device will allow a current 
to flow. Likewise, the admittance Y is not only 
a measure of the ease with which a steady current 
can flow, but also the dynamic effects 
of the material's susceptance B to polarization. 
These dynamic effects of the material's susceptance 
are relating to the universal dielectric response, 
the power law scaling of a system's admittance with 
frequency under alternating current AC conditions. 
The complex admittance Y* is consisted 
of the conductance G as a real part while 
the imaginary part is the susceptance B 
as the following: 

� = � + �� (5) 

where: Y, G and B are measured in Siemens [S].  

In Figure 15a), the absolute admittance |Y| values 
are plotted against the applied frequencies from 
100 Hz-120 MHz. The current flow is easily 
conduced in designed embroidered stitches by 
Tatami stitches in B conductive thread as the length 
parameter 6 mm very easy starting from 3 S to 0.8 S 
along with frequencies up to 800 kHz.  

In Figure 15a), the absolute admittance |Y| values 
are plotted against the applied frequencies from 
100 Hz - 120 MHz. The current flow is easily 
conducted in the designed embroidered stitches 
by Tatami stitches in A conductive thread within 
length parameter 6 mm as the highest value 
of the admittance as stable from 1.79-1.58 S 
in frequency range 100 Hz - 200 KHz, then 
the admittance decrease rapidly to 0.02 S at 
100 MHz. On the opposite, for the same stitches 
type of Tatami but with stitches l; length 4 mm, 
the |Y| is the smallest value, and the opponent 
to current flow is much higher than other stitches. 

The |Y| is 0.46 S at 100 Hz and slightly declined to 
0.207 S but at a much higher frequency (1 MHz) 
than other stitches types. Thus, the stability against 
the frequencies is increased on the count 
of the admittance value. Then, Satin stitches 4 mm 
have lower admittance than Tatami 6 mm. After that, 
the |Y| of Tatami 4 mm has continued the decrease 
and Running stitches in A conductive thread in both 
4 mm and 6 mm are located at 0.46 S in 
Figure 15b). However, the stability of the admittance 
against the high frequency is in favor of the Running 
stitches rather than other types of stitches. 

In final the lowest admittance lower than 0.3 S, 
the Running stitches in B conductive thread with 
both length 6 mm and then 4 mm Running stitches 
are ordered (Figure 15b).  

Therefore, the real G and imaginary B component 
of the complex admittance Y* is illustrated in 
the Figures 16 and 17. In the Figure 16, 
the conductance G is behaving as similar as 
the admittance but in different values and stability 
against the frequency up to 30 MHz.  

All conductance values of stitches types and lengths 
located in between 0.35-2.0 S approximately all over 
the measured frequency range. Then, the instability 
in the conductance after 30 MHz is due to 
the resonance of the silver metal that is coating 
the polymeric thread and filament as well as B 
conductive thread as the experimental limitations. 

Whereas, in Figure 16., the imaginary part B which 
is representing the susceptance B of the materials 
(silvery conductive threads) in embroidered 
designed shapes by different types of stitches as 
Tatami, Satin and Running multiplied within two 
different lengths 4 mm and 6 mm. The susceptance 
B is related to the impedance Z and reactance X 
of the materials as shown before in equation (6). 

 

 

  
a) b) 

Figure 15 The log-log scale plot of the admittance Y against the frequencies for different embroidered stitches              
for E-clothes 
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a) b) 

Figure 16 The log-log scale plot of the real part of admittance Y as the conductance G against the frequencies 
for different embroidered stitches for E-clothes 

 

The susceptance B of this conductive thread has 
much higher values than B. This mean the energy 
stored in the stitches is much higher and it has 
followed the behavior and trend of both impedance 
|Z| and admittance |Y| against frequencies. In Figure 
16, the Tatami 6 mm has susceptance B at -0.8 S 
at 265 KHz, Tatami 4 mm both have much close 
values of B at -0.44 S and -0.41 S at 438 KHz and 
606 KHz, respectively. The Running stitches in 
4 mm and 6 mm stitches have lower susceptance B 
as -0.175 S at 1.06 MHz. There for the real and 
imaginary component of the complex admittance is 
illustrated in the Figures 15 and 16. In the Figure 16, 
the conductance G is behaving as similar as the 
admittance but in different values and stability 
against the frequency up to 30 MHz. 
All conductance located in between 0.1-1 S 
approximately all over the measured frequency 
range. Then, the instability in the conductance after 
30 MHz is due to the resonance of the silver metal 
that is coating the polymeric thread and filament to 
consist of the used conductive thread in the stitches 
as the experimental limitations. The imaginary part B 
which is representing the susceptance B 
of the materials (silvery conductive threads) 
in embroidered designed shapes by different types 
of stitches as Tatami, Satin and Running multiplied 
within two different lengths 4 mm and 6 mm. 
The susceptance B is related to the impedance Z 
and reactance X of the materials. Thus, the B can be 
deduced as the following: 

� = � + �� =
1

�
=

1

� + ��
= 

= �
�

�� + ��
� + � �

−�

�� + ��
� 

(6) 

� =
−�

�� + ��
=

−�

|�|�
 (7) 

Therefore, the susceptance B is recalculated for all 
stitches types of Tatami and Running and they are 
represent in the Figure 16. There are clear 
differences among type of stitches as well as their 
lengths. The Tatami 6 mm stitches provided high 
conductance and low impedance. However, 
the susceptance B is very low near to zero at low 
frequencies until 4 KHz, then the amount of energy 
stored in the stitches decreased as seen in 
Figure 17. When AC passes through a component 
that contains a finite, nonzero susceptance, energy 
is alternately stored in, and released from, 
a magnetic field or an electric field. In the case 
of a magnetic field, the susceptance is inductive. 
In the case of an electric field, the susceptance is 
capacitive. Inductive susceptance is assigned 
negative imaginary number values, and capacitive 
susceptance is assigned positive imaginary number 
values. As the inductance of a component 
increases, its susceptance becomes smaller 
negatively (that is, it approaches zero from 
the negative side) in imaginary terms, assuming 
the frequency is held constant. As the frequency 
increases for a given value of inductance, the same 
thing happens. Therefore, in case of embroidered 
stitches all susceptance B values are negative 
and then the released energy would be inductive. 
The Tatami stitches with 6 mm length have stored 
much energy at high frequency 400 KHz as well as 
Satin 6 mm. However, energy but at higher 
frequency near to 1 MHz. the Tatami 4 mm is much 
less than pervious stitches but more shifted to higher 
frequency 1.5 MHz. Finally, running stitches store 
much lower energy but higher shift toward high 
frequencies 2 MHz and 6 MHz for Running 6 mm 
and Running 4 mm stitches. 
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a) b) 

Figure 17 The semi-log scale plot of the imaginary part of admittance Y as the susceptance B against the frequencies 
for different embroidered stitches for E-clothes 

 

4 CONCLUSION 

The conductive threads are very crucial and 
essential parts of smart textiles but there is a lack 
of information in general about the operating 
parameters of embroidery with conductive threads 
and their influences on communication among 
electronic components in the e-textiles product. 
In this article, silver-coated conductive threads have 
been employed in the fabrication of 4 embroidered 
designs with two different stitch types (Tatami, 
Running) and two lengths for each stitch (4 mm, 
6 mm). 

The influences of embroidery parameters and 
factors such as length of stitches as well as the type 
of stitches were investigated against the electrical 
properties of each design for each conductive thread 
usage. 

Microstructure properties of conductive threads were 
characterized by energy-dispersive X-ray (EDX) 
and scanning electron microscopy (SEM). 
The embroidery process was done by 
the computerized embroidery machine. The effects 
of embroidery parameters such as different stitch 
type, stitch length and type of thread conductive 
were evaluated. The electrical characteristics also 
have been determined for the textile without any 
embroidered stitches of conductive threads. 

The electrical characteristics were measured and 
determined in the frequency domain from 100 kHz-
120 MHz. The impedance and resistivity of threads 
are determined also using the AC voltages at three 
different frequencies 100 kHz, 1 MHz and 10 MHz. 
The applied voltages are from 0.0-1.0 volts through 
thirty (30) steps.  

The alternative current AC measurements were 
conducted for impedance, phase angle, and their 

corresponding parameters such as real-valued 
resistance, reactance, admittance, conductance, 
susceptance and Nyquist plot of ac impedance. 
Thus, results can be summarized as follows: 

 The phase angle in textile is stable against all 
frequencies up to 100 MHz at -89°

 
which is 

the characteristic of good small resistor 
accompanied with a capacitor. The reason for 
that is the textile in between parallel two 
electrodes acting as typical dielectric material. 

 All impedance values are located between 0.3 Ω 
up to 6.18 Ω. Once, the impedance is crossing 
the frequency of 10 MHz, the polarization of silver 
is contributing to the measurement so that all 
stitches types with different lengths have 
the same behavior and trend. 

 The phase angle is increased exponentially from 
very low values near to zero until 1 MHz, then 
the angle continues increasing into the plateau 
that started from 1-10 MHz with values near 90°. 
This mean the designs shapes by embroidered 
stitches are acting as perfect resistor at low 
frequencies while they are acting as perfect 
inductor at high frequencies. 

 The 6 mm stitches length in all stitch types 
provides low resistance rather than 4 mm stitches 
against the common prediction. This could be 
explained as the stress and strain due to 
the automatic machines of embroidery are less 
in 6 mm if compared to these stresses 
accompanied with 4 mm stitches length. 

 The reactance X is below 1 Ω until 1 MHz, while 
there is continuous increase after 1 MHz till 
100 Ω at 120MHz, approximately. There are 
no big differences in X for all types of stitches 
with their different stitch lengths approximately 
as well as HC12 conductive thread embroidery. 
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The X is a typical trend without any significant 
differences in all types of stitches with their 
different stitch lengths. Therefore, these designs 
of embroidered shapes by certain stitches could 
be a good potential for antenna applications. 

 The Nyquist plot here is typical for conductive 
component for all stitch types in both stitches' 
lengths 4 mm and 6 mm. The Nyquist plot 
of Tatami stitches of 6 mm length is showing 
the lowest value of impedance overall 
the frequencies against the lock stitches (B 
thread) 4 mm length which shows the highest 
impedance and resistance. 

 The absolute admittance |Y| values are plotted 
against the applied frequencies from 100 Hz-
120 MHz. The current flow is easily conduced 
in designed embroidered stitches by Tatami 
stitches (A thread) as the length parameter 6 mm 
very easy starting from 3 S to 0.8 S along with 
frequencies up to 800 kHz. However, the stability 
of the admittance against the high frequency is in 
favor to the lock stitches than others stitch types. 

 All conductance values of stitch types and 
lengths located in between 0.35-2.0 S 
approximately all over the measured frequency 
range. Then, the instability in the conductance 
after 30 MHz is due to the resonance of the silver 
metal that is coating the polymeric thread and 
filament conductive thread as the experimental 
limitations. 

 The susceptance B of the A conductive thread 
has much higher values than B conductive 
thread. This means the energy stored in 
the stitches is much higher and it has followed 
the behavior and trend of both impedance |Z| and 
admittance |Y| against frequencies. The Tatami 
6 mm (A thread) has susceptance B at -0.8 S 
at 265 KHz. Therefore, in the case 
of embroidered stitches all susceptance B values 
are negative and then the released energy would 
be inductive. 

 Therefore, these findings are valuable for 
fabricating any of embroidered e-textiles such as 
high-performance circuits, antenna applications 
and other electrically conductive systems and 
devices. Additionally, these designs 
of embroidered shapes by certain stitches could 
be a good potential for antenna applications. 
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Abstract: The main aim of our study is to investigate the influence of the basic structural parameters 
on the air permeability value of single jersey weft knitted fabric. A specific experimental set of knitted 
fabrics was used for this purpose – the yarns of two materials (viscose and polyester) and two yarn counts 
(20 tex and 29.5 tex) were used, each of these four yarns was used to manufacture a set of single jersey 
knitted fabric samples of several different densities. Altogether 22 different knitted samples were prepared 
and used for investigation the basic relationships between air permeability and the structural parameters 
of the knitted fabrics. Primary and secondary structural parameters such as area of unit cell, thickness, 
planar weight or porosity were investigated. Porosity was calculated according to three different theoretical 
models. Our results showed that as the thickness and planar weight of the knitted fabric increase, its air 
permeability decreases. As the porosity of the knitted fabric increases, its air permeability increases, 
with the value of air permeability responding most sensitively to the porosity expressed as a proportion 
of the open area of the knitted fabric. The results also showed that the relationship between air 
permeability and porosity as well as the relationship between air permeability and planar weight are 
not completely linear. Linear relationship was found between the air permeability of the knitted fabric 
and the ratio of its porosity and its planar weight. 

Keywords: air permeability, knitted fabric, structural parameters, porosity, planar weight. 

 

 

1 INTRODUCTION  

Due to the method of construction, textile materials 
in general are a porous structure. Therefore, a large 
part of their total volume is airspace. This porous 
character determines all physical properties of textile 
materials. The size of the pores in textile as well as 
their shape, arrangement and distribution are one 
of the crucial characteristics for a number of fabric 
properties including comfort parameters. One 
of them is the ability of the fabric to transmit air.  

Air permeability is one of the fundamental textile 
properties and it is an important factor in the comfort 
of a fabric [1, 10], together with the water vapour 
permeability and thermal insulation properties as well 
as the tactile characteristics of the fabric. All these 
comfort properties are very closely related to 
the porosity of the fabric. A number of authors have 
researched the relationship between the structure 
and comfort parameters of the textile fabrics [1-3, 5, 
6]. The property usually given by the description 
of the structure of the fabric is just the porosity. 
The pore dimension and distribution are functions 
of the geometric structure of the fabric. 
Understanding the relationships between 
the structural parameters and physical properties 
of the textile materials is very important for the ability 
to simulate and design these properties before 
the fabric is made. It is necessary to focus on knitted 
fabrics, because they provide excellent comfort 

qualities and have preferred in many types 
of clothing. They are increasingly used in clothing 
production. Today, many knitted fabrics are made 
that imitate the original traditional woven fabrics – 
such as denim, corduroy, tweed, bouclé, brocade 
etc. Air permeability is very important for these 
fabrics because it allows to ventilate the space under 
the garment. Some authors have investigated 
the relationship between the structural parameters 
(primary or secondary) of a knitted fabric and its 
comfort parameters, including air permeability. 
For example, Ogulata [1] conducted an experimental 
study in order to develop a theoretical model 
to predict air permeability values for plain knitted 
fabric and used D’Arcy’s formulation for expressing 
the relationship between the air permeability 
of knitted fabrics and fabric structure parameters. 
In this paper, the porosity εV based on the proportion 
of volumes was used and the pore was considered 
to have a circular cross section. The set of 18 knitted 
samples was made for this experiment and for these 
samples the near linear relationship between 
predicted and experimental values of air permeability 
was shown. Coruh [2] investigated the influence 
of different loop lengths and different fibre blend 
ratios of single jersey knitted fabrics 
on the mechanical and comfort properties and found 
that an increase in the loop length increases the air 
permeability, while an increase in the thickness 
of knits decreases the air permeability. Twelve 
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variants of fabrics were prepared from cotton, 
viscose and polyester blend yarns. Wilbik-Halgas [3] 
examined relationship between air permeability and 
water vapour permeability using a set of double-
layered knitted fabrics. The surface porosity was 
measured by image analysis method. Their results 
showed that air permeability is a function 
of the thickness and porosity of the knitted fabric. 
Benltoufa [4] ranks air permeability among 
the methods of porosity determination together with 
image analysis method and geometry modelling and 
concluded that the most suitable and easiest method 
to determine porosity is the geometrical model based 
on the proportion of volumes εV. Bivainyte [5] 
concluded that the air permeability of double-layered 
knitted fabrics with different patterns can be 
predicted by the area linear filling rate. 16 variants 
of knits were used for this experiment and porosity 
value εA was calculated on the base of proportion 
of areas. The conclusion was that if the knitted 
fabrics are made with the same pattern the air 
permeability depends on the loop length. 
Maheswaran [6] investigated the properties of plain 
jersey knitted fabrics produced from blended yarns. 
18 samples were obtained for this experiment. It was 
found that main factors influencing the air 
permeability of knitted fabrics are fabric thickness 
and yarn hairiness. Other authors try to describe 
in detail the geometry of the loop in the knitted fabric 
- for example Suh [7], Munden [8] or Peirce [9]. 
However, these models are complex and requires 
many parameters to characterise the loop shape 
geometry and in addition, they usually also require 
a number of simplifying assumptions. Benltoufa [4] 
compared porosity values calculated using Suh’s 
geometrical model and using much simpler model 
of porosity based on the proportion of volumes εV 
below and for 60 samples of knitted fabrics obtained 
very similar results.  

The aim of our study is not to find a generally valid 
model for predicting the air permeability value 
of a knitted fabric, but to examine the influence 
of basic and in practice easily detectable structural 
parameters such as thickness, planar weight or 
density of the knitted fabric on the value of its air 
permeability and also to compare the relationships 
between air permeability and porosity values 
calculated according to three different theoretical 
models. A specific experimental set of knitted fabrics 
with defined structural parameters is to be used for 
this purpose. 

2 RESEARCH METODOLOGY 

2.1 Air permeability 

Air permeability AP [m/s] of textile materials 
is generally understood as the ability of fabric 
to transmit air. Permeability measurement is carried 
out according to the standard ISO 9237 and air 
permeability is expressed as the speed of air flowing 

through the sample of fabric given (under defined 
measurement conditions – clamping area S [cm

2
] 

and the pressure difference Δp [Pa]). Standard 
measurement devices create a negative pressure 
inside the device, which leads to sucking air through 
the tested fabric. 

2.2 Structural parameters of plain jersey weft 
knitted fabrics 

Analogous to woven fabrics [10, 11], the basic 
structure of the knitted fabric may be described as 
follows: the method of yarn interlacing, yarn diameter 
or the linear mass of this yarn, wale spacing and 
course spacing, the thickness of the fabric or its 
surface mass. The fabric structure parameters can 
be divided into primary and secondary parameters. 
Primary parameters of fabric structure are dependent 
variables, where the choice of one parameter 
influences the effect of the others. All others fabric 
structure parameters depend on primary parameters. 
These are secondary parameters [12]. 

The jersey based plain structure is the simplest, but 
at the same time the most used structure of the weft 
knitted fabric. Dimensional characteristics of unit cell 
of this fabric are illustrated in Figure 1: 

 wale spacing W [m] (or loop width); the number 
of wales per meter w [1/m], while W=1/w, 

 course spacing C [m] (or loop height); the number 
of courses per meter c [1/m], while C=1/c, 

 yarn diameter d [m], 

 loop length l [m]. 

The primary structural parameters are yarn diameter, 
plain jersey structure, wale spacing and course 
spacing. However, it is very important to note that 
the wale spacing W [m] is defined by the knitting 
machine gauge and course spacing C [m] is changed 
by the sinking depth [13]. So for samples knitted 
on one machine: in the first phase we change 
the course spacing. Removing the knitted fabric from 
the machine is followed by relaxation, after which 
the length of the loop is the same, but wale spacing 
and course spacing change nonlinearly [14]. 

 

 

Figure 1 Scheme of unit cell of a plain knitted fabric 
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Very important parameter of a knitted structure is 
the loop length l [m]. The loop length is usually 
mentioned as the primary knitted structure parameter 
[8, 13], which is changed by the machine used and 
its settings. The loop length can be determined 
experimentally. However, if the value of loop length 
is calculated theoretically, it would be more logical 
to consider this parameter as a secondary structural 
parameter, because it is calculated from the primary 
structural parameters. For example, the geometrical 
model by Dalidovic [15] calculates the loop length 
as a function of yarn diameter, wale spacing and 
course spacing: 

� =
�

2
× � + � × � + 2� (1) 

This model is one of the most used due to its 
simplicity. The yarn diameter d [m] can be 
determined experimentally or calculated as: 

� = �
4�

10��� × � × ��
 (2) 

where: ρF [kg/m
3
] is the density of fibres, T [tex] is 

the count of yarn and µ [-] is the packing density 
of yarn [16]. In this case, a free yarn diameter is 
involved. It means considerable simplification, 
because the yarn cross section is deformed 
at the interlacing points in the textile structure.  

The two-dimensional Figure 1 does not show 
the thickness of the fabric t [m]. The thickness 
of the knitted fabric, as its secondary structural 
parameter, is results of its primary structural 
parameters and can be easily determined 
experimentally. According to some authors [2, 3, 6], 
the thickness of a knitted fabric is one of the most 
important parameters for its air permeability. Finally, 
the planar weight of the knitted fabric WT [kg/m

2
] is 

a secondary structural parameter, which is also 
the result of its primary structural parameters. 
The planar weight (or surface mass) is the weight 
per unit area of the fabric and can be easily 
determined experimentally. Based on the structural 
parameters above, a porosity of the knitted fabric 
can be calculated. There exist generally three basic 
techniques for characterization of idealized fabric 
porosity [17]: 

 Porosity based on the proportion of densities εD [-] 
is computed from the equation: 

�� = 1 −
��
��

 (3) 

where: ρF [kg/m
3
] is the density of fibres and ρT 

[kg/m
3
] is the volumetric density of the fabric defined 

by the relation: 

�� =
��

�
 (4) 

where: WT [kg/m
2
] is the planar weight and t [m] 

is the thickness of the fabric. Then density based 
porosity can be calculated as: 

�� = 1 −
��

(�� × �)
 (5) 

Dias [18] refers this method as the experimental 
evaluation of porosity. This method is simplest and 
applicable for all fabrics regardless of their 
construction. 

 Porosity based on the proportion of areas εA 
is defined as [5]: 

�� = 1 −
��
��

 (6) 

where AY [m
2
] is the area of projection of the yarn 

in unit cell of the knitted structure:  

�� = � × � − 4�� (7) 

and AT [m
2
] is the total area of projection of this unit 

cell: 
�� = � ×� (8) 

Then the porosity εA can be calculated as: 

�� = 1 −
� × � − 4��

� ×�
 (9) 

 Porosity based on the proportion of volumes εV 
is defined as [1, 4]: 

�� = 1 −
��
��

 (10) 

where: VY [m
3
] is the yarn volume in unit cell 

of the fabric calculated as: 

�� = �
���

4
� × � (11) 

and VT [m
3
] is the total volume of unit cell 

of the fabric: 
�� = � ×� × � (12) 

Then the porosity εV can be calculated as: 

�� = 1 −
��� × �

4� ×� × �
 (13) 

All discussed structural parameters are summarised 
in affinity diagram on Figure 2. 

 

 

Figure 2 Affinity diagram of basic structural parameters 
of a knitted fabric 
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3 MATERIALS AND EXPERIMENT 

Knitted fabrics of single jersey structure were used 
for the experiment. The samples were specially 
made for the research purpose on a small-diameter 
circular knitting machine – Rius-Protex (Spain) from 
polyester and viscose ring-spun yarns, which have 
always been of two linear densities 20 tex and 
29.5 tex. Samples of the fabrics with different 
densities were knitted from each yarn – altogether 22 
different knitted samples were prepared (Figure 3 
and Table 1). Figure 4 shows images of knitted fabric 
made of viscose yarn 29.5 tex. 

Table 1 Knitted fabrics structural parameters 

sample WT [kg/m2] t [mm] AT [mm2] εD [-] εA [-] εV [-] 

VI_20 

0.084 0.44 0.98 0.870 0.431 0.797 
0.099 0.45 0.74 0.852 0.349 0.772 
0.105 0.46 0.66 0.846 0.315 0.762 
0.117 0.47 0.56 0.832 0.258 0.742 
0.134 0.48 0.42 0.809 0.151 0.697 

PL_20 

0.085 0.43 0.92 0.858 0.447 0.812 
0.100 0.46 0.70 0.843 0.366 0.793 
0.119 0.49 0.52 0.824 0.269 0.769 
0.133 0.52 0.47 0.814 0.240 0.770 

VI_29.5 

0.108 0.47 1.20 0.844 0.506 0.770 
0.115 0.48 1.08 0.838 0.374 0.761 
0.126 0.49 0.97 0.825 0.340 0.749 
0.138 0.52 0.77 0.821 0.264 0.731 
0.149 0.54 0.68 0.812 0.219 0.718 
0.165 0.55 0.58 0.797 0.164 0.701 
0.181 0.57 0.51 0.784 0.110 0.686 
0.201 0.58 0.45 0.765 0.058 0.669 

PL_29.5 

0.120 0.54 0.98 0.851 0.319 0.759 
0.147 0.56 0.67 0.810 0.191 0.709 
0.172 0.56 0.58 0.779 0.135 0.685 
0.185 0.58 0.52 0.771 0.094 0.677 
0.187 0.58 0.50 0.769 0.075 0.670 

 

Primary and secondary structural parameters of all 
knitted fabric samples were determined with 
laboratory tests. The planar weight of the fabrics WT 
was measured according to Standard EN 12127 and 
the thickness of the fabrics t according to Standard 

EN ISO 5084. The number of courses per mm c 
and wales per mm w was measured according to 
Standard EN 14971.  

The loop length l was calculated according to (1), 
with the yarn diameter value d calculated according 
to (2). The porosity values εD, εA and εV were 
calculated according to (5), (9) and (13). 
The parameters of the knitted fabrics are 
summarized in Table 1.  

The air permeability of the fabrics AP [m/s] was 
measured according to Standard EN ISO 9237 using 
a Textest FX 3300 air permeability tester. 
The measurements were performed with a constant 
pressure difference of 50 Pa and 20 cm

2
 test area. 

 

 

Figure 3 Knitted samples preparation diagram 

 

 D1  D2  D3  D4 

 D5  D6  D7  D8 

Figure 4 Microscopic views of the knitted fabric samples Viscose_29.5 tex with different densities (D) 
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4 RESULTS AND DISCUSSION 

According to some authors [2, 3, 6], the thickness 
of the knitted fabric is an important structural 
parameter for the value of its air permeability. 
Figure 5 and the correlation coefficients in Table 2 
show that when the knitted fabric samples are made 
from the same yarn, the data show a strong negative 
linear dependence (e.g. VI_29.5: R=-0.98). 
If the thickness of the fabric increases, then its air 
permeability decreases. However, the correlation 
coefficient is lower when the knitted fabric samples 
are made of different yarns (R=-0.81). In this case 
the linear relationship is not so strong.  

 

 

Figure 5 Relationship between thickness and 
air permeability of knitted fabrics 

 
Table 2 Correlation coefficients for relationships between 
air permeability and selected structural parameters of 
knitted fabrics  

 t [mm] WT [kg/m2] AT [mm2] εD [-] εA [-] εV [-] 

All data -0.81 -0.90 0.64 0.88 0.92 0.94 
VI_29.5 -0.98 -0.95 0.996 0.94 0.97 0.97 

 

Another important structural parameter of the knitted 
fabric is the loop length. This parameter also affects 
the value of air permeability of knitted fabric [1, 2, 5]. 
Since in our paper the loop length is calculated 
theoretically according to (1) as a function f (W, C, 
d), the dependence of the air permeability 
of the knitted fabric on the area of its unit cell AT 
calculated according to (8) is shown in Figure 6.  

Figure 6 and Table 2 show that if the knitted fabric 
samples are made from the same yarn (material and 
yarn count), the dependence is strongly linear 
(e.g. VI_29.5: R=0.996). This must be so, because 
the area of unit cell AT in this is exactly 
the parameter of the knitted fabric that changes. 
Only in this case it is possible to evaluate that 
if the area of the pore cell of the knitted fabric 
increases, its air permeability also increases. 

Figure 6 also shows that for sets of knitted fabrics 
made of different yarns, the parameters a and b 
of the linear dependence in the form y=a*x+b 
change. Thus, the slope of the line and 
the displacement of the line on the y-axis are 
different.  

 

 

Figure 6 Relationship between area of unit cell and 
air permeability of knitted fabrics 

The planar weight of the knitted fabric is a parameter 
that is easily measurable and in practice is usually 
known for a fabric given. Table 2 shows that 
the relationship between the planar weight and 
the air permeability of the knitted fabric shows 
a strong negative linear dependence, even if it is 
a set of all knitted fabrics – made of different yarns 
(R=-0.90). This means that as the planar weight 
of the knitted fabric increases, its air permeability 
decreases. However, from Figure 7, the data 
correspond better to nonlinear dependence than 
the linear one. That is, the air permeability 
of the knitted fabric decreases nonlinearly 
depending on its planar weight. 

 

 
Figure 7 Relationship between planar weight and 
air permeability of knitted fabrics 
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In the case of knitted fabrics with a higher planar 
weight, a relatively large change in planar weight will 
cause only small change in air permeability. 
Conversely, in the case of knitted fabrics with 
a lower planar weight, a relatively small change 
in the planar weight can cause a large change in 
the air permeability value – the sensitivity of air 
permeability to planar weight varies. This means that 
it is necessary to find another structural parameter 
that will be significant for the air permeability value 
of the knitted fabric.  

Figure 8 shows relationships between air 
permeability of the knitted fabric and its porosity 
values calculated according to 3 different models - 
(5), (9) and (13): εD = f (WT, t, ρF), εA = f (C, W, d), 
εV = f (C, W, d, t).  

From Table 2 it is evident that all three relationships 
show a strong positive linear dependence. 
If the knitted fabric samples are made of the same 
yarn, the correlation coefficients range in 0.94-0.97. 
If the knitted fabric samples are made of different 
yarns, the correlation coefficients range in 0.88-0.94. 
However, Figure 8 shows that air permeability value 
responds most sensitively to the porosity based on 
the proportion of areas εA.  

 

 

Figure 8 Relationship between air permeability and 
porosity of knitted fabrics 

Figure 9 shows the relationship between porosity εA 
and air permeability of knitted fabrics only. 
It is evident that this dependence is not completely 
linear. If the porosity εA of the fabric increases, 
the air permeability value also increases. However, 
in the case of knitted fabrics with lower porosity, 
a relatively large change in the porosity value will 
cause a small change in the air permeability, and 
conversely, in the case of knitted fabrics with higher 
porosity, a relatively small change in the porosity will 
cause a large change in the air permeability value. 
Therefore, the sensitivity of the air permeability 
value to the porosity value of the fabric varies. 

 

 

Figure 9 Relationship between porosity εA and 
air permeability of knitted fabrics 

Therefore, if the air permeability value increases 
depending on the porosity εA and decreases 
depending on the planar weight WT, the air 
permeability value should depend on the ratio εA/WT. 
Figure 10 shows a strong positive linear 
dependence between air permeability values and 
values of the ratio εA/WT in the case when the knitted 
fabric samples are made from yarns of the same 
material.  

 

 

Figure 10 Relationship between εA/WT ratio and 
air permeability of knitted fabrics 

5 CONCLUSSIONS 

Four sets of knitted samples were used for 
the experiment. In one set of samples only one 
primary structural parameter - density of knitted 
fabric - was changed, while the other primary 
structural parameters - material, yarn count, 
structure - remained unchanged.  

The change in the primary structural parameter was 
reflected in the changes in the secondary structural 
parameters - thickness, planar weight and porosity 
of fabrics.  



Fibres and Textiles 28(3), 2021 26 

According to experimental results: 

 The air permeability of knitted fabric decreases 
when its thickness increases. In the case 
of fabrics made of the same yarn, the relationship 
shows the strong negative linear dependence 
with the correlation coefficient value R=-0.98. 
In the case that the fabrics are made of different 
yarns, the correlation coefficient value decreases 
(R=-0.81). 

 The air permeability of knitted fabric increases 
when its area of unit cell increases. However, 
only in the case of fabrics made of the same 
yarn, the relationship shows strong linear 
dependence. The slope of the line and the 
displacement of the line on the y-axis are 
different for sets of fabrics made of different 
yarns. Therefore, the values of a and b 
parameters of the linear dependence in the form 
y=a*x+b are probably to be dependent 
on the structural parameters of yarns (material, 
yarn count, yarn diameter, …). However, a larger 
set of experimental knitted fabrics will need to be 
used to investigate such dependencies.   

 The air permeability of knitted fabric decreases 
nonlinearly when its planar weight increases. 
The relationship shows that the significance 
of the planar weight of the knitted fabric for its air 
permeability varies and is relatively higher for 
knitted fabrics with lower planar weight value. 

 The air permeability of knitted fabric increases 
nonlinearly when its porosity increases. 
The relationship shows that the significance 
of the porosity of the knitted fabric for its air 
permeability varies and is relatively higher for 
knitted fabrics with higher porosity value. The air 
permeability value responds most sensitively to 
the porosity, which is calculated as the proportion 
of the open area of the knitted fabric.  

 Our data also showed that the air permeability 
value of the knitted fabric increases linearly when 
the proportion of its porosity and planar weight 
increases. This applies if the knitted fabrics are 
made of the same material (polyester or viscose).  

The aim of our study was not to find a generally valid 
model for predicting the air permeability value 
of a knitted fabric. Due to the narrow spectrum 
of experimental fabrics used, the results cannot be 
generalized. However, on the contrary, thanks to 
the precisely defined structural parameters 
of the knitted fabric samples used, it was possible to 
investigate the elementary relationships between 
these structural parameters and the air permeability 
value. Consequently, our study can serve as a basis 
for exploring a wider range of common clothing 
knits. 
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Abstract: Marketing practitioners misunderstand how consumers purchase and wear clothes. 
For academics, this lack of knowledge is a consequence of disregarding the symbolic aspect of garments 
and represents the main reason for the marketing inefficiencies. Those ideas lead us to wonder how signs 
of garment related to fashion marketing strategy. We follow a sequential mixed-method. First, we develop 
a bibliometric analysis, then we use those results to our content analysis, and the result is our discussion 
status. Afterward, we present our theoretical lenses, which we build following a qualitative approach. 
Also, we propose a conceptual model to fulfill the lack of knowledge about symbolic aspects in garment 
through a conceptual relation between signs of garment and fashion marketing strategy. Finally, 
our literature review shows that symbolic aspects help to create value for clients. For this reason, 
we recommend for future marketing research develop empirical verification of our structural model. 

Keywords: Sign, garment, strategy, marketing, fashion, literature review. 

 

 

1 INTRODUCTION 

Marketing discipline helps to overcome context 
challenges [1], generating well-being and influencing 
customer behaviour [2, 3]. Mainly, we center our 
study on the fashion industry. This industry has 
endured for many years [4], and we notice that 
marketing in the fashion industry supplies basic 
needs, such as communication, selling and 
increasing profit. Also, marketing strengthens 
the relationships between brands and consumers [5]. 
Marketing uses tools in fashion such as triune brain 
[6], marketing mix [7, 8] and corporal language [9]. 
Those devices increase marketing inefficiencies 
because there is a lack of knowledge in the depth 
of fashion consumers' symbolic needs, leading 
to a lack of well-being in the fashion context [10, 11]. 

Likewise, we review the usual devices used 
by marketing practitioners to reduce inefficiencies 
and increase well-being. One of those devices is 
the new P in the marketing mix [12]. For example, 
the practitioners include participation to incorporate 
the consumer in the brand decisions [13-15]. Apart 
from marketing mix devices, practitioners invented 
a rebranding divide to improve efficiency [16, 17]. 
However, that device results damage brand 
reputation. Furthermore, due to the practitioner’s lack 
of knowledge about consumer needs[18-20] 
the marketing devices are useless in fashion. In this 
sense, one option is to use the constructs or 
concepts of marketing to perform an accurate 
segmentation, taking the fashion characterization 
of consumers as a referent.  

Thus, practitioner’s unsolved issues affect 
shareholders margins. For instance, in 2019, 
shareholders lost 42 million USD in announcements 
because consumers block publicity. 
This phenomenon is one of the visible impacts 
of the failed marketing strategies[21, 22]. Another 
example is capitalization; the shareholders manifest 
a loss of 74% of their investments due to the lack 
of knowledge in consumer needs or preferences [23]. 
Therefore, marketing experts say that it is necessary 
to invest in market research to know the consumer 
and reduce margin lost [24, 25]. 

Additionally, scholars recommend reviewing subject 
matters around get to know consumer’s needs 
preferences and motivations. They mention symbols 
as a dimension of persons that affects the purchase 
behavior of consumers. Moreover, academics 
emphasize current topics such as symbolic 
communication, sign consumption, and value. 
For example, the researchers mention the study 
of garments as a representation of brand status 
to improve brand identity as a cause of symbolic 
communication [26, 28, 30]. Also, they analyze sign 
consumption because signs of garments satisfies 
consumer needs [28, 29, 32-35]. Another scholars 
proposal is value delivery, and they say that 
the image, identity, and personality of brands provide 
value to consumers [28, 34, 35]. 

We recognize the importance of signs of garments 
in fashion marketing and the gaps in knowledge 
in the marketing discipline; therefore, we present our 
work as follows. Initially, we introduce a general 
context of fashion marketing. Second, we identify 
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the theoretical gap related to marketing inefficiencies. 
At this point, we take as a reference the practitioners, 
shareholders and scholars. After that, we present our 
search question. The third part is our theoretical 
framework. We present a description based on 
the authors' proposal about sign, garment and 
marketing. Once we presented our theoretical gap. 
The fourth part is where we describe our 
methodological design. In our methodological design, 
we present two stages. In the first one, we construct 
state of the art through a mixed-method approach. 
Consequently, in the second stage, we present our 
theoretical lenses through a qualitative approach. 
Afterward, in the fifth part, we present our conceptual 
model that is our result of the relation between signs 
of garments and fashion marketing strategy. Finally, 
we discuss our findings with other authors, and 
we conclude by highlighting our limitations. 
Additionally, we suggest future research inquiries. 

2 THEORETICAL FRAMEWORK 

For our theoretical framework, we review the author’s 
proposal about the sign, garment, and marketing. 
Then we try to connect the terms based 
on the authors approach. 

2.1 Sign 

Saussure (1945) [37] introduces the sign term, 
and he says that a sign is a concept used 
to communicate attributes. After Saussure came 
Peirce (1974) [38], and he proposes that a sign 
refers to an object real or imaginable. Those authors 
were the pioneers at sign study, later came others, 
such as Morris (2005) [39]; he says that the sign help 
to understand the world. Lamillar (2001) [40] 
revealed that humans use signs to understand 
words. Moreover, the sign has many interpretations. 
One of those is Eco (1994) [41] approach, 
and he believes that signs allow persons to interact 
with others. And Sandoval & Canales (2015) [42] 
explains that signs help us to communicate thoughts. 
In the following, we choose Saussure (1945) [37] and 
Peirce (1974) [38] definitions because they highlight 
the elements of the sign e.g., concept, object, 
interpretant and representamen. For instance, 
Saussure helps us to understand the sign through 
attributes. To complement the sign, Peirce shows us 
the sign structures through triadic relations. 
The Peirce sign structure includes (1) the object, (2) 
the representamen and (3) the interpretant. 
In particular, in Peirce structure (1), the object 
satisfies human or symbolic needs [43]. And (2) 
the representamen and (3) the interpretant are 
materialized in people. The persons representing the 
sign's elements understand the attributes, and they 
have a particular behavior [44]. Thus, we return to 
the proposed constructs of Saussure and Peirce, 
which are the concept, object, interpretant and 
representamen.  

2.2 Garment 

Our second concept is the garment, and we 
approach this concept symbolically and 
communicatively, not in the functional aspect. In this 
sense, the scholars propose to review its meanings. 
For example, the researchers define garment 
as an expression of social habits and traditions [45]. 
At the same time, the garment is part of people's 
social life and gives them the power to rep resent 
a social status in a particular context [46]. Moreover, 
in the economic logic, the garment reflects social 
values [47] because it is a product and an artifact 
created by persons to satisfy human and symbolic 
needs [32]. 

As an object of design, the garment constitutes by (1) 
garment universe, (2) consumer profile and (3) 
fashion context. In our case, we select the casual 
wear universe because it presents flexible, 
comfortable and versatile clothes [48]. Consequently, 
we focus on a neo-traditional consumer profile [44, 
49] articulated in the fashion universe and represents 
sensitive persons. And our fashion context is the Pret 
a Porter [32, 50], which works as an interactive 
platform and basic creation system. 

2.3 Marketing 

Our final concept is marketing that works to establish 
relationships between brands and consumers [51]. 
The marketing goal is to influence the purchase and 
behavior of clients [52, 53]. For example, 
the marketing creates experiences for consumers 
generating bonds and returning value to brands [53, 
54]. We find in the literature that the marketing 
process accomplishes its goal through marketing mix 
to establish relationships among brands and 
consumers [44, 45, 55]. 

Consequently, marketing support itself in areas such 
as (1) marketing mix, (2) consumer and (3) fashion 
context, to establish relationships between garment 
brands and consumers, generating value for 
the stakeholders. In our research we focus on (1) 
the marketing mix, which aims to integrate 
the product, place, promotion, and price, executing 
the strategies and catching the value of consumers 
[56]. Those actors are essential because they 
purchase and wear clothes, and marketing mix 
strategies influence their experiences [44]. Thus, 
we center our research on the fashion context, 
specifically in the Pret a Porter context. We identify 
that the fashion business needs an articulation with 
marketing to offer products, establish relationships 
and create value for fashion consumers [55]. 

In our representation, we wanted to show 
the concepts and their common elements. 
One of those elements is persons that we present 
as a representamen and interpretant in the sign, 
as users in the garment, and consumers in marketing 
[38, 44, 49, 51]. Also, the object is in the sign 
as the object itself, in the garment is the clothes, and 
in the marketing appears as a product [38, 43, 51].  
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Figure 1 Primary connection between sign, garment and marketing (source: Hernández-Gallego & Escobar-Sierra) 

 

The other element is the context, that in marketing is 
P of place, in the garment is the Pret a Porter, and 
the representamen in the sign [32, 38, 45]. Thus, 
besides our empirical connection of terms, we need 
to establish deep connections to develop our 
structural model. 

3 METHODOLOGY 

The methodology followed a sequential mixed-
method approach [57] for the art status that began 
with a bibliometric analysis to know the number 
of publications about signs of garment in marketing 
strategy. The search criteria we use citation pearl 
growing and in the resulting data used VosViewer® 
software to map the connections between terms. 
This software shows us the occurrence and 
concurrence of terms in the selected database. 
Those results feed our content analysis, which is 
our qualitative approach. Then we follow a checklist 
to review the main theories of our theme. And all 
the results of our analysis feed in our structural 
model where we try to relate signs of garment and 
fashion marketing strategy. 

3.1 State of the art methodology 

For this phase, we follow a mixed-method approach 
[57]. Thus, we start with the bibliometric analysis 
where we use citation pearl growing, and we search 
in the Scopus database. Then we use 
the VosViewer® software to identify the occurrence 
and concurrence of terms.  

Later we use the Prisma technique to filter 
the documents [58], and we use Atlas.Ti® software 
to evaluate the main texts and develop 
a hermeneutic coding. 

Our methodology design tries to cover all the points 
of view in a mixed method. For our research, we use 
the Scopus database, VOSViewer® and Atlas.Ti® 
software to structure our data.  

3.2 Election of theoretical lenses methodology 

The theoretical lens methodology constitutes 
the second phase of our methodology, and we apply 
a qualitative approach. Then, we conduct a content 
analysis based on a checklist of the main theories 
of our theme [59]. For the theoretical lenses, we 
choose the theories related to the sign, garment, and 
marketing concepts giving us the scope of our 
structural model. 

Table 1 Methodology design for the election of theoretical 
lenses (source: Hernández-Gallego & Escobar-Sierra) 

Criteria Qualitative approach 

Role of the theory Inductive 
Research strategy Causal-comparative [60] 

Sample 
Psychological and behavioral theories 

Management theories 
Humanities theories 

Unit of analysis Theories 

Variables 
Scope and implications over the sign, garment 

and marketing relation 
Data analysis Content analysis 

 

 

Table 2 Methodology design for the construction of state of the art (source: Hernández-Gallego & Escobar-Sierra) 

Criteria Quantitative approach Qualitative approach 

Role of the theory Deductive Inductive 
Research strategy Simulation Discourse analysis 

Unit of analysis Word cooccurrence Content of concepts 
Sample 3.281 records of Scopus 

Variables Occurrence, concurrence and the relation between words Concepts and relations 

Data analysis 
Bibliometric analysis using VOSViewer® software 

(version 1.6.11) 
Content analysis using Atlas.Ti® software 

(version 7.5.4) 
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4 RESULTS 

Our results present the discussion of the state 
of the art, the content analysis, the theoretical lenses 
election, and our structural model.  

4.1 Results of the state of the art 

Our results of state of art are divide into two. First, 
we develop the quantitative approach to feed 
the qualitative approach. We use bibliometric 
analysis to measure the number of publications [61], 
and we construct a search equation [62]. Then 
we run our search equation in the Scopus database. 
We process data in the VosViewer® software 
to extract the occurrence level among concepts with 
the information that we collect from Scopus. Then we 
use these results to develop our content analysis, 
where we use the Prisma tool to gather 
the documents we will use in our content analysis 
[58]. Once we obtain the documents, we process 
them in Atlas.Ti® software where we apply 
a hermeneutic coding to identify the academic 
proposal about our concepts.  

Finally, we present our primary structural model 
where we relate our concepts. 

4.1.1 Bibliometric analysis results 

Consequently, we construct our search equation. 
This equation includes terms such as a sign, market, 
and business, key word use by the academic 
community. 

("sign" or" mark" or "symbo ∗ " or "signa ∗ ") 

and ("marke ∗ " or "merchand ∗ " or "busine ∗ ") 

and ("cloth" or "garme" or "costum ∗ " or " fashio
∗ " or  "dres ∗ ") 

(1) 

In addition, we run the search equation and find 3281 
literature records. We process those records on 
VosViewer® software and obtain the general 
knowledge map. This map shows the terms 
concerning signs of garment in fashion marketing 
strategy. Also, this map presents to us a cluster 
related to the medical field, so we dismissed that 
cluster.  And we focus on the cluster that relates 
terms of our concern.  

 

 

 

Figure 2 Knowledge map for signs, garments, and marketing (source: Hernández-Gallego & Escobar-Sierra) 
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As we said, our general map register two clusters, 
we dismissed the first one. On the contrary, 
the second cluster presents terms such as symbol, 
market, and industry. Once we review those 
VosViewer® results, we group the terms, and we 
define five sub-groups that we named sign, 
marketing, garment, context and persons. 
To illustrate we present Table . 

Table 3 Group of terms identify on the second cluster 
(source: Hernández-Gallego & Escobar-Sierra) 

Concept Occurrence 

MARKETING (name as 01 in Figure 3) 
Market 465 
Industry 196 

Consumer 162 
Brand 151 

PERSONS (name as 04 in Figure 3) 
Woman 215 
Person 190 

Man 152 
SIGN (name as 02 in Figure 3) 

Image 183 
Symbol 158 
Identity 155 
History 153 

CONTEXT (name as 05 in Figure 3) 
World 198 

Country 152 
GARMENT (name as 03 in Figure 3) 

Trend 146 
Garment 143 

 

Consequently, we analyze the information about 
the clusters and our sub-groups. First, we have 
marketing, a commercial sector to satisfy consumer 
needs through enterprises [63, 64], and has its own 
terms such as Industry, consumer and brand. 
The second sub-group is the sign, and we 
understood it as a representation that uses symbols 
to communicate ideas with terms such as symbol, 
identity, and history [65-67]. The third sub-group 
is the garment to exchange values to satisfy 
the representation needs of persons, and its related 
terms are the trend, garment, or clothing [55, 68]. 
The fourth sub-group is persons, and we can 
associate them as users or consumers, and its terms 
are woman and man [44, 69]. Finally, our last sub-
group is context, and we identified that it is 
an interactive platform delimited by human 
construction [45, 55, 70], with terms as world and 
country. To illustrate our interpretation, we present 
our preliminary relation between the sub-groups.  

According to our bibliometric findings, our preliminary 
version of our conceptual model presents the context 
as a frame to the other terms that enable them 
to interact [32]. Then we find the persons who are 
a common term among the concepts and helps them 

to function [8, 38, 44]. Consequently, we present 
the marketing, the sign, and the garment 
in the center to represent our main concern.  

 

 

Figure 3 Preliminary version of our conceptual model 
according to our bibliometric findings (source: Hernández-
Gallego & Escobar-Sierra) 

4.1.2 Content analysis results 

Our content analysis has a preparation phase, where 
we use the Prisma tool to filter documents [58]. 
This technique helps us to remove the duplicated 
records. Then we use the snowball technique to feed 
our main records acquire 87 documents. Moreover, 
we process the documents in Atlas. Ti® software, 
where we codify the text using our sub-groups as 
codes, such as marketing, persons, sign, garment, 
and context. Then we calculate the C-Coefficient 
to identify the strength of their correlations [71]. 
At this point, we clarify that the cero is associated 
with a null correlation, and the one represents 
a perfect correlation, as we show in Table . 

Hence, we found that C-Coefficient has its own 
measure scale for correlations. For example, 
the correlations measure between 0.0 and +0.10 are 
weak correlations. The +0.10 and +0.25 are positive 
correlations, and the number near one represents 
a perfect correlation. Knowing these metrics, we can 
understand that (1) Consumption-Marketing, (2) Icon-
Marketing, (3) Icon-Symbol, (4) Marketing-Product, 
(5) Fashion-Marketing, and (6) Fashion-Product, has 
a perfect correlation. On the other hand, we discover 
that Atlas.TI® software shows a yellow point in the C-
Coefficient when the relationship cannot be measure 
and exceeds the software standard. 
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Table 4 C-coefficient of hermeneutic coding of central literature about signs, garments and marketing (source: Hernández-
Gallego & Escobar-Sierra) 

 
 

 

Sign 

According to the authors, we know that signs have 
the power to design effects on people. For example, 
we can use signs to establish status relations 
between persons [72-74]. In this sense, scholars say 
that people establish social relations to communicate 
ideas or create groups [75]. Those relations lead us 
to understand the sign as a way to exchange ideas 
and consolidate social identities [76]. The authors 
determine that every communicative or social 
process where people exchange ideas needs icons 
[77, 78]. Indeed, we can reaffirm that process 
because we need icons and symbols to relate with 
others, and this makes us create images 
as a representation of ourselves [79]. 

Garment 

The garment experts center their attention on 
customers because they play a role in a specific 
context [80]. The garment provides the customer 
process of adaptation because it helps 
to communicate ideas, signs, and intentions [81]. 
In other words, social interaction conditions 
customer’s purchases, driving them to wear clothes 
depending on their role and context [82]. 
On the other hand, the customers' needs become 
an opportunity for the fashion industry because 
it transforms social interaction and consumers' role 
in archetypes to represent their style ideas [83, 84]. 
In this process, the fashion industry controls 
the purchase process regulating consumer practices 
using fast changes resulting in new symbolic content 
[85, 86]. 

Marketing 

The scholars highlight the significant investments in 
strategies and tactics that do not produce radical 
impacts in the marketing field [87]. In this context, 
the academics say that the most implemented 
strategies are the P of price and product with their 

respective tactics to get close to new customers [84]. 
In other words, scholars suggest involving customers 
in industry decisions. And, one of the options that we 
found is to improve communication tactics in the P 
of promotion. This helps to persuade making 
decisions of the client [84, 88]. 

Persons 

Scholars define the persons who develop different 
roles. For example, in the fashion industry, personas 
are sensitive users because they exchange ideas 
through garments [89]. In other words, persons wear 
clothes to reflect a cultural archetype. Similarly, we 
found that the person is the center of all economic 
activity in the marketing discipline. At this point, 
marketing and fashion came together through 
persons. For this reason, scholars suggest 
understanding consumers as a content generator 
because they have the power to communicate 
memorable experiences of the fashion brands [74, 
90, 91]. 

Context 

According to scholars, there are different conceptions 
about context. The first perception is the context 
as an artificial space where we can condition 
the purchase of products [92-94]. In the same way, 
that artificial space may stimulate economic 
practices, and we can provide this practice 
as an experience. Alternatively, other scholars say 
that the context is a symbolic space where persons 
interact with each other. In this sense, the context 
simulates symbolic benefits such as status 
or material benefits as a priority. For example, 
the persons in the symbolic context can relate with 
other persons and interact with different stimuli [94]. 
Thus, we use the scholars' proposal to feed our first 
preliminary version of the conceptual model and 
present the secondary version that will lead us 
to accomplish our structural model. 
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Figure 4 Secondary version of our conceptual model according to our content analysis findings (source: Hernández-
Gallego & Escobar-Sierra) 

 

The secondary version of our conceptual model is 
the result of our bibliometric and content analysis. 
We feed this model with the academics proposal, 
and we see that context and persons remain 
as frames to marketing, garment and sign. 

Our first construct is marketing, make use of brand 
management through brand equity [1, 95, 96] and 
strategies to generate a symbolic link with 
consumers [97]. That process generates value [8].  

Our second construct is the garment and is 
a manifestation of symbolic production that uses 
fashion as a dynamic device [98]. Consequently, 
fashion generates trends, and that product and 
values flow dynamize social standards [99, 100]. 
Moreover, the garment process is for users [44, 83] 
because they can build identity through the garment. 
That process results in social values. 

Finally, the sign as an idea presented by a visible or 
imaginable object is composed of a triadic relation 
proposed by Peirce [38], the image and identity. 
The sign needs the triadic relation given 
by the image to build identity, and that process 
generate symbolic interaction [101]. To summarise, 
we will feed our secondary version of our conceptual 
model using the theoretical lenses results. 

4.2 Theoretical lenses results 

According to our methodology, we conduct a content 
analysis to choose our theoretical lenses. We review 
the scope and implication of the humanities, 
psychology, behavior and management theories 
to apply them in our research scope. First, 
we present our checklist, and then we choose 
the theories for our research. 

 

Table 5 theoretical lenses checklist (source: Hernández-Gallego & Escobar-Sierra) 

Theory Premise 

Knowledge management The knowledge as a competitive advantage [102] 
Psychosocial theory Persons as active beings search to adapt to an environment. More than passive persons, 

they are slaves of impulses [103] 
Psychoanalysis Psychoanalysis tries to explain the capabilities in the  function of the psyche [104] 
Autoplastic adaptation The autoplastic adaptation refers to a subject trying to change the situation, which means 

the external context [105] 
Critical studies of social institutions The critical studies of social institutions study the power, and the relevance to analyzed it 

as something that works in a chain [106] 
Science and action Science and action center their attention on how human being design their actions in tough 

situations [107] 
Psychological climate of freedom It studies the relation between client and therapist as a fundamental element [52] 
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Theory Premise 

Structuring theory Structuring theory studies social systems creation and reproduction  based on the analysis 
of the structure and the involved agents [108] 

Experimental and cognitive psychology It analyzes how the minds process knowledge [109] 
The social construction of reality The social construction of reality determines society as a human construction [110] 
Political doctrine Political doctrine study the concept of the state reason [111] 
Sociological method The sociological method explains that the social facts exist before the human and for that are 

external to him [112] 
Critical theory The critical theory center their attention on illustration dialectic, negative dialectic, and 

indissolubility of something [113] 
Cognitive psychology Cognitive psychology refers that the mind could be damage in the autistic kid in an 

independent way of the other aspects of the intelligence [114] 
Network actor theory Network actor theory defines a net  as an only entity [115] 
Theory of human development The goal of human beings is to have a biological and psychological balance, freeing tensions 

[116] 
General schema theory The scheme term is used to call cognitive patterns of information, including different relations 

between knowledge elements [117] 
Critical theory A variable of critical theory is based on the public space notion [118] 
Psychoanalytic theory and practice Psychoanalytic theory study the superation of maternity fixation [119] 
Theory of social action It refers to an adequate description of the motivation and the causes of social action 

(attitude concept) [120] 
Project zero Project zero try to understanding and improving the cognitive process of thinking in a superior 

order [121] 
Personal development It studies the enhancements of the personality which refer to the superation of the early stages 

of childhood [122] 
Theory of principles and parameters Propose generative grammar to put the syntaxis in the middle of linguistics research [123] 

[124] 
Critical theory The goal of critical theory is to give a main role to the human activity [125] 
Constructivist learning theory It studies the thinking as a genetic base through sociocultural stimuli because think is 

configured for the information that a person receives [126] 
Brain damage in cognitive skills Brain damage in cognitive skills tries to define that psychological trauma is a protective 

mechanism and is not an organic defect [127] 
Language and thought It refers to the identity between the significance of language and the thoughts, understanding 

the thoughts [128] 
Institutional economics The institutional economics promoted the reform of labor legislation, especially about health 

and safety conditions in the workplace [129] 
Neurosis The identity of neurotic people is divided between the real self and the ideal self  [130] 
Radical empirical phenomenology The ethnomethodology is based on the assumption that all human beings have a practical 

sense which practical rationality that they use in everyday life [131] 
Psychosynthesis It means the process of growth and integration of elements that previously separated 

in the human being. Leading to the harmonization of an integrated personality that is called 
conscious self [132] 

Logotherapy Logotherapy focus on the somatic or physical, the mental, and the spiritual dimensions [133] 
Linking model The linking model study the organizational environment [134] 
Synapse It refers to the synaptic hypothesis to describe the interactions between reflexes [135] 
Morphology The morphology study the dendritic spines on neurons [136] 
Theory X,  
Theory Y 

Theory X: says that the worker is pessimistic, static, rigid, and with an innate aversion to work, 
avoiding it if possible.  
Theory Y: propose that people like to take risks and the answers are not always the same in 
similar circumstances. [137] 

Critical theory it works on reflection, from reflexivity, and self-reflexivity [138] 
Unified positivism It describes human interaction as a contact phenomenon [139] 
Dialectics It proposes to neutralize the problems of Kantian ethics, but without abandoning the moral 

normativism of universalist pretension [140] 
Episodic memory The episodic memory determines that the memory is constructed [141] 
Conditional response The conditional response study the brain links and the response to an stimuli [142] 
Limited rationality People try to seek minimal satisfaction. That is, they try to achieve certain levels of success 

[143] 
theory of recognition It studies how articulate the descriptive dimension of a theory of recognition with the 

prescriptive description of a moral theory [144] 
Needs (domination) The needs theory focus on the fictitious needs, and the real ones [145] 
Interpersonal relations theory Man is a psychosomatic-social unit that rejects any psychological position that pretends to 

analyze him in fragments [146] 
Theory of communicative action It is based on the idea of a complete transformation of the critique of knowledge into a critique 

of society [147] 
Criticism of Cartesian dualism It offers the analogy of philosophy as if it were cartography [148] 
General system theory In classical economics, society was considered a sum of subjects as social atoms [149] 
Dynamic capabilities The introduction of dynamism achieve an adaptive coherence with the changing environment 

[150] 
Myth and ceremony in the structure 
of organizations 

In modern societies, the myths generate a formal organization given by the identity and 
legitimacy of work [151] 

Chaos theory Chaos is the science of the organization until an even more powerful lens appears over reality 
to overcome it [152]. 
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Theory Premise 

Public administration Practice and public administration ideas are shaped by political, economic, social, and cultural 
institutions and values [153] 

Human behavior Human behavior studies the effectiveness, human, and organizational development for 
continuity and survival [154] 

Contingency theory It is based on the belief that there is no single way to design and manage an organization [155] 
Human relations It is a realistic interpretation of democracy and management effort over the authority 

of the worker[156] 
Theory of resources and capabilities This theory  considers the internal analysis of the organization [157] 
Behavior theory Studies the incidence of thoughts, feelings, and behaviors of people also contribute 

to the development of Gestalt psychology [158] 
The human condition The human condition is characterized by identifying the values of the market because man 

has transformed himself into a consumer good [159] 
Selective atention theory It is about the ability of an organism to focus its mind on a particular stimulus or task, despite 

the presence of other environmental stimuli [160] 
Competitiveness It studies the competitiveness from the point of view of the value chain, the five forces model, 

and competitive advantage [161][162] 
Science of semiotics It refers to a sign that materialized through an object communicates [38] 
The fashion system The fashion system refers to the structures of the garment from a symbolic aspect [163] 
Representation The representation study the mental model and the reality trough the acting, iconic, and 

symbolic modes [164] 
Symbolic interactionism The individual understands what kind of behavior is expected, and appropriate in different 

social situations [165] 
Symbolic interactionism Symbolic interactionism is within the interpretative paradigm. It analyzes the meaning of social 

action from the perspective of the participants [166] 
Institutionalist theory This theory focuses on the structure that gives a different status to each member of the society 

[167] 
Theory of social practice The theory of social practice refers to the activity as a constituent aspect of the social world 

[101] 
Network actor theory The Latour perspective center the attention on the actor as a person or object involved 

in a process [168] 
Structural anthropology The structural anthropology study the rules and structure of social communication 

as an unconscious process and drives oppositely to the sociological explanation [169] 

 

 

The checklist allows us to understand that every 
construct has its own theory. For example, Lewin's 
theory [158] understands people's cognition 
in the marketing frame. Bruner's  proposal [164] 
explains the sign as a symbolic system and 
Bourdieu's  approach [170] analyzes the garment 
as social life object. Consequently, we found that 
Institutional Theory cohesions our constructs. 
We analyze this theory under Veblen`s view [167] 
because he proposes a social validation and 

exchange intention by persons. The institutional 
theory allows us to connect the marketing, the sign, 
and the garment, in a specific context with specific 
consumers. To feed Institutionalist theory, we choose 
Peirce's semiotic science to refer to the sign 
structure. Also, the symbolic interactionism 
of Simmel & Wolff 's to us refers to the immaterial 
power of garments. Finally, the selective attention 
of Broadbent to focus on consumer stimuli. 
We present this connection in Figure. 

 

 

Figure 5 Theoretical lenses results (source: Hernández-Gallego & Escobar-Sierra) 
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Figure 6 Conceptual model for the relation between signs of garments and fashion marketing strategy 
(source: Hernández-Gallego & Escobar-Sierra) 

4.3 Structural model for the relation between 
signs of garments and fashion marketing 
strategy 

Our main result is our structural model to establish 
the relationships between signs of garment and 
fashion marketing strategy [171]. We named 
the Conceptual model for the relation between signs 
of garments and fashion marketing strategy. 
In the future, we pretend to transform our structural 
model into a measurement model [172]. It is 
important to understand that the concepts presented 
in circles refer to latent variables. In addition, we put 
numbers to identify the conceptual background of our 
model (Figure 6). 

The number one refers to our latent variable 
of the sign, and we supported on the Saussure's 
proposal [37] where the sign is a concept that 
communicates ideas through attributes. The number 
2 refers to the triadic relation of the sign, and we 
sustain in Peirce's science semiotic [38]. 
The representamen and the interpretant refer 
to persons and context, and the object represents 
the garment. For number 3, we present 
the marketing concepts, which Kotler & Amstrong's 
validate [8]. Those latent variables connect with 
the garment as a product offered. And, they relate 
to the sign as attributes directed to consumers. 
The number 4 is our fashion context it means our 
interactive platform where the marketing provides 
their products and persons transform those objects 
in symbolic meaning [32, 100]. With number 5, 
we show brand equity to reveal symbols and brand 
archetypes that belong to marketing and provide 
images in the sign variable [95, 96]. Finally, 
in number 6, we want to highlight the power 

of the representamen and the interpretant as persons 
in the sign structure [44]. Those constructs enable 
the communicational process. As a closure, we want 
to emphasize that our structural model is the main 
result of our methodological process presented 
before and, we discover that marketing lays 
the foundation to generate interaction between 
persons, garments, signs, and context with our 
research. Moreover, in our structural model, we can 
see that marketing, sign and garment relate 
in symbolic and material dimensions. 

5 DISCUSSION WITH OTHER AUTHORS 

In our discussion with other authors, we analyze their 
proposals to contrast with our results about reducing 
marketing inefficiencies and generating well-being 
among consumers. In this sense, when authors refer 
that garment represents status for persons is correct 
[26-32]. In other words, the garment solves 
the representation needs in persons through brand 
identity [33-35]. However, we do not see how brands 
accomplish representation needs in persons 
in the scholars' proposal. On the contrary, 
the structural model presents the links, and we can 
infer the vias to solve symbolic needs and reduce 
marketing inefficiencies. Another aspect addressed 
by academics is luxury, and they found that 
consumers validate this concept. However, 
academics avoid the study of signs because there 
may not be a relationship at first sight. In the luxury 
example, we think it is vital to understand the signs 
because they affect different dimensions 
of the consumer. The signs can materialize 
in objects, but the object itself is not a sign [33-35]. 
One of the consequences of the consumer’s 
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validation is giving symbolic value to brands. 
Consequently, the academics explain the value, 
and they approach it through strategies. 
They mention that some strategies, such as brand 
equity, image, and personality, can create and return 
value [28]. This approach to value needs to get in 
deep because the brand identity and image by 
themselves will not generate or return value. In other 
words, the value is a symbolic aspect of client 
relationships with brands, and we believe that it is 
important to improve the relationship through 
symbolic messages. In this sense, it is necessary 
to identify which strategies are the most shocking 
and give visual and symbolic content to consumers 
to receive and return value [28, 34, 35].  

6 CONCLUSIONS, RECOMMENDATIONS 
AND LIMITATIONS 

We accomplish to relate signs of garments to 
the fashion marketing strategy when we detected 
the common constructs such as brand equity, 
marketing mix and the sign structure. Our results 
help us say that if we want to create value for clients, 
we need to include signs in our proposal to generate 
brand loyalty. The symbolic gap that we found may 
help the transdisciplinary exercise between 
designers and marketing practitioners to approach 
the context and business needs through the symbolic 
aspects. For example, designers could improve 
the project method using signs, and marketers 
accomplishing their goal using symbolic 
communication to clients. Therefore, applying 
the signs correctly creates bonds between 
consumers and brands. In this sense, we recognize 
that persons live in the signs dynamic. For that 
reason, if we apply symbolic aspects to brands, 
we should reduce marketing inefficiencies. 
Alternatively, we found the current need to improve 
tools, theoretical knowledge, and strategies to apply 
the constructs of marketing, fashion and signs. 

On the other hand, we identify that practitioners and 
theoreticians face trouble when choosing any 
strategy. In this sense, they are not clear about which 
marketing strategy use to create value. To reduce 
inefficiencies and choose strategies in fashion, 
we present signs as a solution in the fashion industry 
because they help us know the client's motivation 
to buy and wear garments. Therefore, to know 
the importance of signs, we develop a structural 
model based on a literature review, and we 
accomplish to relate signs with fashion marketing 
strategy. Consequently, our structural model shows 
different dimensions to establish relationships 
between sensitive fashion customers with brands 
through signs.  

In addition, we affirm that our methodological 
process allows us to put philosophical constructs into 
practice in a systematic way. In this sense, we bring 
conceptual bases where we accomplish to connect 

opposite constructs. However, we suggest for future 
research evolve the structural model 
to a measurement model to settle the concepts. 
Moreover, we recommend an empirical verification 
of our model in the fashion context. We recognize 
that our work has an analytical scope and gives 
advance in the construction of knowledge. Finally, we 
think it is important an empirical verification in each 
research to generalize the theory. 
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Abstract: Knitted fabrics with tuck stitches are widely used in the manufacturing of knitwear, hats, scarves, 
etc. due to the variety of patterned effects that can be obtained. It should be noted that the structure and 
properties of the knitted fabric will depend on the number of tuck stitches in the structure. The goal of this 
work is to develop a few types of knitted fabrics with different content of tuck stitches and to analyze 
the effect of tuck stitches on the structural characteristics and deformation properties of the fabric. 
Two sets of fabrics were produced on a 10-gauge flat-bed knitting machine from 32x2 tex half wool yarn. 
They are differed by basic interlooping and the number of tuck stitches in the repeat. Dependencies 
of the structural parameters as well as deformation properties on the number of tuck stitches 
in the interlooping repeat were set up. They should be taking into account when designing new products 
from these and similar fabrics. 

Keywords: rib knitted fabric, tuck stitch, deformation component, full deformation, shrinkage, structure. 

 

 

1 INTRODUCTION 

Today, the problem of expanding the knitwear range 
[1] is a topical issue for the vast majority of knitting 
companies [2]. This problem can be solved 
in several ways [3]: first, by improving the knitwear 
design solutions; secondly, to make fuller use 
of the existing technological potential of knitting 
machines [4]. Modern knitting equipment allows 
to create a wide range of interlooping and gets 
a variety of pattern effects, and electronic needle 
selection systems contribute to an almost unlimited 
increase in the pattern repeat size, both in height 
and width.  

According to the variety of patterned effects that can 
be obtained: lace [4], embossed [6], racked [7], 
tinted; tuck stitch is occupied one of the first places. 
Tuck stitches offer many decorative possibilities; 
they can be used to produce openwork effects, 
make surface texture effects and improve ladder 
resistance [7]. Tuck stitches are stitches in which 
certain loops are drawn through the loops 
of a previous course and through open loops [9]. 
Scilicet a tuck stitch is composed of two elements 
held loop and tuck loop [10]. These loops differ 
by size and yarn configuration [11]. The tuck stitch 
may have few tuck loops [4]. Successive tucks 
on the same needle are placed on top of each other 
at the back of the head of the held loop and each, 
in turn, assumes a straighter and more horizontal 
appearance. Under normal conditions, up to four 
successive tucks can be accumulated before tension 
causes yarn rupture or needle damage [4, 10]. 

The limit is affected by machine design, gauge, yarn 
count and elasticity, yarn tension and take down 
tension. From the other side, tucking may occur few 
adjacent needles [12]. The head of the tuck loop will 
float freely across these adjacent needles. 
Dependent upon structural fineness, tucking over six 
adjacent needles is usually the maximum unit [10].  

The uniqueness of the loops` structure of the tuck 
knit is significantly reflected in the shape, size and 
disposition of both elements of the tuck stitches 
as well as conventional loops. So, there are four 
types of loops in the half cardigan structure 
(Figure 1): held loop 1 and tuck loop 4 usually 
at the front side; conventional loops 2 and 3 
at the backside [13]. Loop 2 is tightened due to 
dragging the yarn into held loop 1. Loop 3 has got 
round shape due to the redistribution of the yarn 
from the tuck loop 4 and due to the elastic properties 
of the threads themselves [9]. 

The properties of knitted fabric are mostly 
determined by the properties of the basic 
interlooping (plain, rib or interlock) at the same time 
changing them. Thus, a single fabric with tuck 
stitches has a greater thickness, weight [14] 
and porosity compared to a single jersey [15]. When 
the tuck stitches give the miss stitch effect in fabric, 
the weight ant thickness is lower than expected [16]. 
From the investigation single jersey fabric with tuck 
loop incorporated with knit loop in wales direction 
[17] it was found that with the increase of tuck loop 
percentage in wales direction fabric width and areal 
density increases. But increasing number of tuck 
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loop does not show any linear relationship with 
shrinkage and spirality. The fabrics such as lacoste 
structure having more pores and larger pores show 
the higher resistance against pilling. Tendency to 
generate lesser pills will enhance aesthetic property 
of tuck fabric. Visual investigation shows that tuck 
stitch was the most beautiful and decorative stitch 
[15]. The knitted fabric with tuck stitches is less 
stretchable and has better shape retention than 
the basic structure. The stretch property walewise 
is limited due to held loops at the same time 
the stretch property coursewise is limited due to tuck 
loops oriented in the stretching direction. Generally, 
with an increase in the number of tuck stitches 
the width of the fabric grows and the slackness 
of the structure increases [18].  

In another study [19], the effect of tuck loop on fabric 
width in grey and finished state, shrinkage, spirality 
and areal density were investigated when yarn 
count, stitch length, machine gauge, machine 
diameter, dyeing and finishing procedures were 
same. From the investigation it was found that with 
the increase of tuck loop percentage in wales 
direction fabric width and areal density increases. 
But increasing number of tuck loop does not show 
any linear relationship with shrinkage and spirality. 

 

 

Figure 1 Half cardigan structure 

With regard to rib knitted fabric, such common 
interlooping as a full cardigan and half cardigan are 
the objects of the vast majority of studies [11-13, 
20]. All loops at one or both sides of such fabrics are 
tuck stitches. It was established that the elongation 
of half-cardigan is the greatest in wale direction and 
the elongation of full-cardigan is the greatest 
in course direction [12]. As a result of the study 
effects of knit structure on the properties of winter 
outerwear [20], it was established that the tuck stitch 
fabrics have the lowest resistance to abrasion. 
The full cardigan fabric has the lowest resistance 
to pilling. Half cardigan fabrics have weaker bursting 
strength performance. At the same time, they are 
the most permeable to air.  

In the other study [21], it was found that the tuck 
stitches within the structure of composite 
reinforcement did not have a contributive effect 
on the tensile and compressive behaviors. 

But as the tensile and compressive strength values 
in course and wale directions were much closer 
to each other for the full cardigan derivative 
composites than the 1+1 rib composites, the full 
cardigan derivative composites can still be preferred. 
The authors conclude that different weft knitted 
structures which are composed of tuck stitches 
should be studied. There is also information 
on the effect of the tuck index on the properties of rib 
1+1 knitted fabric [22]. It was concluded that 
the width, thickness and air permeability 
successively increase with increasing of tucking 
course and the length gradually decreases. 
For drape property, single needle tuck stitch with 
three tucking courses is biggest and its change 
presents parabolic curve. In the study [23], 
the influence of the number of tuck loops 
in the repeat of the combined interlooping formed 
by alternation of rib 1+1 and half-cardigan courses 
in different ratios on the fabric properties was 
investigated. The increasing the number of tuck 
stitches in the repeat leads to an increase 
in the thickness and, accordingly, the surface 
density. The values for half cardigan are 25% higher 
than for rib 1+1.The increasing the number of tuck 
loops in the repeat leads, as well, to a decrease 
in the difference in the stretchability in different 
directions. The full deformation of half cardigan 
is almost the same both course-wise and walewise 
and it is 140 ÷ 150%. 

Therefore, there is a lack of information on the effect 
of tuck stitches on the properties of rib knitted fabric, 
when the tuck loops are not formed on each needle 
of the needle bar. The purpose of this work 
is to study the rib knitted fabrics with tuck stitches 
according to repeat and to establish the effect 
of the tuck stitch number on the properties 
of developed knitted fabrics.  

2 MATERIALS AND METHODS 

Rib knitted fabric with tuck loops formed according 
to the repeat on the needles of one needle bed 
is the object of this study. All knitted fabrics 
are manufactured on a 10-gauge flat-bed knitting 
machine from 32x2 tex half wool (50% wool and 
50% polyacrylonitrile fibers) yarn. The tuck stitch 
is formed by standard method for weft knitting: 
by holding the old loop and then accumulating new 
loop in the needle hook. New loop becomes a tuck 
loop as it and the held loop are knocked-over 
together at later knitting cycle [10].  

In order to study the effects of the pattern and 
of the number of tuck loops on the structure and 
the properties of knitted fabrics two sets of samples 
were produced. They differ in the repeat of tuck and 
regular loops alternation as well as in the order 
of needles work in different systems (Table 1):  

 the first set of samples (1.1 ÷ 1.3) – tuck stitches 
on the single rib (2/1, 3/1 and 4/1); 
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 the second set of samples (2.1 ÷ 2.3) - 
alternation of rib 1+1 course and course with tuck 
loops formed according to repeat; 

 rib 1+1 and a half cardigan as basic structures for 
comparison. 

 

 

Table 1 Developed knitted fabrics with tuck stitches 
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a) coursewise b) walewise 

Figure 2 Specimen`s length during the study on the relaxometer for variant 1.1. 

 

For the manufacture of the first set, the needles 
of the front bed are taken out of action according to 
repeat. So, there are plain areas on the fabric 
surface, which changes the properties of the rib 
structure. This part is the subject to curl with 
an increase in the number of adjacent plain loops. 
The tuck loop is formed on the rib of structure. 
The tuck stitches form straight wales and create 
relief at the front side of the fabric. On the fabric 
back side, wales connected with rib on the front side 
are curved due to uneven redistribution of yarn 
on both sides of the loop. There are one or more 
straight wales between curved ones with increases 
the number of adjacent plain loops. This difference 
creates a tint effect on the fabric. 

For the manufacture of the second set of fabrics, 
needles work in the following order: all needles form 
loops at the first feeder; all needles of one bed form 
loops and certain needles of other bed form tuck 
loops at the second feeder. The wales on the front 
side are straight and formed by held loops some 
of them with tuck loops. There is a slight tint effect 
due to the different perceptions of tuck stitches and 
float stitches. The wales on the back side are formed 
by tightened loops and round or regular loops that 
reflected in the surface irregularity. 

The percentage of needles of the front needle bed 
which formed tuck loops (TS) was chosen 
as an input factor of the experiment.  

All knitted fabrics after knitting before the study are 
brought to a conditionally balanced state by washing 
and ironing according to ISO 6330:2013 [24]. 
Shrinkage during washing and ironing was 
determined according to ISO 3759-2007 [25] and 
ISO 5077-2007 [26].  

Studies of the structural parameters of the fabrics 
were conducted according to standard methods:  

 stitch density is according to BS EN 14971: 2006 
[23]  

 the loop length is according to BS EN 14970: 
2006 [24],  

 mass per square meter is according to ISO 3801: 
1977 [25],  

 thickness is according to ISO 5084: 1997 [26]. 

Ten parallel measurements were carried out for 
each fabric variant. Taking into account the relief 
effect of knitted fabrics of the first set, the study 
of thickness was carried out with a double number 
of measurements. The average values are used 
for the analysis. 

The deformation of the knitted fabrics was 
investigated on a relaxometer both coursewise and 
walewise. The test on the cycle "load-unload-rest" 
was carried out according to ASTM D2594-20 [31] 
at 6 N load. The time of loading and rest was 
60 minutes each. 3 specimens for each fabric 
variant were tested; the results show high 
convergence (Figure 2).  

3 RESULTS AND DISCUSSION 

3.1 Fabrics shrinkage 

As a result of shrinkage investigation (Figure 3), 
it was found that the width of all studied fabrics 
variants increases after washing, drying and ironing. 
In general, the value ranges from 5 to 10% and 
is primarily related to the production conditions on 
the knitting machine. The draw-off force is directed 
walewise and therefore the loops are extended in 
length and reduced in width. The shape of the loop 
and its dimensions changes as a result of relaxation 
processes during wet-heat treatments. The value is 
more evident for the first set of fabric. An increasing 
the distance between adjacent plain and rib wales 
in rib knitted fabric by reducing the telescopic 
approach between adjacent loops is another reason 
for the fabric's width increase. The value is more 
evident for the first set of fabric because 
of eliminating curl areas of plain in single ribs. 
Shrinkage coursewise is observed only for 
the second set of knitted fabric. Length reduction 
is from -5 to -10% as a result of held loop reshaping. 
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It should be noted that the size changes of knitted 
fabrics occur generally during the first wash, and 
after that they are stable. This fact must be taken 
into account when developing technological modes 
of wet-heat treatment of semi-finished products 
in order to ensure high-quality knitted clothes. 

3.2 Structural parameters 

The study results of the structural parameters (stitch 
density, the loop length, the thickness and mass per 
area unit) of the developed knitted fabrics with tuck 
stitches are summarized in Table 2. 

The loop length is the main structural parameter that 
determines the density and properties of knitted 
fabrics. Studies results have shown some difference 
between the loop length at the first feeder, which 
forms only loops, and the loop length at the second 
feeder, which forms both loops and tucks. 
This difference is not too significant (up to 6%), 
so the analysis is performed on the average value 
of the indicator (Table 2). The experimental data 
shows that neither the interlooping nor its repeat 
affects the loop length which is on mean equal 

to 5.85±0.19 mm. All fabrics are produced from 
the same yarn on the same knitting machine with 
the same technological parameters (yarn tension, 
sinking depth, draw-off force). Therefore, the further 
analysis of experimental data is expedient to think 
about the influence of the number of tuck stitches 
(not loop length) on the investigated properties 
of knitted fabrics. 

The study result shows that the tuck stitches 
significantly affect the stitch density of the knitted 
fabrics. The height of the tuck stitch is usually two 
times more than the height of a regular loop 
(Figure 1). The tuck stitches are positioned 
at the front side of the studied knitted fabrics that 
leads to a difference in the number of courses 
on both sides of the fabric (Table 2). The number 
of courses per 100 mm of half cardigan is 15% less 
on the front side and 75% more on the backside 
compared to the rib 1+1 knitted fabric. It was found 
(Figure 4) that the number of courses per 100 mm 
decreases with decreasing number of tuck loops 
in interlooping repeat in both sets of knitted fabrics.  

 

 

 

Figure 3 Shrinkage of knitted fabric 

 

Table 2 Structural parameters of knitted fabrics 

Variant 
TS 
[%] 

Thickness 
[mm] 

Stitch density Mass per square 
meter 
[gr/m2] 

Loop length 
[mm] 

Wales per 100 mm Courses per 100 mm 
front back front back 

R 0 1.27±0.11 53±2 53±2 92±2 92±2 348.7±12.2 5.82±0.21 
HfC 100 1.77±0.18 36±1 36±1 80±2 159±4 473.1±20.8 5.78±0.14 
1.1 50 1.23±0.20 26±2 50±2 63±2 126±3 352.4±24.3 5.89±0.12 
1.2 33 1.10±0.13 20±0 57±1 59±2 117±3 329.9± 8.4 5.80±0.14 
1.3 25 0.94±0.10 15±1 56±1 45±2 89±3 270.8±23.3 6.00±0.16 
2.1 50 1.72±0.15 49±1 49±1 69±2 137±3 466.2±22.1 5.84±0.10 
2.2 33 1.75±0.07 54±1 54±1 67±2 133±4 481.5± 6.9 5.88±0.08 
2.3 25 1.58±0.15 54±1 54±1 63±2 126±5 446.9±16.1 5.90±0.07 
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a) front side b) back side 

Figure 4 Number of courses per 100 mm 

 

  
a) front side b) back side 

Figure 5 Number of wales per 100 mm 

 

It is well known that the tuck stitch is wider than 
a regular loop due to straightening up the yarn 
of tuck loop. It leads to a reduction in the number 
of wales per 100 mm. The conducted research has 
confirmed this state: the density of half cardigan is 
third less than rib 1+1 knitted fabric (Table 2). 
Accordingly, the value is growing with reducing 
the number of tuck stitches (Figure 5). It is 
necessary to emphasize that tendency is opposite 
for the front side of the first set of fabric (Figure 5a): 
the wales number per 100 mm increases with 
an increase in the number of tuck stitches 
in the interlooping repeat. This is due to the fact that 
fabric produced with complete taking out of action 
the needles according to repeating in front bed. 

The fabric thickness is mostly determined by 
the disposition of different loops in the structure 
as well as skeletons and junctures of the same 
loops. The results of the study (Table 2) showed that 
the half cardigan is almost 40% thicker than rib 1+1 
fabric. It is due to a change in the shape 
of the backside loop that connected to the tuck loop. 
This loop has got rounded shape and curved into 
the fabric thickness. It should be noted that 

the number of tuck loops in repeat does not affect 
fabric thickness for the second set (Figure 6).  

 

 

Figure 6 Thickness of knitted fabric 

Therefore, it can be stated that tuck stitches 
in the rib 1+1 knitted structure significantly affect 
its thickness, regardless of their number in repeat. 
There is a directly proportional relationship between 
the number of tuck stitches in the interlooping repeat 
and fabric thickness for the first set (Figure 6). 
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But it is the result of different thicknesses of plain 
and rib structure mostly. Therefore, with a decrease 
in the number of tuck stitches increases the thinner 
plain areas which, in turn, reduces the fabric 
thickness. 

The mass of the fabric is an indicator of both raw 
material consumption and, indirectly, the heat-
protective properties of the knitted fabric. The mass 
per square meter of the half cardigan is almost 25% 
higher than the mass per square meter of rib 1+1 
knitted fabric (Table 2) due to the presence of a tuck 
loop behind the held loop and greater thickness 
of the fabric. The influence of the interlooping repeat 
on the mass value for the first set of fabric is obvious 
(Figure 7). As for the thickness, it is a consequence 
of taking out of action the needles according to 
repeat and the formation of plain surfaces 
of different widths. The effect of the number of tuck 
stitches on the mass per square meter is less 
significant for the second set of fabric. Value is 
mainly related to the difference between the length 
of the tuck loop and the float loop behind held loops.  

 

 

Figure 7 Mass per square meter 

3.3  Stretch properties 

The widespread use of knitted fabric is due primarily 
to its high extensibility and elasticity compared to 
weaving fabric. That is why it is important to test 
the stretchability of knitted fabric before 
recommending it for usage in a certain product. 
Full deformation and its components are preferred 
single-cycle characteristics [32]. The results 
of processing the experimental data (Table 3) show 
that the stretch property of developed knitted fabrics 

along the courses exceeds its stretch property along 
the wales. The full deformation of half cardigan 
along the courses is 40% less, and along the wales 
is almost 60% higher than the corresponding 
indicators of the rib 1+1 fabric. This difference is 
conditioned by the type and the shape of the loops. 
The stretchability of rib 1+1 fabric coursewise 
is increased due to the telescopic approach between 
the front and back loops, and at the same time, 
the tuck loops limit stretchability in this direction. 
The rods of loops skeletons oriented along 
the stretching create the main resistance to 
stretching in the wales direction. At the same time, 
the tuck stitch is a complex of loops of different 
shapes and sizes, which increases the stretchability 
of fabric.  

Both the interlooping type and the number of tuck 
stitches affect the full deformation of knitted fabrics. 
Thus within the experiment, the full deformation 
of the fabrics when stretching coursewise 
(Figure 8a) increases by 15-30% with an increase 
in the number of tuck loops, while the effect 
of the basic weave is negligible. The difference 
in the performance of the fabrics of both sets is 
in the 10-20% range. At the same time, the full 
deformation of the fabrics when stretching walewise 
maintaining the tendency to increase is more 
significant (Figure 8.b): the full deformation 
increases by 60%. 

The elastic component is the main part of full 
deformation. All tendencies that revealed for full 
deformation remain: increase in the number of tuck 
loops leads to growth of an elastic component both 
at stretching coursewise and walewise. 
The tendency is more expressed at stretching 
walewise; indicators are higher for second set 
of fabrics (variants 2.1-2.3).  

The residual component of the full deformation 
is an indicator of the stability of the knitwear. 
It depends primarily on the basic interlooping 
(Figure 9). Attention should be paid to the high value 
of residual deformation for the second set of fabric 
(variants 2.1-2.3). It is primarily due to 
the irreversible yarns redistribution between 
the different loops in the structure. The residual 
deformation for the first set of fabrics (variants 1.1-
1.3) is much smaller. It increases with increasing 
number of tuck stitches. 

 

Table 3 Deformation characteristics of knitted fabrics with tuck stitches 

Variant TS [%] 
Deformation in direction of courses [%] Deformation in direction of wales [%] 

Full, ε Elastic, ε1 Plastic, ε2 Residual, ε3 Full, ε Elastic, ε1 Plastic, ε2 Residual, ε3 

R 0 176.6 151.6 19.0 6.0 47.0 38.0 7.7 1.3 
HfC 100 135.7 100.4 25.0 10.3 107.0 85.7 14.3 7.0 
1.1 50 103.4 80.7 19.0 3.7 53.7 41.7 7.7 4.3 
1.2 33 100.3 88.3 10.7 1.3 38.4 30.7 5.7 2.0 
1.3 25 132.0 107.4 19.3 5.3 43.4 33.7 7.7 2.0 
2.1 50 125.3 96.3 16.7 12.3 70.3 56.0 9.0 5.3 
2.2 33 124.4 89.7 22.0 12.7 61.0 42.7 11.3 7.0 
2.3 25 115.3 93.0 12.0 10.3 52.0 38.4 8.3 5.3 
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a) coursewise b) walewise 

Figure 8 Effect of tuck stitches on full deformation 

 

  
a) coursewise b) walewise 

Figure 9 Effect of tuck stitches on residual deformation 

 

  
a) coursewise b) walewise 

Figure 10 The components contribution in full deformation during stretching 

 

The components' contributions in full deformation 
are important indicators of the quality of textile 
materials along with their actual values (Figure 10). 
It is obvious that the elastic component is 
a significant part and the residual component 
is the smallest part of the full deformation.  

The study results show that when stretched 
walewise (Figure 10b), the elastic contribution is 0.8 
and does not depend on the knitted fabric variant. 
The contribution of residual deformation does not 

exceed 0.1. At the same time, when stretching 
coursewise (Figure 10a), the effect of the number 
of tuck stitches on the elastic contribution is 
observed. The value decreases with an increasing 
number of tuck stitches. It is 0.86 for the rib 1+1 and 
0.74 for the half cardigan fabric. It should be noted 
that the residual contribution for rib 1+1 and the first 
set of fabrics (1.1.-1.3) does not exceed 0.04. 
The residual contribution for the half cardigan and 
for the second set of fabrics (2.1-2.3) reaches 0.1. 
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4 CONCLUSION 

The investigation of tuck knitted fabric, made 
on the basis of the single rib of different repeats and 
on the basis of the rib 1+1 with a different number 
of tucks in the repeat allowed us to conclude 
the following: 

 The number of tuck stitches in the interlooping 
repeat is significantly affecting the structural 
parameters as well as deformation properties 
of the knitted fabric. 

 The number of courses per 100 mm, 
the thickness and mass per unit areas 
of the fabric increases, and the number of wales 
per 100 mm decreases with the increasing 
number of tuck loops. 

 The full tensile deformation walewise is much 
smaller than coursewise. The increase 
in the number of tuck stitches in the repeat leads 
to a value increase. The tendency is greater 
extent when stretching walewise. 

 The elastic component is a significant part 
of the full deformation. its value is 0.8 when 
stretching walewise. The value decreases from 
0.86 for rib 1+1 to 0.74 for the half-cardigan with 
increasing the number of tuck stitches 
in the repeat when stretching coursewise.  

 The residual deformation reaches 10-12% 
for the second set of knitted fabric when 
stretched coursewise. The residual deformation 
does not exceed 7% when fabrics stretched 
walewise. It is 0.1 of full deformation.  This must 
be taken into account when designing clothes 
from such fabrics.  

Developed knitted fabrics are recommended 
for demi-season outerwear clothing.  
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Abstract: The need to wear comfortable shoes has always been a topical issue for the consumer, 
but in mass factory production it is not always possible to meet the criteria of shoe comfort for each user 
due to the individual structure and biomechanical characteristics of his foot. To preserve the natural 
anatomical structure of the foot in its satisfactory functioning, it is necessary to provide comfort and protect 
the foot from the environment during the operation of the shoe. On the basis of the comparative analysis 
of results of anthropometric researches of feet and subjective feelings of footwear comfort the expediency 
to perfect the footwear designing process by the individual order with the use of a universal shoe model-
transformer is proved. These studies provide an opportunity to explore the subjective feelings of foot 
comfort in footwear, and ensure the production of high quality shoes to individual order using the universal 
shoe model transformer and a computer system based on an Arduino Uno microcontroller. The results 
of studies of individual sensations of pressure on the feet by shoes in the state of standing and walking 
are presented. A study of a two-factor experiment of the dependence of pressure parameters 
at anthropometric points of the rise and the heel of the foot is presented. The regression equation 
of the dependence of the shoe comfort level on pressure acting on the foot is obtained. The mathematical 
model of fitting the shoe model-transformer on the foot is presented. 

Keywords: anthropometric parameters of the foot, materials, comfort, model-transformer, shoes, 
computer system, pressure, modulus of elasticity. 

 

 

1 INTRODUCTION 

From the theory and practice of shoe production 
it is known that the manufacture of high quality 
shoes at the level of world trends is one of the main 
tasks of the fashion industry. The success 
of the manufacturer and its competitiveness largely 
depends on the quality of raw materials and 
components. However, it should be remembered 
that the rational design, comfort of the product and 
the microclimate of the foot inside the shoe are 
the main factors in shaping the requirements for 
shoes and they must meet international standards. 
The products are improved annually under 
the influence of fashion trends, changes 
in the designer's worldview, as well as according 
to the development of science and technology. 
But at each stage of production, raw materials, 
components and products, as the final product 
of production, must meet the needs, desires and 
professional requirements of the consumers 
at minimal cost. 

The best material of shoe uppers is traditionally 
considered to be natural leather, which provides 
comfort and high reliability of the product during 
operation. However, the high cost of raw materials 
of natural origin gives rise to a significant cost 
of the resulting products. Today, in the world 
practice, synthetic leathers and knitted fabrics are 

widely used to make the uppers of shoes along with 
natural leather. One of the best knitted materials for 
making summer shoe uppers is CORDURA AFT® 
[1]. It is a knitted material made of high-strength 
polyester and polyamide threads with high 
resistance to abrasion, tearing and repeated 
bending. Microfiber leather is made of polyester and 
polyamide fiber and polyurethane. Microfiber 
is artificial leather developed by CLARINO [2] 
a division of Kuraray Co., Ltd., which is a world 
leader in the production of microfiber nonwovens 
and continues to be a leading innovator 
in the production of synthetic leather. CLARINO 
materials have a wide range of colors, properties 
and thicknesses. This artificial leather can be used 
to make the top of special, sports and casual shoes, 
and can also be used to make the lining. 
It is resistant to scratches and abrasion, has high 
adhesion, vapor permeability and resistance 
to chemicals. 

In today's conditions, the topical issue is 
the production of exclusive products to individual 
order, which emphasize the status of the customer, 
his character and preferences. The task of modern 
small private shoe companies specializing 
in the production of custom-made shoes is to study 
the preparatory and basic processes of shoe 
production, namely: measuring the feet and layout 
of the product model of different materials, design or 
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adjustment of shoe lasts, shaping the product while 
tightening shoes on lasts, etc. The solution 
of the problem of designing and manufacturing 
comfortable shoes is devoted in the fundamental 
works of researchers and scientists such as: Liba 
[3], Fukin [4], Zibin [5], Das [6], Goonetilleke [7], 
Nadopta [8], Chertenko [9] and others. Creating 
a comfortable and convenient form of product design 
is one of the main stages of shoe production, 
on quality and careful execution of which depends 
not only the shape stability and comfort of shoes 
at the stage of operation, but also the appearance 
of the product. 

Quality and affordable footwear should be made by 
mass production technology, but take into account 
the individual characteristics of the consumer. 
A significant role in this sense is played 
by the process of designing shoes taking into 
account the anatomical points of the foot. At any, 
even insignificant deviations of foot from normal 
indicators the footwear made on the averaged form 
create a certain discomfort as the foot is an organ 
with very difficult anatomic structure [10, 11].  

The ability of the feet to freely perform full-fledged 
movements when walking in shoes is one 
of the main requirements for comfort and quality 
of footwear. Ideally comfortable shoes can be called 
ones in which the biomechanical performance 
of the feet when moving will be identical to those 
when running without shoes. Creating comfortable 
shoes is a complex engineering task, because when 
designing you need to take into account not only 
the parameters of the foot in statics, but also 
in the dynamics. The foot is a complex static-
dynamic system, the mathematical description 
of which requires taking into account many factors 
and individual features in order to ensure a sufficient 
level of shoe comfort. The effect of the same factor 
on different feet is completely different. The human 
foot is one of the important elements 
of the musculoskeletal system and has a complex 
structure. It consists of 28 bones, 56 ligaments that 
hold the bone structures in the correct position and 
38 muscles that support the foot. The foot makes 
contact with the support, redistributes the reaction 
force of the support to the higher segments and 
performs an important spring function, provides 
stability of the lower limb and adhesion 
to the support surface. The ability of the foot 
to withstand the load is due not only 
to biomechanical perfection, but also the properties 
of its constituent tissues. 

2 ANALYSIS OF PREVIOUS RESEARCHES 
AND SOURCES OF INVESTIGATION 

As shown by the analysis of works on the problem 
of shoe comfort [12-15], we can conclude that 
the authors considered the comfort of shoes from 
the standpoint of mass production. Today, more and 

more consumers are turning to individual tailoring 
due to factors such as: environmental friendliness, 
small or large foot size, consumer segment, varieties 
of exotic leathers, activities (working in show 
business, celebrity), etc. which require a certain 
design of shoes. Due to the pursuit of fashion and 
aesthetic appearance of shoes, most manufacturers 
generally miss the most important task: to make 
shoes for consumers that protect the foot from 
external influences and are comfortable to use. 

The force interaction between the foot and the shoe 
is a very complex process. At the upper of the shoe 
there are active pressure forces of the back 
of the foot, and at the bottom of the shoe there are 
reactive forces of pressure of the plantar part 
of the foot and active forces of support pressure 
of the foot [16-19]. 

The physiological effect of dynamic foot loading 
depends on many factors: size; places of application 
and directions of forces acting on the foot; 
the general scheme of the tense state of the foot, 
etc. The magnitude, direction and location 
of the application of force factors acting on the foot, 
change dramatically during walking and running. 
The manufacture of individual footwear begins with 
measurements of the basic anthropometric 
parameters of the feet, which are taken into account 
when designing the shoe last. But to create 
comfortable shoes, it is necessary to take into 
account the subjective consumer’s feeling 
of pressure on the foot. 

Knowledge of footwear as an object of study 
in terms of actual comfort can be assessed 
on the basis of sensation and perception by direct 
consumers. That is, the consumer's perception 
of shoes can be considered as an integrated image 
or objective-subjective assessment of shoes, which 
contains a set of properties that an individual 
receives through the sensory organs. By its nature, 
perception, like sensation, is reflexive.  

The elasticity of the foot due to individual anatomical 
and functional features is determined by genetic, 
age, gender and other multiple factors. Many 
authors have studied the modulus of elasticity and 
other physico-mechanical properties of foot tissues. 
Previously it was established that the normal bone 
density is 2.4 kg/m

3
, Young's modulus is 

E=2000 MPa, tensile strength is =100 MPa, 
relative deformation reaches 1%. Young's modulus 
of the tendon is 160 MPa. Collagen material 
is characterized by a Young's modulus value     
of 10-100 MPa, and elastin -0.5 MPa [20]. 

Wright and Rennels [21] first determined 
the modulus of elasticity of plantar aponeurosis, 
which was 342-822 MPa. For comparison, these 
values are in the range of 50-500 MPa, given 
for connective tissue of other localizations studied in 
vitro; and exceed the modulus of elasticity of fascial 
and ligament structures of the foot and leg [22-24]. 
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Adipose tissue of the supporting surface of the foot 
has a unique structure, which is due to the load that 
the foot experiences when walking. The amortization 
capacity of the fat layer in this part of the human 
body is due to its thickness, size and shape of fat 
particles, the development of fibroelastic skeleton, 
which strongly connects the dermis with plantar 
aponeurosis and periosteum of the overlying bones 
[25]. The main mechanical characteristic of adipose 
tissue of the plantar surface of the foot is 
the modulus of elasticity (Young's modulus), which is 
normally 1.076-1.364 kg/cm

2
 [26]. Researchers 

Perepelkin, Mandrikov, Krayushkin and 
Atroshchenko [27] studied the mechanical properties 
of healthy feet of boys and girls. In this paper, 
the elastic deformation of the foot in the vertical 
plane was considered. Normally, the modulus 
of elasticity of the foot in boys is 616.9 kPa; in girls 
the modulus of elasticity is 6012 kPa. The authors 
Hashemi, Chandrashekar and Mansouri [28] found 
that the increase in tissue rigidity in males is due to 
increased collagen synthesis, and the decrease 
in elasticity in women is determined by the smaller 
number of fibers, their diameter and the relative 
amount of collagen in each ligament fiber of their 
foot. 

3 MATHEMATICAL MODELLING 

The analysis of orders for individual tailoring 
of shoes showed that when adjusting 
the parameters of the shoe last on the individual 
parameters of the foot and fitting the prototype 
of the shoe, customers often experience certain 
feelings of discomfort in the area of the rise 
of the foot. For individual tailoring of comfortable 
shoes you need to more meticulously determine 
the parameters of the human foot and based 
on them, satisfy the wishes of a particular customer. 
After all, the comfort and safety of the lower limbs 
during walking and physical activity depend 
on the right shoes. 

 

 

Figure 1 Cross section of the foot at the point of rise: 
R1 and R2 - the outer radius of the deformation zone 
of the foot before - and after compression, respectively;    
L - the length of the cross section of the shoe;                    
 - the central angle of the cross-sectional segment 
of the foot in the deformation zone; l1 and l2 - the length 
of the shoe upper segment before - and after 
compression, respectively; 

To assess the level of shoe comfort, it is important 
to analyze the influence of various factors 
on the pressure exerted by the upper of the shoe 
on a person's foot in the area of rise. The calculation 
scheme for determining this pressure is shown 
in Figure 1. 

Assume that the pressure between the foot and 
the shoe upper at the contact area is equal 
to the compressive stress in the surface layers 
of the foot. Then the magnitude of the pressure, 
according to Hooke's Law: 

11EkP   (1) 

where: E1 - modulus of elasticity of the foot;                       
k1 - coefficient that takes into account the individual elastic 
properties of the foot;  - relative deformation of the foot. 

The relative compression deformation of the foot 
in the rise zone can be represented as: 

1

21

R

RR 
  (2) 

where: R1 and R2 - the outer radius of the deformation 
zone of the foot before - and after compression, 
respectively.  

According to the properties of the circle segment: 

11 lR 
 

(3) 

22 lR   (4) 

where:  - the central angle of the cross-sectional 
segment of the foot in the deformation zone; the length of 
the shoe upper segment before - and after compression, 
respectively. 

Taking into account (2), (3) and (4), the relative 
compression deformation will be: 

1

21

l

ll 
  (5) 

The length of the shoe upper segment after 
tightening the shoe on the foot, taking into account 
the shortening of the segment will be: 

222 lll 


 (6) 

where: Δl2 - the elongation of the segment. 

The shortening of the segment will be determined 
by the ratio: 

22

2

El

l 



 (7) 

where: σ - tensile stresses acting in the segment;            
E2 - modulus of elasticity of the segment. 

From expression (7) we have: 

2

22
E

ll


  (8) 

Substituting (7) into (8), after the transformations 
we obtain: 
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











2

22 1
E
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

 (9) 

Substituting (9) into (5), we obtain: 











21

2 11
El

l 
  (10) 

Substituting (10) in (1) we have: 







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







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2
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l
EkP


 (11) 

We will express tensile stresses in the segment by 
means of the formula for definition of circular 
stresses in a cylindrical shell which for our case will 
be: 

h

PRk 12  (12) 

where: k2 - a coefficient that takes into account the uneven 
distribution of pressure on the surface of the foot;              
h - thickness of the segment. 

Substituting (12) in (11), we have: 


















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Solving equation (13) with respect to P, we obtain: 
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1

2

1
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When tightening the length of the cross section 
of the shoe upper decreases by the value of ΔL. 
Assume that the length of the cross section 
of the shoe upper segment adjacent to 
the deformation zone of the foot will decrease 
by the value of l1 – l2 according to the proportion: 

L

L

l

ll 




1

21  (15) 

From (15) follows:  

L
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l
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1
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Substituting (16) in (14), we obtain: 
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2

12

11

 
(17) 

Expression (17) allows you to determine the amount 
of pressure on the foot at the point of the rise, which 
affects the feeling of comfort level of shoes. 

4 EXPERIMENTAL 

According to the results of theoretical and analytical, 
marketing and experimental research, the paper 
presents a shoe model-transformer (Figure 1) using 
a computer system based on the Arduino Uno 
microcontroller to measure the costumer’s level 
of subjective comfort. 

An analog signal will appear on the output terminal 
when a load is applied to the resistive pressure 
sensor. The Analogue to Digital Convertor converts 
this signal into a digital value of the pressure applied 
to the sensor and displays it on the monitor display. 

The model is a blank of the top of the closed leather 
shoes, with a leather lining, tightened on a men's 
shoe last, to which is glued a thin, flat sole with 
a heel, size 275 mm. The shoe model-transformer 
consists of 7 fasteners on which the scale from 70-
100 mm in length is marked, each of which is placed 
in the corresponding places: 1 - zone of the resistive 
sensor at the point of direct rise of the foot, 2 - zone 
of the resistive sensor at the point of the outer 
bundle of the foot, 3 - zone of the resistive sensor 
at the point of the inner bundle of the foot, 4 - zone 
of the resistive sensor at the point of height 
of the heel of the foot; 5 - the highest point of height 
of an ankle of a half-shoe (from point C + 70 mm 
upwards in the center of a crest); 6 - on a direct rise 
(0.55 foot length); 7 - point of the calcate point C 
(center of the line of the inner and outer bundles 
(calcate)); 8 - the middle of the foot on the outside 
(0.5 foot length); 9 - point of the outer 
bundles(0.68 foot length); 10 - the middle of the foot 
on the inside (0.5 foot length); 11 - point of the inner 
bundle (0.72 foot length), 12 - Arduino UNO 
microcontroller. 

 

 

Figure 1 Shoe model-transformer 

The computer system consists of the following 
elements: Arduino UNO microcontroller, 3.3 kΩ 
resistor, resistive pressure sensor FSR402. 
The pressure power sensor and voltage divider are 
connected to the output of the Arduino Uno 
microcontroller. The supply voltage is 5 V. 
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Resistive pressure sensors are essentially resistors 
that change the value of their resistance (in ohms) 
depending on the force of pressure on the sensitive 
element.  

The principle of operation of the device is as follows. 
When the pressure applied to the sensor is zero, 
its resistance will be almost infinite, respectively, 
the signal from the sensor is also zero. 

To evaluate the feeling of comfortable pressure 
on the foot, the proposed answer options (ranging 
from minor to significant findings in accordance with 
the lower to upper thresholds of sensitivity (Table 1), 
the customer was asked to evaluate in points 
by direct scaling.  

The perception of shoes should always 
be considered as an integral, objective and complex 
phenomenon, because it combines human feelings 
coming from a number of analyzers. Therefore, 
the actual comfort of the shoes can be established 
by the results of fitting the experimental shoe model-
transformer on the basis of the analysis 
of the customer's feelings. The following scale 
of sensations was offered: unsatisfactory condition, 
severe discomfort, moderate discomfort, perfect 
comfort. 

Table 1 Rating scale for the shoe comfort evaluation 

Rating Feeling of comfort 

90-100 Perfect comfort 
60-80 Moderate discomfort 
30-50 Severe discomfort 
1-20 Unsatisfactory condition 

 

Obtaining information on the basis of the measurement 
of the pressure of the inner surface of the shoe in 
different parts on the foot taking into account basic 
anatomical parameters of the foot with the use of shoe 
model-transformer according to the method [11, 12] 
involves the following steps: 

1. Installation of pressure sensors from the inner 
space of the shoe in these anthropometric zones, 
which are attached to the layout with PVC tape; 

2. Connection of sensors to the block diagram 
of the prototype; 

3. Fixation of the shoe model-transformer 
on the customer’s foot with the help of "Velcro" 

fasteners and evaluation of the comfort level 
of pressure in points 1 to 4 (Figure 1) according to 
the rating scale (Table 1) at different fixed 
tightening states of the fasteners; 

4. Registration of pressure in points 1 to 4 (Figure 1) 
and corresponding comfort levels of the shoe 
model-transformer in the different tightening states 
of the fasteners in statics and dynamics; 

5. Getting results - saving information. 

6. Implementation of the necessary automated 
measurements by comparative, calculation and 
graphical procedures. 

Fixing sensors on the inner surface of the shoe model-
transformer allows you to measure the pressure 
of the inner surface of the shoe upper on the foot 
in both static and dynamic conditions.  

5 RESEARCH RESULTS 

When measuring the pressure of the inner surface 
of the shoe on the foot in areas, where the sensors 
are installed, the readings of the device are 
translated into the values of pressure. In the interior 
of the shoe model-transformer there are 4 resistive 
pressure sensors FSR402 in the marked areas 
(Figure 1 (1-4)). On pressing the sensor depending 
on the resistance value, software uses one 
of several formulas to calculate the force applied 
to the sensor and displays its digital value 
to the monitor. 

The values of pressure at different fixed tightening 
states of the fasteners were estimated 
by the customer in terms of the feeling of comfort 
of the foot. Fixed subjective consumer`s scores 
of comfort levels of pressure when fitting the shoe 
model-transformer and corresponding pressure 
values in points 1 to 4 (Figure 1) are given in Table 2. 

From Table 2 it follows that the highest estimation 
of comfort in the conditions of standing the customer 
feels at tightly fitted fasteners of the shoe to the foot. 
Fixed pressure on the foot at different points with 
such tightening is in the range from 8209.1 to 
10491.2 Pa.  

The next task of the experiment was to determine 
the comfort level of pressure applied to the foot by 
the shoe model-transformer when walking (Table 3). 

 

Table 2 Comfort levels of pressure of the shoe model-transformer on the foot while stand 

Tightening states of the fasteners: Detached 
Very loosely 

fitted 
Loosely 

fitted 
Fitted 

Tightly 
fitted 

Very tightly 
fitted 

Squeezed 

Subjective feeling of comfort [mark] 30 70 80 90 100 60 22 
The pressure at the measuring point 1 [Pa] - 688.4 2944.4 8269.5 10491.2 16227.9 16952.8 
The pressure at the measuring point 2 [Pa] - 614.1 2540.7 7475.3 8869.9 14544.8 16090.1 
The pressure at the measuring point 3 [Pa] - 628.0 2221.8 7224.5 9645.0 15070.2 16952.8 
The pressure at the measuring point 4 [Pa] - 628.0 1861.1 4964.3 8209.1 13259.7 15831.8 
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Table 3 Comfort levels of pressure of the shoe model-transformer on the foot while walking 

Tightening states of the fasteners: Detached 
Very loosely 

fitted 
Loosely 

fitted 
Fitted 

Tightly 
fitted 

Very tightly 
fitted 

Squeezed 

Subjective feeling of comfort [mark] 10 52 79 100 81 61 12 
The pressure at the measuring point 1 [Pa] - 4065.8 8869.9 11039.1 14146.0 16664.9 18860.9 
The pressure at the measuring point 2 [Pa] - 3856.3 8209.1 9367.7 10647.5 13691.0 17818.5 
The pressure at the measuring point 3 [Pa] - 3961.0 8759.5 9922.8 11263.3 14430.8 16090.1 
The pressure at the measuring point 4 [Pa] - 2923.8 7224.5 8209.1 8869.9 11656.4 16377.3 

 

 

Figure 2 Phases of the step 

 

Walking is a complex cyclic movement involving 
interaction of the body with the support surface 
and its change in space. Characteristic of walking is 
the constant preservation of support on the one 
or the other foot. The movement of the human body 
is the result of the interaction of external and internal 
forces. The external forces are: the force of gravity 
of the body; support reactions; resistance 
of the environment. The external forces are 
generated inside the human body as a result 
of the interaction of its individual parts [16]. 

Based on the mechanism of movement when 
walking the following phases of the step are 
distinguished [17] (Figure 2): 

a. roll around the heel; 
b. support on the whole foot; 
c. roll around the front section; 
d. the transfer period. 

To determine the comfortable pressure while 
walking the same tightening states of the fasteners 
were ensured as in case of standing. 

The results of measurements of subjective comfort 
level of pressure exerted by the shoe model-
transformer on the foot while walking are given 
in Table 3. 

Analyzing data in Tables 2 and 3, we observe 
a difference in customer’s perception of the comfort 
level of pressure exerted by the shoe model-
transformer on the foot while standing and walking. 
In the state of standing, the highest level of comfort 
is with the tightly fitted fasteners, and in the state 
of walking with the fitted fasteners. 

Figure 3 shows the results of measuring 
the pressure of the shoe model-transformer 
on the foot in selected points while walking with 
the fitted fasteners. 

 

 

 

Figure 3 Pressure of the shoe model-transformer on the foot while walking 
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As a result, it can be noted that the most 
comfortable pressure in the standing position 
reaches 10491.2 Pa, and when walking the value 
increases to 11039.0 Pa. The difference between 
these values is 547.8 Pa. In order for the customer 
to feel comfort not only while standing, but also 
when walking, it is necessary to reduce the pressure 
on the foot by a difference of 547.8 Pa when 
adjusting the fasteners in fitted state during 
standing. Thus the pressure in the statics conditions 
should be: 10491.2 - 547.8 = 9943.4 Pa. Then, given 
the magnitude of the increase in pressure when 
walking, a person will feel comfortable pressure 
on the foot, equal to that determined in standing 
conditions.  

To study the parameters of the pressure of the inner 
surface of the shoe on the foot, a two-factor 
experiment was planned and performed [29]. 
To identify the dependence of the feeling 
of subjective comfort C on pressure P1 and P4 
in points 1 and 4 respectively (Figure 2) in the third 
most representative phase of walking according to 
the previous experiment (Figure 3) the method 
of multifactorial experiment was performed.  

The minimum and maximum values of pressure 
in the points of the rise and the heel are determined 
by the satisfactory values of measurements 
of the previous experiment.  

Therefore, the maximum values of factors P1 and P4 
are the following: 16×10

3
 Pа and 11×10

3
 Pa. 

The minimum value of the factor P1 is determined 
from a previous experiment and is equal to 
8×10

3
 Pa. The minimum value of the factor P4 is 

5×10
3
 Pa. 

The experiment was planned using a rotatable Box 
plan [29] for a two-factor experiment. As a result 
of processing of the experimental data the function 
of dependence of level of comfort of footwear on 
pressure in the point of the rise (P1) and on pressure 
in the point of the heel (P4) of the foot is received:  

C=-98.6209+4.3473P1+1.1909P4+ 

+0.9375P1P4-5.2616P1
2-6.6987P4

2 
(18) 

Figure 4 shows the graphical dependence of the foot 
comfort level on pressure in the points of the rise 
and of the heel of the foot. 

To find the optimal pressure parameters 
of the comfortable fit of the model to the foot, 
the relaxation method was used [17]. Thus, it was 
found that the optimal values of the technological 
parameters of the process of fitting the template 
to the foot are the pressure in the point of the rise 
of 13165 Pa and in the point of the heel of 8251 Pa. 
At these values of technological parameters 
the maximum value of level of comfort of footwear 
99.611 is reached. 

The comfort indicator has a dualistic nature due to 
the presence of two components - objective, which 
is determined by the criteria of shoe quality and 

depends on environmental conditions, and 
subjective, which is determined by direct 
organoleptic sensations of the consumer, which 
dominate in determining the ergonomic properties 
of shoes. 

 

 

Figure 4 Dependence of the comfort level on pressure 
in the points of the rise and of the heel of the foot 

The aim of the work was to investigate 
the subjective comfort of the inside shape of shoes 
on the foot, on the example of an individual 
consumer by experimental prototyping of shoes. 

Given the defined subjective comfort values 
of pressure at different anthropometric points 
for the consumer, men's ankle boots were made to 
order Figure 5. 

 

 

Figure 5 Men's ankle boots by individual order 

6 CONCLUSIONS 

Based on a computer system with an Arduino Uno 
microcontroller and resistive pressure sensors 
FSR402, a device for determining the pressure 
between the foot and the inside surface of the shoe 
has been developed. As a result of the calibration 
of the device the unambiguous dependence 
between indications of the device and the values 
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of the measured pressure is established that allows 
defining pressure of the inside surface of footwear 
on the foot both in the state of standing, and 
in the course of walking. 

The proposed method of measuring the pressure 
of the inside surface of the shoe on the foot, taking 
into account its basic anatomical parameters using 
the shoe model-transformer of the prototype allows 
you to design and manufacture comfortable 
individual shoes for the customer.  

The optimal values of technological parameters 
of the process of fitting the model-transformer to 
the foot were experimentally determined, as well as 
recommendations for comfortable tightening 
of working fasteners on the shoe model were given 
and the peak comfort pressure was adjusted 
to ensure comfortable walking in different walking 
conditions. 

The mathematical model of fitting of a template 
in a separate zone of foot by means of the Shoe 
model-transformer is developed. 

As a result of measuring the pressure 
in the standing position and walking position, fixed 
values of comfortable pressure on the foot 
at different points and at different phases of walking 
are given. The results of the study of the influence 
of pressure parameters in anthropometric points 
of the rise and the heel of the foot are presented. 
Given the satisfactory pressure values for 
the customer, a pair of men's shoes was made 
to order. 
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Abstract: With the aim of creating a lining nonwoven laminate for lining winter shoes, the article presents 
the results of studies of the properties of sheep wool as one of the layers of a composite material. 
Substantiated: classification of wool, taking into account the countries of origin; technological 
characteristics of woolen fibrous semi-finished product; for the basis of a layered nonwoven material,  
semi-coarse sheep wool with an average fiber fineness of 14.5-60 microns and quality class 60 is justified. 

Keywords: nonwovens, wool, felt, composition, fiber, classification, fineness, semi-finished product, 
technology, contamination. 

 

 

1 INTRODUCTION 

One of the priority directions of development 
of the leather and footwear industry is 
the development of environmentally friendly 
technologies for the production of products and 
the use of effective materials [1]. Currently, one 
of the main methods for obtaining materials with 
desired properties is the creation of compositions 
based on known high-molecular compounds and 
various ingredients of synthetic or natural origin. 
When obtaining shoe lining nonwoven compositions, 
two options are possible: either multilayer structures 
are created, consisting of layers of various purposes 
and, accordingly, different structures, or single-layer 
materials, as a rule, heterogeneous, consisting 
of various components and having a complex 
internal structure [2]. Analysis of innovative 
technologies in the production of lining composite 
footwear for winter footwear, made it possible 
to draw a conclusion about the use of combinations 
of fabrics, natural and synthetic fur, knitwear, 
nonwovens and polymer films when designing a set 
of lining materials, depending on the thermal 
conductivity properties of the components [3]. 
A characteristic feature of nonwoven composites is 
a complex, multi-layer structure (fibrous base, base 
and finishing coatings). Each element 
of the macrostructure, each layer of the system 
contributes to the total strength, heat-shielding and 
other properties of materials, predetermining 
the period and degree of preservation 
of the aesthetic, hygienic and other properties 

of the product [4]. One of the layers of the developed 
composite non-woven cushioning protective material 
is felt, which is made by rolling wool fibers [5]. Thus, 
various types of sheep's wool are the main raw 
materials for felt. The share of wool in the structure 
of world fiber production is 57%. The volume of wool 
produced in Uzbekistan ensures the functioning 
of the sectors of the national economy and satisfies 
the population's need for essential clothing. 
Therefore, wool has a special place in the finished 
product market. 

Wool, as a complex fibrous material, has the ability 
to easily dye, retain heat and moisture with high 
strength and low fire hazard. Wool is used 
in the production of suit and coat fabrics, felted 
shoes, carpets, rugs, etc. One of the main measures 
for the effective use of wool is the preservation of its 
valuable properties at all stages of production during 
harvesting, storage and primary processing [6]. 
There are several types of wool: thin, semi-thin, 
semi-coarse and coarse. Fine wool is characterized 
by high crimp, strength and other technical 
properties. They get fine wool from purebred fine-
wool sheep, the best fine wool is merino. 
The highest quality products are made from it [7]. 
Semi-thin wool consists of coarser fluff or a mixture 
of fibers that are difficult to distinguish in diameter. 
The average diameter of all fibers is greater 
than 25 µm. Semi-coarse wool consists of fluff, 
transitional fibers and relatively thin awn. 
Coarse wool consists of a mixture of all types 
of fibers, with their greater thickness. 
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mailto:dilnoza7474@list.ru
mailto:khamid.akhmadov.1990@mail.ru
mailto:niyazovamavjuda@mail.ru
mailto:zohidabduraximov@mail.ru


Fibres and Textiles 28(3), 2021 63 

The surface of unwashed wool is sticky, so it easily 
attracts dust and other soil particles. With poor 
feeding of sheep, the amount of sweat 
in the unwashed wool increases, and with poor 
content, the amount of organic (basic) contaminants, 
which affects the properties of the wool. 
So, for example, merino wool has much more 
pollution than wool of other types and therefore 
it has the lowest yield after washing 35-50%. 
As a result, the modes of processing wool 
of different types are not the same [8].  

Before washing, the wool is clogged with various 
impurities introduced from the outside (dust, 
remnants of roughage, particles of weed vegetation, 
paint) and secreted by the animal's body (fat, sweat, 
dandruff, fecal particles). The content 
of contamination in unwashed wool varies widely 
from 40 to 70% and depends on many reasons: 
breed, sex and age of sheep, their feeding and 
maintenance regime, soil and climatic conditions. 
The purpose of washing is to remove grease, 
vegetable and mineral impurities from the wool 
in order to make it suitable for further processing. 
When washing wool, a rule is followed: first, 
the most valuable wool is washed, then the less 
valuable. 

The quality and appearance of woolen products, 
as well as their wear during operation, largely 
depends on the primary processing of the wool. 
Determination of the quality indicators of unwashed 
wool (type, name, condition, fineness, color, etc.) 
in accordance with GOST and TU and its distribution 
into classes is called classification. Industrial sorting 
of wool is carried out on conveyor lines by dividing 
fleece into separate parts, representing certain 
grades with different physical, mechanical and 
technological properties of fiber. The following 

indicators are used as a basis for sorting wool: fiber 
fineness and length, strength, condition, color. 
In the process of sorting production assortments 
of wool are formed for further primary treatment and 
processing. For the acceptance of wool in terms 
of quality, a control classification is carried out with 
the selection of wool samples for laboratory tests. 
Not all wool is subjected to control classification, 
but only 10-20%, and the results obtained apply 
to the entire incoming batch of raw materials. 
The quality of wool is determined by such indicators 
as fineness, crimp, strength, extensibility, resilience, 
elasticity, color, shine, moisture, grease content, 
as well as the percentage of fibers of various types: 
down, transitional hair and awn. [8]. 

Analysis of special literature [9, 10] and other 
sources of information made it possible to establish 
that, despite the difference in the requirements for 
wool in different countries, quality characteristics can 
be distinguished, which, first of all, affect the choice 
of fiber raw materials for solving a specific problem - 
creating layered interlining nonwoven fabric. 

Wool fiber packages are usually labeled according 
to the grade (type) established according to 
the classification of the country of origin. The work 
carried out a comparative analysis of the classi-
fications adopted in the countries that are the main 
producers of fibrous semi-finished products 
(Table 1). The analysis was based on such 
characteristics as the fineness and class (quality) 
of wool, which are used in almost all producing 
countries when classifying wool raw materials at one 
or another hierarchical level [11]. As can be seen 
from Table 1, despite the general terminology, each 
of the countries of wool producers has its own 
division of wool by grades (types), depending 
on the fineness of the fiber. 

 

Table 1 Classification of wool by grades (taking into account the country of origin) 

Characteristics Variety (type) according to the classification adopted in the countries 
Class (quality) 

fineness 
Fineness 

[μm] 
Germany, Italy 

England Russia 
for merino for other breeds 

80 
14,5-17,5 ultra-thin thin extra thin thin 
17,6-18,1 super thin thin extra thin thin 

70 
18,1-18,5 super thin thin super thin thin 
18,6-19,5 thin thin super thin thin 
19,6-20,5 medium thin thin super thin thin 

64 
20,6-22,5 average thin thin thin 
22,6-23 solid thin semi-thin thin 

60 
23,1-24,5 solid thin semi-thin thin 
24,6-25 solid average semi-thin thin 

58,56,50 25,1-31 solid average semi-thin semi-thin 

48 
31,1-34,1 solid average rough semi-coarse 
31,5-34 solid semi-coarse rough semi-thin 

46 
34,1-35,4 solid semi-coarse rough semi-coarse 
35,5-36,1 solid rough rough semi-coarse 

46,44 36,1-40 solid rough very rude semi-coarse 
40,36,32 40,1-67 solid rough very rude rough 
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Table 2 Characteristics of the woolen fibrous semi-finished product 

№ 
Type of fibrous 

semi-finished product 
Type of fibrous semi-finished product 

Fineness 
[μm] 

Fiber length 
[mm] 

1 Combed tape Wool, combed and stretched in the form of a ribbon 14.5-60 30 and more 
2 Cardoches Carded wool, but not decorated with a combed ribbon 16-60 up to 55 

3 Sliver 
Coarse, unpeeled, undyed and unbleached, 

combed sheep's wool, 
without guard hairs 

23-25 up to 55 

4 Whitewash Long, combed and bleached wool 18-20 30 and more 
5 Tow Fibers left after brushing the wool and combed tape 2-60 up to 55 

 

 

Fineness is one of the most important indicators 
in the assessment and classification of wool. 
The fineness is determined by measuring the cross-
sectional diameter of the woolen fiber and is 
expressed in fractions of a millimeter - micrometers 
(μm). The fineness of the coat depends on 
the breed, conditions of feeding and maintenance, 
the sex of the animals, their age and individual 
characteristics. The average fineness of the fibers 
of the fluff is about 10-25 μm; transitional hair 30-
50 μm; awn 50 μm and more [10]. 

Depending on the fineness, homogeneous wool 
is divided into 13 classes, called qualities, which 
are designated by the numbers 80, 70, 64, ... 32. 
The fineness of the wool affects the possibilities 
of using the fibrous semi-finished product 
in the production of felt and the properties 
of the finished fabric. 

In addition to fineness, when classifying sheep's 
wool, length is used as the main division - as 
a characteristic of its quality, which ranges from 20 
to 450 mm. Depending on the length, a distinction 
is made between short-wavy (fiber length less than 
55 mm) and long-wavy (more than 55 mm length) 
wool. The length of woolen raw materials mainly 
affects the peculiarities of yarn production, and is not 
of fundamental importance for felting. Other 
characteristics of wool quality do not affect 
the assessment of wool raw materials by the felt 
manufacturer. 

Sheep wool in felting is used as a fibrous semi-
finished product. Currently, there are several types 
of woolen fibrous semi-finished product used as raw 
material for felting (Table 2). The most widespread is 
the combed tape and carding [10,12]. The main 
advantage of the combed tape is that its use allows 
you to control the location of wool fibers in 
the thickness of the felt. Since all the fibers in 
the thickness of the felt are located in the same 
direction, with the correct layout, which implies 
a change in the direction of the fibers in each layer, 
it is possible to create a material with different 
properties in different areas. Wool with a fineness 
of less than 18 mm is produced mainly in the form 
of a combed tape; therefore, for the production 
of thin uniform webs, it is also desirable to use this 
type of fibrous semi-finished product. Unlike combed 
tape, carded tape does not make it possible 

to create a more uniform texture of the material, but 
it makes it possible to roll more form-stable things 
without additional impregnation with adhesives. 

Also, the types of fibrous semi-finished product 
include sliver, whitewash and waste. Sliver - coarse, 
unpeeled, undyed and unbleached sheep's wool 
without guard hair; it is used mainly for the inner 
layer in thick, hard products - carpets, headdresses. 
Whitewash - combed, bleached and stretched wool, 
which can be easily dyed in the desired color, 
a surface layer or a light background of the product 
is created from it. Waste is small hairs of sheep's 
wool left after brushing the wool and is used to make 
felt. 

2 CONCLUSION 

Thus, based on the results of exploratory 
experiments and analysis of literature data, we can 
conclude that as a fibrous semi-finished product for 
the base of layered nonwoven material semi-coarse 
sheep's wool is justified. A combed ribbon (average 
fiber fineness 14.5-60 μm; fiber length 30 mm and 
more, quality class 60) is justified as a type of fiber 
semi-finished material, which allows to create thin 
uniform webs and control the arrangement of wool 
fibers in the thickness of the layered lining 
of footwear material. 
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Abstract: A new technology for creating foam materials for medical purposes is proposed. This process 
involves the addition of magnetite nanoparticles followed by foaming under magnetic field conditions. 
An experimental device that allows to regulate the magnetic field voltage has been created. Experimental 
studies have shown that under conditions of magnetite content of 0.1-0.3%, magnetic field strength      
of 1-3.10

-3
 Tesla significantly improves the performance of the foamed material. The variance of the size 

of the foam cavities decreases. The number of cavities and the degree of foaming increases. In the case 
of magnetic field voltage regulation, the average cavity size can be predicted. Ensuring the required size 
of the cavities creates the preconditions for the manufacture of wound dressings with the specified 
parameters of exudates removal. 

Keywords: foamed textile materials, nanotechnology, magnetite, statistical distribution, magnetic 
technology. 

 

 

1 INTRODUCTION 

Foam materials are widely used in the chemical, 
building, food industries [1-3]. One of the current 
areas of use of foam materials, which is actively 
developing in recent years, is the creation of foam 
dressings for the treatment of wounds. Due to 
the porous structure in such materials, a negative 
pressure is created, which helps to remove exudates 
from purulent wounds, which accelerates their 
healing [4, 5]. Thus, in [6, 7] the main characteristics 
of foamed materials used in medicine are described. 
The main indicators of action materials include 
the average pore size, the percentage of porosity, 
which determines the ratio of pore volume 
to the total volume of foamed material [8, 9]. 
It should be noted that the variation in pore size for 
existing technologies is quite large. According to [8], 
the average pore size has a rather large scatter (50-
130 μm), which raises the question of the actual 
regulation of the exudates removal process and 
implies the need to improve existing technologies. 
The importance of simultaneous therapeutic effect 
on the removal of exudates and giving the materials 
antimicrobial properties is also noted [10, 11]. Some 
publications determine the possibility of using 
foamed materials with magnetic properties [12, 13]. 
The basis of this study is the use of nanomagnetic 
powder, produced by technology developed 
at the Ukrainian Engineering Pedagogic Academy. 
Its main properties are nanosized particles, 
magnetic properties, indifference to hygienic 
properties, as evidenced by a set of studies [14, 15]. 

 

The idea of this study is that nanoparticles 
of magnetic material associated with particles 
of foaming material under magnetic field conditions 
are included in the force interaction together with 
the particles of the mixture. The control 
of the magnetic field can allow to direct the magnetic 
forces acting on these particles in a direction 
favourable to the process. 

If we are talking about products with the formation 
of foam, such as foam dressings, the positive 
direction of the process can be considered 
as leading to an increase in the proportion of cavities 
in the material, increasing the number of cavities 
forming foam, reducing the dispersion (scatter) 
of cavity sizes, alignment of their sizes, control over 
the sizes is possible that can create the set cavities. 
If we imagine a cavity of foam in the form of a gap 
sphere, then in the normal course 
of the technological process it is difficult to identify 
the forces that create and maintain such a cavity. 
At the same time, the magnetic nanoparticles 
in the magnetic field associated with the particles 
of the product in which the foam is created, under 
the action of the magnetic field are able to stretch it, 
creating favourable conditions for creating and 
maintaining the shape of the cavities. 

Research hypothesis - the foaming process 
in the process of manufacturing foamed dressings 
will improve if magnetic nanomaterials are used 
if the foaming process takes place in a magnetic 
field. 

mailto:nikolryab@uipa.edu.ua
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2 EXPERIMENTAL PART 

The main method of research was an experiment 
in the manufacture of foamed materials 
in a magnetic field, followed by measuring 
the volume of foam, conducting microscopic studies 
to determine the size of the microcavities 
of the foam, the dispersion of their size and 
the density of their location. 

The basis of the experimental setup (Figure 1) is 
an annular electromagnet having an annular core 1, 
electric windings 2, which are connected via 
an autotransformer 3 to the electric current network. 
The autotransformer regulates the voltage and, 
accordingly, the strength of the electric current 
in the plates, resulting in a magnetic field inside 
the electromagnetic. The indicator of the magnetic 
field is its voltage, as well as magnetic induction. 

 

 

Figure 1 Device for determining the magnetic induction 
of the annular electromagnet  

The voltage of the magnetic field H, measured 
in amperes [A] ,divided by a meter, is related 
to the magnetic induction B (unit of measurement 
Tesla [T]) by the expression B=μ0·H, where 
μ0=4π.10

-7
 [Henri/m] is the magnetic constant. 

The force of attraction that arises in this case can be 
defined as: 

0

2

22 

AB
A

HB
F 


  (1) 

where. A is the area of the surface attracted. 

The magnetic field voltage, like magnetic induction, 
is generally very difficult to measure directly. 
To assess this value, a measuring device was 
developed, which includes two rods 4, hinged 
to the support 5. Two steel (magnetic) balls 6 are 
suspended on the rods (Figure 1). In the middle part 
of the rods are connected by a spring 7. 
The distance from the support to the spring 
a=100 mm, the distance from the support to the balls 
b=200 mm.  

When current is applied to the windings 
of the electromagnet there is a magnetic field that 
attracts the balls, as a result of which the spring 

is stretched, the angle α between the rods changes. 
Having measured the angle of dilution of the balls 
at different currents in the electromagnet, we can 
construct the dependence of the magnetic field 
voltage on the current in the windings 
of the electromagnet (Figure 2). 

 

 

Figure 2 Diagram in the coordinates "Current - magnetic 
field induction" 

The ability to adjust and determine the value 
of magnetic induction allows you to plan and 
conduct an experiment on the effects of magnetic 
fields on the parameters of the foamed material. 

The traditional technology of manufacturing 
polyurethane foam for wound dressings consists 
of mixing isocyanate prepolymer and a polyol 
in the presence of a blowing agent [16], (Figure 3). 
During the experiment in the magnetic chamber 
(Figure 4) polyurethane foaming was performed. 

 

 

Figure 3 Traditional technology of production of the foam 
polyurethane  

3 INFLUENCE OF MAGNETITE CONTENT AND 
MAGNETIC FIELD STRENGTH ON FOAM 
PARAMETERS  

The first result was the volume of the product, 
depending on the magnetite content and 
the magnetic field induction. The volume of the foam 
was divided by the initial volume. 

Figure 5 shows the increase in volume depending 
on the content of magnetite when processed 
in a magnetic field of 0.1 mT. Similar curves 
are constructed in the differences of volume 
increase in percentage (P) - increase in magnetite 
content in percentage (M) for different values 
of magnetic field induction (Figure 6). 
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Figure 4 Foaming technology in a magnetic field  

 

 

Figure 5 Curve of volume dependence on magnetite 
content 

 

 

Figure 6 Percentage of increase in foam for samples with 
different composition of magnetite, 1) without the action 
of a magnetic field, 2) in a magnetic field of 1 mT and 
3) in a magnetic field of 2 mT 
 

The results show an increase in foaming with 
increasing magnetite composition and magnetic field 
strength, and at certain magnetite content there is 
a saturation, at which the effect of foam growth 
decreases. The same considerations apply 
to the effects of increasing magnetic field induction. 

A drop of the mixture was taken for each sample 
at the end of the process and examined under 
a microscope. Typical photographs at different 
magnifications are shown in Tables 1-3. 

The analysis of the results shows a clear tendency 
of positive changes in the characteristics 
of the foamed material in the case of the addition 
of magnetite nanoparticles, especially in the case 
of the action of a magnetic field during 
the technological process. Moreover, in the case 
of foaming the material in a magnetic field without 
filling the magnetite, no noticeable effects are 
observed. 

The presence of magnetite content, even in small 
volumes in the case of a magnetic field, leads to 
an increase in the number of cavities in the foamed 
material (Figure 7), a decrease in their average size 
(Figure 8) and a significant decrease in cavity size 
dispersion (Table 1). Quite a large effect of changing 
the parameters of the foamed material 
in the presence of magnetite nanoparticles gives 
an increase in the magnetic field strength (Table 2). 

At the same time the dispersion of the sizes 
of cavities considerably decreases, their sizes 
decrease. The obvious dependence of the average 
size of the cavities on the magnetic field voltage 
in terms of the content of magnetite allows you 
to create adjustable technological conditions 
to ensure the specified size of the cavities. 
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Table 1 Typical photomicrographs of foam involving magnetite and magnetic field, magnification 100x 

Traditional technology 

   

With a magnetite content of 0.1%, without a magnetic field 

   

With a magnetite content of 0.1% in a magnetic field of 1 mT 

   

With a magnetite content of 0.1% in a magnetic field of 2 mT 

   

With a magnetite content of 0.2% in a magnetic field of 2 mT 

   

With a magnetite content of 0.3% in a magnetic field of 2 mT 
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Table 2 Typical photomicrographs of foam involving magnetite and magnetic field, magnification 400x 

Magnetite 0.1% without magnetic field 

   

Magnetite 0.1% in a magnetic field of 2 mT 

   

Magnetite 0.3% in a magnetic field of 2 mT 

   
 

 

  

Figure 7 The average size of the foam cavities depending 
on the content of magnetite 

Figure 8 The number of cavities depending on the content 
of magnetite 
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This fact, in turn, allows you to create foamed 
materials with specified sorption properties. 
In particular, when creating medical materials 
for the treatment of wounds, it is possible to ensure 
the regulation of the intensity of exudates removal 
from the wound, including taking into account 
the time of treatment. 

4 CONCLUSION 

The use of magnetite nanoparticles in foaming 
technologies increases the efficiency of processes 
and the quality of results. The proposed technology 
provides for the presence of a magnetic field 
with the possibility of regulation. In order to provide 
the magnetic properties of the material to be foamed, 
it is added ferromagnetic powder with nanoscale. 
Magnetic field strength 1-2.10

-3
 T with a magnetite 

content of 0.1-0.4% increases the volume of foam 
by 5-7%. The average size of cavities decreases 
by 1.5-2 times, the number of cavities increases 
by 1.5-2 times. The dispersion of the sizes of cavities 
considerably decreases, thus the made foam 
material acquires more stable predicted properties. 
The proposed method provides the ability to adjust 
the magnetic field voltage. This fact allows you 
to create materials with a given size of cavities. 
As a result, it is possible to create medical materials 
for the treatment of wounds with the specified 
parameters of exudates removal. 
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Abstract: Researches that have been carried out to determine polyethylene and polyamide multifilament 
yarns tension when interacting with guides and operative parts (of large and small curvature) of looms 
and knitting machines, helped to establish the mechanism for the process of increase in polyethylene and 
polyamide multifilament yarns tension after the guide which can be attributed to friction forces 
in the contact area. It has been proved that increase in tension is explained by varying contact angle 
between polyethylene and polyamide multifilament yarns and large curved and small curved guides; 
notably, actual angle for multifilament yarns will be larger comparing to nominal one due to distortion 
of yarn’s cross-section in the contact area. Based on experimental researches for polyethylene and 
polyamide multifilament yarns, regression dependencies were obtained between the value of tension for 
polyethylene and polyamide multifilament yarns after the guides and tension before a guide, radius 
of guide surface curve, a contact angle. Analysis of these regression dependencies allowed to establish 
extreme values of guide’s curve radius at which tension will have the minimum value. As a result, it has 
been made possible (still at the initial stage of the computer aided manufacturing and usage of recursion) 
to determine polyethylene and polyamide multifilament yarns tension before fabric and knit formation area 
depending on geometric and design parameters of equipment and their mechanical and physical 
properties. Thereby leading to decrease in polyethylene and polyamide multifilament yarns breakages, 
increase in looms and knitting machines performance due to reduced downtime, and improvement 
of quality of manufactured fabric and knit. Whereby, we can state that the offered engineering solutions are 
practically attractive. In particular, the latter deal with determining most suitable geometrical dimensions 
of guide and operative parts of looms and knitting machines, at which output tension will have minimum 
necessary value. The procedure has been determined to regulate directionally the process of change 
in yarns tension at looms and knitting machines by fitting of geometrical dimensions of large curved and 
small curved guides for polyethylene and polyamide multifilament yarns.   

Keywords: polyethylene and polyamide multifilament yarn, tension, large curved and small curved guides, 
contact angle, guide’s curve radius.  

 
 
1 INTRODUCTION 

Industrial fabrics made of polyamide multifilament 
yarns (Figure 1a) and knits made of polyethylene 
multifilament yarns (Figure 1b) are the most 
commonly used in different industry spheres [1-5]. 
It can be explained by their unique physical 
and mechanical properties. 
Determination of the value of yarn tension 
in the working site of technological machine during 
spun yarn rewinding [6, 7] (loom [8-10], knitting 
machine [3, 4, 11-14]) makes it possible to evaluate 
progress density of technological process. The main 
peculiarity of the most technological processes 
in textile industry is interaction between yarns and 

guides and operative parts of large and small 
curvature [9, 11]. 
 

a) 
 

b) 
Figure 1 Industrial fabrics and knits: (a) multilayer 
industrial fabric of polyamide multifilament yarns; (b) knit 
of polyethylene multifilament yarns 
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Tension of polyamide and polyethylene multifilament 
yarns before knit manufacturing area (Figure 2a) 
and multilayer industrial fabric formation area 
(Figure 2b) includes threading tension and additional 
tension arising due to friction forces between warp 
yarns and guides and operative parts of the loom, 
which are of cylindrical or relatively equal form [13]. 
 

 a) 

 b) 

Figure 2 Threading line in the knitting machine (a) and 
in the loom (b) 

Updating of technological processes for 
manufacturing of multilayer industrial fabrics [2, 3] 
and knits made of polyethylene and polyamide 
multifilament yarns involves enhancement 
of technological efforts based on minimization 
of yarns tension in the multilayer industrial fabric 
formation area and knit manufacturing area [4, 11, 
14]. Simulation of polyethylene and polyamide 
multifilament yarns processing process on the loom 
and knitting machine involves research of interaction 
between yarns and cylindrical surfaces simulating 
the following: back-rest surfaces, surfaces 

of separating rod of yarn break detector, surfaces 
of heddle eyes of heald frame (Figure 3а) for looms 
[9]; surfaces of yarns guides, knitting needles 
surfaces (Figure 3b) for knitting machines [14]. 
 

 a) 

 b) 

Figure 3 Operative parts of looms and knitting machines: 
a) heald frame; b) knitting needle 

It has been proved that the value of yarns tension 
before formation area is affected by the number 
of guides of each specific technological machine, 
each guide’s curve radius, contact angle between 
yarn(s) and a guide, radial contact angle of yarn(s), 
mechanical, physical and structural properties 
of yarns [9, 11, 14]. Values of contact angle between 
yarn(s) and guides and contact angle between 
guide’s surface and yarn(s) are determined based 
on geometric parameters and design of both yarn(s) 
threading system at the production equipment and 
specific guides [12]. Increase in yarn(s) tension 
derives from friction forces in the area of contact 
between the yarns and guides. The value of friction 
forces is based on yarn(s)’ and guides’ material [9], 
curvature of guides’ surfaces and operative parts 
of looms and knitting machines [12], actual contact 
angle between yarn(s) and large and small curved 
guides, mechanical, physical and structural 
properties of polyethylene and polyamide 
multifilament yarns, as well as tension before 
a guide. When a yarn passes all guides 
consecutively from the input area to the fabric and 
knit formation area, it will result in step-type increase 
in tension [14]. Output tension parameter after 
the foregoing guide will be the input parameter for 
the next guide, thus making it possible to use 
recursion while calculating tension before 
the formation area of multilayer industrial fabric [2, 3] 
and knit. Implementation of this algorithm for 
determining yarn(s) tension at the production 
equipment using recursion allows for determining 
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values of yarns tension before fabric and knit 
formation area at the production equipment [3]. 
As a result, the possibility appeared (still at the initial 
stage of the computer aided manufacturing) 
to determine yarn(s) tension before the multilayer 
industrial fabric and knit formation area based on 
geometric and design parameters of equipment, 
as well as on mechanical, physical and structural 
properties of polyethylene and polyamide 
multifilament yarns [14]. Experimental research 
carried out to determine tension of polyethylene and 
polyamide multifilament yarns after guide’s surface 
requires to design specific strain-gauge unit. 
In a proactive planning of the experiment, it is 
necessary to consider the following: direction 
of relative shifting of friction surface [16], yarn sliding 
speed or guide surface movement speed [17, 18], 
and radius of cylindrical surface curve (guide’s curve 
radius) [19, 20]. The paper [15] emphasizes 
necessity to consider that spinning of polyamide 
multifilament yarns affects their bending rigidity. 
Bending rigidity is significantly affecting the value 
of actual contact angle between a yarn and guide 
surface. This has been verified during the research 
of interaction conditions between polyamide 
multifilament yarn and guide surface and 
represented in the paper [4, 14] afterwards. 
The papers [9, 11-14] show results of experimental 
determining of yarns tension with the use of specific 
units. To increase accuracy of measured 
polyethylene and polyamide multifilament yarns 
tension and possibility of ensuring the metrological 
self-verification, it is better to rely on the method 
of redundant measurements, which ensures that 
results of measurements are independent from 
conversion function parameters, and their deviations 
are independent from nominal values [21-24]. 
Design of the experimental unit measures accuracy 
of the obtained results while determining yarn 
tension. The papers [17, 18] show the scheme, 
which helps to determine yarn tension, and includes 
cylinders with long radius as guides. As its 
deficiencies, it is important to consider inability 
to simulate actual conditions of interaction between 
a yarn and guide and operative parts of looms and 
knitting machines. Experimental unit with revolving 
cylinder has the same deficiency [20]. Papers [3, 9, 
11, 12] include tension determinations for a variety 
of cylindrical guide surfaces.  

2 EXPERIMENT 
As starting materials for experiment the following 
were chosen: a polyethylene multifilament yarn 
44 tех (Figure 4а), which is used to manufacture 
ultra-strong knits intended to produce items for 
military serviceman; a polyamide multifilament yarn 
58 tex (Figure 4b), which is used to manufacture 
ultra-strong multilayer industrial fabrics intended 
for forceful takeovers, laying yard-coated oil and gas 
pipes. 

 a) 

 b) 

 c) 

Figure 4 Multifilament yarns: a) polyethylene multifilament 
yarn 44 tех; b) polyamide multifilament yarn 58 tex; 
c) diagram of interaction between a yarn and guide 

The paper includes three series of implemented 
experiments: А; В; С for a polyethylene multifilament 
yarn 44 tех and a polyamide multifilament yarn 
58 tex. Series А has been conducted for small 
curved guides, where guide’s radius significantly 
longer comparing to nominal radius of the yarn 
cross-sectional view. In addition, tension before 
a guide has been equal to initial tension while 
unwinding the yarn from a bobbin of the knitting 
machine or while unwinding the yarn from the beam 
of the loom. The value of the input tension 
(for Series А) varies within the following range: 10-
30 cN. The value of the guide’s curve radius 
(for Series А) varies within the following range: from 
30-50 mm. The value of the contact angle between 
the yarn and the guide surface (for Series А) varies 
within the following range: from 70° to 110°. 
The above parameters variation ranges conform 
with yarns entering production area. 
Series В has been performed for guides with mean 
curvature, when guide’s radius is commensurate 
with the various guides’ radii of looms and knitting 
machines. In addition, tension before the guide has 
conformed with tension in the centre of yarns 
threading line of looms and knitting machines. 
The value of input tension (for Series В) varies 
within the following range: 40-60 cN. The value 
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of the guide’s surface curve radius (for Series B) 
varies within the following range: from 4-8 mm. 
The value of the contact angle between the yarn and 
the guide surface (for Series B) varies within 
the following range: from 60° to 110°. 
Series С has been performed for guides with large 
curvature, when guide’s radius is comparable to radii 
of polyethylene and polyamide multifilament yarns’ 
cross-sections. In addition, tension before the guide 
has conformed with yarn tension in the multilayer 
industrial fabric formation area of the looms and yarn 
tension before knitting area of the knitting machines. 
The value of input tension (for Series C) varies 
within the following range: 50-80 cN. The value 
of the guide’s curve radius (for Series C) varies 
within the following range: from 0.5-2 mm. The value 
of the contact angle between the yarn and the guide 
surface (for Series C) varies within the following 
range: from 90° to 180°. 
For series А, series В and series С the paper 
provides a plan and implementation of the second-
order orthogonal design for three factors 
to determine combined influence of input tension 
of a yarn P0, cylindrical guide radius R, and nominal 
value of contact angle φP to output tension of a yarn 
Р. The diagram of interaction between a yarn and 
guide is shown in Figure 4c). Overall form 
of regression equation is as follows:  

𝑃𝑃 = 𝑏𝑏0 + 𝑏𝑏1𝑥𝑥1 + 𝑏𝑏2𝑥𝑥2 + 𝑏𝑏3𝑥𝑥3 + 𝑏𝑏12𝑥𝑥1𝑥𝑥2 + 
+𝑏𝑏13𝑥𝑥1𝑥𝑥3 + 𝑏𝑏23𝑥𝑥2𝑥𝑥3 + +𝑏𝑏11𝑥𝑥12 + 𝑏𝑏22𝑥𝑥22 + 𝑏𝑏33𝑥𝑥32 

(1) 

where: х1 - the value of polyethylene and polyamide 
multifilament yarns input tension before guide surface;     
х2 - guide’s curve radius; х3 - nominal value of contact 
angle between polyethylene and polyamide multifilament 
yarns and guide’s surface. 
Table 1 shows matrix of orthogonal design for 
determining polyethylene and polyamide 
multifilament yarns tension after guide’s surface for 
series А. 

Table 1 Matrix of orthogonal design for determining 
polyethylene and polyamide multifilament yarns tension 
after guide’s surface for series А 

№ 
Factors 

Input tension Curvature radius Contact angle 
х1 P0A [сN] х2 RA [mm] х3 𝝋𝝋𝑷𝑷А [°] 

1 +1 30 +1 50 +1 110 
2 -1 10 +1 50 +1 110 
3 +1 30 -1 30 +1 110 
4 -1 10 -1 30 +1 110 
5 +1 30 +1 50 -1 70 
6 -1 10 +1 50 -1 70 
7 +1 30 -1 30 -1 70 
8 -1 10 -1 30 -1 70 
9 -1.215 8 0 40 0 90 

10 +1.215 32 0 40 0 90 
11 0 20 -1.215 28 0 90 
12 0 20 +1.215 52 0 90 
13 0 20 0 40 -1.215 66 
14 0 20 0 40 +1.215 114 
15 0 20 0 40 0 90 

Connection between open-label and coded values 
for series А is as follows: 

𝑥𝑥1 =
𝑃𝑃0А − 20

10
, 𝑥𝑥2 =

𝑅𝑅А − 40
10

, 𝑥𝑥3 =
𝜑𝜑𝑃𝑃А − 90

20
 (2) 

At the second stage the tension is determined, when 
guide’s radius is comparable to radii of different 
guides of looms and knitting machines. Table 2 
shows matrix of orthogonal design for determining 
polyethylene and polyamide multifilament yarns 
tension after guide’s surface for series В. 

Table 2 Matrix of orthogonal design for determining 
polyethylene and polyamide multifilament yarns tension 
after guide’s surface for series B 

№ 
Factors 

Input tension Curvature radius Contact angle 
х1 P0B [сN] х2 RB [mm] х3 𝝋𝝋𝑷𝑷𝑷𝑷 [°] 

1 +1 60 +1 8 +1 100 
2 -1 40 +1 8 +1 100 
3 +1 60 -1 4 +1 100 
4 -1 40 -1 4 +1 100 
5 +1 60 +1 8 -1 60 
6 -1 40 +1 8 -1 60 
7 +1 60 -1 4 -1 60 
8 -1 40 -1 4 -1 60 
9 -1.215 38 0 6 0 80 

10 +1.215 62 0 6 0 80 
11 0 50 -1.215 3.6 0 80 
12 0 50 +1.215 8.4 0 80 
13 0 50 0 6 -1.215 56 
14 0 50 0 6 +1.215 104 
15 0 50 0 6 0 80 
 
Connection between open-label and coded values 
for series B is as follows: 

𝑥𝑥1 =
𝑃𝑃0𝐵𝐵 − 50

10
, 𝑥𝑥2 =

𝑅𝑅𝐵𝐵 − 6
2

, 𝑥𝑥3 =
𝜑𝜑𝑃𝑃𝐵𝐵 − 80

20
 (3) 

At the third stage the tension is determined when 
guide’s radius is comparable to radii of polyethylene 
and polyamide multifilament yarns cross-sectional 
view. Table 3 shows matrix of orthogonal design for 
determining polyethylene and polyamide 
multifilament yarns tension after guide’s surface for 
series С. 
Connection between open-label and coded values 
for series C is as follows: 

𝑥𝑥1 =
𝑃𝑃0𝑐𝑐 − 60

20
, 

𝑥𝑥2 =
𝑅𝑅𝐶𝐶 − 0.75

0.25
, 

𝑥𝑥3 =
𝜑𝜑𝑃𝑃𝐶𝐶 − 135

145
𝑥𝑥1 =

𝑃𝑃0𝐵𝐵 − 50
10

, 

𝑥𝑥2 =
𝑅𝑅𝐵𝐵 − 6

2
, 𝑥𝑥3 =

𝜑𝜑𝑃𝑃𝐵𝐵 − 80
20

 

(4) 
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Table 3 Matrix of orthogonal design for determining 
polyethylene and polyamide multifilament yarns tension 
after guide’s surface for series C 

№ 
Factors 

Input tension Curvature radius Contact angle 
х1 P0C [сN] х2 RC [mm] х3 𝝋𝝋𝑷𝑷𝑷𝑷 [°] 

1 +1 80 +1 1 +1 180 
2 -1 40 +1 1 +1 180 
3 +1 80 -1 0.5 +1 180 
4 -1 40 -1 0.5 +1 180 
5 +1 80 +1 1 -1 90 
6 -1 40 +1 1 -1 90 
7 +1 80 -1 0.5 -1 90 
8 -1 40 -1 0.5 -1 90 
9 -1.215 36 0 0.75 0 135 

10 +1.215 84 0 0.75 0 135 
11 0 60 -1.215 0.4 0 135 
12 0 60 +1.215 1.1 0 135 
13 0 60 0 0.75 -1.215 80 
14 0 60 0 0.75 +1.215 190 
15 0 60 0 0.75 0 135 
 
Figure 5a) shows principal scheme of experimental 
unit. Unit 1 represents yarns threader and tensioner. 
Input tension has been generated with a help 
of cymbal yarn tensioner.  
Units 2 and 3 are intended to measure slack side 
and tight side tension of the yarn 9. They include two 
rollers, which are installed in bearings 
of the stationary axle. The third roller is installed 
on the cantilever fitted beam in a way that inner ring 
of bearing fitted on it, and roller interacting with 
the yarn is rigidly fixed with outer ring of the bearing. 
Friction forces in bearings can be neglected. 
The warp yarn has been loomed up to the pulley 
in a way that slack side and tight side have been 
placed at both sides of right triangle. Affected 
by warp yarn tension, central bar has been bending 
which has resulted in variations in resistance 
of strain-gauge indicator. These variations have 
been registered at the corresponding channel 
of the amplifier 8АNCH-7М. Lateral and longitudinal 
dimensions of the beam have been chosen such 
that free-running frequency of the beam has been 
1400 Hz. This frequency goes beyond frequency 
of the highest tension component way more. 
Figure 5b) represents central metering unit 4 
of the experimental unit. This metering unit 
is intended for simulation of interaction conditions 
between the yarn 9 and cylindrical guides. Two 
slider pairs, on which aluminium rollers are fixed in 
rotation bearings, are installed on the foundation 
in the horizontal grooves. The position of the slider 
pairs with respect to the central fixed bracket is 
changed with the help of two screw pairs by turning 
the two levers on the left and on the right. 
The central, fixed vertical bracket serves to secure 
the cylinder guides of different diameters, needles 
of knitting machine, heddles. The fastening is carried 
out by two screw pairs and clamping bars.  
 

  a) 

  b) 

Figure 5 Scheme of the experimental unit: a) principal 
scheme: 1 - the yarn threading unit; 2 - metering unit for 
slack side tension of the yarn; 3 - metering unit for tight 
side tension of the yarn; 4 - unit for simulation 
of interaction conditions between the yarn and guides and 
operative parts of the textile machinery; 5 - yarn receiving 
unit; 6 - amplifier; 7 - analogue-to-digital converter ADC; 
8 - PC; 9 - the yarn; b) central metering unit 

The warp yarn 9 speed was varied due to a fixed 
ratio round belt transmission (the 5th unit 
at Figure 5a). Driving pulley of the transmission 
is rotated by AC motor that was firmly fixed to 
the foundation of the main measurement system. 
Analogue signals from the 3rd and 4th units 
measuring yarn tension are being received by 
the amplifier 6 or by analogue-to-digital converter 7, 
enabled as a multifunction board L-780M with 
signalling processor ADC 14 bit/400 kHz having 16 
differential input analogue and output digital 
channels, which is connected to the PCI-
connector 8. 

3 RESULTS AND DISCUSSION 
Resulting from implemented plan of the experiment 
(Table 2) for variant 1 (А), variant 2 (В), variant 3 (С) 
and variant 4 (D), I area, there were 10 parallel 
measurements for each variant.  
Applying popular method for determining coefficients 
in the regression equation (1) for the second order 
orthogonal design the values if the coefficients have 
been determined and represented in Table 4 for 
series А, series В and series С. 
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Table 4 Coefficients values in regression equations (1) 
for series А, series В and series С 

Series Polyethylene multifilament 
yarn 44 tех 

Polyamide multifilament 
yarn 58 tex 

А 

b0 = 25.7908 
b1 = 11.9401 
b2 = 0.339144 
b3 = 1.37034 
b11 = -0.138088 
b12 = 0.14375 
b13 = 0.52875 
b22 = -0.0354837 
b23 = 0.08875 
b33 = 0.0248715 

b0 = 27.1641 
b1 = 12.8646 
b2 = 0.210052 
b3 = 1.76228 
b11 = -0.100905 
b12 = 0.0925 
b13 = 0.775 
b22 = -0.0194259 
b23 = 0.065 
b33 = 0.0499825 

В 

b0 = 56.9215 
b1 = 10.8305 
b2 = 0.298468 
b3 = 1.64657 
b11 = -0.0227247 
b12 = 0.04625 
b13 = 0.24875 
b22 = -0.00160041 
b23 = 0.12875 
b33 = 0.0195239 

b0 = 62.0331 
b1 = 11.8738 
b2 = -0.0135212 
b3 = 2.978 
b11 = -0.019865 
b12 = -0.00375 
b13 = 0.52125 
b22 = 0.0857566 
b23 = 0.09875 
b33 = 0.06765 

С 

b0 = 72.9452 
b1 = 22.9467 
b2 = -1.39519 
b3 = 3.17507 
b11 = -0.186325 
b12 = -0.39 
b13 = 0.7225 
b22 = 0.725039 
b23 = 0.135 
b33 = -0.0112949 

b0 = 92.5662 
b1 = 29.1817 
b2 = -6.02246 
b3 = 8.88939 
b11 = -0.61332 
b12 = -1.5575 
b13 = 2.545 
b22 = 2.82994 
b23 = -0.58 
b33 = -0.0731409 

 
Resulting from the implemented second order 
orthogonal design for three factors (Table 1) 
for series А, there were 10 parallel measurements 
and their average values represented in Table 5. 

Table 5 Results of the experimental researches aimed 
at determining combined influence of yarn tension before 
the guide, guide’s radius and nominal value of the contact 
angle on the yarn tension after the guide, when guide’s 
radius is far longer comparing to nominal radius of yarn’s 
cross-sectional view (series А) 

№ 
Factor 

PAE 
[cN] 

PAA 
[cN] 

Input 
tension 

Curvature 
radius 

Contact 
angle 

х1 х2 х3 
1 +1 +1 +1 40.35 43.18 
2 -1 +1 +1 14.55 15.14 
3 +1 -1 +1 39.11 42.38 
4 -1 -1 +1 14.07 14.82 
5 +1 +1 -1 36.26 37.87 
6 -1 +1 -1 12.76 13.04 
7 +1 -1 -1 35.56 37.44 
8 -1 -1 -1 12.45 12.87 
9 -1.215 0 0 10.95 11.25 

10 +1.215 0 0 40.19 42.75 
11 0 -1.215 0 25.31 26.88 
12 0 +1.215 0 26.17 27.39 
13 0 0 -1.215 24.11 25.06 
14 0 0 +1.215 27.57 29.44 
15 0 0 0 25.78 27.16 
 
 

Applying known method for determining coefficients 
in the regression equation (1) for the second order 
orthogonal design, and taking into account 
dependencies (2) and data from Table 5, regression 
dependencies have been obtained for series А, 
where: 
8 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0А ≤ 32 𝑐𝑐𝑐𝑐, 28 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅𝐴𝐴 ≤ 52 𝑚𝑚𝑚𝑚, 
 66° ≤ 𝜑𝜑𝑃𝑃𝐴𝐴 ≤ 114° 
For the polyethylene multifilament yarn 44 tех: 

𝑃𝑃𝐴𝐴𝐴𝐴 = 1.29 + 0.95𝑃𝑃0𝐴𝐴 − 0.007𝑅𝑅𝐴𝐴 − 
−0.013𝜑𝜑𝑃𝑃𝐴𝐴 + 0.0014𝑃𝑃0𝐴𝐴𝑅𝑅𝐴𝐴 + 

+0.0026𝑃𝑃0𝐴𝐴𝜑𝜑𝑃𝑃𝐴𝐴 + 0.00045𝑅𝑅𝐴𝐴𝜑𝜑𝑃𝑃𝐴𝐴 − 
−0.0014𝑃𝑃0𝐴𝐴2 − 0.00035𝑅𝑅𝐴𝐴2 + 0.0000𝜑𝜑𝑃𝑃𝐴𝐴2  

(5) 

For the polyamide multifilament yarn 58 tex: 
𝑃𝑃𝐴𝐴𝐴𝐴 = 1.88 + 0.94𝑃𝑃0𝐴𝐴 − 0.012𝑅𝑅𝐴𝐴 − 
−0.025𝜑𝜑𝑃𝑃𝐴𝐴 + 0.0009𝑃𝑃0𝐴𝐴𝑅𝑅𝐴𝐴 + 

+0.0039𝑃𝑃0𝐴𝐴𝜑𝜑𝑃𝑃𝐴𝐴 + 0.0001𝑅𝑅𝐴𝐴𝜑𝜑𝑃𝑃𝐴𝐴 − 
−0.001𝑃𝑃0𝐴𝐴2 − 0.00019𝑅𝑅𝐴𝐴2 + 0.00012𝜑𝜑𝑃𝑃𝐴𝐴2  

(6) 

Table 6 represents average values of 10 parallel 
measurements for series В received resulting from 
implemented second order orthogonal design 
for three factors. 

Table 6 Results of the experimental researches aimed 
at determining combined influence of yarn tension before 
the guide, guide’s radius and nominal value of the contact 
angle on the yarn tension after the guide, when guide’s 
radius is far longer comparing to nominal radius of yarn’s 
cross-sectional view (series B) 

№ 
Factor 

PBE 
[cN] 

PBA 
[cN] 

Input 
tension 

Curvature 
radius 

Contact 
angle 

х1 х2 х3 
1 +1 +1 +1 70.39 77.95 
2 -1 +1 +1 47.66 52.64 
3 +1 -1 +1 69.39 77.74 
4 -1 -1 +1 46.92 52.48 
5 +1 +1 -1 66.25 70.61 
6 -1 +1 -1 44.59 47.45 
7 +1 -1 -1 65.84 70.86 
8 -1 -1 -1 44.29 47.62 
9 -1.215 0 0 43.63 47.48 

10 +1.215 0 0 70.14 76.51 
11 0 -1.215 0 56.56 62.21 
12 0 +1.215 0 57.28 62.13 
13 0 0 -1.215 54.92 58.48 
14 0 0 +1.215 58.99 65.80 
15 0 0 0 56.92 62.04 
 
Applying known method for determining coefficients 
in the regression equation (1) for the second order 
orthogonal design, and taking into account 
dependencies (3) and data from Table 6, regression 
dependencies have been obtained for series B, 
where: 
38 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0В ≤ 62 𝑐𝑐𝑐𝑐, 3.6 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅В ≤ 8.4 𝑚𝑚𝑚𝑚, 
 56° ≤ 𝜑𝜑𝑃𝑃В ≤ 104° 
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For the polyethylene multifilament yarn 44 tех: 
𝑃𝑃𝐵𝐵𝐵𝐵 = 2.22 + 0.993𝑃𝑃0𝐵𝐵 − 
−0.219𝑅𝑅𝐵𝐵 − 0.0068𝜑𝜑𝑃𝑃𝐵𝐵 + 

+0.0023𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 + 0.0012𝑃𝑃0𝐵𝐵𝜑𝜑𝑃𝑃𝐵𝐵 + 
+0.0032𝑅𝑅𝐵𝐵𝜑𝜑𝑃𝑃𝐵𝐵 − 0.00023𝑃𝑃0𝐵𝐵2 − 
−0.0004𝑅𝑅𝐵𝐵2 + 0.000049𝜑𝜑𝑃𝑃𝐵𝐵2  

(7) 

For the polyamide multifilament yarn 58 tex: 
𝑃𝑃𝐵𝐵𝐵𝐵 = 3.71 + 0.99𝑃𝑃0𝐵𝐵 − 0.45𝑅𝑅𝐵𝐵 − 
−0.023𝜑𝜑𝑃𝑃𝐵𝐵 + 0.00019𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 + 

+0.0026𝑃𝑃0𝐵𝐵𝜑𝜑𝑃𝑃𝐵𝐵 + 0.0025𝑅𝑅𝐵𝐵𝜑𝜑𝑃𝑃𝐵𝐵 − 
−0.0001𝑃𝑃0𝐵𝐵2 + 0.021𝑅𝑅𝐵𝐵2 + 0.00017𝜑𝜑𝑃𝑃𝐵𝐵2  

(8) 

Table 7 represents average values of 10 parallel 
measurements for series С received resulting from 
implemented second order orthogonal design for 
three factors. 

Table 7 Results of the experimental researches aimed 
at determining combined influence of yarn tension before 
the guide, guide’s radius and nominal value of the contact 
angle on the yarn tension after the guide, when guide’s 
radius is far longer comparing to nominal radius of yarn’s 
cross-sectional view (series C) 

№ 
Factor 

PCE 
[cN] 

PCA 
[cN] 

Input 
tension 

Curvature 
radius 

Contact 
angle 

х1 х2 х3 
1 +1 +1 +1 99.40 128.42 
2 -1 +1 +1 51.58 66.79 
3 +1 -1 +1 102.29 143.95 
4 -1 -1 +1 53.32 75.51 
5 +1 +1 -1 91.09 106.62 
6 -1 +1 -1 46.57 54.59 
7 +1 -1 -1 94.93 119.25 
8 -1 -1 -1 48.44 61.57 
9 -1.215 0 0 44.79 56.74 

10 +1.215 0 0 100.58 126.95 
11 0 -1.215 0 76.31 106.98 
12 0 +1.215 0 72.08 88.12 
13 0 0 -1.215 68.95 81.89 
14 0 0 +1.215 77.00 103.59 
15 0 0 0 72.88 92.17 
 
 
Applying known method for determining coefficients 
in the regression equation (1) for the second order 
orthogonal design, and taking into account 
dependencies (4) and data from Table 7, regression 
dependencies have been obtained for series C, 
where 
36 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0С ≤ 84 𝑐𝑐𝑐𝑐,  0.4 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅С ≤ 1.1 𝑚𝑚𝑚𝑚, 80° ≤
𝜑𝜑𝑃𝑃С ≤ 190° 
 
 
 

For the polyethylene multifilament yarn 44 tех: 
𝑃𝑃𝐶𝐶𝐵𝐵 = −1657.39 + 56.78𝑃𝑃0𝐶𝐶 − 

−29.26𝑅𝑅𝐶𝐶 + 0.012𝜑𝜑𝑃𝑃𝐶𝐶 + 
+0.078𝑃𝑃0𝐶𝐶𝑅𝑅𝐶𝐶 + 0.0008𝑃𝑃0𝐶𝐶𝜑𝜑𝑃𝑃𝐶𝐶 + 

+0.012𝑅𝑅𝐶𝐶𝜑𝜑𝑃𝑃𝐶𝐶 − 0.465𝑃𝑃0𝐶𝐶2 + 
+11.6𝑅𝑅𝐶𝐶2 + 0.00005𝜑𝜑𝑃𝑃𝐶𝐶2  

(9) 

For the polyamide multifilament yarn 58 tex: 
𝑃𝑃𝐶𝐶𝐵𝐵 = 20.75 + 1.49𝑃𝑃0𝐶𝐶 − 66.32𝑅𝑅𝐶𝐶 + 

+0.056𝜑𝜑𝑃𝑃𝐶𝐶 − 0.31𝑃𝑃0𝐶𝐶𝑅𝑅𝐶𝐶 + 
+0.0028𝑃𝑃0𝐶𝐶𝜑𝜑𝑃𝑃𝐶𝐶 − 0.052𝑅𝑅𝐶𝐶𝜑𝜑𝑃𝑃𝐶𝐶 − 

−0.0015𝑃𝑃0𝐶𝐶2 + 45.28𝑅𝑅𝐶𝐶2 + 0.0001𝜑𝜑𝑃𝑃𝐶𝐶2  

(10) 

For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐵𝐵 = 90° 
in the centre of experiment, equations (5), (6) 
rearrange as follows: 

𝑃𝑃𝐵𝐵𝐵𝐵 = 0.59 + 1.19𝑃𝑃0𝐵𝐵 + 0.03𝑅𝑅𝐵𝐵 + 
+0.0014𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 − 0.0014𝑃𝑃0𝐵𝐵2 − 0.00035𝑅𝑅𝐵𝐵2 (11) 

𝑃𝑃𝐵𝐵𝐵𝐵 = 0.64 + 1.29𝑃𝑃0𝐵𝐵 + 0.018𝑅𝑅𝐵𝐵 + 
+0.00093𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 − 0.001𝑃𝑃0𝐵𝐵2 − 0.00019𝑅𝑅𝐵𝐵2 

(12) 

For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐵𝐵 = 80° 
in the centre of experiment, equations (7), (8) 
rearrange as follows: 

𝑃𝑃𝐵𝐵𝐵𝐵 = 1.98 + 1.09𝑃𝑃0𝐵𝐵 + 0.039𝑅𝑅𝐵𝐵 + 
+0.0023𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 + 0.00023𝑃𝑃0𝐵𝐵2 − 0.0004𝑅𝑅𝐵𝐵2 (13) 

𝑃𝑃𝐵𝐵𝐵𝐵 = 2.94 + 1.21𝑃𝑃0𝐵𝐵 − 0.23𝑅𝑅𝐵𝐵 − 
−0.00019𝑃𝑃0𝐵𝐵𝑅𝑅𝐵𝐵 − 0.0002𝑃𝑃0𝐵𝐵2 + 0.021𝑅𝑅𝐵𝐵2 

(14) 

For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐶𝐶 = 135° 
in the centre of experiment, equations (9), (10) 
rearrange as follows: 

𝑃𝑃𝐶𝐶𝐵𝐵 = −1655.70 + 56.89𝑃𝑃0𝐶𝐶 − 27.64𝑅𝑅𝐶𝐶 + 
+0.078𝑃𝑃0𝐶𝐶𝑅𝑅𝐶𝐶 − 0.465𝑃𝑃0𝐶𝐶2 + 11.6𝑅𝑅𝐶𝐶2 (15) 

𝑃𝑃𝐶𝐶𝐵𝐵 = 29.03 + 1.88𝑃𝑃0𝐶𝐶 − 73.27𝑅𝑅𝐶𝐶 − 
−0.31𝑃𝑃0𝐶𝐶𝑅𝑅𝐶𝐶 − 0.0015𝑃𝑃0𝐶𝐶2 + 45.28𝑅𝑅𝐶𝐶2 

(16) 

Figure 6 represents response surfaces for series А, 
series В, and series С. Adequacy of obtained 
regression dependencies has been verified with 
SPSS program for statistical processing 
of experimental data [9, 10]. 
For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐵𝐵 = 90°, 
yarn tension before the guide 𝑃𝑃0А = 20 𝑐𝑐𝑐𝑐, 
in the centre of experiment, equations (11), (12) 
rearrange as follows: 

𝑃𝑃𝐵𝐵𝐵𝐵 = 23.87 + 0.062𝑅𝑅𝐵𝐵 − 0.0004𝑅𝑅𝐵𝐵2 (17) 

𝑃𝑃𝐵𝐵𝐵𝐵 = 26.01 + 0.036𝑅𝑅𝐵𝐵 − 0.00019𝑅𝑅𝐵𝐵2 (18) 
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Figure 6 Response surfaces for series А, В and С created to determine combined influence of the yarn tension before 
the guide and guide’s radius on the yarn tension after the guide: for the polyethylene multifilament yarn 44 tех: a) 
series А, c) series В, e) series С; for the polyamide multifilament yarn 58 tex: b) series А, d) series В, f) series С 

 
Figure 7 represents graphical dependencies 
(curves) reflecting influence of guide’s radius 
on yarn tension after the guide for series А, that 
have been obtained with the use of dependencies 
(17), (18).  
 

 
Figure 7 Graphical dependencies (curves) reflecting 
influence of guide’s radius on yarn tension after the guide 
for series А: 1 - for the polyethylene multifilament yarn 
44 tех; 2 - for the polyamide multifilament yarn 58 tex 

For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐵𝐵 = 80°, 
yarn tension before the guide 𝑃𝑃0В = 50 𝑐𝑐𝑐𝑐, 

in the centre of experiment, equations (13), (14) 
rearrange as follows: 

𝑃𝑃𝐵𝐵𝐵𝐵 = 56.01 + 0.154𝑅𝑅𝐵𝐵 − 0.0004𝑅𝑅𝐵𝐵2 (19) 
𝑃𝑃𝐵𝐵𝐵𝐵 = 62.84 − 0.24𝑅𝑅𝐵𝐵 + 0.021𝑅𝑅𝐵𝐵2  (20) 

 

 
Figure 8 Graphical dependencies (curves) reflecting 
influence of guide’s radius on yarn tension after the guide 
for series В: 1 - for the polyethylene multifilament yarn 
44 tех; 2 - for the polyamide multifilament yarn 58 tex 

For nominal value of the contact angle 𝜑𝜑𝑃𝑃𝐶𝐶 = 135°, 
yarn tension before the guide 𝑃𝑃0С = 60 𝑐𝑐𝑐𝑐, 



Fibres and Textiles 28(3), 2021 80 

in the centre of experiment, equations (15), (16) 
rearrange as follows: 

𝑃𝑃𝐶𝐶𝐶𝐶 = 83.86 − 22.96𝑅𝑅𝐶𝐶 + 11.6𝑅𝑅𝐶𝐶2 (21) 
𝑃𝑃𝐶𝐶𝐶𝐶 = 136.07 − 91.99𝑅𝑅𝐶𝐶 + 45.28𝑅𝑅𝐶𝐶2 (22) 

Figure 9 represents graphical dependencies 
(curves) reflecting influence of guide’s radius 
on yarn tension after the guide for series C, that 
have been obtained with the use of dependencies 
(21), (22). 
 

 
Figure 9 Graphical dependencies (curves) reflecting 
influence of guide’s radius on yarn tension after the guide 
for series C: 1 - for the polyethylene multifilament yarn 
44 tех; 2 - for the polyamide multifilament yarn 58 tex 

4 CONCLUSIONS 
Resulting from carried out complex experimental 
researches for polyethylene and polyamide 
multifilament yarns, there have been obtained 
regression dependencies between value of yarn 
tension after the guide and yarn tension before 
the guide, guide’s surface curve radius, and contact 
angle. Researches that have been carried out 
to determine polyethylene and polyamide 
multifilament yarns tension when interacting with 
guides and operative parts (of large and small 
curvature) of looms and knitting machines, helped 
to establish the mechanism for the process 
of increase in polyethylene and polyamide 
multifilament yarns tension after the guide which can 
be attributed to friction forces in the contact area. 
It has been proved that increase in tension can be 
explained by varying contact angle between 
polyethylene and polyamide multifilament yarns and 
large and small curvature guides. In addition, 
the actual contact angle for multifilament yarns 
will be larger than nominal one due to distortion 
of the yarn’s cross-section in the contact area.  

The paper includes three series of experiments (А; 
В; С) implemented for the polyethylene multifilament 
yarn 44 tех and the polyamide multifilament yarn 
58 tex. Series А has been carried out for small 
curved guides, where guide’s radius significantly 
longer comparing to nominal radius of the yarn 
cross-section. In addition, tension before the guide 
varies within the following range 8 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0А ≤ 32 𝑐𝑐𝑐𝑐, 
the value of the guide’s surface curve varies within 
the following range 28 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅𝐶𝐶 ≤ 52 𝑚𝑚𝑚𝑚, the value 
of the contact angle between the yarn and guide’s 
surface, for series А, varies within the following 
range 66° ≤ 𝜑𝜑𝑃𝑃𝐶𝐶 ≤ 114°.  
Series В has been performed for guides with mean 
curvature, when guide’s radius is commensurate 
with the various guides’ radii of looms and knitting 
machines. In addition, tension before the guide 
varies within the following range 38 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0В ≤
62 𝑐𝑐𝑐𝑐, the value of the guide’s surface curve radius 
varies within the following range 3.6 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅В ≤
8.4 𝑚𝑚𝑚𝑚, and the value of the contact angle between 
the yarn and the guide surface, for series В, varies 
within the following range 56° ≤ 𝜑𝜑𝑃𝑃В ≤ 104°.  
Series С has been performed for guides with large 
curvature, when guide’s radius is comparable to radii 
of polyethylene and polyamide multifilament yarns’ 
cross-section. In addition, tension before the guide 
varies within the following range 36 𝑐𝑐𝑐𝑐 ≤ 𝑃𝑃0С ≤
84 𝑐𝑐𝑐𝑐, the value of the guide’s surface curve radius 
varies within the following range 0.4 𝑚𝑚𝑚𝑚 ≤ 𝑅𝑅С ≤
1.1 𝑚𝑚𝑚𝑚, the value of the contact angle between 
the yarn and the guide surface, for series С, varies 
within the following range 80° ≤ 𝜑𝜑𝑃𝑃С ≤ 190°. 
As a result, it has been made possible (still 
at the initial stage of the computer aided 
manufacturing with usage of recursion) to determine 
polyethylene and polyamide multifilament yarns 
tension before fabric and knit formation area 
depending on geometric and design parameters 
of equipment and their mechanical and physical 
properties.  Obtained results may be used when 
improving technological processes in textile and 
knitting industries.  
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Abstract: The fashion trend of Family look clothes is a complicated system of a complex wardrobe. 
It requires the definition of the laws of compositional construction of the family clothing system on the basis 
of harmonization of the stylistic unity of the multi-colored composition of products and needs 
an assessment of the psychological comfort of the consumer in social environment. For this purpose 
the following tasks are solved: gender and age categories of restriction of color combinations’ variants 
of clothes in Family look style are defined; the algorithm of verification of means of composition in color 
series of family wardrobe models is developed; communicative methods of control of harmonization means 
of color compositions are developed. The article considers 5 basic principles of identification 
of the figurative decision of models of clothes from the point of view of their compositional unity (an image, 
color, accessories, style). Rules for combining family wardrobe based on the number of family members, 
their gender, age and style have been developed. It is established that the wardrobe is formed of different 
types of combinations: parallel, cross, mixed (collage), triangle. Based on the typology of the personality 
image type by O. Petrova, the typology of the color type of behavior by M. Luscher and the typology 
of temperaments by G. Eysenk, the categories of color formation of the Family look style are formed. 
On the example of the portfolio of models selected for the color type "green", image type "prestigious" 
the method of determining the harmony of color combinations of clothes in the Family look system 
by the ratio of its filling areas is verified. An algorithm for controlling the process of harmonization 
of the color composition of the Family look style according to the 7 phases of evaluation of the means 
of composition is developed, which is displayed by the level control scheme. An algorithm for forming 
a wardrobe in the style of Family look is developed and its practical application is shown on the example 
of developing different wardrobe options. 

Keywords: Family look style, harmony of color, color types, algorithm, identity, complex wardrobe, collage 
of models. 

 

 

1 INTRODUCTION 

The trend of Family look does not leave the lists 
of fashion trends in the clothing industry. This trend 
shows not only the style for the whole family 
in clothes and accessories, but also the philosophy 
of life in family values [1, 2]. The manner of dressing 
in one style has a peculiar psychological aspect: 
1) unites the family and emphasizes the integrity 
of the relationship between children and parents; 
2) emphasizes individuality and allows you to stand 
out from the crowd; 3) enforces good taste in 
children; 4) satisfies the child's need to imitate 
adults; 5) charges with positive emotions [3]. 

Family look is extremely multifaceted and varied. 
This is a street-holiday style with a huge number 
of variations and stylistic solutions [4]. It is because 
of the peculiarities of capriciousness and insistence 
of Family look that the laws of this style are so easy 
to break due to ignorance and turn the whole family 
into an ordinary clowning of imagery. Subjective 
perception of the decorative and color theme 

of complex wardrobe items in the style of Family 
look by consumers does not allow us to assess 
objectively the psychological aspect of comfort due 
to ignorance of the basics of the composition of this 
style. Scalability of harmony of color combination 
of wardrobe items enhances the advertising effect 
of imagery of a friendly, strong and happy family [5]. 
The development of methods for quantifying the use 
of colors requires the use of both instrumental 
methods of colorimetry and interpretation 
of the harmony of the collage of models. 

2 DISCUSSINS IDEAS 

In the history of fashion, it is believed that 
the homeland of this style is America, during 
the Great Depression (20s of last century). Women 
sewed fashionable dresses for themselves, and from 
the remnants - clothes for children [6]. 
The popularity of the trend grew and later the family 
look began to appear on the covers of magazines, 
on greeting cards [7]. 
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Nowadays, Madonna singer returned to the Family 
look style for the first time, ordering copies of her 
own clothes for her daughter Lourdes [8, 9]. 
The next standards of Family look were Angelina 
Jolie and Brad Pitt, the Beckham couple, recognized 
fashionistas Gwen Stefani, Jennifer Lopez and 
Cindy Crawford [9]. After such advertising, 
the fashion for a Family look spread around 
the world. 

Designers from Chanel, Lanvin, Cavalli, Dolce & 
Gabbana began to create actively separate 
collections in the style of Family look for different 
tastes [5, 9, 11, 12]. More affordable brands such as 
Benetton, Mango, Gap, ZARA, Old Navy, H&M, 
Hanna Anderson and Children's Place are now 
successfully selling the same clothing for the whole 
family in their online stores [11, 12]. However, 
you can create it yourself by buying the same style 
things from different brands and trademarks. 
If desired, original things and accessories can be 
sewn to order or made by yourself. In this case, 
the style will be individual and unique, and will save 
a lot of money [12-14]. 

The motivational choice of the consumer depends 
on how attractive his image is in competition with 
similar social status [15]. The psychological effect 
of color on a person is actively used in medicine. 
In order to justify the choice of color solution for 
clothing, marketing research has been conducted, 
which is based on the theory of harmonious 
combination of colors called Ittena [16]. There are 
a number of studies on the effect of color 
on the psychological and physical state of a person 
through the use of test questionnaires [17]. 
This allows you to make recommendations for 
choosing the main and additional colors of clothing. 
The informational aspect of the psychological 
classification of people has a scientific basis 
for research done by E. Kretschmer, C. Jung, 
M. Luscher and H. Eysenck [18]. 

The psychological comfort of the "clothing-
appearance" relationship is assessed through 
the leading type of perception using 
the questionnaire by O. Petrova [19]. Segmentation 
of psychological personality types for the color 
formation of the wardrobe in the style of Family look 
is relevant, because the standard features 
of modern forms of clothing is obvious. 

Consideration of clothing in the style of Family look 
on the basis of harmonization of stylistic unity 
of the multi-colored composition of products requires 
an assessment of psychological comfort in the social 
environment. For this purpose it is necessary 
to solve the following tasks: to define gender and 
age categories of restriction of variants of color 
combinations in style of Family look clothes; 
to develop an algorithm for verifying the means 
of composition in the color series of family wardrobe 

models; to develop communicative methods 
of control of harmonization means of color 
compositions.  

3 METHODS 

The complexity and diversity of the Family look 
is regulated by the system of identifying the features 
of a single style for the whole family at the stage 
of selecting models from Internet resources. A huge 
number of variations and stylistic solutions 
for creation a family image require the use 
of knowledge of the basics of composition 
as a method of artistic design at the initial stage. 
Functional, constructive and aesthetic value 
of the utilitarian justified form of models in the style 
of Family look is estimated by exact coincidence and 
harmony of color and accent details [20]. 

Achieving integrity and unity in the combination 
of complex wardrobe items provide the principles 
of style identification (Table 1). 

Models presented in electronic resources, as a rule, 
have functional and constructive value. The control 
of aesthetic value is provided by the theory 
of composition. The objectivity of the assessment 
of color combinations is provided by expert and 
instrumental control methods of means 
of harmonization on the basis of observance 
of the basic rules of color harmony: 

Rule 1: The colors yellow, red, green, blue are called 
the main, pure, without shades of others, adjacent 
to them in the color spectrum. 

Rule 2: There are three groups of colors 
in combination - related (R), related-contrast (R-C) 
and contrast (C). 

Rule 3: Related circles have at least one common 
(main) color in their composition. There are four 
groups of related colors - yellow-red, red-blue, blue-
green and green-yellow. 

Rule 4: Related-contrasting colors are located in two 
adjacent quarters of the color wheel and have one 
main color, the other two - mutually complementary 
to the main color. There are four groups of related 
contrasting colors - yellow-red and red-blue, red-
blue and blue-green, blue-green and green-yellow, 
green-yellow and yellow-red. 

Rule 5: Contrasting colors are located in opposite 
quarters of the color wheel; they are yellow-red and 
blue-green, yellow-green and blue-red. 

The rules of formation of signs of stylistic identity are 
influenced by such laws of composition 
as dominants, integrity, balance, standardization, 
contrasts. 

The law of dominance in the color composition, due 
to the image type of the consumer, determines 
the main color tone as a functional element 
of the color type of behavior. 
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Table 1 Principles of identification of the figurative solution of clothing models in the style of Family look 

Characteristic 
feature 

Principle Method 
Family size 

2 3 4 5-6 

A complete 
match 

of the image 

The 
identity is 
the same 

Dimensional 
copying 

of the mirror 
image of the 
assortment 

    

The identity 
of colors in 

different cuts 

Identity 
is related 

Color dominant 
in the gradation 

of rhythm 
metrics 

    

Identity 
of accessories 

Frequency 
Support with 

the same 
accessories 

   

 

Stylistic identity Grouping 

Stylistic 
balance 
of items 

combinations 

    
 

 

The law of integrity ensures the harmonious 
interaction of color zones according to the rules 
of subordination. 

The unity of style implements the laws 
of standardization through the means 
of harmonization of art form: nuance, identity, and 
rhythm. 

The law of contrasts explains polyvariety by such 
means as shape, tone, color, proportions, quantity 
from the standpoint of the unity of opposites. 

The three-component theory of color vision adopted 
in colorimetry allows to quantitatively link 
the chromaticity coordinates of chromatic colors with 
the areas of their spots using the criterion 
of harmony of color composition of objects 
in the style of Family look [21]. 

The typology of Max Luscher's personality is based 
on the desires that determine life choices and 
characterizes the main type of color behavior: 
the blue type is the desire for harmony; the green 
type is a desire for prestige; red type - the desire 
to succeed; yellow type - the desire for change [16]. 

Characteristics of psychological types 
of temperament and attitudes to clothing are directly 
correlated with the degree of psychological comfort 
of the color type of behavior. 

The sequence of work on the quantitative 
determination of the color type of the overall 
composition of the Family look models is as follows: 

1. Formation of a card index of appearance 
of models according to the principles 
of identification and introduction in a grid 
of frontal projections on a body. 

2. Determining the coordinates of color spots that 
form the color composition of Family look models. 

3. Determining the proportions of color areas 
in the image type of consumers, taking into 
account the color type of behavior. 

4. Choosing how to combine the components 
of the wardrobe for family members. 

4 EXPERIMENTAL 

The formation of models’ system in the style 
of Family look is performed according to the general 
rules of selection of clothes for one person [13]. 
The basis of selection is to determine the number 
of family members, their gender and age. 

Depending on the number of family members, 
this system can be 2, 3, 4, 5, 6-component. 
According to gender and age, as a rule, this system 
should include parents and children.  
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Figure 1 Ways of combining family members in the Family look system 

 

However, sometimes it can be only parents, only 
children, or parents + children + grandparents, 
or grandchildren with grandparents. The basic 
options for possible combinations of family members 
in the Family look system are shown in Figure 1. 

However, these concepts can be somewhat 
expanded. For example, the combination father + 
son also involves the combination grandfather + 
grandson or father + grandfather + son, and 
the combination mother and daughter - involves 
the combination grandmother + granddaughter or 
mother + grandmother + granddaughter. In addition, 
the number of children in this system can vary from 
1 to 4-5. For example, the combination father + son 
also implies a father + 2 sons, the combination 
mother + daughter - provides a combination 
of mother + 3 daughters, and the system father + 
son + daughter provides, for example, a combination 
of father + 2 sons + 1 daughter or father + son + 
2 daughters. A formalized description 
of the combinations of family members in the Family 
look system is represented by the equation (1): 

�� =  � + � + �� + �� + �� + �� (1) 

where: FL is the number of family members in the Family 
look system; f is the father; m is the mother; s is the son; 

d is the daughter; gf is the grandfather; gm is 
the grandmother; i is the number of sons; j is the number 
of daughters. 

This factor is very important, especially when 
determining the rules of combining the wardrobe 
of family members. The frequency of occurrence 
of different component variants of the family 
is presented in Figures 2 and 3. 

When designing clothes in the style of Family look, 
the most common is a traditional family of 4 people, 
which allows you to describe the probable options 
for combining wardrobe and color in this system. 
The choice of products that will be included 
in the wardrobe primarily depends on the style and 
age of family members. The warm period of the year 
has been chosen for research, for the purpose - 
festive clothes and for rest; for accessories - 
complementary items from the main fabric 
or the companion fabric. The color composition 
is usually based on a limited number of color 
combinations. Such a restriction is clearly 
represented by sets of special purpose clothing 
(uniform, office, industrial). The gender and age 
category of consumers in a complex wardrobe has 
secondary intonations of accessories or variations 
of the main color scheme in the combination group. 
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Figure 2 Frequency of occurrence of family members’ number 

 

 

Figure 3 Frequency of occurrence a combinations of family members by gender 

 

When combining colors between family members in 
the Family look system, the same rules are followed 
as when combining wardrobe units. The color may 
be the same for the same range of clothing or with 
different color accents and different filling areas, 
the color may be the same or different in different 
sex groups with different assortment; the color 
of clothes of one assortment can be different 

in opposite sex groups; color and ornament may be 
the same in certain types of clothing, regardless 
of gender and range; color and ornament may be 
different with different range of clothing and gender 
of family members [22]. The frequency 
of occurrence of different color combinations and 
clothing range between family members is shown 
in Figures 4 and 5. 

 

 

Figure 4 Frequency of combinations of wardrobe items between family members 

 

 

 

Figure 5 Frequency of color combinations between family members 
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a) 

b) 

Figure 6 Options for combining colors in a wardrobe collage: a) pictogram; b) frequency of occurrence 

 

The obtained values indicate that one of the key 
positions of consumer demand for Family look 
clothing is the predominant identification 
of the image solution of clothing models 
on the principle of "identity is the same" in the range 
and color. This confirms the psychological desire 
of family members to visually emphasize their unity. 

The study of the rules of mutual combination of color 
and wardrobe units allowed us to determine 
the probable options for their combination (Figure 6). 

Options of combinations (2, 3, 5, 6) with a frequency 
of 11.6-41.8% should be used as a base 
in the development of Family Iook clothing to provide 
the widest range of consumers. 

Preliminary studies of the subjective color 
preferences of the youth group of women 
on the basis of a short test by M. Luscher 
characterizes the respondents as stylish ones, 
following fashion trends: first place - blue; second 
place - blue-green; third and fourth place belongs 
to yellow-red color. These colors are included 
in the color palette of the spring-summer season 
constantly. They characterize the modern woman 
as independent and purposeful, who keeps up with 

the times. This is a generalized personality – "one 
who constructs herself." The consistency 
of the respondents' opinions is characterized 
by the concordance coefficient W = 0.71 and 
Pearson's criterion 2

p = 71.4 > 2
tabl = 18.5. 

The study of temperament types in the control group 
of clothing consumers of Family look, namely, 
women of younger age group was performed 
by G. Eysenk’s test. 

Choleric (35%) corresponds to the red type 
of behavior. It is a desire for success and victory. 
Sanguine (17%) corresponds to the green type 
of behavior. It is a desire for prestige, the search for 
reliability and comfort. Phlegmatic (10%) 
corresponds to the yellow type of behavior. It is 
a desire for change that is full of hope. Melancholic 
(27%) corresponds to the blue type of behavior. It is 
a desire for harmony based on unity with the world 
around us. 

To determine the image attitude to style, 
a questionnaire by O. Petrova was used [19]. 
The relationships of the categories of the color 
composition of the Family look style are shown 
in Table 2. 

 

Table 2 Categories of color formation of the Family look style 

Consumer group Color type of behavior Temperament type Image attitude to style 

avantgarde red choleric obsessed, aesthetic, distinctive 
prestigious green sanguine prestigious, harmonious 
moderate yellow phlegmatic standard, aesthetic, rational 
practical blue melancholic neat, harmonious 

1.4

15.1

13.7

5.5

41.8

11.6

6.8
4.1

1 - the top and bottom are combined with each other

2 - the one is color, the wardrobe is different

3 - the top is the same, the bottom is different

4 - the bottom is the same, the top is different

5 - the same wardrobes and colors

6 - the wardrobes are differently matched

7 - the wardrobes and colors are different

8 - the wardrobe is one, the color is different
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Figure 7 Diagram of the distribution of the occurrence of chromatic colors in the collage Family look 

 

The central figure in the Family look collage is 
usually a mother. A two-year period of psychological 
perception of color was used to select mobile signs 
ahead of the development of shape signs. The key 
trends of spring-summer collections of women's light 
clothing of 2018-2020 years are the use of bright, 
often contrasting colors and pastel shades, 
an original combination of textures and prints, 
especially floral ornaments. The controlling function 
of color combination is illustrated by Figure 7. 

The characteristic of the chromatic colors 
in the Family look collage corresponds to the color 
type of behavior and temperament type. 

The verification of the portfolio of models in the style 
of Family look according to the scenario 
of determining consumers’ preferences is based 
on the method [23]. The tectonic integrity 
of the three-dimensional shape of clothing models 
for different gender and age groups is characterized 
by a coefficient of proportionality on the principle 
of scaling [24, 25]. 

To study the color composition of the portfolio 
of Family look models in the group of "prestigious" 
consumers, the method of determining the ratio 
of areas in the grid of product dimensions was used 
[26]. Since the type of sanguine temperament clearly 
coincides with the color type of behavior "green", 
the portfolio of five models is composed 
on the principle of identity of the range and 
decoration in different combinations of parents 
with children (Figure 8). 

The coefficient of proportionality of the ratios 
of the areas of color spots is calculated 
by the equation (2): 

��� =
��

��

 (2) 

where: Si is the area of the color spot of the clothes 
of the central figure and Sj is the area of the color spot 
of the clothes of another family member.  

Verification of the ratios of the areas of color spots 
of the portfolio models are given in Table 3. 

In the Family look collage the central figure 
is usually mother. The location of the models 
in the portfolio is estimated by approaching 
the harmony of the "golden section" (1.6 for women). 
The collage of models №4 (Figure 8) characterizes 
a high degree of coincidence with the harmonious 
proportionality of body measurements of the four-
component group of the family and clearly defines 
the purpose of the range. The collage of models №1 
shows a mirror image of the type of assortment by 
gender, but does not extend to the social aspect 
of the family. Collages of models №2 and №3 
emphasize the metric rhythm of color tonality. 
However, the collage №3 corresponds better 
to the laws of composition in ensuring unity and 
integrity. Collage №5 identifies the color group 
of the central figure, but disturbs the balance due to 
the small area of the color spot of the boy's clothing 
accessories. Due to the inconsistency of the factors 
assessing the integrity of the composition, 
the collage №5 was excluded from further analysis. 

 

 
№1 №2 №3 №4 №5 

Figure 8 Portfolio of color composition of Family look models of «prestigious» type 
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Table 3 Verification database for determining the harmony of color combinations 

Model 
collage 
number 

A sign of imagery 
Method of color groups 

identification 

Area 
of color spots 

Coefficient 
of proportionality 

Si Sj Cpr1 Cpr2 CprЗ 
Cpr, 

average 

1 
Complete matching of clothes 

m, d 
Mirror coincidence 

of assortment 
398 (m) 166 (d) 

2.4 
(m/d) 

- - 2.4 

2 
Affinity of the top 

m, d 
Gradation 

of color rhythm metrics 
167 (d) 123 (m) 

1.33 
(d/m) 

- - 1.33 

3 
Stylistic identity 

m, d, s 

Equilibrium 
of color combinations 

in metric rhythm 
413 (m) 

236 (d) 
305 (s) 

1.75 
(m/d) 

1.35 
(m/s) 

1.29 
(s/d) 

1.46 

4 
Complete matching of clothes 

of parents and children 
f, m, d, s 

Dimensional copying by gender 
570 (f) 
476 (m) 

340 (s) 
216 (d) 

1.68 
(f/s) 

2.2 
(m/d) 

1.19 
(f/m) 

1.69 

5 
Identity of accessories 

m, d, s 

Support of the color tone 
of the central figure 

with accessories 
327 (m) 

64 (d) 
4.8 (s) 

6.04 
(m/d) 

- 
13.3 
(d/s) 

9.67 

 

 

Table 4 Gradation of the quality of interpretation of the harmony of the collage of models for the conformity factors 
to the fashion trends 

Interpretation of the quality of factor expression 
Numerical 

value 
Factors, models 

f1 f2 f3 

most strongly expressed +3 №4 №3 №3 
less expressed +2 №3 №4 №1 

a little noticeable +1 №2 №2 №4 
neutral position 0 №1 №1 №2 

 

 

To estimate the possible emotional feelings 
of potential consumers, the portfolio of color 
compositions of Family look models in accordance 
with Figure 8 the method of bipolar seven-point 
scale was used to assess the concept of factors 
of color psychological perception [27]. The initial 
data for assessing the harmony of color perception 
in the portfolio of Family look models for the image 
type "prestigious" are given in Table 4. 

The positive correlation of the assessment 
of the harmony of color perception in the scale 
of interpretation of divisions from +3 to 0 for three 
factors (f1 - assessment factor; f2 - force factor;        
f3 - activity factor) is determined by the equation: 

2

2

6
1 ,

( 1)

i

s

d
r

n n
 



  (3) 

where: d is the difference between the ranks 
of the characteristic on the two correlated features and n is 
the volume of the population. 

The difference between the ranks di on 
the correlating features of models №3 and №4 is 1. 
The number of models is 4, then: 

8,02,01
60

12
1

154

26
1

)14(4

)11(6
1

2

22










sr  

rs - corresponds to a high level of correlation: 
0.8>0.79. 

The algorithm of level control of the process 
of harmonization of color composition is based on 

the hierarchy of features of recognition of the image 
identity of the object [28]. The hierarchy of stages is 
organized in the order of increasing natural numbers 
by extended groups from the zero cell by 5 phases 
of evaluation of the means of composition 
in the Family Look models. The zero phase 
for the characteristics of the wardrobe contains 
the position 1 - style Family look. The first phase 
contains positions of properties: 2 - unity;                 
3 - integrity. The second phase (series 4, 5, 6) is 
the principles of identification: 4 - uniformity;           
5 - recurrence; 6 - grouping. The third phase (series 
7, 8, 9, 10) - basic colors of behavior: 7 - red;            
8 - green; 9 - blue; 10 - yellow. The fourth phase 
(series 11, 12, 13, 14, 15) - the laws of composition: 
11 - dominant; 12 - integrity; 13 - equilibrium;         
14 - standardization; 15 - contrast. The fifth phase 
(series 16, 17, 18, 19, 20, 21) - components 
of a combination of groups: 16 - women-men;        
17 - adults-children; 18 - assortment; 19 - color;     
20 - accent print; 21 - accessories. The sixth phase 
(series 22, 23, 24, 25, 26, 27, 28) - 22 - the number 
of families; 23 - completeness; 24 - two-color;        
25 - tricolor; 26 - related; 27 - related-contrast;       
28 - contrast. The grid of horizontal and vertical rows 
forms a scheme of level control of the color 
composition of the Family look models (Figure 9a). 
An example of the formation of the color 
harmonization route of the central model 
of the collage №3 (Figure 9b) is shown in Figure 9с. 
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a) b) c) 

Figure 9 Scheme of level control of color harmonization of Family look models 

 

Checking the route of color harmonization control 
model №3 (Figure 9), made in a related-contrast 
collage (27), confirms the triad combination of adults 
and children (17), assortment (18), color scheme 
(19) in a positive correlation (rs=0.8) tricolor 
composition (25). 

5 RESULTS 

According to the results of reviewing 150 
combinations of clothing models in the style 
of Family look in accordance with 
the recommendations [4, 5, 9, 10, 14] 4 rows 
of models have been formed on the basis of color 

type of  behavior of 7 units each, which provides 
a closed color wheel (Table 1). By combining 
standard rules for matching wardrobe items and 
colors, the Family look model line has been created 
for 4 color types of behavior (Figure 10). 

The basic model range of color type of behavior 
(Figure 11) illustrates the algorithm for forming 
a family wardrobe in the style of Family look. 

The stages of formation of the family wardrobe are 
illustrated in Figure 12. 

Тo assess possible emotional sensations taking into 
account color types used the method of correlation 
analysis. 

 

 

 

Figure 10 Variations of color and range combinations 
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a) b) c) d) 

Figure 11 Model range of basic color types of behavior: a) red, b) blue, c) green and d) yellowish 

 

 

 

Figure 12 Algorithm of forming a family wardrobe in the style of Family look 
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6 CONCLUSIONS 

Wardrobe in the style of Family look is formed 
according to the rules of combining gender and age 
characteristics of the family in the range, color and 
purpose of clothing with different types 
of combinations: parallel, cross, mixed (collage), 
triangle, which is confirmed by Figures 10 and 11. 

To implement an algorithmic method of controlling 
the harmony of color of clothing in the style of Family 
look, the categories of color formation of style are 
analyzed (Table 2) from the standpoint of achieving 
integrity and unity in the combination of objects. 

The application of the identification principles 
of the figurative solution of clothing models in 
the Family look style allows us to state the following: 

- the main regulator of the selection of models 
in the style of Family look is not so much 
the composition of the family and purpose, 
as the psychological aspect of family values; 

- to analyze the color composition of the family 
wardrobe, it is advisable to use the method 
of verification of color types of behavior, it allows 
to determine the harmony of color combinations 
by areas of color spots, which is important 
for recognizing signs of model imagery; 

- the proposed method of quality gradation control 
of color harmony expression in the scale 
of psychological perception allows you to apply 
the bulkhead color control algorithm of any model 
in 7 phases of level control (Figure 9). 

The suggested rules can be applied when designing 
clothes in one style for a group of people who do not 
form a family. For example, when developing 
branded (uniform) clothing for a particular company, 
school; in the development of stage clothing; clothes 
of members of a sports team; for themed youth 
parties, etc. The results can be useful for stylists, 
designers, marketers and university students 
learning to design clothes. 
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Abstract: UNESCO's recognition of Indonesian textiles (batik) as a cultural heritage provides wider 
opportunities for the batik industry. The fact that needs to be known is that batik craftsmen in Indonesia are 
dominated by women, but research on batik textiles so far have not explored femininity in Indonesian batik 
motifs. This study aims to analyze the design of feminine-style batik motifs by Indonesian craftswomen. 
The data on batik motifs was collected in three cities, namely Pekalongan, Semarang and Solo. The visual 
analysis was prioritized in this research by tracing batik work documents from the aspect of the motif 
structure, the source of the idea and the value of feminism. The results showed that making batik fabric 
was dominated by women. Feminism-style batik motifs in Indonesia are dominated by plant objects 
(particularly flowers). The elements of red, green, light brown and blue are the most widely used than other 
colors. The femininity of batik motifs is depicted in an organic look that is presented in various curved lines. 
Femininity in batik motifs is often found, particularly in contemporary batik, which tries to break away from 
the rigidity of traditional batik. 

Keywords: contemporary batik, femininity, visual craft women expression. 

 

 

1 INTRODUCTION 

Batik has become a clothing trend in Indonesia 
recently, particularly for women. This is shown by 
the widespread legitimacy of batik in various districts 
in Indonesia namely Kudus batik, Semarang batik, 
Batang batik, Cimahi batik, and even Kalimantan 
batik which is growing sporadically. Batik is not just 
a decoration on a piece of cloth, but contains 
aesthetic symbols [1, 2]. Previously, batik activities 
were only carried out by courtiers of the palace and 
then expanded to other areas outside the palace in 
Indonesia [3, 4]. Many batik fabrics are produced by 
women both as a main job and as a side job [5, 6]. 
Batik is growing very rapidly, from traditional 
to contemporary batik which offers more creative 
and contemporary motifs [7, 8]. In the midst of these 
developments, batik craftswomen occupied a vital 
position as creators, because of their ability to work 
with the highest efficiency with the lowest wages [9]. 
However, batik research about batik craftswomen 
had so far gone unnoticed, whereas batik 
craftswomen must adapt to the character, needs and 
desires of consumers so that traditional batik 
products are always in demand in line with 
the challenges of socio-cultural change [10, 11]. 
On the one hand, the aesthetic adaptation of batik 
craftswomen is a very important issue in the creation 
of batik. The right aesthetic adaptation will be able 
to produce artistic batik works as well [1, 12]. 
On the other hand, femininity usually appears as 
a pattern that helps form the visuals of batik motifs. 

Batik research has actually been carried out by other 
researchers in the academic and professional 
realms. One of the historical studies of batik was 
conducted by Pramono, et al. [11] about the history 
of Sukapura batik in the study of semiotics and 
Lokaprasidha, et al. [13] about the history and 
development of Kampung Batik Kauman 
Pekalongan. Batik research with a focus on motifs 
has also been carried out by most researchers 
in Indonesia [14, 15]. Meanwhile, research 
on the creation of contemporary batik motifs was 
carried out by Nurcahyati and Affanti [16]. 
On the other hand, the previous batik research was 
also conducted by Sugiarto, et al. [17] particularly 
about the trend of regional icon motifs.  

Unfortunately, these batik studies are still limited to 
historical issues and aesthetic studies in general; 
they are not discussing women's expressions 
in contemporary batik motifs in Indonesia. 
Two research problems to be solved are „how is 
the visual form of contemporary batik motifs that are 
often made by batik craftswomen?” and “how is 
the value of femininity represented in the batik 
motif?” 

In this case, this paper is important to convey. 
We cannot deny that most contemporary Indonesian 
batik motifs depict visual elements that are close to 
the world of women, including flower figures, plant 
figures and the use of colors identical to women. 
Batik products are also more uniquely created 
in women's dress products. 
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2 METHODOLOGY 

The study uses a field research approach as part 
of artistic research, which focused on descriptive 
explanations of the expressions of craftswomen 
on batik products as textile heritage in Indonesia [18, 
19]. The method was chosen because this study 
aims to find femininity (women expression) 
contained in the design of contemporary Indonesian 
batik motifs, both explicitly and implicitly presented. 
This research was conducted with a multiple case 
study design in the three most famous batik 
industrial areas in Indonesia, namely Pekalongan, 
Solo and Semarang. 

The participants in this study were determined by 
purposive sampling, so that three batik craftswomen 
were selected in Kauman Villge in Pekalongan, 
Laweyan Village in Surakarta and the Figa Batik 
community in Rejomulyo Village in Semarang, which 
represented many batik industries in Indonesia. 
Craftswomen are selected based on their 
experience and style of contemporary motifs [20]. 

The main data was collected through observations 
of batik craftswomen in the process of making batik 
motifs. This study also attempts to collect various 
information about women's interests and orientations 
in artistic expression through in-depth interviews 
[21]. While the visual data, in the form of motifs, was 
collected through a visual study of the designs 
of the motifs made. The data analysis uses 
an interactive analysis model, with the following 
procedures: data reduction, data presentation and 
verification [22]. 

3 RESULTS AND DISCUSSION 

3.1 The development of contemporary batik 
of Indonesia 

As a heritage of traditional textiles in Indonesia, batik 
has developed from time to time, ranging from 
classic batik to contemporary batik creations, which 
increasingly gives crafters the freedom to explore 
the uniqueness of batik motifs, ideas and techniques 
[13]. Contemporary batik has been separated from 
the source of knowledge of traditional techniques 
that must use a night barrier but with variations 
in techniques by using canting, stamping, or painting 
in the process of its creation. In fact, contemporary 
batik can occupy a position as an artistic work of art 
[23, 24]. 

Contemporary batik keywords are "contemporary" or 
"newness" in the belief of postmodernism [25]. 
Contemporary indicators are manifested in 
contemporary concepts discussed [26]. 
Contemporary batik of Indonesia has been carried 
out by craftsmen, practitioners and entrepreneurs 
in the last ten years and has become the beginning 
of the rise of the national batik industry with various 
sources of development ideas, the majority of which 
rely on superior potential and local wisdom [16]. 

The phenomenon of batik in Indonesia is always 
interesting to study related to events, classification 
or categorization and its visualization. Some centers 
of the development of contemporary batik 
in Indonesia are in Pekalongan, Surakarta, 
Semarang, Cirebon and Yogyakarta, as well as 
the surrounding areas. These cities have always 
been pioneers in the development of batik 
in Indonesia. In fact, the batik industries continue 
to grow at this time to form a special brand for 
a good image in society [27]. 

Based on research on the development of batik 
in Pekalongan, Surakarta and Semarang, 
contemporary batik developed in the three areas 
that were developed with an orientation to novelty 
through four main strategies namely: (a) material 
processing, (b) motif design, (c) making process 
techniques and (d) the use in fashion. The novelty 
is an adjustment to the interests of consumers, 
particularly to the younger generation. 

First, the material used is hot wax and it was 
scratched with a canting or stamped on the fabric. 
The batik cloth in traditional batik is generally mori 
fabric [28]. In contemporary batik, fabric materials 
that can be used include mori fabric, cotton fabric 
and silk fabric. It should be emphasized that textiles 
are referred to as "batik" when using wax as 
a barrier or color filter, whether it is applied 
by writing (called batik), stamped (called batik print 
making) or screen printing. 

Second, contemporary batik that developed in Solo, 
Semarang and Pekalongan can use three making 
process techniques. Hand scratches on written batik 
will produce unique and specific patterns or motifs. 
The results of this motif pattern will later become 
the subject to get the main features. The results 
of batik with the stamp technique will produce motifs 
that repeat symmetrically. While the results of batik 
with screen printing techniques can produce 
repeating or specific patterns. 

Contemporary batik is a modification of existing batik 
motifs, namely a combination of machete and Klithik 
motifs or an improvisation of the Sekar universe 
motif [29]. However, contemporary batik is now more 
flexible to follow the demand of the community [10]. 

3.2 Batik craftswomen in Indonesia 

Based on the 15 participants spread across 
the Kauman, Laweyan and Rejomulyo batik 
industries, all of them were batik craftswomen. 
Two of them were single and 13 were married. 
The average is that they had been in the profession 
as batik craftswomen for more than 5 years. In fact, 
three of them were more than 10 years old. 
Meanwhile, there were both male and female 
of batik business owners. 

In historical records, batik is included in the work 
of women. This work was mainly carried out 
in the areas of Solo and Yogyakarta. The community 
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who participated in making batik included women, 
both young and old generations. They worked 
to earn money or because they were unemployed, 
to be used by themselves. However, due to changes 
in the socio-economic structure, batik work was 
currently only carried out by women who were still 
interested in making batik for generations for 
reasons of economic need [30]. Women who work 
as batik makers do not only string the existing 
motifs. But also there is an aesthetic expression 
expressed by craftswomen in a piece of fabric to 
produce an artistic batik textile work. In this 
condition, women's beliefs, values and aesthetic 
tastes are embedded in the batik fabric they make, 
which are visualized through specific motifs. Thus, 
it can be emphasized that batik work is 
a representation of Javanese women. 

The aesthetic expression of the batik craftswomen 
was supported by various batik techniques, namely 
from writing, stamping or print making techniques. 
Based on observations of 15 participants, the most 
widely used technique was writing and printing. Most 
of the participants' ability to make batik was obtained 
from generation to generation from their parents. 
Some of the participants acquired skills from fellow 
craftswomen and attended training. 

 

 

Figure 1 Batik women in Kauman Village, Pekalongan 
region (documentation 2020) 

3.3 Flower figure as a visual expression of batik 
craftswomen: motifs, colors and patterns 
in contemporary batik 

The visual expression of batik craftswomen will not 
be separated from the guidelines, values, appetites 
and segmentations. The following picture is used 
to explain systematically the aesthetic expressions 
of batik craftswomen in a socio-cultural context, 
which will have implications for the results 
of contemporary batik expressions (adapted from 
Rohidi) [31]. The characteristic of batik 
as an expression of women is always shown through 
the depiction of motifs with the subject matter 
of flowers and plants that are being created 
to become motifs. Batik motifs are generally formed 

through three approaches, namely stylization, 
deformation and distortion. The 15 participants in 
this study used stylization as an approach in 
formulating motifs. However, some of them 
admitted that the motifs they created were 
duplicating the existing ones. The first step 
in stylizing was to make a basic shape with simple 
line elements; this would be the main motif. 
The second step, the main motif was filled with lines, 
dots (cecek) or simpler shapes to fill the space. 
This was called isen-isen. The third step was 
to complete with other forms as a complement 
to the emptiness of space. 

 

 

Figure 2 A chart describing the encouragement 
of aesthetic expression of batik craftswomen 

The motifs were then arranged by using a pattern 
with certain techniques in a geometric fractal [32]. 
Among the various techniques in compiling patterns 
which were carried out by batik craftswomen were 
the full-repeat, half-drop, quarter-drop, diamond-
repeat, parallel repetition and opposite repetition 
techniques. Through these techniques, plant figures 
as a source of ideas were described as main motifs, 
isen-isen and complements. 

The changes and diversity in the use of batik fabric 
by Indonesian women are influenced by changes 
and developments in the role of Indonesian women 
themselves, starting from only doing domestic 
activities, but also attending school and working 
in the community [33]. In the development 
of contemporary fashion, the fashion trend factor 
is also an indicator of the development of batik fabric 
production and use, so it results adaptive and 
flexible batik clothing according to its era [34]. 
The author presents six motifs out of the fifteen 
motifs collected. Table 1 shows examples of plants 
and flowers as visual expressions and 
characteristics of women. This batik was developed 
creatively but still came from old motifs. 
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Table 1 Expression of women in batik fabric 

Batik fabric Main motif Pattern Dominant color Women image 

 
Buketan motif  

full repeat 
light blue, 
dark blue, 

pink 

 This is a 'batik bouquet', which has been created into 
a variety of new motifs. This motif is widely created in 
Pekalongan area. 

 The flower arrangement symbolizes the firm and loving 
personality of women. 

 
Blooming flower motif 

 

diamond-
repeat 

pink, blue, 
light green 

 This batik fabric was made by a batik craftswoman in 
Laweyan Surakarta. 

 This batik has the main motif of flowers in bloom with 
the dominance of pink on the background and light blue 
on the flower subject matter. 

 This motif has the meaning of “radiance” and elegance.  
 Based on the pattern and color, this batik is identical to 

the character of women. 

 
Sunflowers motif  

diamond-
repeat 

blue, white, 
black 

 This batik fabric is made by a batik craftswoman in 
Pekalongan area. 

 This batik has the main motif of sunflowers which are in 
bloom with the dominance of white on the background 
and blue on the sunflower petals. 

 This motif has the meaning of one's spirit of life that 
must be owned by Javanese women. 

 
Shoe flower pattern 

 

full-repeat 
light blue, 
dark blue 

 This batik fabric is made by craftswomen in Semarang, 
namely the Batik Figa community. 

 This batik has the main motif of hibiscus flowers with 
the dominant colors blue and purple as the background. 

 In the perspective of Javanese women, this motif has 
the meaning of purity, beauty, and elegance. This 
flower is also popular in Sundanese and Malay culture. 

 
Charcoal flower motif 

 

half-drop purple, red 

 This batik fabric is mostly made by batik craftswomen in 
Rejomulyo, Semarang. 

 This batik is an icon of the Semarang city. Its character 
is Semarangan batik, because at the end of the 15th 
century a type of tamarind or tamarind tree grew which 
was typical in Semarang. 

 Tamarind has a philosophical meaning in Javanese 
culture. It symbolizes spirit and welfare. 

 
Tulip flower pattern 

 

parallel repeat 
yellow, blue, 
green, red, 

pink 

 This batik fabric is made by craftswomen in Surakarta. 
 This batik has the main motif of a blooming Kanthil 

flower with a dominant colors are red and blue on 
the floral pattern and yellow on the background. 

 In women's lives, this flower has the meaning 
of closeness and peace. 

(Images source: documentation in 2021) 

 

Flowers and plants are symbols of women or 
representations of women [35]. This belief is actually 
most visible in painting. Flowers are also used 
to symbolize women with tenderness of heart, even 
with great sexual desire [36]. But the symbolism 
of flowers in western aesthetics, especially 
in painting, is different from Javanese aesthetics 
in Indonesia, which is oriented to God's blessing [37, 
38]. The symbolism of flowers as a visual expression 
has many meanings, not even about associations 
with women and sexuality. Indeed, flowers have 
always represented female sexuality throughout 
history and in almost every region of the world. 
This is also believed in the field of painting as well 
as batik textiles. Batik activities can be called as 

a representation of Javanese women, even though 
they are included in informal work that is mostly 
done at home with salaries that are not higher than 
the average salary of men [39]. Philosophically, 
Javanese women think of themselves as individuals 
who are skilled in doing many things, ranging from 
jobs that are done while sitting to jobs that require 
more energy [40]. The values of independence and 
discipline are inherent in Javanese women's 
behavior patterns, so they do not depend on men 
or husbands for economic needs [41]. In addition, 
because most Indonesians keep using batik, batik 
still exists today, this is inseparable from the role 
of women as craftswomen. However, it is proven 
that the current trend is changing from traditional 
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to contemporary batik patterns. The transformation 
of batik mostly comes with various design changes 
[42]. In addition, changes occur in terms 
of techniques, dyes and equipment [10]. 

4 CONCLUSION 

Batik craftswomen expressed themselves 
aesthetically. In making batik they used the depiction 
of motifs with floral ideas. Contemporarily, 
the resulting motifs had been creatively explored 
to diversify batik products, but still referred to the old 
forms that already exist. The visual expression 
of batik craftswomen were most visible in two ways, 
namely the selection of flowers as the main motif 
and the selection of pink, blue and green colors 
which were more dominant than other colors 
in fabric coloring. While the technique of batik still 
maintained the writing technique in addition 
to the development of stamp and screen printing 
techniques. Symbolically, this visual expression was 
also accompanied by a philosophical belief 
in the role and position of women in Javanese 
culture, namely as human beings who are 
independent and full of love in the family. 
Symbolically, flowers have a certain meaning 
(it is identical to the nature of femininity) which is 
widely applied in women's cultural rites in Java. 
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Abstract: Polylactic acid (PLA) is one of the fastest growing biodegradable polymers on the market. 
Consumers' preference of environmentally friendly products from biodegradable polymers but higher costs 
and lower quality of products may prevent their greater use compared to synthetic products. Therefore, 
there is an effort to modified PLA properties via different methods like using modifiers, blending, 
copolymerization and physical treatments. This article presents the preparation process of modified PLA 
fibres by an organic photoluminescent pigment as well as the preparation of knitted fabrics where the color 
efficiency of the pigment was detected by UV lamp illumination. For comparison, an unmodified PLA fibre 
and knitted fabric were prepared in the same manner as modified PLA fibres. To determine the 
supermolecular structure parameters of the fibres the methods of birefringence, sound velocity in fibres 
and crystallinity were used. The basic mechanical properties of the modified PLA fibres were expressed 
through the tenacity and elongation at break. Also, the overall fineness of the fibres has been determined. 
Results confirmed that the PLA can be used as a carrier of organic protective photoluminescent pigment 
without any impact on the structure and mechanical properties modified PLA fibres. 

Keywords: PLA fibres, photoluminescent pigment, structure, mechanical properties, color performance. 

 

 

1 INTRODUCTION 

Polylactic acid (PLA) is the first viable thermoplastic 
that can be produced from a plant-based feedstock 
such as corn or sugar cane, and be processed by 
the conventional melt processing technologies. 
Production of PLA requires 25-55% less fossil 
energy and 20-50% less fossil fuel resources than 
the production of petroleum-based polymers. 
PLA polymer is compostable, as it easily degrades 
by simple hydrolysis under the appropriate 
conditions (around 60°C and 90% relative humidity) 
[1. Therefore PLA successfully bridges the gap 
between synthetic and natural fibres and finds 
a wide range of uses. Applications of PLA fibres are 
mainly in fibrefill (pillows, comforters, mattresses 
and duvets), nonwoven applications (agricultural and 
geo textiles, hygiene products, wipes) and less 
in apparel (sport, active, underwear and fashion 
wear) [2]. From other areas PLA finds use 
in the packaging, agriculture, medicine, electronics, 
construction and also automotive industries 3-6. 
The simplicity of melt processing, unique property 
spectrum, renewable source of origin and 
of composting and recycling at the end of its useful 
life lead to growing interest in PLA. At the same 
time, polylactic acid is produced at the largest 
industrial scale of all biodegradable polymers 
(hundreds of thousand tons of PLA per year) 2. 

Phenomena that involve energy absorption and 
subsequent light emission are generally classified 
as luminescence.  

 
Depending on the method of excitation, there are 
several types of luminescence [7, 8]. Particularly 
interesting for fibres are photoluminescent pigments, 
which exist in organic and inorganic form [9-11]. 
The increasing interest in luminescent waveguides, 
applied as light concentrators, sensing elements, or 
decorative illuminating systems, is fostering efforts 
to further expand their functionality. By varying 
the concentration of luminophores can be tailored 
the overall color of yarn and fabric composition [12].  

Smart textiles are defined as materials with 
responsiveness ability to an external stimulus 
such as light, electricity, chemicals, pH, solvent 
polarity and temperature [11]. In our work one from 
smart materials specifically PLA fibres were tried 
to prepare. Our fibres react to UV light as an effect 
of photoluminescent pigment content. As the first 
PLA masterbatch was prepared. The modified PLA 
fibres with protective photoluminescent pigment 
were prepared by the discontinuous process 
of spinning and drawing. The supermolecular 
structure and mechanical properties drawn modified 
PLA fibres were compared with drawn unmodified 
PLA fibre prepared under the same technological 
conditions. At the end, from modified and unmodified 
fibre the knitted fabric was prepared. 
The photoluminescent effect of the organic 
protective pigment was also observed in the knitted 
fabric. 

mailto:michlik@vuchv.sk
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2 EXPERIMENTAL AND METHODS 

2.1 Materials 

Polylactide acid (PLA) produced by Total Corbion 
PLA B.V with MFI=8.9 g/10 min (210°C/2.16 kg) and 
organic protective photoluminescent pigment (OP) 
from Biesterfeld Company were used. PLA 
masterbatch with content 3.0 wt.% OP and 
MFI=10.91 g/10 min (210°C/2.16 kg) developed 
by Research Institute for Man-Made Fibres, a. s. Svit 
was used during fibres preparation process. 

2.2 Preparation of PLA masterbatch 

Before preparation of masterbatch the premix has 
been prepared. The premix consisted of a PLA 
carrier and organic protective photoluminescent 
pigment. The polymer and the pigment were milled 
and dried at 85°C for 4 hours before preparing 
of the premixes.  

The PLA masterbatch was prepared on a Werner-
Pfleiderer ZDSK 28 laboratory line with a twin-screw 
extruder (a screw diameter of 28 mm) and a vacuum 
zone. The preparation process of masterbatch had 
been carried out at a constant screws rotation speed 
270 min

-1
 and constant extrusion temperature 

of 210°C. The output was 3% masterbatch of OP. 

2.3 Fibre preparation 

The modified PLA/OP fibres, with organic protective 
photoluminescent pigment of a content from 0.1 and 
0.3 wt.%, were prepared from mechanical mixture 
of PLA granulated polymer and PLA masterbatch 
using the classical discontinuous process 
of spinning and drawing. The laboratory 
discontinuous line had an extruder with diameter 
of D=32.0 mm, with a discontinuous one-step 
drawing process. The processing conditions were: 
the spinning temperature of 216°C, spinning die 
25 holes with diameter 0.3 mm, final spinning 
process speed of 1500 m.min

-1
, the drawing ratio 

=1.5, the drawing temperature of 80°C and final 
drawing process speed of 100 m.min

-1
. The PLA 

fibre without OP under the same processing 
conditions was prepared for comparison.  

2.4 Preparation of knitted fabric  

From drawn unmodified PLA fibre and modified 
PLA/OP fibres the knitted fabrics of one meter length 
on a laboratory circular knitting machine were 
prepared. The principle of knitting was as follows: 
the needles move individually one after the other 
in the grooves of the cylinder, which rotates during 
work. The feet of the needles are gripped by a fixed 
lock, into the curved channel to which they fit. In this 
way, the needles move up and down, the supplied 
thread is caught by the needle head, forms an eyelet 
and threads them through the finished part 
of the knit. 

 

2.5 Methods used 

Application properties of PLA/OP masterbatch 

The Melt Mass-Flow Rate (MFR), Melt Volume-Flow 
Rate (MVR) and viscosity (η) of PLA/OP 
masterbatch and PLA were measured on capillary 
rheoviscosimeter Dynisco Kayness using conditions: 
temperature of 210°C; load of 2.16 kg; detention 
time of 5 min; nozzle diameter of 2.095 mm; nozzle 
length of 8.00 mm and shear stress of 19.5 kPa. 
Samples have been dried before measurement 
for 4 hours at 85°C.  

Thermal analysis of PLA/OP masterbatch 

Evaluation of basic thermal properties of PLA/OP 
masterbatch was done by DSC technique using 
DSC-Q20 equipment from TA Instruments. In this 
procedure, the non-isothermal process of analysis 
was performed. PLA/OP masterbatch was heated 
at a rate of 16°C.min

-1
 from 20 to 220°C, after 

tempering for 6 minutes the masterbatch was cooled 
again to a temperature of 20°C. All measurements 
were carried out in a nitrogen atmosphere. 
The masterbatch sample was not dried or treated 
by heat. 

TGA analysis was performed using TGA-6 
equipment from Perkin Elmer at isothermal 
temperatures 200°C, 240°C and 280°C. PLA/OP 
masterbatch was heated at the rate of 50°C.min

-1
 

from 25 to 50°C, the next was heating from 50°C 
to 200-280°C by rate 20°C/min with detaining time 
max. 20 min at the temperature required. 
All measurements were carried out in a nitrogen 
atmosphere.  

By the same procedures, DSC and TGA analysis 
of the PLA polymer and the organic 
photoluminescent pigment were performed but OP 
by DSC technique was heated to a temperature 
320°C. The DSC and TGA analysis were determined 
according to EN ISO 11 357-1: 2016 and EN ISO 11 
358, respectively.  

Orientation of fibre (the fibre´s birefringence) 

The orientation of macromolecular chains segments 
in fibre expresses the level of anisotropy of oriented 
polymer system (fibre). The total orientation 
of prepared modified PLA fibres was evaluated 
using a DNP 714BI polarization microscope, where 
the refractive indexes of light in the fibre axis (n) 
and in the perpendicular direction of the fibre (n) 
were identified. The fibre’s birefringence (n) was 
calculated from these values using equation 1: 

n = n - n (1) 

The sound velocity in fibres  

The sound velocity in fibres is given as the ratio 
of fibre length to the time needed for the transfer 
of acoustic nodes along that length (expressed 
in km.s

-1
). It is dependent on the internal structure 

arrangement of fibres (expressed by 
a supermolecular structure parameter) and may 
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serve as a measure of fibre anisotropy. The sound 
velocity in fibres was measured using a PPMSR 
Dynamic Modulus Tester (USA). 

Crystallinity of fibres 

Crystallinity  represents the crystalline portion 
of fibre which may be evaluated using various 
methods. In this work DSC-Q20 apparatus from TA 
Instruments was used for the evaluation of thermal 
properties of unmodified PLA fibre and modified PLA 
fibres. The non-isothermal process of analysis was 
performed. All samples of PLA fibres were heated by 
rate of 10°C.min

-1
 from 60 to 200°C under nitrogen 

flow. From melting endotherm of 1
st
 heating of PLA 

fibres the melting enthalpy (Hm) was determined. 
The crystallinity  of PLA fibres was calculated 
according to the following equation:  

� =
∆�� − ∆���

∆��,�

 ∙ 100% (2) 

where: ΔHcc is the cold crystallization enthalpy of PLA 
fibres obtained during heating scan and Hm,0 is 
the melting enthalpy of 100% crystalline PLA (93.6 kJ.kg

-1
) 

13. 

Mechanical properties of fibres 

The basic mechanical characteristics (tenacity 
at break, and elongation at break) of unmodified 
PLA fibre and modified PLA fibres were measured 
using Instron 3345 equipment with a gauge length 
of 500 mm and clamping rate of 500 mm/min. 
An average of a least 10 individual measurements 
was used for each fibre. The mechanical 
characteristics and fineness were determined 
according to EN ISO 2062 and EN ISO 2060, 
respectively.  

3 RESULTS AND DISCUSSION  

For spinning and drawing technology research tests 
the masterbatch containing 3 wt.% OP was 
prepared. The illuminated PLA/OP masterbatch 
by daylight and under UV light is shown in Figure 1. 
It was shown, that PLA masterbatch has 
a photoluminescent effect under UV light.  

The composition of PLA masterbatch and its 
application properties are given in Table 1 together 
with the PLA polymer used. By evaluating the 
application properties of the PLA/OP masterbatch 
(Table 1), it was found that the masterbatch 
of organic photoluminescent pigment has higher flow 
indexes and a reciprocal decrease in melt viscosity 
compared to the PLA polymer used. Values 
of application properties of PLA and PLA/OP 
masterbatch: MFR about 10 g/10 min and viscosity 
about 1000 Pa.s are suitable for achieving higher 
photoluminescent fibre tenacity. 

  
a) b) 

Figure 1 PLA/OP masterbatch with a content 0.30 wt.% 
of organic protective photoluminescent pigment 
illuminated by a) daylight D65 and b) UV lamp 

The thermal properties of the PLA/OP masterbatch 
were evaluated by DSC thermal analysis where 
the following values were obtained: temperature 
of the cold crystallization - Tcc; enthalpy of the cold 
crystallization - ΔHcc; melting temperature of the 
sample - Tm; melting enthalpy of the sample - ΔHm; 
crystallinity - ; crystallization temperature - Tc and 
crystallization enthalpy - ∆Hc. The results of PLA/OP 
masterbatch heating are given in Table 2 and results 
of PLA/OP masterbatch cooling are given in Table 3. 
Values of PLA and organic photoluminescent 
pigment are given in tables for comparison. 

The measured melting temperatures of the PLA/OP 
masterbatch and the melting enthalpy values 
determined during the first and second heating 
(Table 2) correspond to the PLA polymer matrix 
and take into account the thermal history 
of the masterbatch. The relatively rapid cooling 
of the PLA/OP masterbatch melt and the presence 
of OP cause the cold crystallization of the sample, 
which was measured during the first heating. 
The difference between the first and second heating 
of the PLA/OP masterbatch is significant, because 
due to the defined heating and cooling, the cold 
crystallization completely disappears, 
the temperature and the melting enthalpy slightly 
decrease with the simultaneous increase 
of crystallinity from 0.221 to 0.451. The organic 
pigment which does not have a melting and 
crystallization temperature in the temperature range 
examined; may act as a nucleating agent 
in the PLA/OP masterbatch. As the melt cools after 
the first and second heats, the temperature and 
enthalpy of crystallization of the PLA/OP 
masterbatch decrease, as can be seen in Table 3. 

Table 1 Application properties of PLA/OP masterbatch 

Sample  MFR [g/10 min] MVR [cm/10 min] CVMFR [%] η [Pa.s] CVη [%] 

PLA 8.90 8.04 6.6 1295.1 6.6 
97 wt.% PLA / 3 wt.% OP 10.91 9.96 12.80 1076.8 13.6 
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Table 2 Results of DSC analysis (heating) of PLA, OP and PLA/OP masterbatch 

Sample 
HEATING Cold crystallization Melting of samples Crystallinity 

Parameter Tcc [°C] ∆Hcc [kJ/kg] Tm [°C] ∆Hm [kJ/kg]  

PLA/OP 
masterbatch 

1st heating 99.7 24.8 179.8 45.5 0.221 
2nd heating not determined not determined 178.5 42.2 0.451 

PLA 
1st heating not determined not determined 175.5 52.5 0.561 
2nd heating not determined not determined 172.2 5.1 0.054 

OP 
1st heating not determined not determined not determined not determined not determined 
2nd heating not determined not determined not determined not determined not determined 

 

Table 3 Results of DSC analysis (cooling) of PLA, OP and PLA/OP masterbatch 

Sample 
COOLING Crystallization 
Parameter Tc [°C] ∆Hc [kJ/kg] 

PLA/OP masterbatch 
1st cooling 104.8 34.1 
2nd cooling 92.4 15.6 

PLA 
1st cooling not determined not determined 
2nd cooling not determined not determined 

OP 
1st cooling not determined not determined 
2nd cooling not determined not determined 

 

Table 4 Results of TGA analysis of PLA, OP and PLA/OP masterbatch 

Heat load 
time [min] 

Weight loss at isothermal temperatures [wt.%] 
PLA/OP masterbatch PLA  OP 

200°C 240°C 280°C 200°C 240°C 280°C 200°C 240°C 280°C 

0 0.01 0.12 0.31 0.08 0.32 0.48 0.00 0.00 0.01 
5 0.04 0.18 0.36 0.16 0.38 0.52 0.00 0.00 0.07 
10 0.06 0.24 0.42 0.21 0.42 0.57 0.00 0.00 0.12 
15 0.09 0.26 0.49 0.25 0.47 0.62 0.00 0.01 0.16 
20 0.12 0.29 0.56 0.31 0.52 0.67 0.00 0.01 0.18 

 

Table 5 Supermolecular structure parameters of drawn PLA fibre and PLA/OP fibres 

Content of OP [wt.%] n.103 CVn [%] c [km/s] CVc [%]  

- 24.59 1.52 2.09 4.13 0.502 
0.10 27.94 1.03 2.26 3.12 0.533 
0.30 27.77 1.39 2.22 3.41 0.502 

 

Table 6 Mechanical properties of drawn PLA fibre and PLA/OP fibres 

Content of OP [wt.%] Fineness [dtex] CVF [%] Tenacity [cN/dtex] CVT [%] Elongation [%] CVE [%] 

- 147.4 0.6 2.97 4.9 18.5 5.2 
0.10 147.6 0.5 3.06 2.4 19.8 4.7 
0.30 147.3 1.6 3.01 1.8 21.0 4.6 

 

 

TGA analysis of PLA/OP masterbatch, PLA 
granulate and OP in the temperature range of 200-
280°C showed high thermal stability samples 
(Table 4). From the above, we can assume that 
in the working area of spinning 210°C, both – 
PLA/OP masterbatch and PLA polymer will have 
sufficient thermal stability. 
From the mechanical mixture of PLA/OP 
masterbatch and from PLA granulate, PLA fibres 
containing 0.1 and 0.3 wt.% OP were prepared by 
spinning and discontinuous drawing to a drawing 
ratio of 1.5. For comparison, an unmodified PLA 
fibre was prepared in the same manner. From each 
type of fibre, the supermolecular structure and 
mechanical properties were evaluated (Tables 5 

and 6). It is clear from Table 5 that due to 
the photoluminescent pigment, the orientation 
of the macromolecular chains segments 
(birefringence) increased slightly, up to 14% while 
the difference in the orientation of the macro-
molecular chains segments of the unmodified fibre 
and the modified fibres in the surface layers (sound 
velocity) as well as the crystallinity did not change 
significantly. 

The basic mechanical properties of PLA/OP fibres 
compared to unmodified PLA fibre (Table 6) also did 
not change significantly. A positive finding is that 
the tenacity of PLA/OP fibres reaches a value above 
3 cN/dtex.  
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As the OP content increases, the elongation 
increases moderately. It follows from the above that 
OP slightly affects the supermolecular structure and 
mechanical properties of the fibres and does not 
negatively influence studied properties. 

The last evaluated parameter was color 
performance investigated under UV lamp of modified 
PLA fibres (Figure 2) and of the knitted fabric 
(Figure 3). From Figures 2 and 3 it can be clearly 
seen the color expression of the organic 
photoluminescent pigment under the UV lamp 
in modified PLA fibres and the knitted fabric. 
Both concentrations of OP 0.10 and 0.30 wt.% have 
the same color intensity under UV light when 
observed with the naked eye. The standard fibre 
does not shine and remains dark. 

 

 

Figure 2 The influence of organic protective 
photoluminescent pigment with content 0.10 and 
0.30 wt.% on the color performance of drawn PLA fibre 
under a UV lamp 

 

 

Figure 3 The influence of organic protective 
photoluminescent pigment with content 0.10 and 
0.30 wt.% on the color performance of knitted fabric 
prepared from two drawn PLA fibres under a UV lamp 

As can be seen from Figure 4a), during 
the formation of the sleeve from one fibre (with 
a total fineness of 147 dtex) the holes were formed 
and the loops were not uniform during knitting. 
Therefore two drawn PLA fibres were used, from 
which a sleeve with an even arrangement of loops 
was prepared (Figure 4b). 

  
a) b) 

Figure 4 For comparison: the knitted fabric prepared from 
a) one drawn fibre and b) from two drawn fibres 

4 CONCLUSION 

 Preparation of PLA/OP masterbatch with 
a content 0.30 wt.% of organic protective 
photoluminescent pigment was smooth; 

 The PLA/OP masterbatch has a satisfactory 
coloristic performance under UV light and 
suitable application properties therefore can be 
used in a mixture with PLA granulate for 
the preparation of modified PLA fibres; 

 The PLA/OP masterbatch has high thermal 
stability up to 280°C; 

 The studied polymer system: PLA/OP 
masterbatch and PLA granulated polymer is 
fibre-forming and the spinning process is stable 
for the studied concentrations of 0.1 and 0.3 wt.% 
of organic protective photoluminescent pigment; 

 The significant effect of the organic protective 
photoluminescent pigment on the supramolecular 
structure and mechanical properties of PLA fibres 
with a total fineness of about 147.5 dtex has not 
been demonstrated; 

 From each sample, a knitted fabric by combining 
two the same fibres was prepared; 

 The masterbatch, fibres and knitted fabrics show 
strong blue-white radiation under a UV lamp, 
observable with the naked eye. 
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Abstract: The article considers the use of augmented reality technologies. The analysis of directions 
of development of AR technologies in light industry is carried out. The dynamics of the development 
of augmented reality technologies in the garment industry and the fashion industry over the last decade 
is considered using the tools of Google Trends and SE Ranking. A study was conducted among women 
and men on awareness of the use of QR codes in light industry. The constructive-technological solution 
of a cuff of a sleeve of a women's jacket with use of AR technologies is offered. Men's pants are made 
using a QR-code on the label, which contains a link to the site TKSHV – Market. 

Keywords: Augmented reality, QR-code, apparel, fashion industry, technology. 

 

 

1 INTRODUCTION 

Today, more and more people use online services 
to make purchases and choose a potential product. 
In the process of technology development, 
the question of attracting and making the audience 
interested on the Internet is becoming more and 
more important. There are many different digital 
marketing tools that help companies understand 
the consumer better, collect statistics and understand 
the specifics of decision making. However, 
the means of influencing the consumer until recent 
times remained at the traditional level: banner 
advertising, video advertising, integrated messages 
in video and text materials, classic outdoor 
advertising and more. Now there is software that 
blocks advertising, such as AdBlock, which does not 
allow advertising materials to appear on web pages, 
which significantly reduces the effectiveness of this 
tool. A large number of people, using social networks 
and messengers, find the product directly 
on the pages of web stores, and pay attention 
to discounts and ads from them, use newsletters. 
Based on the current development of technology, 
companies are beginning to use augmented reality 
(AR), which helps to distinguish the product in both 
the real and virtual world. New integrations help 
to attract the consumer's attention, improve the use 
of technology, help to understand information, 
provide an idea of the product even if the consumer 
has not seen it. To a better extent, such issues are 
being studied in the United States and Western 
Europe. However, today there are no specific works 
on the use of augmented reality in retail. 

AR is a new trend in marketing and sales strategy 
that allows brands to provide their customers with 

a unique experience with the convenience 
of connecting to their mobile devices [1]. In addition, 
it is possible to increase the level of interaction with 
the product anywhere, which gives the consumer 
a deeper knowledge of the product, and increases its 
rational and emotional motives for buying. 
One of the key elements to the success 
of applications and AR in general is to create 
an intuitive and simple interface that will not require 
much time to learn and get used to. 

If in the industrial market, we strive for the most 
pragmatic and simple visual representation, for ease 
of operation and understanding by customers, then 
in the consumer market it is necessary to choose 
the functionality for a particular product. Therefore, 
it can be concluded that the design and interface 
of applications should be clear and simple to achieve 
the highest level of conversion and engagement.  

2 DISCUSSION IDEAS 

QR codes (Quick Response) are machine codes 
in the form and templates that can be scanned 
to view hidden information. They can be recognized 
using special scanners or smartphones. The reader 
decrypts the encoding and publishes information, 
which can be in the form of photos, text, links to 
the site, etc. [2]. 

A QR code can hold a large amount of information 
in a small image, the complexity of which depends 
on the amount of information. The maximum amount 
of information can be more than two printed pages. 
Modern devices for scanning QR-codes and 
the corresponding software allow to read 
the encoded data automatically [3, 4]. 

mailto:izasornova@gmail.com
mailto:an8user@gmail.com
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There are static and dynamic QR-codes. The static 
QR code contains the information specified when it 
was generated. Dynamic QR-code is multifunctional: 
it can be connected to additional functions that can 
be changed [5]. Dynamic QR codes are not tied to 
a specific data format. QR code viewers recognize 
encoded information and display to the user: text, 
graphics, information on web-pages, email, SMS, 
phone numbers, geographical coordinates, the ability 
to view 360° videos from the virtual store and other 
data. The type of information is specified when 
generating a QR-code [6]. To get the information 
directly to the screen of a mobile phone, just run 
the program to scan the code and point the camera 
lens at the code. The decoder program recognizes 
the type of information and performs the necessary 
actions, such as opening a web-page (in this case, 
you need to connect to the Internet) [5]. 

The use of AR technologies by industry giants, and 
their success, has prompted less known companies 
to implement similar technologies for consumers not 
only in the form of mobile applications, but also for 
websites and other platforms in the B2C and B2B 
areas. Thus, this tool becomes not only a new and 
powerful element in marketing, but also a trend for 
markets as a whole. The use of augmented reality 
greatly simplifies the spatial understanding and 
presentation of visual information for both employees 
and customers who want without special skills and 
in-depth knowledge to understand the process and 
principle of operation of certain devices or equipment 
[7]. It can also significantly reduce production costs 
by reducing the need for physical interfaces. 

Thus, we can say that augmented reality with some 
time and increasing availability of technology will be 
able to conquer the market and significantly increase 
the effectiveness of digital marketing.  

To get the most out of augmented reality economic 
activity, you need to develop the right and optimal 
software product that will be new to the market and 
supported by many platforms. With the current 
growth of global competition, this issue is becoming 
crucial to be able to compete in markets and have 
the opportunity to attract and interest most 
of the audience and attract new ones. 

The pioneer in the use of AR in retail is the American 
brand of clothing and accessories American Apparel, 
which was able to reduce the burden on staff. 
Together with the technology giant Qualcomm, 
the retailer has developed a mobile application 
Vuforia, which provides information about any 
product in the range [7]. 

All you have to do is point the smartphone camera 
at the product label, and all the necessary 
information will appear on the screen: price, material, 
characteristics available in the store, colors and 
sizes, etc. You do not need to wait for the consultant 
to check for the required size or color, the client can 
find out for himself. 

The app also shows product reviews from other 
users and their ratings. The buyer can immediately 
share his opinion, put the number of "stars" 
of the product and post a review on social networks. 

"Smart mirrors" is the most famous application 
of augmented reality in fashion retail. This technology 
is used by many retailers and brands. For example, 
the Neiman Marcus luxury department store chain 
has installed 58 full-size MemoMi Labs "smart 
mirrors" in 34 stores. The devices use AR 
technology, artificial intelligence and gesture 
recognition software. A mirror such as a virtual locker 
room allows you to change the color of clothes 
in a matter of seconds and consider different 
combinations of outfits and accessories. The HD 
camera mounted on the mirror records eight-second 
videos - during this time the buyer has time to return 
in front of the mirror in all directions to get a full view 
of the 360°. The mirror interacts with the mobile 
application Neiman Marcus - the customer can send 
recorded videos to phone or share on social 
networks. 

Platforms such as Google, Unity, Facebook or 
Snapchat also include AR web applications for 
ready-to-use fashion manufacturers and distributors. 
However, the problem of their use arises due to 
the different requirements for the format of 3D files, 
which has each of the respective platforms. 
To create and view augmented reality, existing 
digitally produced production files usually need to be 
first optimized and converted to meet the required 
conditions. 

In general, it can be argued that from a technological 
point of view, the creation of 3D objects, as well as 
the visualization of AR embedded, static 3D clothing 
in physical spaces work quite well and can be used 
by brands and e-shops today. Dynamic fittings also 
work quite well in the segments of accessories and 
footwear, but are not yet perfect enough for clothing. 

Industry experts emphasize the need to start 
experimenting with AR now that the technology is 
maturing and is expected to be fully operational 
within the next five years [8]. 

Three-dimensional visualizations have already 
reached a sufficient level that allows companies 
to digitally create garments that can hardly be 
distinguished from a photo of a real product. 
However, their large-scale production is still 
considered expensive and especially difficult 
to implement by small clothing companies. This is 
expected to change over the next few years, thanks 
to newly developed software tools and the inevitable 
digitization of design processes, paving the way 
for the wider spread of augmented reality 
technologies in the field of clothing distribution. Tools 
for visualizing models and virtual fittings will also be 
refined, achieving a high level of accuracy. 
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3 PRELIMINARY RESEARCHES 

3.1 Research on the development of AR 
technologies 

Studies of the development and popularity 
of augmented reality technologies using the tools 
of Google Trends and SE Ranking (Figure 1) found 
that the vast majority of potential consumers of such 
technologies do not associate them with clothing [9]. 

At the same time, even among the existing 
consumers and manufacturers who use augmented 
reality in clothing or related areas, there are 
no representatives of many countries. Among all 
the existing areas of augmented reality, its use 
in clothing is only 12% (Figures 2 and 3, Table 1). 

Table 1 shows a fragment of the analysis 
of the directions of development of AR technologies 
in light industry [1, 10-18]. 

 

 

 

a) 

 

 

b) 

Figure 1 Analysis of the frequency of queries relevant to the phrase "augmented reality in clothing" using Google 
Trends 
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Figure 2 Analysis of the frequency of queries relevant to the phrase "augmented reality in clothing" using SE Ranking 
tools 

 

 

Figure 3 The ratio of the frequency of augmented reality queries in clothing to the total number of queries 

 

Table 1 Analysis of directions of AR technologies development in light industry (fragment) 

Brand 
(name of the application), 

year of issue 
Brief description Feature Range 

1 3 4 5 

deKryptic 
(the Boosted Art Augmented 

Reality App), 
2020 

deKryptic's collection consists of various garments - from hoodies and 
tees to denim jackets and jeans. The subject matter for the brand's 
graphics is quite diverse and suitable for all ages. The AR clothing 
spotlights various beloved cartoons through playful collaborations, 
including one with Dexter's Laboratory and even Popeye. The garments 
come to life with the Boosted Art Augmented Reality App, boasting 
"beautiful 3D animations and rich sound effects to accompany that 
graphic." Wearers can share it across their social media channels, 
as well. 

Animation 
of prints 

on clothes 
T-shirts 

GOAT, 
2019 

GOAT, which is recognized as a global destination for authentic 
sneakers, is now launching an AR sneaker Try-On feature to help its 
users virtually see rare and exclusive sneaker styles on their own feet. 
Prior to launching this feature, GOAT introduced an augmented reality 
feature to give sneakerheads a better way to get to know the materials 
and textures of sneakers. Already familiar with this technology, fans will 
appreciate being able to see some of the most coveted sneakers appear 
thanks to the magic of augmented reality before their eyes. Some 
of the styles that can be previewed virtually with GOAT's Try-On include 
designs from Nike and Air Jordan, as well as unreleased samples like 
the Air Jordan 4 Undefeated and Air Yeezy 1 Glow in the Dark Tour. 

Virtual fitting Sneakers 
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Carlings, 
2019 

Changing the image and text that appears on a shirt usually calls for 
purchasing a new style or making some kind of DIY modification but 
The Last Statement T-shirt by Carlings sets itself apart with a design that 
can be digitally updated. The t-shirt makes the most of a new feature on 
Instagram called Targeting Tracking, so that the plain white shirt can be 
enhanced with Instagram's augmented reality filters. Previously, AR 
effects and filters on Instagram have been limited to faces but the body 
and pieces of clothing can now be enhanced with augmented reality 
graphics as well. Pointing the Instagram camera at the logo on the t-shirt 
calls up a design that seems incredibly realistic and makes it easy for 
social media users to use a single shirt for photographing different looks. 

Animation 
of prints 

on clothes 
T-shirts 

IKAR, CGTrader, 
2019 

At CommerceNext 2019, CGTrader - the world's largest source for 
licensable stock and custom 3D models - is introducing augmented 
reality innovations to shape the future of fashion, retail and customer 
experiences. CGTrader is working with IKAR to transform traditional 2D 
images and paper catalogs into 3D, AR experiences for the design and 
manufacturing company's lines of apparel and active wear. With these 
AR innovations, IKAR will be able to effortlessly show its seamless 
apparel styles on 3D fashion models without the cost or time investment 
of traditional photoshoots. Additionally, the technology will allow for 
a range of designs, colors and styles to be visualized without needing 
physical garments to be produced for meeting with customers 
in the fashion industry. 

Virtual 
catalog 

- 

(The Apparel App), 
2016 

The Apparel app is a digital platform that allows consumers to customize 
their garments using augmented reality. Consumers can add geometric 
and modular patterns and shapes to their clothing using the app that 
move around and add dimension to the clothing. The app works in 
conjunction with a simple black shirt that when viewed through a camera 
on a smartphone with the Apparel app pulled up, can be altered with 
moving geometric shapes that shift and change on and around the shirt. 
The designs are visual translations of data from a Twitter feed, so 
the shapes change depending on the incoming interactions from 
the social media account. The connection between design, social media 
and fashion moves in real time against the black shirt for consumers 
to see 

Clothing 
animation 

T-shirts 

FXMirror by FXGear Helps 
Users 

Virtually Try on Garments, 
2018 

Seoul-based augmented reality brand FXGear recently unveiled its 
FXMirror concept which acts as a virtual fitting room platform that aims 
to take retail technology and experiences to new and exciting heights. 
Already trialed inside Korea's Lotte Department Store, the AR mirror 
works by calculating a person's exact height and measurements to 
showcase the most precise image of what clothing looks like when worn. 
When describing FXGear's latest ventures, the company's CEO Choi 
Kwang-jin states that AR is one of its primary areas of focus. "In China, 
customers who purchase their garments online account more than 50% 
of all purchases. When purchasing clothes online, people want to know 
if it fits. I believe FXMirror's mobile version can help customers find this 
out," he said 

A smart 
mirror 

– 

Ralph Lauren (Snapchat), 
2020 

With the help of Snap, Ralph Lauren is bringing its polo pony logo to life 
with augmented reality - meaning that the logo can be scanned from 
virtually any surface to start an AR experience. Scanning the Ralph 
Lauren logo starts an experience - at this time of year it's a festive one - 
that has the potential to lead app users to purchase 

Logo 
animation 

- 

LKM Lab, 
2020 

LKM Lab is a brand that's behind virtual runway shows, designing 
incredibly unique backdrops for designers to choose from for their 
shows. The brand utilizes 3D animation alongside virtual reality 
technology to create a virtual environment that immerses and wows 
the viewer. What's more, is that these designs can change at any 
moment, creating a versatility and excitement that's exclusive to virtual 
shows 

Virtual show - 

Neiman Marcus 
(Neiman Marcus), 

2019 

"Smart mirrors" - the most famous solidification of augmented reality 
in fashion retail 

Virtual fitting - 

 

 

Also, AR technologies are used by other brands and 
firms that are not presented in Table 1: Gucci (2019), 
Puma's LQD Cell Origin (2019), Wannaby's 'Wanna 
Kicks' (2019), Adidas Ultraboost (2018), Gymboree 
(2018), aiia 'Teemoji' (2017), Virtuali-Tee (2016) 
and others [18]. 

According to Table 1, a diagram was constructed 
(Figure 4) which demonstrates the dynamics 

of the development of augmented reality 
technologies in the garment industry and the fashion 
industry over the past decade.  

Analysis of the development of augmented reality 
technologies in the garment industry and fashion 
industry shows their rapid development over the past 
decade. The most common technologies that are 
now available to the general public are 
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the application of printed images on T-shirts and 
other knitwear, which serve as augmented reality 
markers and are animated using special mobile 
applications (Table 2, Figures 5 and 6). 

 

 

Figure 4 Dynamics of development of augmented reality 
technologies in the garment industry and fashion industry 

 

Table 2 Frequency of usage of augmented reality 
applications in clothing and the garment industry 
in general 

Direction 
of usage 

Type 
of usage of AR 

Frequency 
of occurrence 

[units] 

Animation 

Animation of prints on clothes 9 
Clothing animation 3 
Animation prints 1 
Logo animation 1 
Photo animation 1 

Database Database 1 

Fitting 
Virtual fitting 16 
Virtual show 4 
Smart mirror 1 

Prototyping 
Virtual prototyping, catalog 1 

Virtual prototyping 1 
Catalog of virtual 

3D models 
Virtual catalog 5 

 

 

 

Figure 5 The range of clothing using AR-technologies 

 

Figure 6 The ratio of AR usage in clothing 

3.2 Research of consumer use of QR-codes 
in light industry products 

To determine the awareness of QR-codes among 
consumers (separately for women and men), a study 
of the use of QR-codes in products was conducted. 
It was conducted by surveying people of different 
ages and genders of 10 respondents of each type, 
a total of 100 people. 

Then, with the help of expert evaluation, the main 
ways of using the QR code were identified. 
Determining the most commonly used basic ways 
of using a QR code is possible only using 
the research methodology. To solve the tasks, 
the method of expert survey and expert 
assessments, mathematical statistics, experimental 
methods to determine the actual values of indicators 
were used. 

The method of determining the most important ways 
to use the QR-code was performed in the following 
stages: 

- conducting a survey among consumers 
of clothing; 

- analysis of expert assessment; 
- identification of the most significant ways to use 

the QR-code; 
- chart construction. 

For calculations and registration of work, the program 
Microsoft Office Excel and the program EXPERT are 
used. These programs are used during research 
at the Department of Garment Technologies and 
Design of Khmelnytskyi National University. 

The use of QR codes in various fields is modern and 
progressive. If you apply them in the production 
process, you can improve several production issues. 
For example, tissue storage is a very large process 
in the production process of any enterprise. Tissue 
passports are confused, lost, you should always look 
for the necessary information in stacks of paper. 
But researchers at Istanbul University have found 
a way to use QR codes. They have developed 
a special program in which data about a particular 
fabric are entered: geometric data, balances, sellers. 
All you need to do is mark the rolls of fabric with QR 
codes and provide scanners or smartphones to your 
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workers to read the information. This reduces 
the process of finding information in the warehouse 
[19]. 

Equipment manufacturers also do not lag behind 
progressive trends. In the Netherlands, a special 
machine was created to embroider QR codes on 
an industrial scale. LogoBorduurstudio (Barneveldi, 
the Netherlands) has allowed the use of a computer-
controlled embroidery machine to make fabric 
consisting of QR codes. This allows you to embroider 
barcodes on clothing or other products [20, 21]. 

Siruba was one of the first manufacturers of sewing 
equipment to use QR codes on sewing equipment 
[22]. They apply a laser to the metal table serial 
number, model name and QR code. The operator 
brings the smartphone to the code, reads it and, 
when connected to the Internet, receives complete 
information about the model, series, operating 
instructions and more [23]. 

Unfortunately, today the least common is the use 
of QR-codes in production automation. Reading 
the codes would speed up the production process 
and reduce time. 

Code generators are widely available online and 
do not require special knowledge to implement them. 
In addition, the introduction of such technology 
in enterprises does not require the purchase of any 
additional equipment, as it involves the use 
of employees' own mobile devices, which are 
provided to almost 100% of the population. 

As an experimental technology, tools have been 
developed that can replace instruction cards in 
employees' workplaces. For example, these could be 
Instructional Technology Maps (TICs) for quality 
controllers. Such maps can present controlled 
indicators for each operation, written rules and 
methods for assessing the quality of basic operations 
on the main control indicators. The presence 
of the card "TIC quality control operation" reduces 
the risk of subjective assessment of the object 
of inspection by the controller, as it contains 
instructions that determine the sequence and method 
of checking the quality of the assessed area 
of the product. Therefore, similar tools using 
augmented reality can be developed for quality 
controllers in individual operations 
of the technological process. The generated codes 
allow: to obtain the sequence of processing the node 
(or the content of the organizational operation) 
in the form of plain text (Figure 7); get the sequence 
of processing the node (or the content 
of the organizational operation) in the form of a pdf-
file, which additionally shows the assembly diagram 
of the section of the node; view a virtual 3D model 
of the site; watch a video showing the sequence and 
techniques of performing direct technological 
operations. 

The Figure 8 shows dynamic codes that provide 
interaction with pdf-files and video-files Figure 9. 

a) b) 

Figure 7 The work of a static QR-code to obtain 
the technological sequence of processing the node 
in the form of simple text: a) QR-code; b) application 
of the code using Google Lens 

 

   

Figure 8 Dynamic QR-codes 

 

   

Figure 9 The process of obtaining information in the form 
of a pdf-file 

Today, the development of virtual three-dimensional 
forms of garments in mass production has 
traditionally focused directly on products. Usually 
the algorithm for building a virtual model is based 
on the use as a basis of scanned with a body 
scanner typical representatives of each type 
of clothing. In this case, the default is the same type 
of technological processing of the virtual basis 
of the product and designed in a specific design 
situation. As a result, the virtual model is created only 
in the form of an external shell, without displaying 
complex functional units and without taking into 
account the allowances for technological processing. 



Fibres and Textiles 28(3), 2021 113 

To implement technologies of virtual representation 
of product forms directly into the manufacturing 
process in the form of an instruction card or 
additional manual for training beginners and high 
quality manufacturing, there is a need to present 
in three-dimensional space not the whole product, 
but only parts. Each node should reflect 
the operation / operations that are performed 
at a specific workplace in the sewing flow. 
For example, the selected node (finishing the top 
of the part "in the clean edge") is built using 
a universal graphics editor AutoCAD. The mentioned 
editor allows to execute both plane drawings, and 
to construct three-dimensional objects and to carry 
out their visualization. 

The cross section of the node was constructed 
by Operation "Polyline". Conversion to a three-
dimensional model is performed using the "Extrude" 
command. For clarity of the received model all details 
are painted in contrasting (Figure 10). 

 

 

Figure 10 3D-model of node processing 

3.3 Application of AR technologies in 
the manufacture of cuffs for women's jacket 
sleeves 

For the practical application of augmented reality 
technologies, it was decided to make a women's 
costume, which is decorated with the effect 
of augmented reality "snow falls" and sounds 
"Shchedryk-Shchedryk" based on the works of artist 
Olena Golembovska. 

The print is made on the overlay cuff of the sleeve 
of the women's jacket from the suit. The choice 
of such an augmented reality marker location 
is argumented by the fact that in this case, 
the augmented reality effect can be viewed directly 
by the clothing owner (when the woman is wearing 
a suit) and does not require outside help. 

To apply prints on the fabric of women's costume 
as markers of augmented reality technology, 
the technology of sublimation printing was chosen. 

Sublimation printing is printing with ink, in which 
it passes from sublimation paper to textile material 
under the influence of high temperatures. The image 
is printed with sublimation inks using a printer 
on the appropriate sublimation paper, which is 
covered with a thin layer of special varnish [24]. 

The fabric is placed in a special thermos press 
machine, which is a two Teflon plates. One 
of the plates of the thermos press machine has 
a heating element. Paper with the finished image is 
placed on the fabric and clamped with a thermopress 
for a minute, giving a high temperature and pressure 
of several hundred kilograms. Under the action 
of temperature, the paint turns into a gaseous state, 
while separating from the carrier (paper) and 
immediately penetrating into the structure directly 
of the fabric (in this case, the cuff fabric). Among 
textile materials, it is better to prefer synthetic fabrics 
(a higher percentage of synthetics provides higher 
image quality and durability). It is not possible to print 
on already colored, colored or dark fabrics or 
products (the background, that is the base color 
should be light or white) [25], so a white gabardine 
was chosen to make a cuff with a print on it 
(Figure 11). 

 

 

Figure 11 Technological solution of a cuff of a woman 
suit with use of print and AR technologies 

4 EXPERIMENTAL 

A separate study was conducted among women (W) 
and men (M) on the use of QR codes in garments. 
The analysis of the answers is given in the summary 
table of the survey of clothing consumers (Table 3). 
To improve the perception of the obtained results, 
on the basis of the processed data of Table 3 
diagrams were constructed (Figures 12-14). 
This allowed us to evaluate them. 
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Table 3 Responses from clothing consumer surveys 

Questions Age to 20 20-30 30-40 40-50 over 50 
sex W M W M W M W M W M 

Do you know what a QR code is? yes 6 9 10 10 10 10 10 10 8 6 
no - 1 - - - - - - 2 4 

Do you often come across a QR 
code in your life? 

yes 8 4 9 4 8 6 6 4 4 3 
no 2 6 1 6 2 4 4 6 6 7 

Do you use a QR code? yes 9 4 9 4 8 6 7 3 2 3 
no 1 6 1 6 2 4 3 7 8 7 

Did you come across the picture 
as a QR code on your clothes? 

yes 8 5 7 4 5 5 4 2 2 - 
no 2 5 3 6 5 5 6 8 8 10 

Have you come across 
an embroidered QR code? 

yes 2 1 3 1 1 2 - - - - 
no 8 9 7 9 9 8 10 10 10 10 

Have you seen the applique 
in the form of a QR-code? 

yes - - 2 - 1 - - - - - 
no 10 10 8 10 9 10 10 10 10 10 

Did you see the QR code 
on the garment label? 

yes 8 5 9 7 7 5 5 3 2  
no 2 5 1 3 3 5 5 7 8 10 

 

 

From the Figure 12, we can conclude that 96% 
of women know what a QR code is, and 70% have 
met it in their lives and used it. However, only 52% 
of women encountered pictures with a QR code 
on their clothes. Even fewer women saw 
the embroidered and appliqued QR code of 12% and 
6% respectively. However, 62% of women saw 
the labels depicting him. The average percentage 
of awareness and use of the QR code among 
women of all ages reached 52.6%. 

 

 

Figure 12 Diagram of a survey of women regarding 
the introduction of QR codes in the garment industry 

From the survey chart of men in Figure 13 we can 
conclude that 90% of men know what a QR code is, 
but only 42% have met it in their lives, and used only 
40%. Only 32% of men met pictures with a QR-code 
on their clothes. Even fewer of them saw 
the embroidered QR-code 8%, and made 
the application did not see. Only 40% of men saw 
labels with a QR code image on them. The average 
percentage of awareness and use of QR-code 
among men of all ages reached only 36.0%. This 
figure is much lower than for women by almost 17%. 

From the women and men survey chart in Figure 14 
can be seen that 93% of women and men know what 
a QR code is, 56% have encountered it in their lives, 
and 55% have used it. Only 42% saw images with 

a QR code on their clothes. Only 8% saw 
the embroidered QR-code, and only 3% made 
the application. Only 51% of respondents saw labels 
with the image of the QR-code. The average 
percentage of awareness and use of QR-code 
among respondents of all ages reached 44.3%, 
which shows a lack of awareness and use of QR-
code by respondents. 

 

 

Figure 13 Diagram of a survey of men regarding 
the introduction of QR codes in the garment industry 

 

 

Figure 14 Diagram of a survey of women and men 
regarding the introduction of QR codes in the garment 
industry 
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Awareness and use of QR-code by respondents 
depending on age were studied separately. 

From the diagram (Figure 15), the survey of women it 
is clear that the most knowledgeable and most often 
use the QR code of women under 40 years. Women 
over the age of 50 know and use them the least. 

 

 

Figure 15 Diagram of a survey of women regarding 
the introduction of QR codes in the garment industry 

From the diagram (Figure 16) a survey of men shows 
that the most knowledgeable and most often use 
of QR code by men, as well as women happens 
if they are under 40 years old. However, the peak 
of the chart is with men between the ages of 30 and 
40, and with women between the ages of 20 and 30. 
This shows that men's interest in QR codes comes 
later. The least aware about QR-codes and least 
used they are by men over 50 years. 

 

 

Figure 16 Diagram of a survey of men regarding 
the introduction of QR codes in the garment industry 

From the diagram (Figure 17) a survey of women 
and men shows that the most aware and most often 
use the QR code consumers aged up to 40 years. 
However, the peak of the chart is between 20 and 30 
years. Consumers over the age of 50 know and use 
them the least. 

 

Figure 17 Diagram of a survey of women and men 
regarding the introduction of QR-codes in light industry 

There are many paid services that provide tools 
for generating color or non-format codes. As part 
of the research, to perform a QR-code on the label 
of men's pants, it is proposed to use the free service 
QR Code Generator [26]. As a result, the service for 
generating a QR-code provides a link for placement 
on the site, ready code for embedding. The process 
of creating the code does not take much time - you 
only need to specify the source data for encryption 
and click "Generate". 

5 RESULTS 

The functioning of the generated dynamic QR-codes 
is presented in Figures 18 and 19. 

 

   

  
Figure 18 Use a QR code to view a 3D node processing 
model 
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Figure 19 Use a QR code to view a video demonstration 
of node processing 

The database of augmented reality images 
of the mobile application Artivive includes works 
by artist Olena Golembovska, who has been working 
in this direction for quite some time. The artist 
presents her works through her Instagram page, 
holds exhibitions and presentations. From the page 
of the artist (with the prior oral consent of the author) 
were selected several paintings that in their color 
content correspond to the color scheme of women's 
costume, which was designed at the Department 
of Garment Technologies and Design of Khmelnitsky 
National University (Figure 20). 

 

 

Figure 20 Screenshot of the Artivive mobile application 
and the effect of augmented reality (snow falls and 
sounds "Shchedrik-Shchedrik") 

Taking into account the results of the study, men's 
pants were also made using a QR-code on the label, 
which contains information about the product (size, 
material composition and link to the site TKSHV – 
Market). On the site there are only men's pants and 
information about them (size, material composition, 
operating conditions and other information). From 
the site you can go to the Telegram-channel, where 
it is convenient to ask additional questions about 
the product, see the process of creating a QR-code, 
etc. It is also planned to create other channels 
on social networks, such as Instagram, Facebook, 
Viber, etc. This will allow the consumer to use a more 
convenient social network. 

The embroidery of the QR code on the label made 
using JANOME 350 E embroidery machine 
(Figure 21) [27]. 

 

 

 

Figure 21 Making a QR-code on the label of men's pants 

The women's suit and men's trousers, which were 
made according to the research results, are shown 
in Figures 22 and 23. 
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Figure 22 Women's suit with usage of AR technology 

 

  

Figure 23 Men's pants with usage of the QR code on the 
label 

 

6 CONCLUSIONS 

The results of the generated dynamic QR-codes 
will increase the awareness of garment specialists 
in the field of application of augmented reality 
technologies in the technological process and for 
training new workers, which in turn will increase 
the efficiency of production capabilities and ensure 
product competitiveness. 

As a result of research on the development and 
popularity of augmented reality technologies using 
Google Trends tools and SE Ranking it was found 
that the vast majority of potential consumers of such 
technologies do not associate them with clothing. 
Among all the existing areas of augmented reality, 
its use in clothing is only 12%. 

Analysis of the development of augmented reality 
technologies in the garment industry and fashion 
industry shows their rapid development over the past 
decade. The most common technologies that are 
now available to the general public are 
the application of printed images on T-shirts and 
other knitwear, which serve as markers 
of augmented reality and are animated using special 
mobile applications. 

As a result of the research, a constructive-
technological solution of the patch cuff of a women's 
jacket was proposed, on which a print-painting 
of the artist Olena Golembovska was applied, which 
was included in the image database with augmented 
reality of the Artivive mobile application. 

It can also be concluded that the QR code is popular 
and developing and spreading in the world. Areas 
of application are increasing every day, so it is 
possible that the garment industry will use it more 
and more. 

Studies have shown that the most aware and most 
commonly users of QR-codes are consumers under 
40 years. However, the peak of the chart is between 
20 and 30 years. The least aware about QR-codes 
are consumers over the age 50, regardless 
of gender. This shows that men's interest in QR-
codes comes later, namely from 30 to 40 years. 

It is also worth noting certain advantages of using 
QR-codes: 

- a large amount of information. Information 
is recorded in two directions: vertical and 
horizontal. This approach can significantly 
increase the amount of stored information; 

- easy scanning with digital devices. This makes it 
possible to easily and quickly transfer data 
to electronic form without manual typing; 

- the presence of an error correction algorithm. 
It allows you to recognize damaged codes; 

- the ability to read in motion. It is possible to read 
data from the window of a moving car; 

- the opportunity to develop a QR-code for 
Facebook, Instagram, etc. There are special free 
applications for this. 
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Taking into account the results of the survey, men's 
pants were made using a QR-code on the label, 
which contains a link to the site TKSHV - Market. 
The site contains men's pants and information about 
them (size, material composition, operating 
conditions and other information). From the site it is 
possible to go to the Telegram-channel, which also 
contains all the necessary information about 
the product. In addition, it is possible to get feedback 
from the manufacturer, ask additional questions 
about the product and see the process of creating 
a QR-code and more. 
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