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RESEARCH OF SOME PHYSICAL AND MECHANICAL
CHARACTERISTICS OF SUITING FABRICS FOR DESIGNING
THE CLOTHES

K. L. Pashkevich, M. V. Kolosnichenko and N. V. Ostapenko

Kyiv National University of Technologies and Design, Nemirovicha-Danchenka str. 2, 01011 Kyiv, Ukraine
kalina.44@mail.ru

Abstract: The main physical and mechanical characteristics that have an effect on the shape and design
of the clothes are thickness, surface density, rigidity and drapeability of the fabric. Experimentally,
according to the standardized methods, were identified the main physical and mechanical characteristics
of fabrics of the suiting group. Using the selected parameters, the comparative analysis of fabrics samples
was conducted and dependencies between them were determined. Analysis of experimental data showed
that the raw components of fabrics do not affect significantly on their properties (drapeability, rigidity).
Fabrics with the different raw components can have the same or close values of these parameters. More
significant is the weave of fabric, which has an effect on the rigidity characteristics of fabric in the
longitudinal and transverse directions. Conducted experimental researches are the basis for development
of the suiting group fabrics classification in terms of flexural rigidity for the purpose of developing the
recommendations for designing the clothes of different three-dimensional forms.

Key words: thickness, drapeability coefficient, surface density, warp and weft rigidity, correlations.

1 INTRODUCTION

In the design of the clothes in the garment industry
a wide range of fabrics is used. The development
of the textile industry and the emergence of fabrics
with new structural characteristics at the market
force the workers of the garment industry to find
new solutions for arising problems, which are
connected with the provision of the necessary
constructive form to the products, retention of the
shape during the use of the products.

As a result of analysis of fabric classifications,
provided by different sources [1-4], it was
determined that the main fabric classification for the
purpose of clothes designing was expedient to
consider the assortment of clothes and division
of fabrics on linen, clothes, suits etc. Exactly the
characteristics of fabrics by the assortment and not,
for example, by the surface density or thickness
makes it possible to provide recommendations on
the selection of methods of forming and on
techniques of constructive modeling in the design
of the clothes.

The aim of the research is determination
of parameters of physical and mechanical
properties of fabrics of the suiting group, estimation
of linkages between them for scientifically grounded
selection of fabrics with the purpose of creation the
specified three-dimensional form of sewn product.
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2 EXPERIMENTAL

It is known that the main elements which
characterize the form of the clothes are design,
material, size, weight, structure and so on.
Materials, in turn, have an effect on the form of the
clothes with their aesthetic parameters (appearance
of the fabric, surface characteristics, color,
decoration etc.) and with their physical and
mechanical characteristics. The following
characteristics have the biggest impact on the form
of clothes: raw components, weave, thickness,
surface density, rigidity, drapeability, crease
coefficient [5, 12]. Depending on the values
of these parameters product designation, its model
and design features, technology of its production
can be determined.

The rigidity of the fabrics depends on the raw
components, fiber structure, structure and degree
of twist of the yarn (fiber), on the type of weave,
density and decoration of the fabrics. The rigidity
of the fabrics increases with increasing of twist
ofthe vyarns, their thickness and density.
The weave of the yarn in the fabrics structure also
significantly affects the rigidity of the fabrics._With
increasing length of overlaps and a decrease in the
number of connections between yarn systems the
rigidity of the fabrics decreases._Increase of the
number of filing of the weaves in the material
structure leads to the increase of the fabrics rigidity.
Configuration of the sectional view of the fabrics
also has a significant effect on the rigidity of the
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fabrics. Sectional view of the round shape has
a greater resistance to the flexural efforts, rigidity
increases with the thickness of the fabrics.
Drapeability of the textile materials closely
connected with the same structural parameters,
which determine the flexural rigidity.

To achieve the goal, about thirty samples of the
suiting fabrics with the different raw components
were analyzed, which differ in appearance and

physical and mechanical parameters. Were
determined  such parameters  of  fabrics
as thickness, surface density, flexural rigidity,

drapeability coefficient. All tests were conducted
under the current regulations [6, 7], in compliance
with requirements to the objects of experimental
research. The processing of the results
of experiments was made by using the
mathematical tool for statistical data analysis.

Material thickness was determined by using the
manual thickness tool of indicative type TP 10-1 [6],
was calculated the surface density of the suiting
fabrics Ms [g/mz]. During the analysis of fabric
rigidity by console contactless method [10], was
used the device, type MNT-2 (Figure 1).

nmnnnnn

= =

= = e
Figure 1 Scheme of device, type MNT-2 for determination
of fabric rigidity by console method:
1 - tumbler; 2 - moving mechanism; 3 - screw; 4 - cripping
marker; 5 - scale of absolute cripping; 6 - horizontal
plane; 7 - sample; 8 - weight; 9 - scale of symmetry
checking

The methodology of experiments is as following.
Five elementary samples in longitudinal and
transverse directions, size 160x30 mm, are cut
out. The prepared tested strips should be kept
in climatic conditions not less than 23 hours before
testing [11]. Test should be conducted at the same
conditions.

Elementary samples of each direction (5 samples
of each direction) weigh on the scales with the error
no higher than 0.01 g and determine the total
weight m [g] of the samples of longitudinal and
transverse directions separately.

Elementary sample is placed on the supporting
horizontal plane 6 face up and symmetrically to the
midline, combine the outer edge of the sample and
the plane. At the middle of the sample the weight
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is set with a width of 201 mm, weighing 50015 g
and using a tumbler 1 switch on the mechanism
of lowering the lateral sides of the supporting plane.
After one minute from the moment of separation
of elementary sample from the surface of the plane
6 the ends cripping f of the sample are measured
using the cripping markers 4. As the final cripping
taken the arithmetic average of 10 measurement
results of each direction with the error no higher
than 0.01 mm.

Conventional value of rigidity E/ [uN'cmZ] has been
calculated separately for longitudinal and
transverse directions by the formula:

El = 42046.m/A (1)

where m — total weight of all five elementary samples
of fabric [g], size of every sample is 160x30 mm; A —
function of relative cripping fs, which is determined from
the table in the regulatory documents [10] according to
the value fo:

fo= 1/ = /7 )

where f — value of the arithmetic average of cripping
of the samples [cm]; / — length of the sample that is
weighted [cm], equal to / = (L — 2)/2 = 7 cm, where L —
the length of elementary sample [cm].

Rigidity coefficient of material was calculated as the
ratio of rigidity values in longitudinal and transverse
directions:

CEI = Ellongitudinal/ Eltransverse [%] (3)

Recommended values of surface density and
conventional rigidity of fabrics of the suiting group
presented in Table 1 [2, 8-10].

Table 1 Oriented values of surface density and flexural
rigidity of fabrics of the suiting group

. Surface density | Flexural rigidity
Group of fabrics [glmz} [pN-cm%]
cotton 180-300
linen 200400
woolen 220-360 4000-9000
silk 150-230

The research of drapeability of the samples of the
suiting fabrics was performed on the device for
determination of drape by the disk method [8],
because it was necessary to evaluate the
drapeability of fabrics in longitudinal and transverse
directions at the same time. This method is not
standardized, but it is used very often in the
garment industry because of its simplicity.
The scheme of the device is given on Figure 2.
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Figure 2 Scheme of device for determination the
drapeability of fabric by disc method: 1 — pressed disc;
2 — table; 3 — sample of fabric; 4 — rod; 5 — paper circle;
6 — horizontal plane

Fabric sample 3 that was cut as a circle with
a diameter 200£1 mm is put on the Table 2 with the
diameter 501 mm, which has a needle for fixing
the sample. On the top of the sample the pressed
disc 1 is placed, the size and shape of which match
the size and shape of the Table 2. The table
is lifted; the edges of the sample are hanging down.
In order to provide the sample with constant natural
form, disc with the sample is lifted up and moved
down 5 times and after 3 min outline the projection
of sample 3 on a paper circle with a diameter
200+1 mm, which can be obtaining by lighting from
the top by parallel rays of the light perpendicular
to the plate of the sample. Then determine the
projection area of the material.

During the research of fabrics of the samples the
drapeability coefficient (C,) was calculated using
the results of weighing of the paper (with an error
no more than 0.001 g) that was cut in accordance
with the projections of undraped sample (mass m)

400 7
350 -
300
250 A
200 A
150 A

Surface density [g/m?]

100 A

50 A
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and draped (mass my) by the formula:

Cy=100.(m - mgy)/m (4)

where m — projection area of original undraped
sample [g]; mq — projection area of draped sample [g].

Drapeability value is essential for overcoating,
suiting and clothing fabrics; it is taking into account
during the confectioning of materials for the
product. Recommended values of drapeability
coefficient Cy; for the main functional groups
of fabrics presented in Table 2 [1, 2, 8, 9].

Table 2 Estimation of drapeability degree of fabrics
of different types

Type of fabric Drapeability coefficient Cq4 [%]
Good, Satisfactory Bad,
more than less than
Woolen:
clothing 80 68-80 68
suiting 65 50-65 50
overcoating 65 42-65 42

Drapeability of textile materials depends primarily
on their rigidity and it is closely related to the
structural parameters and operations of decoration.
Good drapeability can have fabrics with different
fibers without sizing, with low surface density [8].

3 RESULTS AND DISCUSSION

Physical and mechanical parameters and
characteristics of fabrics of the suiting group that
were obtained as a result of experimental research
summarized in Table 3.

For comparison of the obtained data concerning the
thickness and surface density of the researched
suiting fabrics it was defined their interdependence
and presented in diagrammatic form (Figure 3).

0,9
0,8
0,7
0,6
0,5
0.4
0,3
0,2
0,1

Thickness [mm]

16 8 1322212324 7 1 4 181426192027 1115 9 2517 3 2 6 10 5 12

B Thickness @ Surface density

Number of sample

Figure 3 Interdependence of the surface density and thickness of the suiting fabrics

Fibres and Textiles (1) 2016 5




Textile Technologies

Table 3 Summarized characteristics of suiting fabrics

Textilné technoldgie

Flexural rigidity

Number of Raw Tvpe of weave Surface Thickness [uN-cm?] Rigidity Drapeability
sample components yp density [g/m?] [mm] ___LHeer coefficient coefficient [%]
in warp | in weft
1 2 3 4 5 6 7 8 9
35% wool,
Sample 1 25% PES, satin weave 220 0.43 2923 2407 1.21 38
40% PA
70% wool,
Sample 2 25% cotton, plain weave 316 0.91 7870 5346 1.47 42
5% PES
40% wool, compound twill
Sample 3 28% PES, \F/)veave 308 0.48 1882 2036 0.92 63
32% PA
40% cotton,
Sample 4 50% PES, plain weave 226 0.63 2661 2313 1.15 42
10% ME
65%owool compound twill
Sample 5 35% PA’ weave 332 0.45 1055 1283 0.82 50
sample6 | 707 YO0 | plain weave 320 0.69 1470 | 1974 0.74 54
55% cotton,
Sample 7 45% PA sateen weave 216 0.38 2509 2449 1.02 38
25% wool,
Sample 8 45% cotton, plain weave 172 0.41 1657 1991 0.83 40
30% PA
50% wool,
Sample 9 20% cotton, satin weave 286 0.50 7137 7973 0.9 35
30% PAN
75% wool, )
Sample 10 25% PA figured weave 322 0.94 6486 6746 0.96 36
40% woal, compound
Sample 11 30% PES, ] p 256 0.61 2045 2162 0.94 48
30% cotton figured weave
10% wool, compound twill
Sample 12 90% PES Weave 366 0.8 7718 6395 1.18 46
35% wooal, compound twill
Sample 13 25% PES, P 189 0.5 4698 4117 1.14 38
40% PA weave
10% cotton,
Sample 14 90% PES sateen weave 244 0.4 2024 2467 0.82 42
Sample 15 | o7 %0% | plain weave 261 0.4 4230 | 2420 174 50
20% cotton,
Sample 16 50% PES, satin weave 169 0.4 2201 1727 1.27 51
25% PA
Sample 17 100% PA figured weave 293 0.50 9553 6047 1.57 38
S =
Sample 18 ”é%{;o ";’,‘I’% °°m"\’,;’;‘;‘fep'a'” 232 0.51 2402 | 2338 1.03 42
Sample 19 652/3/0"",5’2" °°msvg‘;:‘/g twill 246 0.50 4729 | 4594 1.03 36
0,
Sample 20 7g0/f;/0w§2" satin weave 247 0.41 2032 | 2090 0.97 35
0,
Sample 21 5%%05‘;”' plain weave 196 0.42 2439 | 2408 1.01 36
50% wool,
Sample 22 | 20% cotton, plain weave 194 0.45 2554 2491 1.02 46
30% PAN
0,
sample23 | 570" | sateen weave 199 0.41 2004 | 2002 1.0 53
40% wool,
Sample 24 30% PES, plain weave 199 0.42 1638 2078 1.74 39
30% cotton
50% wool,
Sample 25 | 20% cotton, satin weave 288 0.82 3066 3208 0.78 35
30% PES
Sample 26 75% wool, figured weave 245 0.59 2692 | 2694 157 43
P 25% PA ¢ : :
40% wool,
Sample 27 | 30% PES, _compound 252 0.41 1401 | 1649 0.99 57
30% cotton figured weave

Fibres and Textiles (1) 2016
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The average surface density of the tested fabrics
varies from 170 to 250 g/m2, which corresponds
tothe recommended values for suiting fabrics
(Table 1). As it shown in the diagram (Figure 3),
surface density of fabric is directly proportional to its
thickness, so with an increase of thickness of fabric
increases the parameter of its surface density.
Samples 2, 10, 11, 12 and 25 have the biggest
thickness, so their surface density is the biggest
respectively. Despite this, some samples, for
example, samples number 5, 20, 27, 7, 14 have
average thickness but considerable surface density
due to the fact that these samples have compound
figured weave or satin weave.

For estimation of the obtained parameters
of drapeability coefficient of the tested suiting
fabrics the following diagram was presented
(Figure 4).

Comparing the drapeability coefficients of the
tested fabrics, we can see that fabric samples
number 9, 20 and 25 have the lowest ability for
draping, samples 3, 6, 23 and 27 — the biggest.
Drapeability coefficient of the other samples varies
on average within 35-50%, indicating the bad
drapeability according to the Table 2. Just one third
of the tested samples have the average
drapeability.

Textilné technoldgie

For the analysis of obtained data and comparison
flexural rigidity in the longitudinal and transverse
directions of the tested suiting fabrics the following
diagram was presented (Figure 5).

Rigidity of the tested samples of fabrics ranging
from 2000 to 3000 uN.cm? it is less than the
standard parameters for suiting fabrics. It can be
due to the fact that modern fabrics have more
dispersed structure, lower density, as the weave
of fabric significantly affects the parameters
of rigidity in warp and weft. Long overlaps of twists
provide fabrics with greater thickness rather than
short ones, that is why when other things being
equal, fabric with the plain weave thinner than
fabrics with satin or complex patterned weave. It is
also well known that with the increase of the fabric
density the yarn flattens or shifts and thickness
of fabric increases. The highest flexural rigidity
in both directions have samples 9, 10, 12 and 17,
which thus have bigger thickness of about 1 mm
and surface density as compared to other samples.
Clearly traceable the regularity that with increase
of fabric rigidity in warp its rigidity in weft increases
as well.

Were determined the correlation connections
between the physical and mechanical parameters
of the tested samples of suiting fabrics (Table 4).

70

60

50

40

30 1
20 A

Drapeability coefficient [%]

10 1

920251019211 71317248 2 4 14182612 2211 51516 23 6 27 3
Number of sample

Figure 4 Drapeability coefficients of the suiting fabrics

9000

@ Flexural rigidity in warp

~ GOR0 O Flexural rigidity in weft
§ 7000

Flexural rigidity [UN-
N
o
o
o

527 6248 323142011161821 7 22 4 26 12515131910 9 12 2 17

Figure 5 Flexural rigidity of the suiting fabrics in warp and weft
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Table 4 Correlation connections between the values of physical and mechanical parameters of suiting fabrics

Surface density | Thickness | Flexural rigidity | Flexural rigidity Rigidity
[g/m?] [mm)] in warp [UN-cm?] | in weft [uUN-cm?] | coefficient [%]
Thickness [mm] 0.65 -
Flexural rigidity in warp
[uN-cm?] 0.47 0.50 -
Flexural rigidity in weft
[uN-cm?] 0.48 0.53 0.76 -
Rigidity coefficient [%] -0.11 -0.04 0.35 0.12 -
Drapeability coefficient [%] 0.17 -0.14 -0.37 -0.45 -0.08

The relevance of the correlation coefficients was
determined from the table of the standard
correlation coefficients. When the number
of degrees of freedom is (n - 2) = 27 - 2 = 25, our
calculated correlation coefficient p,, should be
higher than the table value 0.381, that corresponds
to the probability of faultless prognosis of more
than 95%. This allows us to suggest the resulting
rank  correlation coefficient as reliable.
We identified the statistically significant coefficients
in the Table 4.

The table shows that correlation connections have
small or average degree. As a result of analysis,
the directly proportional dependence of the surface
density from the thickness of suiting fabrics was
identified. Also was determined the directly
proportional dependence of flexural rigidity in the
longitudinal and transverse directions from the
thickness of suiting fabrics.

4 CONCLUSIONS

Based on the comparative analysis, were indicated
the key parameters of fabrics, which affect the
creation of certain form of sewing products and can
be taken into account during the design stage, such
as thickness, surface density, drapeability
coefficient and flexural rigidity in the longitudinal
and transverse directions. Experimentally,
according to the standardized methods, were
identified the main physical and mechanical
characteristics of fabrics of the suiting group.
Analysis of experimental data showed that the raw
components of fabrics do not affect significantly
on their properties (drapeability, flexural rigidity).
Fabrics with the different raw components can have
the same or close values of these parameters.
More significant is the weave of fabric, which has
an effect on the rigidity characteristics of fabric
in the longitudinal and transverse directions. Were
identified the correlation connections between the
physical and mechanical parameters of fabrics
of suiting group and determined that there was the
directly proportional dependence between the
thickness and the surface density of fabrics and
between the flexural rigidity in the longitudinal and
transverse directions and the surface density.
Conducted experimental researches are the basis

Fibres and Textiles (1) 2016 8

for development of the suiting group fabrics
classification in terms of flexural rigidity for the
purpose of developing the recommendations for
designing the clothes of different three-dimensional
forms.
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EXAMINATION OF SLEEP DISTURBANCES USING
THE ALICE6 SYSTEM

M. Nejedla’ and R. Minafik?

"Technical University of Liberec, Faculty of Textile Engineering, Department of Clothing Technology,
Studentska 2, 461 17 Liberec, Czech Republic, marie.nejedla@tul.cz
2Krajska’z nemocnice Liberec, a.s., Husova 10, 460 63 Liberec, Czech Republic, radomir.minarik@nemlib.cz

Abstract: The article focuses on monitoring of the quality of sleep in pyjamas with different fibre
composition. Diagnostics is carried out repeatedly on one proband in the sleep laboratory under
professional guidance of the Head of Otorhinolaryngology Department in Krajska nemocnice Liberec
at TUL in Liberec using the ALICE6 polysomnography system and Sleepware G3 system. Using various
probes manifestations of sleep disturbances, brain activities — EEG are recorded, facial muscles activity,
moves of eyes, limb movements in sleep, volume of oxygen in blood, etc. are measured. The results of the
diagnostic test have showed that structure of sleep is basically maintained during all measurements in
pyjamas I. and pyjamas Il. No waking up occurred. Proband's regime relating to the time of falling asleep

and the activities before sleep is important.

Key words: ALICE6 polysomnography system, sleep laboratory, hypnograms of sleep in pyjama,
apnoea/hypopnoea in sleep in pyjama, saturation, bradycardia and tachycardia in sleep in pyjama.

1 INTRODUCTION

Sleep influences the whole of our organism and the
quality of our sleep has subsequent impact on our
success during the day, week, month, etc.

The quality of sleep is first of all influenced by the
person's state of mind and physical condition.
Sleep is significantly influenced by stress, bad
moods, certainly also by depression, disorder of
internal, neurological and psychiatric nature.

Certain hygiene habits (going to bed at the same
time, lighter dinner, elimination of caffeine and
alcohol in the evenings, suitable environment,
suitable temperature, etc.) are important. Evening
visit to a fit centre, longer sleep during the day and
many other factors are not suitable.

According to current international classification,
sleep disturbances are officially divided into six
basic areas:

1. Insomnia — sleeplessness,
2. Breathing disorders at sleep,

3. Central hypersomnia — i.e. increased need of
sleep during the day,

4. Parasomnia — i.e. partial wake-up reactions
during sleep connected with abnormal behaviour
and wusually with vegetative manifestations
(somnambulism, nightmares, chaotic behaviour,
sleep paralysis, behavioural disturbance
connected with REM /Rapid eye movement/
sleep, etc.),

5. Circadian rhythm disruptions (e.g. the syndrome
of delayed getting to sleep),
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6. Abnormal moves at sleep — most frequently the
restless legs syndrome, gritted teeth in children
or adults, or rhythmic moves while sleeping
mainly in children.

One third of our population is suffering one of these
disturbances. The quantity of sleep disturbances
increases at old age.

Many sleep disturbances are genetic.

Genetic cause is assumed in one of the most
frequent disorders — in the sleep apnoea syndrome
(intermittent breathing), where external factors are
contributing — in adults they are most frequently
overweight and obesity, smoking, alcohol, laying on
back not on the side while sleeping but also

congenital changes of facial skeleton (e.g.
mandibles).

Genetic influences play an important role in some
other disturbances — e.g. the restless legs

syndrome or disorders of daily rhythm.

The most frequent disturbance, insomnia, is usually
caused by psychical influences.

If any of the problems persists for several weeks, or
months, the person should definitely see their
general practitioner or physician who shall consider
how serious the problem is, and possibly can
recommend consultation at a specialist centre or
a centre dealing with sleep disturbances.

Insomnia can have many causes, and its treatment
depends on them too. Optimum treatment for "real"
insomnia is combination of special hypnotics and
psychotherapy [1].

One of the causes for insomnia is the environment,
in which the person falls asleep. Among external
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influences, there is also the kind and type of
clothing, its fibre composition, kind of mat, mattress,
etc.

Nowadays polysomnography devices, e.g. Alice 6
by Philips, can be used to examine sleep
disturbances.

2 ALICE6 POLYSOMNOGRAPHY SYSTEM

Alice6 is a polysomnography system for fast and
reliable examination of sleep intended for
examination in an ambulance or a "sleep
laboratory" [2].

The sleep laboratory is a specialized health care
facility that is equipped with devices for diagnosing
of sleep disturbances. From the patient's view, it
usually takes the form of the bedroom where the
examined person sleeps in the night (or during the
day too). The devices record manifestations of
sleep disturbances (for example interrupted
breathing during sleep) using various probes, and
so the physicians get the basis for determination of
diagnosis [3].

It is appropriate to be used for adult as well as
children patients. Examination is usually done
during the night. The diagnosis of sleep apnoea
and hypopnoea syndrome can be acquired using
the probes located on proband; they identify
decrease of saturation, changes in breathing and
artefacts. Data is continually recorded for at least
10 hours.

Sound and video recordings that record for
example patient's moves are usually parts of
polysomnography  examination. A  standard
equipped sleep laboratory has a camera system for
night vision so that the patient can sleep in dark
and quiet [4].

Data from the Alice6 sensors are forwarded to
a computer for program processing using the
Sleepware G3 software. Such program equipment
is intended for monitoring, displaying, processing
and transferring data of polysomnography. The
patient unit, into which all probes and electrodes
are  connected, includes neurology and
polysomnography inputs — in total, up to 31
channels can be available.

Polysomnography recording for review of the
results can be displayed graphically on the
computer monitor as well as in hard copy [2].
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3 EXPERIMENT

This sleep monitoring system Alice6 was used to
research the quality of sleep of a young man in the
sleep laboratory of Technical University of Liberec
deals with Clothing Comfort for a long time [5]. The
research tested sleep:

e in pyjamas of variant [|. with new fibre
composition 60% TencelC/40%Tencel+PADh [6]

e in pyjamas of variant ll. made of 100% cotton
that is nowadays available for sale.

A healthy proband not suffering any health
complications that would distort the results of sleep
examination was chosen for reasons of objective
assessment of sleep in tested pyjamas.

The research was executed under professional

guidance of Dr. Minafik, the Head of
Otorhinolaryngology = Department at  Krajska
nemocnice Liberec, in the "sleep laboratory"

at Technical University in Liberec.

In each pyjama, the test of the quality of sleep was
carried out three-times on two defined days during
three weeks in May 2014. Proband (a man) always
spent one night in the sleep laboratory from 10 p.m.
to 6 a.m. In total, 6 measurements were carried out,
three-times in the pyjama with new fibre
composition and three-times in pyjama commonly
available for sale. After each test the pyjamas were
washed in an automatic washer with adherence to
the requirements recommended for washing, i.e.
according to the symbols stated on the products;
then they were tested again.

3.1 Examining the sleep disturbances using
polysomnography

The time spent in bed, time of falling asleep, quality

of sleep, snoring, breathing, limb movements, heart

rate and pulse were monitored during the test and

subsequently assessed. Testing of sleep in the

pyjama of variant I. is shown by hypnograms in

Figure 1, and in pyjama of variant Il. in Figure 2,

where:

W — Wake,

R — REM — we dream in this phase,

N1 — falling asleep,

N2 — light sleep,

N3 — deep sleep [7-9].

The results of the quality of sleep were acquired

based on the video-polysomnography tests,

Figure 3, in pyjamas of variant |. and Il.
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Figure 1 Hypnograms - the tests of sleep in pyjama of variant I.
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Figure 2 Hypnograms - the tests of sleep in pyjama of variant Il.
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Figure 3 Results of the quality of sleep in pyjamas of variant |. and II.

LS - Latency Sleep; Al - Index Wake-up Reactions; REM - Rapid Eye Movement latency (the phase of sleep
characterised by fast eye movements, low level of muscle activity and low current EEG); ES - Efficiency Sleep; EDS -
Effectiveness of Deep Sleep; N1 - Stage 1 sleep; N2 - Stage 2 sleep; SWS - Slow Wave Sleep; WASO - Wake After

Sleep Onset [7-9]

3.2 Examination of respiratory events

Night polysomnography is required for diagnosis of
obstructive sleep apnoea (OSA). Apnoea index (Al)
and apnoea/hypopnoea index (AHI), i.e. the
number of apnoeas (or apnoeas and hypopnoeas
per hour) are used for assessment. Al>1 is
considered statistically important and AHI>5 is OSA
(degree 1.) AHI=30 is heavy - serious (degree lll.)
and must always be treated. OSA with Al 14 is
considered light and its treatment depends on
symptoms. Each OSA with AI>5 is considered
serious and has to be treated. In case of proven
OSA, an examination by otorhinolaryngologist to
assess adenoid vegetation, tonsils or other possible
changes of upper respiratory tract is necessary [7-
10].

The following were monitored within respiratory
events during sleep in pyjamas I. and Il.: Central
Sleep Apnoea (CA) during Cheyne-Stokes
respiration (periodic breathing, Cheyne-Stokes
respiration), Micro Arousals (MA) — macrostructure
of sleep, Obstructive Sleep Apnoea (OSA), Apnoea
(A), Hypopnoea (H) and their indices, Figure 4.
Apnoea/hypopnoea index expresses the average
number of respiratory events of apnoea or
hypopnoea per an hour of sleep (AHI in REM) and
(AHI in NREM). NREM is the opposite of REM; they
regularly change during sleep. The NREM phase is
characterised by depression of brain activity as well
as bodily relaxation and release, Figure 5.

1,8

mCAl
HMAI

mOSAl

mAl
mHI
B AHI

Figure 4 Respiratory events during sleep in pyjamas |. and Il. expressed by indices
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whil il

B AHIin REM (CA) mAHIin NREM (OSA) m AHI in the supine position M Total duration of snoring [%]

Figure 5 Respiratory indices of apnoea and hypopnoea and overall time of snoring

The overall time of snoring stated in minutes is
related to the overall time of sleep and expressed in
percentage.

3.3 Measurement of oximetry - saturation

It is measurement of the volume of oxygen in blood,
so called saturation. Inhaled air contains 21% of
oxygen. Oxygen is transferred to blood in lungs and
there it forms its level (saturation). Such level is
indicated in pressure units or as an absolute
number. It indicates what percentage of overall
maximum possible saturation of oxygen in blood is
utilized [11].

The research results are shown in Figure 6 -
NREM, REM and TIB (Time in Bed) — time from
turning the light in the room off to waking up).

Minimum saturation — Oxygen De-saturation Index
(ODIl) is the de-saturation index of oxygen.
It expresses the number of decreases of saturation
for three or more percent connected with
a respiratory event per an hour of sleep, Figure 7.
Total Sleep Time (TST) is the time from falling
asleep to the last waking up - NREM + REM sleep.
Minimum saturation in percentage is stated for each
measurement of pyjamas I. and Il. in Figure 7.

m NERM [%]
B REM [%]

= TIB [%)

Figure 6 Oximetry <95% — NREM, REM and TIB
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I.-2. (ODI
91%)

Il.- 1.(ODI
93%)

B NREM
HREM
mTST

Il.- 2.(0DI
88%)

IIl.- 1.(ODI
89%)

Figure 7 Minimum saturation ODI — NREM, REM and TST [7-9]

3.4 Periodic limb movement during sleep

Restless Legs Syndrome (RLS) and Periodic Limb
Movements in Sleep (PLMS) are frequent
neurological diseases that, in their developed
forms, lead to a sleep disturbance. The disease
occurs in the primary and secondary forms -
secondary forms are accompanied by other states
such as terminal stadium of renal failure, iron
deficiency and pregnancy. PLMS that are
characterized by stereotyped and regular limb
movements in sleep occur in 80% of the patients
with RLS [7-9]. The disease diagnosis is set based
on polysomnography examination or actigraphy.
Dopaminergic therapy is the most efficient
treatment for these diseases [12]. Periodic limb
movements during the experiment in pyjamas I. and
Il. are shown in Figure 8.

3.5 Bradycardia and tachycardia

Slow or irregular heart rhythm usually with the
frequency less than 60 heart contractions per one

30

25

minute is understood as bradycardia. At this
frequency, heart is not able to distribute sufficient
volume of oxygen-rich blood into the body. [13].
The results of bradycardia during sleep in pyjamas
I. and Il. are shown in Figure 9. Overall duration of
bradycardia at sleep in the first to third test of
pyjama |. was as follows: 1139 s, 41 s and 986 s.
Overall duration of bradycardia at sleep in the first
to third test of pyjama Il. was as follows: 2979 s,
936 s and 796 s.

Tachycardia is characterized by fast or irregular
heart rhythm with the heart rate exceeding 100 per
one minute. If the above mentioned increased heart
rhythm occurs, heart is not able to supply the body
with oxygen-rich blood sufficiently [14].

The results of tachycardia during sleep in pyjamas
I. and Il. are listed in Figure 10. The record of the
third test of pyjama I. is not stated.

20

15

10

M The total number of PLM

Figure 8 Periodic limb movements in sleep
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Figure 9 Bradycardia during sleep in pyjamas I. and II.
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150

100

50
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Figure 10 Tachycardia during sleep in pyjamas I. and II.

4 ASSESSMENT DIAGNOSTICS OF SLEEP

Diagnostics of sleep in pyjamas |. and Il. are
graphically documented in individual sub-chapters
in section 3 of this article. The results of sleep from
the monitoring polysomnography system Alice6 are
in Table 1 and the results of cardio in Table 2. They
provide the information about the number and
duration of individual events as well as possible
disorders connected with the position of the body.

The quality of sleep and its assessment is
influenced by the following changes: environment,
in which the proband stayed during the research
and probands' daily regime particularly relating to
the time of falling asleep, differences in falling
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asleep — proband's state and activities before
sleep. When assessing the pyjamas, proband
assessed pyjama |. as nicer and finer, as for the
sensation.

The results of the diagnostics test have shown that
the structure of sleep during all measurements in
pyjama I. and in pyjama ll. is basically maintained
and no waking occurred. Waking-up occurred in the
second week when monitoring was interrupted by
waking up due to a siren. No other significant
differences concerning the pyjama proband was
wearing for sleep, or other influences that would
have an impact on breathing, heart and pulse
frequency are recorded.
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Table 1 Results of sleep from the monitoring polysomnography system Alice 6
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Sleep - - _Kind of pyjame — —
i. i i. iii. iil. iii.
AHI 1.6 1.2 1.7 0.8 1.3 1.6
OA/hour 0.4 0.7 0.3 0.0 0.0 0.0
HY/hour 0.4 0.2 0.2 0.2 0.2 0.5
MA/hour 0.0 0.0 0.2 0.3 0.5 0.3
CA/hour 0.9 0.4 1.0 0.3 0.7 0.8
de-saturation/hour of 14 14 15 29 10 20
sleep
the lowest measured 93% 91% 93% 93% 88% 89%
i saturation 96% 95% 96% 96% 96% 96%
uring the entire night
patient spends the sleep
timesin saturation below 0% 0% 0% 0% 10% 0%
90%
4 min.. it means 0.2 min., it 19.5 min., it 1.1 min., it 22.1 min., it 3.8 min., it
. o means 0.0% of | means 5.5% of | means 0.3% of | means 6.2% of | means 1.0% of
shoring 1.2% of overall . . . . h
time of sleep overall time of | overall time of | overall time of | overall time of | overall time of
sleep sleep sleep sleep sleep
Table 2 Results of cardio from the monitoring polysomnography system Alice 6
Cardio - - - Kind of pyje.l.ma = =
i. i i. ii. iii. ii.
asystole 0 0 0 0 0 0
bradycardia 100 episodes of | 8 episodes of | 98 episodes of |251 episodes of |84 episodes of 936|121 episodes of 796
1139 sec. 41 sec. 986 sec. 2979 sec. sec. sec
the lowest heart rate 45/min. 54/min. 47/min. 44/min. 43/min. 48/min.
tachycardia 11 episodes of | 11 episodes of | 0 episodes of | 9 episodes of 7 episodes of 6 episodes of
108 sec. 210 sec. 0 sec. 81 sec. 54 sec. 62 sec.
the highest heart rate 120/min. 120/min. 0/min. 135/min. 122/min. 117/min.
periodic Imb = e o 2.3/hour 2.8/hour 1.2/hour 4.4/hour 1.7/hour 4.2/hour
slight increase of the
structure of sleep maintained normal maintained normal normal time of shallow
sleep
proportion of rem low decrease <_3f decrease qf rem m_onitoring proportion of the S“%?,LSZ'}G:f;gwhe
rem proportion proportion disturbed deep sleep stages sleep

5 CONCLUSION

Measurement was carried out in a short period of
time and in the minimum number. For more
objective results of measurements and monitoring
of the quality of sleep in new kinds of clothing
it would be appropriate to plan another longer-
lasting research, i.e. — minimum duration for three
months, more measurements on more probands
(men and women).

The Alice6 system provides the laboratory with
a basic set of channels, which:

allow the physician to rather attend to the patient
than to operate technology

allow to fulfil the AASM (American Academy of
Sleep Medicine) standards created to ensure
the highest quality of care for patients with sleep
disturbances.

Somnologists can use the Alice6 system as a key
item for provision of effective routine
polysomnography [4].
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The Alice6 system can be used in applied research
for testing sleep due to external effects such as the
type and kind of clothing, its fibre composition, kind
of mat and mattress, on which the proband sleeps.
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HODNOCENI KVALITY SPANKU POUZITIM SYSTEMU ALICE®6

Translation of the article

Examination of sleep disturbances using the ALICE6 system

Clanek je zaméfen na monitorovani kvality spanku v pyZamech s rozdiingm materidlovym sloZenim.
Diagnostika je provedena opakované na jednom probandovi ve spankové laboratofi pod odbornym vedenim
primafe ORL oddéleni Krajské nemocnice Liberec, na TUL v Liberci na polysomnografickém systému
ALICE6 a software Sleepware G3. Pomoci riznych sond se zaznamenavaji projevy spankovych poruch,
aktivity mozku - EEG, mé&fi se aktivita svalstva na obli€eji, pohyby oci, pohyby konéetin ve spanku, mnozstvi
kysliku v krvi apod. Vysledky diagnostického testu ukazaly, Ze struktura spanku je v podstaté b&hem v3ech
méfeni v pyzamu |. a v pyZzamu Il. zachovana. Nedochazelo k buzeni. Dulezity je ale rezim probanda,
tykajici se doby usinani a ¢innosti pfed spanim. Objektivnéj$i vysledky by se projevily pfi vyzkumu vétSiho
poctu probandu.
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DESIGN OF NEW ARTICLES OF CLOTHING USING PRINCIPLES
OF CONTEMPORARY STYLE DIRECTIONS IN ARCHITECTURE
AND ART

0. V. Kolosnichenko, I. O. Pryhodko-Kononenko and N. V. Ostapenko

Kyiv National University of Technology and Design, Nemirovicha-Danchenka str. 2, 01011 Kyiv, Ukraine
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Abstract: This article considers the results of new articles of clothing design using principles of
contemporary style directions in architecture and art. The design of particularly new articles of clothing with
help of modular design method - origami method has been defined. Suggestions and recommendations for

application of this method have been developed.

Key words: design of new articles of clothing, design techniques, modular design of clothes, new articles of

modern clothes, contemporary style directions.

1 INTRODUCTION

Development of a contemporary dress and related
fashion is an important part of material and spiritual
life of human society, which serves as a link between
past, present and future. Everything is intertwined in
contemporary world. Scientific and technical
progress intrudes increasingly and yet more into the
field of art, architecture and fashion.

Day after day, we have been approaching to the
future with fantastic buildings, “smart” technology
and clothes, which may be changed in form, colour
and temperature. Architecture obviously makes
a great impact on fashion.

Nowadays a new term “architectural fit” has been
accustomed to the fashion industry, and numerous
designers have coordinated with each other in order
to search for a new design of articles of clothing and
create interesting projects.

2 EXPERIMENTAL

Contemporary architecture and art constitute the
styles without stereotypes and set rules, they are
abstract, with strong emotional component, designed
according to principles of composition or without
proportions, symmetry and logics, they are unique
and unpredictable. All these features are appropriate
for creation of new edgy clothes (Table 1) [1-3].

Let us consider the examples substantiating this new
direction in order to apply new methods to any kinds
of special clothing.
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Object of research is the process of design of new
articles of clothing using principles of contemporary
style directions in architecture and art.

Research methods are based mainly on empirical
research and associative methods which are the
underlying principles of creative concept. In the
course of doing research, the general methodology
of systemic approach to clothing design, analysis
and synthesis as theoretical methods of scientific
research, and contemporary methods of design-
projecting, particularly, combinatorial analysis
based on search, investigation and appliance of
principles of variable change of spatial,
constructional, operational and graphical structures,
as well as on clothing design with the help of
typified elements, were used.

In order to solve the problems, experimental
research methods of creating new articles of
clothing with the modular design method - the
method of "origami" — were used. This method of
folding was borrowed from the art of "origami" - the
art of paper folding. The purpose of this art is to
create works of art using a scheme of geometrical
bends and folds. Only few different folds are used
in Origami but they can be variously combined and
form very complex shapes. This method gives
a possibility to create new articles of modern
clothes [4].
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Table 1 Styles of contemporary architecture
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The purpose of this paper is to create modern
clothes using the principles of contemporary style
directions in architecture and art based on the
formation of new challenges in designing clothes
and new technological solutions.

- To develop a “suit-human-environment” system
to form the object of design as a system of
interrelated material, functional and cultural
elements, that determines distinct functional
links between the environment, its elements and
processes that are created in cooperation with
the a human;

- To develop a creative concept of style-making of
contemporary art and architecture;

- To analyse and systematize principles of the
origami folding and their basic modules;

- To develop a constructive module for creating
articles of clothing;

- To develop schemes of designing new articles
of female shoulder clothes on the basis of the
origami folding principles;

- To develop suggestions and recommendations
on how to use the origami method to develop
new articles of clothing and accessories.
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3 RESULTS AND DISCUSSION

The major artistic devices of an architect and
fashion designer are geometric measurements
which form the basis of any building or piece of
clothing. However, unlike the architect who uses
these forms freely, the fashion designer is relatively
limited in their work since it relates to the human
figure. This prerequisite distinguishes the creative
work of the artist-fashion designer from an
architect-designer. Clothing composition is based
on a set of fixed measurements (parts), comprising
clothes, the ratio of these measurements, the
overall proportions of clothing, silhouette. Thus, the
most characteristic lines, shapes, proportionate
division of the building, its texture and colour
qualities, in short, all that contains creative content
of an object shall be selected for the study of the
creative source [5, 6].

Fashion designers are turning to a variety of design
techniques in order to reflect lines and shapes of
contemporary architecture in clothing. One of them
is the method of origami that refers to a modular
design of clothes. This method involves structural,
technological and  functional = completeness
(Figure 1).
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Use of origami approach

Statuary art

Figure 1 Use of origami approach in various areas of industrial design

Use of modular design is considered the highest
form of activity in the branch of standardization.
In this respect, standardization detects and fixes
the most advanced methods and design tools. This
method contributes to unification of the structural
elements of the products. The availability of building
blocks and standard parts used in various
combinations enables to transform the design of
some products into other ones [7]. Thus a modular
method of modern designing of clothes is often
used by fashion designers; in particular, the use of
modular method of origami art in designing of new
articles of clothing becomes very popular (Table 2).

It is known that a human is a modelling object of
adress - their image, proportions and figure

Table 2 Use of origami modules in modern clothing

structure features. The very figure with its curves
and posture determines the character of a dress
shape. The surface of the human figure,
mannequin, and clothing constitutes a non-
geometric surface, and can be expanded only with
some approximation in relation to designing of
clothing.

The shape of a clothing detail from a fully flattened
material is obtained either through its constructional
division into parts applying such elements as
seams, gores, tucks, or by means of compulsory
change of geometric dimensions of cutting in
separate areas using stretching or velouring both
on the basis and in weft and in oblique course [8].

Basic module

Derivative
module

Origami
product

Clothing
model
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Every curved complex shape existing in the nature
can be inscribed in a simple geometric figure. So,
the volumetric human figure can be inscribed in
a cylinder. Since the development of a cylinder is
arectangle, a simplified development of a human
figure is also a rectangle. The module is the
elementary unit of measurement which is repeated
and folds without remainder in a coherent form.

The origami modules are a simple geometric shape
- square. But in order to obtain the dimensions of
the module, it is necessary to compare it with the
development of a human figure. To do this, it is
necessary to define the required outline dimensions
of the finished product — product width in the chest
line, finished product length. Using these
dimensions, a square side can be calculated by the
theorem of Pythagoras (Figure 2).

Width in this line

Width in this line Dos
i o
i
I . .
4 f N Thighs line
Waist line I
Shoulder girdle
€ oV LA
ch 4
5 ;
5 i
3 i
9
g
o N, /|
2 !
iz \/ Front
g ! ]
= Y

Edge line

Figure 2 Design principle of the origami module for
creating new articles in the modern clothing

Product width in the chest line = chest third +

1
+ widening for a loose joining in chest third line M
Finished product length = distance from the
neck shoulder point to the waist +
+ % distance from the neck shoulder point to (2)
the waist + widening to the distance from the
neck shoulder point to the waist
Square side® = finished product length® +
+ finished product length® = 2.finished product (3)
length®
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Thus, after determining the outline dimensions of
the module, the operations of folding it around the
human figure are done. That is creation of
volumetric shape with a flat piece of material. Initial
design is transformed into a finished product with
the help of folding and some cutting out (Figures 3

N

Figure 3 Sketch of folding a women’s vest

There are two main stages of folding. The first
stage involves folding with further development.
A so-called “net” is formed.

The underlying net structure can be based on the
shape of an equilateral triangle or a square. The
existence of only two net bases is possible due to
the fact that an equilateral shape must form the
basis: a triangle or a square. There are possibilities
of using other equilateral shapes, such as hexagon,
rhombus, but all of them consist of equilateral
triangles.

The second stage involves deflection along the
lines of the first pattern and forms shapes very
different from the first sample. The second sample
is flat or textured designs. This is what is
considered to be the final sample of the finished
product. The Figure 3 shows a diagram of folding
women'’s vest.

Thus, the result of the work is the creation of new
articles of clothing with the help of the modular
design method — the origami method.

The Figure 5 shows a collection of women’s vests
using the principles of contemporary style directions
in architecture and art.
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Figure 5 Collection of women'’s vests using the principles of contemporary style directions in architecture and art
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4 CONCLUSIONS

Thus, due to the definition of the ways to improve
the modern process of clothing design, the creative
concept of clothes collection on the basis of the
examples of contemporary architecture and art has
been developed. Using the modular design method
a fundamentally new method of creating modern
shapes of a dress — the origami method — has been
mastered.

Based on the research results, the designer’s offers
as to creating new articles of clothing using
contemporary style directions in architecture and art
by the origami method have been developed. It has
been examined that this method is appropriate
when creating all other design objects that surround
a person.
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OBJEKTIVNi HODNOCENi OMAKU FUNKCNICH PLETENIN

Marcela Kolinova' a Marie Koldinska?
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Abstrakt: V tomto ¢lanku je objektivné hodnocen omak (senzoricky komfort) funkénich pletenin. Objektivni
méfeni omaku je provedeno pomoci systému japonskych pfistroji dle Kawabaty pro méreni viastnosti
vyznamnych pro objektivni hodnoceni omaku textilnich struktur. Kazdé stanoveni probiha pri standardnim
zatiZeni, které odpovida malé deformaci, podobné jako pfi ohmatani textilie rukou. V experimentalni éasti
Jsou porovnany namérené hodnoty omaku funkénich pletenin bez pouZiti avivaZe a s pouZitim avivaze,

ktera se bézné aplikuje na textilni vyrobky v posledni fazi praciho cyklu, kdy se pfidava do posledni

machaci lazné.

Kli€ova slova: objektivni hodnoceni omaku, mérici systém KES, avivaz, primarni omak.

1 UvoD

Pfi vyrobé textilnich struktur je kromé jiného kladen
diraz na komfortni vlastnosti daného materialu.
Zejména pak na vjemy ziskavané mechanickym
a tepelnym kontaktem pokozky s textilii. Komfort
pfimo souvisi s fyziologickymi procesy v nasem
téle. Pokud je povrch textilie pfili§ hladky (plochy),
ve styku se zpocenou pokozkou pfilne. Pokud ma
pfilis§ mnoho tuhych koncu vidken, textilie na kizi
Skrabe [1].

Senzoricky komfort textili (omak) je soubor
parametrl, které souvisi s vlastnostmi materialu,
jako je ohebnost, stlalitelnost, pruznost, pevnost,
hustota, dale povrchové charakteristiky (drsnost,
hladkost). Omak Ize objektivné méfit pomoci
systému pfistroji KES (Kawabata Evalution
Systém), ktery je k dispozici na katedfe odévnictvi
FT [2] a ktery umoziiuje méfeni takovych vySe
uvedenych vlastnosti materialu.

AvivaZze obsahuji kationtové povrchové aktivni
latky, které jsou fixovany na povrch textilie a vytvori
lubrikaéni vrstvu. Tato vrstva plni nékolik funkci:

e snizuje tvorbu  elektrostatického  néboje
u syntetickych textilii a v8echny jeho projevy
(lepeni, jiskfeni, praskani),

e snizuje Spinivost textilie v dusledku eliminace
vysokého povrchového elektrického odporu
vldken a jejich nabijeni elektrostatickym
nabojem,

o ZlepSuje omak zvy3enim hebkosti a hladkosti
povrchu vilaken a jejich vzajemnou schopnosti
smyku ve struktufe textilie,

e zvySuje pruznost vlaken, ktera ovliviiuje
schopnost stalosti tvaru v procesu uzivani,

e snizuje odér vlaken a tim prodluzuje pUvodni
vzhled textilie
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e snizuje tvorbu Zmolk( stabilizaci polohy viaken
v textilii, zabranénim vy¢nivani volnych konct
vlaken na povrch textilie,

e zvySuje rychlost suSeni, nebot’ lubrikaéni vrstva
brani praniku vody do vlaken, a snizuje obsah
zbytkové vody po odstfedéni. Toto zkraceni
doby suSeni pfedstavuje 3-6 min. pfi pouziti
susicky,

e zvySuje dojem Cistoty a svézZesti prostiednictvim
pusobeni vonnych latek.

Popsané ucinky lze vyvolat pouzitim avivaze, jejiz

mnozstvi je nutno dodrzet.

Doporuéuje se davkovat

e 36 ml avivaze na 4,5 kg bavinéného pradia,

e 24 ml avivaze na 2 kg viny,

e 18 ml avivaZe na 2 kg syntetickych textilii.

Avivaz se nesmi aplikovat na vyrobky s funkci
ochrany proti povétrnostnim vlivim, tedy na
materialy vnéjsi vrstvy oblec€eni.

Jedna se o funkéni a membranové outdoorové
odévy, nebot’ posSkozuje funkci nepronikavosti vody,
odolnosti vi¢i vodnim param a vétruodolnosti.
U vyrobkli s membranou m(ze avivaz snizit,
pfipadné znigit jeji funkénost. Udrzba takovychto
vyrobk(l se musi strikiné podfidit doporuceni
vyrobce. Né&které specialni funkéni a ochranné
vlastnosti plosnych textilii mohou byt rovnéz
pouzitim avivaze dotCeny. Avivaz se nesmi
pouzivat na vyrobky s ochrannou funkci proti ohni,
nebot zlepSuje podminky hofeni. OSetfeni avivazi
snizuje kapilarni vykon nékterych profilovanych
syntetickych materiald a tim zhorSuje jejich celkovy
transport vihkosti [3].
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2 PRINCIP MERICIHO SYSTEMU KES

Vlastni méfici systém je slozen ze 4 pfistroju:
KES 1 — méfeni tahu a smyku

KES 2 — méFeni ohybu

KES 3 — méfeni tlaku

KES 4 — méfeni povrchovych vlastnosti.

2.1 Mérici software a standardni podminky
méreni

Velikost deformaénich sil za standardnich méficich

podminek je dana méficim software a je definovana

takto:

e Pfi méfeni tahovych \vilastnosti je za
standardnich podminek vzorek namahan do
meze 490 N/m (500 gflcm) ve sméru osnovy
a utku.

¢ P¥i stanoveni smykovych charakteristik je vzorek
vystaven deformaci smykem v obou smérech ke
zvolenému Uhlu smyku, standardné +8 stupnu.

o P¥i zjistovani ohybovych vlastnosti je vzorek
textilie rovnomérné ohyban do mezi kfivosti
+2,5cm”, opét v obou smérech.

e Méfeni kompresnich vlastnosti probiha za
pUsobeni tlaku na material az do meze
4900 N/m2 (50 gficm?).

e Povrchové vlastnosti jsou dany hodnotou
koeficientu tfeni a geometrické drsnosti, které
jsou snimany pomoci dvou c¢idel ve smeéru
osnovy a utku po draze 30 mm a zpét. Hodnoty
jsou vyhodnocovany na stfedni draze 20 mm.
Vzorek je v Celistech upnut pod pFedpétim
19,6 N/m (20 gficm).

VySe uvedené schéma deformacnich sil je vhodné
pro tkané odévni materialy [2].

2.2 Kalkulaéni software KES

Celkova hodnota urovné omaku je hodnocena
dvoustupriové, kde v prvni fazi je hodnocen omak
primarni (HV) a na jeho zakladé je vycCislen omak
celkovy (THV).

Primarni omak HV - je vyjadfen uZithymi
vlastnostmi KOSHI - tuhost, NUMERI - hladkost,
FUKURAMI - plnost a mékkost, které jsou
povazovany za zakladni pro zvoleny ucel pouziti.
Podle intenzity jejich projevu jsou hodnoceny ve
Skale 1-10, kde 10 pFedstavuje silny projev
vlastnosti v hodnoceni omaku.

Kone¢né celkové hodnoceni omaku textilie se
oznacuje jako totalni omak THV - TOTAL HAND
VALUE. Nabyva hodnot ve Skale 1-5 [2], jak
ukazuje Tabulka 1.
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Tabulka 1 Klasifikace celkového hodnoceni omaku

Klasifikace THV
velmi Spatny, nevyhovuijici
podprdmeérny
pramérny
nadprdmérny, velmi dobry
vyborny

AW |IN| =

2.3 Uprava podminek méreni a vzorki pletenin

Doporucené standardni podminky méfeni nelze
uplatnit pfi méfeni a vyhodnoceni objektivniho
omaku vysoce taznych pletenin. Nejvétsi problémy
vznikaji pfi méfeni tahovych charakteristik na
pFistroji KES FB1-Auto, nebot v dusledku vysoké
taZnosti nevyhovuje stavajici upinaci
mechanizmus. Podobny problém vznika pfi
stanoveni povrchovych charakteristik na pfistroji
KES FB4-Auto. Toto méfeni probiha pfi predpéti
vzorku, kde pro vysokou taznost neni mozné zajistit
korektni funkci upnuti vzorku v Celistech stroje
a jeho pohyb pod kontaktnimi senzory.

Z téchto duvodl byly podminky méfeni tahovych
vlastnosti pletenin na stroji KES FB1-Auto upraveny
snizenim deformacéni tahové sily, kde limitnim
faktorem byla hodnota taZznosti 30%.
Experimentalné byla uspésné ovérena deformacni
tahova sila 24,5 N/m.

Pro méfeni na pfistroji KES FB4 byla provedena
uprava vzorku spo ivajici ve snizeni taznosti
pleteniny, aby pfi upnuti vzorku pod pFfedpétim
nedochazelo k vysunuti Celisti mimo standardni
pracovni prostor. Vzorky pletenin byly opatfeny
nazehlovaci vlozkou typu vliselin, ktera fixovala
strukturu pleteniny z rubni strany, sniZila jeji taznost
a deformaci struktury po roztazeni a neovlivnila
povrch vzorku. Ve vyhodnoceni méfeni v KES
CALK byla pouzita kategorie uzivani KN-203-LDY;
KN-302 WINTER (Obrazek 1).

Selection of calculation method

FABRIC CATEGORY PRIMARY HAND THV
© MEN'S SUITING KN-101-WINTER KN-301-WINTER
c KN-101-SUMMER KN-301-SUMMER
© MEN'S JACKET KN-101-WINTER(JACKET) KN-301-W-JACKET
 MEN'S SLACKS KN-101-WINTER(SLACKS) KN-301-W-SLACKS
© WOMEN'S SUITING KN-201-MDY KN-301-W-MDY

WOMEN'S THIN KN-201-LDY

DRESS FABRICS KN-202-LDY

ALY

KN-202-LDY-FILAMENT
KN-203-LDY(WINTER)
KN-203-LDY(SUMMER)

KN-302-WINTER
KN-302-SUMMER

)

© MEN'S DRESS
© SHRT

KN-202-DS(WINTER)
KN-202-DS(SUMMER)

KN-303-DS-WINTER
KN-303-DS-SUMMER

C KNITTED FABRICS

FOR QUTERWEAR
¢ KNITTED FABRICS
© FOR UNDERWEAR

KN-402-KT KN-301-WINTER

KN-304-WINTER
KN-304-SUMMER

KN-403-KTU(WINTER)
KN-403-KTU(SUMMER)

Obrazek 1 Hodnocené
v programu KES CALK

kategorie ucCelu pouziti
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3 EXPERIMENT

3.1 Testované materialy a postup prace

Pro testovani omaku byla vybrana sada
termoregulaénich a termoizolaénich  pletenin
vyvzorovanych spole¢nosti VUB a.s. Usti nad
Orlici. Materialové sloZeni, druh pleteniny a ploSnou
hmotnost textilie ukazuje Tabulka 2.

Soubor experimentalnich vzork( byl hodnocen po
procesu prani a suseni. Pro prani byl pouzit bé&Zzny
praci prostfedek Formil, teplota lazné 40°C.

Pro stanoveni vlivu avivaze na hodnotu omaku byla
pouzita komparativni metoda, kdy experimentalni
vzorky byly hodnoceny bez avivaze a po osetreni
avivazi Lenor v mnozstvi 20 ml na 2 kg funk&nich
pletenin.

3.2 Zkusebni podminky

Podminky méfeni byly vztazeny na velikost vzork(
200x200 mm. Kazdy vzorek byl méfen ve smeéru
sloupku a fadku. Pro vypoCet omaku byl pouzit
priimér hodnot z obou sméra méfeni.

KES FB1-Auto-TAH

Podminky méreni:

senzitivita standard
rychlost 0,1 [mm/s]
vzdalenost Celisti 5 [cm]

maximalni tahova deformacni sila 25 [gf/cm]

Hodnocené charakteristiky vilastnosti:

LT |linearita (kfivky zatizeni-protazeni) | [-]

WT | tahova energie na jednotku plochy | [gf.cm/cm”]
RT | elastické zotaveni [%]

EMT | taZnost pfi max. tahové sile [%]

KES FB1-Auto-SMYK

Podminky méreni:

senzitivita standard
konstantni pfedpéti vzorku 10 [gf/cm]
vzdalenost Celisti 5 [cm]
maximalni smykovy uhel 8 [°]

Hodnocené charakteristiky vilastnosti:

tuhost ve smyku na jednotku

G |dslky v mezich od 1,0° do 3,0°(+) | [9f/cm-degree]
hystereze smykové sily pfi smyk.

2HG Ghlu +1,0° [gflcm]
hystereze smykoveé sily pfi smyk.

2HG5 thlu +5,0° [gflcm]

Tabulka 2 Parametry vybranych testovanych materiala

Textilné technoldgie

KES FB2-Auto-OHYB

Podminky mérfeni:

senzitivita 20 standard
rychlost 0,5 [cm/s]
vzdalenost Celisti 1 [cm]
maximalni kfivost K +2,5 [cm™]

Hodnocené charakteristiky viastnosti:

ohybova tuhost vztazena na jednotku

2
délky v mezich kfivosti 0,5 - 1,5 cm”! (x)|[9F-m™/em]

B

hystereze ohybového momentu na

2HB jednotku délky pfi kfivosti 1,0 cm’”’

[gf.cm/cm]

KES FB3-Auto-KOMPRESE
Podminky mérfeni:
kompresni rychlost

plocha Celisti

maximalni zatizeni

50 [s.mm’"]
2 [cm?]
50 [gf/cm?]

Hodnocené charakteristiky vlastnosti:

LC |linearita (kfivky tlak-tloustka) [-]
WC | energie stlaeni [gf.cm/cm?]
RC | elastické zotaveni [%]

To tloustka textilie (pfi tlaku 0,5 gflcm?) | [mm]
Tu | tloustka textilie (pfi tlaku 50 gflcm®) | [mm]
KES FB4-Auto-POVRCHOVE VLASTNOSTI
Podminky mérfeni:

senzitivita standard
rychlost posunu vzorku 1 [mm/s]
napéti vzorku 20 [gf/cm]
kontaktni sila 10 [of]

Hodnocené charakteristiky vilastnosti:

MIU | stfedni hodnota koeficientu tfeni [-]
MMD | stfedni odchylka koeficientu tfeni [-]
SMD | stfedni odchylka geometrické drsnosti [um]

Poznamka: 1 gf/cm odpovida cca 0,98 N/m.

Vzorek Materialové slozeni [%] Druh pleteniny Plosna hmotnost [g/m?]
1 50Viloft/50PP ZJ ply$ s kanalky barveny 253,2
2 100 Porexil Warm&light Z0 hladka barvena 182,7
3 50PorexilThermocool/50Tencel C ZJ vzorova chytova 119,7
4 50 Smartcel " Clima/50CO+EL Z0 1:1 hladka barvena 253,5
5 39Viloft/37PESstandard/21PES duta vlakna/4EL Jednoduchy vypInék 372,0
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3.3 Vysledky méreni

Textilné technoldgie

CALK, ktery je soucasti testovaciho souboru

Na zakladé proméfeni souboru vzorkd a stanoveni pristroju  KES,  bylo  provedeno hodnoceni
jejich  15-ti  charakteristk (viz Hodnocené  Primarniho (HV) a celkového omaku (THV) vzorku
charakteristiky vlastnosti, kap. 3.2 Zku$ebni ve vybrané kategorii uzivani. Vysledky méreni
podminky) a po vloZeni plodné hmotnosti pletenin ukazuji obrazky 2-12 pro kazdou testovanou
do sofistikovaného vypocetniho software KES pleteninu.
ITEM WARP WEFT | MEAN | (x—%)/8 |
TENS. EM [%] 14.50 27.10 20.80
LT [-] 0.828 0.797 0.812 0.7689 TRVEE KN.203.LDY
WT [g.cn/cm?] 1.50 2.70 2.10 1.7137 Sl
RT [%] 43.33 53.70 48,52 -1.1902 LEY- 1 Stone BRLY. LaWe: ]
BEND. B  [g-cm?/cnm] 0.063 0.029 0.046 0.8193 KOSHI 5.31
2HB [g-cm/cn] 0.0854 0.0509 0.0682 1.4194 NUMERI 5.75
SHEAR G [g/cm-deg] 0.29 0.24 0.26 -0.6754 FUKURAMI 7.87
2HG [g/cm] 1.06 0.98 1.02 0.5028
2HGS [g/ cm] 1.01 0.98 0.99 -0.0728
SURFACE MIU [-] 0.246 0.333 0.29%0 1.4158
MMD [-] 0.0118 0.0335 0.0z27 0.1752
SMD [pm] 2.31 14.08 8.19 1.0609 T.H.V.: KN-302-WINTER
COMP. Lc [-] 1.019 1.019 4.6431 [T.HV.5; Excellent. T.H.V.1;Poor.]
WC [g-rem/cem?] 0.936 0.936 4.8906 T.H.V. 3.79
RC [%8] 38.32 38.32 -1.2451
T &W a [ram] 1.100 1.100 2.2065
[rg/em? ] 25.3000 25.3000 2.4933

Obrazek 2 Experimentalni data vzorku pleteniny 1
celkového omaku (THV)

bez pouziti avivaze Lenor a vysledek hodnoceni primarniho (HV) a

ITEM WARP WEFT MEAN | (x—%)/6 I
TENS. EM [%] 4.36 19.50 11.93
LT [-] 0.917 0.759 0.838 1.0808
WT  [g.cm/cm?] 0.50 1.85 1.17 0.9987 H.V. : KN-203-LDY
RT [%] 60.00 59.46 59.73 -0.2371 [HV.10; Strong.  H.V.1; Weak ]
BEND. B [g-cm?/cm] 0.029 0.006 0.017 -0.3720 KOSHI 4.97
ZHB [g-cm/cn] 0.0268 0.0088 0.0178 0.2810 NUMERI 4.67
SHEAR G [g/cm-deg] 0.29 0.36 0.33 -0.3707 FUKURAMI 6.77
2HG [g/cm] 0.53 1.16 0.84 0.3553
ZHGS [g/ cm] 0.63 1.33 0.98 -0.0851
SURFACE MIU [-] 0.194 0.275 0.235 0.1951
MMD [-] 0.0122 0.1009 0.0565 1.9872
SMD [pm] 2.60 8.76 5.68 0.6633 THV. : KN-302-WINTER
COMP . T[] 0.705 0.705 0.0038 [T.HV.5; Excellent. T.H.V.1; Poor. ]
WC [g-rem/cm?] 0.425 0.425 3.8935 T.H.V. 3.17
RC [%] 40.09 40.09 -1.0211
T&W ) [rara] 0.637 0.637 1.0536
[rg/cm? ] 18.2000 18.2000 1.6842

Obrazek 3 Experimentalni data vzorku pleteniny 2 bez pouZziti avivaze

celkového omaku (THV)
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ITEM WARP WEFT MEAN I(x —%)/8 ]

TENS. EM [3] 9.56 28.10 18.83
T [-] 0.669 0.698 0.683 -0.7833
WT  [g.cm/cm?] 0.80 2.45 1.63 1.3979
RT [3] 56.25 55.10 55.68 -0.5817
BEND. B  [g-cm?/cm] 0.006 0.004 0.005 -1.8866
2HB [g-cm/cm] 0.0101 0.0061 0.0081 -0.3829
SHEAR 6 [g/cm-deg] 0.20 0.23 0.21 -0.9769
2HG [g/cm] 0.55 0.65 0.60 0.0960
2HGS [g/ cm] 0.53 0.63 0.58 -0.5940
SURFACE MIU [-] 0.199 0.244 0.222 -0.0912
MMD [-] 0.0141 0.0271 0.0206 -0.0129
SMD [pm] 6.46 9.80 8.13 1.0528
coMP. LC [-] 0.833 0.833 1.8885
WC  [g-em/cm?] 0.359 0.359 3.6804
RC [3] 47.81 47.81 -0.0428
T&U T [xum] 0.449 0.449 0.3156
[mg/cm? ] 11.5000 11.5000 0.6405

Textilné technoldgie

H.V. :

T.H.V. :

KN-203-LDY
[HV.10; Strong.  H.V.1; Weak ]
KOSHI 3.40
NUMERI 6.80
FUKURAMI 8.04

KN-302-WINTER
[ T.HV.5; Excellent.
T.H.V.

T.HV.1; Poor. ]
2.92

Obrazek 4 Experimentalni data vzorku pleteniny 3 bez pouZiti avivdZe Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)

ITEM WARP WEFT I MEAN I(x —%)/8 I

TENS. EM _[%] 4.27 42.20 23.24
LT [-] 1.311 1.090 1.201 5.4489
WT  [g.cm/cm?] 0.70 5.75 3.22 2.2419
RT [%] 42.86 36.52 39.69 -1.9408
BEND. B [g-cm?/cm) 0.201 0.029 0.115 1.9317
2HE [g-cm/cm] 0.2759 0.0404 0.1581 2.1326
SHEAR G [g/cm-deg] 0.59 0.65 0.62 0.5479
2HG [g/cn] 2.54 1.98 2.26 1.1236
2HGS [g/cn] 1.96 1.46 1.71 0.4508
SURFACE MIU [-] 0.198 0.274 0.236 0.2221
MMD [-] 0.0122 0.0305 0.0213 0.0564
SMD [pm] 3.18 10. 60 6.89 0.8727
COMP. LC [-] 0.445 0.445 -3.8396
WC  [g-com/cm? ] 0.275 0.275 3.3438
RC  [3] 40.73 40.73 -0.9407
TEW T  [mnm] 1.180 1.180 2.3546
[rag/cm? ] 25.3000 25.3000 2.4933

Obrazek 5 Experimentalni data vzorku pleteniny 4 bez pouziti avivaze Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)

ITEM WARP WEFT | MEAN |(7c —%)/8 |

TENS. EM [3] 8.51 4.49 6.50
LT [-] 1.081 0.980 1.031 3.3978
WT  [g.cm/cm?] 1.15 0.55 0.85 0.6000
RT [3] 60.87 54.55 57.71 -0.4090
BEND. B  [g-cm?/cm] 0.358 0.240 0.299 3.0886
2HB [g-cm/cm] 0.3688 0.2875 0.3282 2.7510
SHEAR G [g/cm-deg] 1.06 1.16 1.11 1.3688
2HG [g/cm] 2.81 2.71 2.76 1.2796
2HGS [g/cm] 2.36 2.54 2.45 0.7981
SURFACE MIU [-] 0.284 0.292 0.288 1.3780
MMD [-] 0.0111 0.0158 0.0134 -0.8617
SMD [um] 2.05 3.11 2.58 -0.1948
cCoMP. LC [-] 1.094 1.094 5.7492
WC  [g-em/em?]) 1.570 1.570 5.5438
RC [3] 43.31 43.31 -0.6131
T&W T [rm] 1.570 1.570 2.9572
[mg/cm? ] 37.2000 37.2000 3.4403

H.V.:

T.H.V. :

KN-203-LDY
[HV.10; Strong.  H.V.1: Weak ]
KOSHI 6.38
NUMERI 6.29
FUKURAMI 8.00

KN-302-WINTER
[T.HV. 5 ; Excellent.
T.H.V.

T.HV.1; Poor. |
3.96

H.V.:

T.H.V. :

KN-203-LDY
[HV.10; Strong. HV.1; Weak ]
KOSHI 7.95
NUMERI 6.26
FUKURAMI 8.47

KN-302-WINTER
[ T.H.V.5; Excellent.
T.H.V.

T.HV.1; Poor. ]
2.94

Obrazek 6 Experimentalni data vzorku pleteniny 5 bez pouZiti avivdZe Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)
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ITEM WARP WEFT MEAN I(x —%)/8 I

TENS. EM [%] 12.20 25.40 18.80
IS TR [ 0.852 0.787 0.820 0.8606
WT [g.cm/cm?] 1.30 2.50 1.90 1.5905
RT [%8] 50.00 52.00 51.00 -0.9793
BEND. B [g*cm?/cn) 0.071 0.025 0.048 0.8698
ZHB [g-cm/cn] 0.0918 0.0452 0.0685 1.4235
SHEAR G [g/cm-deg] 0.29 0.29 0.29 -0.5457
2HG [g/cm] 1.11 0.90 1.01 0.4931
2HGS [g/cn] 0.90 0.93 0.92 -0.1489
SURFACE MIU [-] 0.219 0.275 0.247 0.4706
MMD [-] 0.0108 0.0301 0.0205 -0.0270
SMD [pn] 2.86 15.99 9.43 1.2132
COMP . el (=] 0.460 0.460 -3.6157
WC [grem/em?]) 0.967 0.967 4.9317
RC [%] 38.47 38.47 -1.2267
T&W i) [ram] 2.230 2.230 3.6978
[rg/cm? ] 25.3200 25.3200 2.4953

Obrazek 7 Experimentalni data vzorku pleteniny 1

celkového omaku (THV)

s pouZzitim avivaze Lenor a vysledek hodnoceni primarniho (HV) a

Textilné technoldgie

H.V. :

T.HV.:

KN-203-LDY

[HV.10: Stong. H
KOSHI

NUMERI
FUKURAMI

KN-302-WINTER

[T.HV.5; Excellent.
T.H.V.

V.1; Weak ]
5.13
7.23
9.82

T.HV.1; Poor. ]
4.84

ITEM WARP WEFT | MEAN |(;¢ —%)/8 |

TENS. EM  [%] 6.20 23.70 14.95
LT [-] 0.903 0.743 0.823 0.8966
WT  [g.cm/cm?] 0.70 2.20 1.45 1.2576
RT [3] 57.14 59.09 58.12 -0.3742
BEND. B [g-em?/cm) 0.023 0.006 0.015 -0.5685
2HB [g-cm/cm] 0.0301 0.0094 0.0193 0.3702
SHEAR 6 [g/cm-deg] 0.28 0.33 0.30 -0.4849
2HG [g/cm] 0.63 1.08 0.85 0.3668
2HGS [g/cn] 0.53 1.08 0.80 -0.2757
SURFACE MIU [-] 0.199 0.287 0.243 0.3788
MMD [-] 0.0122 0.0510 0.0316 0.8327
SMD [pm] 2.78 15.87 9.33 1.2016
COMP. IC [-] 0.397 0.397 -4.5489
WC  [g-cem/cm?] 0.457 0.457 3.9852
RC  [$] 39.61 39.61 -1.0827
TEW T[] 1.280 1.280 2.5263
[mg/cm? ] 18.2700 18.2700 1.6937

H.V.:

T.H.V.:

KN-203-LDY
[HV.10; Strong.  H.V.1; Weak ]
KOSHI 4.35
NUMERI 6.33
FUKURAMI 8.59

KN-302-WINTER

[ T.HV.5: Excellent.
T.H.V.

T.H.V.1; Poor. ]
3.73

Obrazek 8 Experimentalni data vzorku pleteniny 2 s pouZitim avivaze Lenor

celkového omaku (THV)

a vysledek hodnoceni primarniho (HV) a

ITEM WARP WEFT | MEAN I(x —%)/6 |

TENS. EM  [%] 8.66 28. 60 18.63
LT [-] 0.785 0.727 0.756 0.0933
WT  [g.cm/cm?] 0.85 2.60 1.72 1.4715
RT [3] 58.82 53.85 56.33 -0.5257
BEND. B [g-cm?/cm] 0.007 0.005 0.006 -1.6917
2HB [g-cm/cm] 0.0119 0.0081 0.0100 -0.2077
SHEAR 6 [g/cm-deg] 0.20 0.19 0.19 -1.1087
2HG [g/cm] 0.55 0.68 0.62 0.1120
2HGS [g/ cn] 0.48 0.58 0.53 -0.6817
SURFACE MIU [-] 0.237 0.221 0.229 0.0655
MMD [-] 0.0305 0.0219 0.0262 0.4630
SMD [pm] 6.58 7.97 7.28 0.9319
COMP. IC [-] 0.398 0.398 -4.5423
WC  [g-em/em?] 0.369 0.369 3.7151
RC [3] 44.99 44.99 -0.4011
TEW T  [rm] 0.933 0.933 1.8590
[mg/cm?] 11.9700 11.9700 0.6549

H.V.:

T.HV.:

KN-203-LDY
[HV.10; Strong.  H.V.1; Weak .]
KOSHI 3.13
NUMERI 7.20
FUKURAMI 9.05

[T.HV.5: Excellent.
N

KN-302-WINTER

T.HV.1; Poor. |
3.01

Obrazek 9 Experimentalni data vzorku pleteniny 3 s pouZitim avivaze Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)
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ITEM WARP WEFT MEAN | (x—%)/8 l
TENS. EM  [3] 7.43 37.60 22.51
T [-] 1.238 0.979 1.108 4.3370
WT  [g.cm/cm?] 1.15 4.60 2.88 2.1005 L\ sy
RT [$%] 47.83 41.30 44,57 -1.5263 BRSO HRARENEI)
BEND. B [g-cm?/cm] 0.109 0.028 0.069 1.3085 KOSHI 5.92
2HB [g-'cwm/cnm] 0.1400 0.0331 0.0866 1.6223 NUMERI 6.84
SHEAR G [g/cm-deg] 0.54 0.49 0.52 0.2791 FUKURAMI 8.49
2HG [g/cm] 1.81 1.51 1.66 0.8825
2HGS [g/ cm] 1.56 1.26 1.41 0.2636
SURFACE MIU [-] 0.192 0.253 0.223 -0.0696
MMD [-] 0.0181 0.0190 0.0186 -0.2207
SMD [pm] 4,93 7.15 6.04 0.7293 T.HV. : KN-302-WINTER
COMP . el [i=]] 0.474 0.474 -3.4123 [T.HV.5; Excellent. T.H.V.1;Poor.]
WC [g-em/em?] 0.345 0.345 3.6302 T.H.V. 4.40
RC  [3] 42.32 42.32 -0.7390
6w T[] 1.160 1.160 2.3186
[rmg/ cm? ] 25.3000 25.3000 2.4933

Obrazek 10 Experimentalni data vzorku pleteniny 4 s pouzitim avivaze Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)

ITEM WARP werr | mEAaN  [(x—X)/3 |
TENS. EM [%] 12.10 5.37 8.74
LT[ 0.959 1.043 1.001 3.0392
WP  [g.cm/cm?] 1.45 0.70 1.08 0.s89z| [HV.: KN-203-LDY
RT [$%] 58.62 57.14 57.88 -0.3942 [V 5Stromg SR HLY: | 3 Wealk |
BEND. B [g*cm?/en] 0.223 0.212 0.217 2.7040 KOSHI 7.55
2HB [g-*cm/cn] 0.2393 0.1772 0.2083 2.3658 NUMERI 6.38
SHEAR G [g/cm-deg] 0.83 0.93 0.88 1.0423 FUKURAMI 8.55
2HG [g/cm] 2.14 2.26 2.20 1.1017
2HGS [g/ ] 1.93 1.98 1.96 0.5830
SURFACE MIU [-] 0.286 0.303 0.294 1.5130
MMD [-] 0.0129 0.0133 0.0131 -0.9054
SMD [pm] 2.12 3.31 2.71 -0.1387 T.H.V. : KN-302-WINTER
COMP . Ic [-] 1.118 1.118 6.1074 [T.HV.5; Excellent. T.HV.1; Poor. ]
WC [g-em/en?] 1.550 1.550 5.5276 T.H.V. 3.41
RC [%] 46.39 46.39 -0.2229
T&W i [ram] 1.530 1.530 2.9028
[rg/cm? ] 37.2000 37.2000 3.4403

Obrazek 11 Experimentalni data vzorku pleteniny 5 s pouZitim avivaZe Lenor a vysledek hodnoceni primarniho (HV) a

celkového omaku (THV)

4 ZAVER
V systému objektivniho hodnoceni omaku, vyse
uvedenou komparativhi  metodou, dosahly

testované pleteniny mimoradné dobrych vysledka.
Z hlediska primarnich vlastnosti (HV) disponuiji
v8echny pleteniny nizkou az pramérnou tuhosti,
vysokou hladkosti a nadpriimérnou mékkosti a
plnosti omaku. Ztoho vyplyva vysoky stuper

Tabulka 3 Hodnoty omaku testovanych pletenin

celkového omaku (THV) dle klasifikace celkového
hodnoceni omaku (Tabulka 1).

Tabulka 3 zobrazuje pfehledn& hodnoty celkového
omaku testovanych pletenin. Pfi pouziti avivaze
u funkénich pletenin doSlo ke zvySeni pasma
omaku u dvou vzorki 1 a 2, kde byl
z nadprimérného dosazen vyborny omak (&. 1)
a zprimérného dosazen nadprimérny omak
u vzorku €. 2.

Vzorek Prani vbez avivaze Prani s avivazi

THV (stupné) | Pdsmo omaku | THV (stupné) | Pdsmo omaku
1 3,79 Nadprdmérny 4,84 Vyborny
2 3,17 Prdmérny 3,73 Nadprdmérny
3 2,92 Pramérny 3,01 Prdmérny
4 3,96 Nadprdmérny 4,40 Nadprimérny
5 2,94 Pramérny 3,41 Primérny
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U vzorkl 3-5 nemélo pouziti avivaze vliv na zvySeni
pasma omaku. Hodnota omaku pletenin s pouzitim
avivaze byla podobna hodnoté omaku pletenin bez
pouziti avivaze. DoSlo pouze k mirnému zvySeni
omaku v ramci pasma omaku.

Na zakladé tohoto hodnoceni Ize pFedpokladat
dobry, velmi dobry a vyborny senzoricky komfort
uzivatele pfi uzivani vyrobk( z téchto pletenin po
prani a s oSetfenim avivaze Lenor. Zavérem je
mozno konstatovat, Ze z hlediska omaku je pouZiti
avivaze v procesu prani vyznamné u dvou vzorkd,
ato 1 a2, ajepfinosné u zbylych tfi vzorka.

PODEKOVANI: Tato prace byla podpoifena Technologickou
agenturou Ceské republiky v projektu TERMOTEX
TA02010703 - Nova generace vysoce funkénich
bariérovych termoregulacnich a termoizolaénich smart
textilii pro pouZiti v naroénych a specifickych klimatickych
podminkach a zlepSeni ochrany &lovéka.

5
(1]

(2]

(3]
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OBJECTIVE EVALUATION OF TOTAL HAND VALUE OF FUNCTIONAL
KNITTED FABRIC

Translation of the article

Objektivni hodnoceni omaku funkénich pletenin

This article is objectively evaluated total hand value (sensory comfort) of functional knitted fabrics. Objective
measurements of total hand value by using the Japanese devices by Kawabata for measuring the
characteristics important for an objective evaluation of total hand value of textile structures. Each
determination is carried out at a standard load which corresponds to a small deformation similarly to the
fabric fingered hands. In the experimental part the measured values of total hand value of functional knitted
fabrics are compared without using fabric softener and with using fabric softener which is commonly applied
to the textile articles in the last process of the washing cycle in the rinsing bath.
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MULTIFUNKCNE TEXTILIE Z MODIFIKOVANYCH PP VLAKIEN

Jozef Sestak', Ludmila Balogova', Peter Michlik?, Stefan Krivos? a Vladimir Zimany®

7VUTCH—CHEMITEX, spol. s r.o., Rybniky 954, Zilina, Slovenska republika, jozef.sestak@vutch.sk
2vUCHV a.s., Sturova 1 6]/2, Svit, Slovenska republika
SCHEMOSVIT-FIBROCHEM a.s., Sturova 101/2 Svit, Slovenska republika

Abstrakt: Cielom prace je vyskumna priprava multifunkénych koncentratov v kombinacii dpravy
nasledovnych viastnosti polypropylénovych viakien: zniZenie horlavosti (FR) + zvy$enie odolnosti voci
UV Ziareniu (UV) + antimikrobialna uprava (AMB). V prispevku je uvedena zakladna charakteristika
pripravenych multifunkénych koncentratov a pripravenych typov polypropylénovych viékien. Dalej st
v prispevku uvedené charakteristiky pletenin a tkanin (keprova a platnova vézba) pripravenych z PP
vldkien modifikovanych multifunkénymi aditivami FR+UV+AMB. Experimentalne vysledky st doplnené
hodnotenim viastnosti multifunkénej osnovnej pleteniny typu ,Doppel Jersey* pripravenej z aditivovanych
PP viédkien priamo v prevadzkovych podmienkach. Nasledne su stru¢ne popisané zvolené metodiky
pouZité na hodnotenie horfavosti pletenin a tkanin, posudenie zmeny fyzikalno-mechanickych vlastnosti
vplyvom UV Ziarenia a dosiahnutej antibakterialnej dpravy textilii hodnotenej metédou AATCC 100-2012
s pouzitim mikroorganizmov Staphylococcus aureus a Klebsiella pneumoniae. v diskusii st porovnavané
dosiahnuté vysledky zmeny vybranych uzitkovych vlastnosti textilii vo vztahu k ich konStrukcii

a moznostiam pouZitia v praxi.

Kracové slova: multifunkéné koncentraty, multifunkéné PP viakna, znizena horfavost, odolnost’ voci UV

Ziareniu, antimikrobialna tprava.

1 UvVOoD

Rozvoj vyroby PP vlakien v su€asnosti, okrem
iného, sa orientuje najma na pripravu technickych
a 8pecialnych  typov s vysokymi funk&nymi
a uzitkovymi  vlastnostami, priCom rozSirenie
sortimentu pre textilné a technické aplikacie sa
uskutoChuje  predovSetkym cestou fyzikalnej
a chemickej modifikacie [1-4]. Medzi najviac
pozadované modifikacie PP vlakien, zo strany
textiiného priemyslu, patria: zniZzena horlavost,
vysokd UV stabilita, antimikrobidlna udprava,
antistaticka  Uprava azlepSené transportné
vlastnosti vo vztahu k potu. v poslednom obdobi sa
Coraz viac objavuju pozZiadavky na textilné vlakna
a textilie s multifunkénymi Uzitkovymi vlastnostami,
ktoré nie su k dispozicii na su¢asnom svetovom

trhu. Jedna sa najma o kombinaciu znizenej
horfavosti  (FR), vysokej UV stability (UV)
a antimikrobialnej modifikacie (AMB) v jednom

produkte pre oblast textilu pre automobilovy
a nabytkarsky priemysel. DalSou poZiadavkou na
multifunkénost modifikovanych viakien a textilii je
kombinacia modifikacie pre zlepSenie transportu
potu (TV) asuCasne antimikrobialnej (AMB)
a antistatickej (ANT) modifikdcie najma pre
Sportové apracovné odevy. Najvyznamnejsi
svetovi producenti koncentratov modifikacnych
aditiv maju vo svojej ponuke len ,monofunk&né*
koncentraty na PP polymérnom nosici [2-9]. Firma
Schulman ponuka pre PP folie a pasky
monokoncentraty pre AMB modifikaciu (Polybatch
Abact a Polybatch Amic), pre UV modifikaciu
(Polybatch FFP UVRI a Polybatch UV 38l) a FR
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modifikaciu (rad Polyflam). Firma Clariant ponuka
pre PP félie, pasky a vlakna monokoncentraty pre
AMB modifikdciu (CESA Antimikro, Mevopur
a Sanitized) a FR modifikaciu (CESA Flam). Firma
Ciba (BASF) ponuka pre PP félie, pasky a vlakna
monokoncentraty pre AMB modifikaciu (Irgaguard),
pre UV modifikaciu (Irgastab) a ANT modifikaciu
(Irgasurf a Irgastat). Firma Gabriel Chemie ponuka
pre PP folie apasky monokoncentraty pre UV
modifikaciu (HP 794160UV, HP 793680UV a HP
793680UVAO), FR modifikaciu (HP 72521FR, HP
791460UVFR) a ANT modifikaciu (PP 791310AS
aPP 78680AS20). Ani jeden zo svetovych
vyrobcov vSak neponuka multifunkéné koncentraty
modifikagnych aditiv s PP polymérnym nosi¢om.

Pripravit multifunkéné vlakna z dostupnych
monofunk&nych koncentratov je problematické.
Pridavanim viacerych ,monofunk&nych®

koncentratov aditiv do polymérneho systému PP
vlakna sa zvySuje podiel poctu polymérnych
nosic¢ov a cudzorodych nepolymérnych suéasti vo
vlakne, meni sa reolégia taveniny, &im sa
polymérna zmes stava nezvlaknitelnou. Originalny
detailny vyskum, orientovany na skumanie
synergickych efektov pouzivanych a dostupnych
aditiv. ana poznanie uvedenych zakonitosti
v procese pripravy vlakna, umozni pripravit PP
vlakno S pozadovanymi viacfunkénymi
vlastnostami. Celosvetova originalita predmetného
vyskumu, v €asti pripravy viacfunkénych vlakien,
spoCiva v detailnom preskiumani znaSanlivosti
viaczloZzkového koncentratu s PP polymérnym
systémom v procese zvlakhovania spojenom so
Stadiom vplyvu na  morfologiu  a Struktiru
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mikrovlakna az

vlastnosti.

V sucCasnosti nie su dostupné na svetovom trhu PP
vldkna s viac ako dvoma permanentnymi
modifikaciami. Trojfunkéna modifikacia
polypropylénoveého, v hmote farbeného,
mikrovldkna je absolutnou svetovou novinkou
apostup jeho pripravy s pouzitim jedného
multifunkéného koncentratu modifikaénych aditiv je
vysoko inovativny.

Funkéné textilie su novou paradigmou pre textilny
priemysel a reprezentuju silny zékladny sektor pre
uvedené priemyselné odvetvie. Funkéné textilie su
textilie s vy8Sou pridanou hodnotou, ktora zvysuje
moznosti ich vyuzitia, tak vramci odevnych
vyrobkov (najma pre Sport, volny ¢as, zvySeny
komfort a hygienu nosenia), ale aj v sortimente
technickych  textilii  (automobilovy priemysel,
stavebnictvo, nabytkarsky priemysel, zdravotnictvo
a pod.). Su¢asné trendy vo svete su orientované na
zvySenie funkénosti prostrednictvom:

e povrchovych chemickych Uprav pri
zo8lachtovani textilii v ramci ktorych je mozné
spridand hodnotu® zabezpecit ovplyvnenim jednej,
maximalne dvoch funk&nych vlastnosti,

po vyhodnotenie funk&nych

e vyuzitia Specialnych, aditivovanych typov vlakien
prostrednictvom, ktorych je mozné zvysit ,pridanu
hodnotu® textilii zabezpe€enim ich multifunkénosti,
t.j. udelenim synergického efektu prostrednictvom
ovplyvnenia min. 2-3 funk&nych vlastnosti textilii,

e vyuzZitim zmesnych priadzi, ktoré obsahuju
jednotlivé komponenty Specidlnych vldkien aich
prostrednictvom sa zabezpe&i multifunk&nost
textilie.

Sucasné ftrendy vo svete sa orientujd aj na
nasledovné spOsoby a postupy pre ovplyvnenie
funk&nosti textilii [13]:

a. nanotechnolégie — aplikaciou nanocastic na
chemickej baze sa zlepSuju funkéné vlastnosti
napr. antimikrobialne vlastnosti, UV odolnost,
antistatické vlastnosti, odolnost’ voc¢i zaspineniu,
zlepSenie nekréivosti,

b. antimikrobidlna Uprava - zabezpeluje sa
v prevaznej miere aditivaciou v hmote vlakna na
potlacenie rastu mikroorganizmov (resp. ich
znicenie), potlacanie neprijemného zapachu
textilii (odevné textilie pre Sport avolny ¢as),
resp. zvyseni hygieny napr. v obuvi, bytovom
textile, interiérovych textiliach pre automobily,
resp. v zdravotnictve. V prevaZznej miere su na
aditivdciu  vyuzivané nosie  obsahujuce
nanocastice. Zo znamych textilnych vyrobkov
uvadzame: Odor-Easter (obuv), Sole Fresh TM
a Foot Smart (ponozky), Aegis Microbe Shield
(odevy).

c. transport vlihkosti — transport vihkosti je jednym
z kfu€ovych kritérii funk&nosti najméa pre odevné
textilie. Schopnost odevu transportovat vihkost
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vyrazne ovplyvriuje komfort nosenia. Uvedena
schopnost sa dosiahne pouzitim mikrovlakien
alebo aplikaciou silikénov na molekularnej
urovni v hmote vlakna s ciefom zvysit hydrofilné
vlastnosti textilie. Zo znamych prikladov
zvyseneho transportu vihkosti uvadzame textilie
Coolmax (Sportové odevy), Coolplus (ponozky,
spodna bielizen).

d. zniZenie horlavosti textilie — v suCasnosti sa
v8eobecne vyuZivaju dva spbésoby pre znizenie
horfavosti:  aditivacia vlakna koncentratom
obsahujucim retardér horenia a povrchova
Uprava prostrednictvom impregnacie textilie.
Obidva spbsoby su z hladiska
environmentalneho prisne sledované lebo
vyuZivaju prostriedky na baze zlu€enin fosforu
alebo halogénovych organickych zlucenin.
NajdrahSim sp6sobom zniZenia horlavosti textilii
je  vyuzitie napr. aramidovych  vlakien
s permanentnou nehorfavostou (napr. vlakno
Kermel alebo Nomex).

Aj dalSie literarne odkazy [14-15] potvrdzuju vysoké
poZiadavky na viacfunk&nost textilii, ktoré sa
vacsinou rieSia kombinaciou modifikovanych
vlakien do textilii s vyuzitim aj povrchovych uUprav
textilii [16].

2 EXPERIMENTALNA CAST

2.1 Charakteristika pripravenych multifunkénych
koncentratov

V ramci vyskumnych prac boli postupne
zabezpecené a vyhodnotené vybraté PP polyméry
s vyhovujucimi spracovatelskymi vlastnostami pre
vyskum PP koncentratov (Moplen HF501N, Tatren
HG1007) a zvlakfovacie testy multifunkénych PP
vlakien (Tatren HT2511).

Na zaklade Studijnej Casti nasho vyskumu boli
vybrané azabezpeCené bezhalogénové FR
modifikatory na baze derivatov triazinu (oznacenie
FR) aN-alkoxy tienenym aminom (FRUV),
antioxidanty Irgafos 168, synergicka zmes dvoch
typov oligomérnych UV stabilizatorov (UV) ako aj
AMB aditiva na baze anorganickych nosi¢ov SiO,
(AMB1); BaSO, (AMB2) aditivované iénmi striebra
pre vyskum multifunkénych PP koncentratov.
Termickymi analyzami bola potvrdena ich vhodnost
pre pripravu multifunkénych koncentratov.

Materialovym vystupom vyskumu multifunkéného
PP koncentratu boli 3 typy PP koncentratov
v kombinacii FR, UV a AMB s oznafenim 28/1673,
28/1674 a 28/1676. Technologicka spolahlivost

procesu pri optimalizovanych parametroch ich
pripravy bola vyhovujuca, porovnatelna so
spolahlivostou procesu pripravy Standardnych

monofunkénych  koncentratov.  Spracovatelské
a reologické vlastnosti pripravenych modelovych
vzoriek multifunkénych koncentratov boli na
pozadovanej urovni pre aditivaciu PP vlakien
(tabulka 1 a 2) [17].
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Tabulka 1 ZlozZenie pripravenych multifunkénych PP koncentratov (FR+AMB+UV)

Koncentrat PP [%] FR [%] FR+UV [%] AMB2 [%] Dispergator [%] UV stabilizatory [%]
28/1673 49,4 25,0 - 10,0 5,6 10,0
28/1674 414 33,0 - 10,0 5,6 10,0
28/1676 49,7 25,0 3,0 10,0 4,8 7,5

Pozn. Technologicka stabilita pripravy koncentratov bola bezproblémova vo vSetkych technologickych uzloch.
Tabulka 2 Reologické konstanty PP polyméru a modelovych vzoriek multifunkénych PP koncentratov
Vzorka K [Pa.s] n B
PP Tatren HT2511 2104,8 0,5364 0,9985
28/1673 2280,8 0,5051 0,9992
28/1674 2786,0 0,4851 0,9990
28/1676 2503,6 0,4910 0,9995

Pozn.: Hodnotenie podfa mocninového modelu t = K.y".

K - koeficient konzistencie; n — pseudoplasticka odchylka; B — koeficient urcitosti

V projekte pre rieSenie aditivacie bol pouzity
dispergaCny pripravok s vyvazenym charakterom
chemickych vplyvov, fyzikalnych a chemickych
konstant, ktory je dostupny pod obchodnym
nazvom Slovacid S44P.

Pre meranie reologickych zavislosti bol pouZzity
kapilarny extriderovy rheoviskozimeter Goéttfert
s tryskou dizky 28,0 mm a priemerom 2,5 mm, pri
teplote taveniny 230°C.

Pre hodnotenie indexu toku sa pouZzival kapilarny
rheoviskozimeter Kayenness s tryskou dizky
8,0 mm a priemerom 2,096 mm, pri teplote taveniny
230°C a dobe temperacie 600 s.

Meranie bolo vykonané v automatickom rezZime
metodou B s vyuzitim enkddera.

Uvedenymi skusSkami boli potvrdené pozitivne
vysledky  dosiahnuté v etape laboratérneho
vyskumu PP koncentratov s FR+AMB+UV

modifikacnym ucinkom. Nasledne boli uskutoénené
skusky zvlaknitelnosti pripravenych multifunkénych
koncentratov (laboratérna zvlékiiovacia linka TS-32
s odtahom do 2500 m/min) s pozitivnym
vysledkom, ¢&im bola potvrdena ich vhodnost pre
pripravu PP multifunkénych FR+AMB+UV vlakien.
2.2 Charakteristika pripravenych PP
multifunkénych viakien

Laboratorne bolo testovanych 11 rdéznych typov
mono  a viacfunkénych koncentratov a aditiv.
Pripravené boli modifikované PP vlakna s vy$Sou
jednotkovou jemnostou 5 dtex v prevedeni hladkom
a frikéne tvarovanom vreznom stave s rbznou
koncentraciou aditiva. Na pripravu a laboratérne
skusky bola pouzitad modelova zvlaknovacia diziaca

linka, ktora umoZzZnuje pracovat pri znizenych
teplotdch  zvldkhovania. Len na niektorych
vyrobnych  zariadeniach je mozné pracovat

s teplotami zvlakfiovania pod 250°C.
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Hladké typy PP viakien boli pripravené priamo na
zvlakfiovacej dlZiacej linke pri nasledovnych
technologickych podmienkach:

teplotny profil 5 zobnového extrudera: 215, 225,
235, 240, 245°C,

teplota rozvodnej vetvy a hubicového bloku:
245°C,

hubica: 16 kruhovych otvorov priemer 0,5 mm,
L/D 2,24,

preparacia: Stantex S 6051 fy Pulcra, 14%-ny
vodny roztok,

obsah preparacie: 1,5% hm.

Frikéne tvarované PP vldkna boli tvarované na
stroji AFK od firmy Barmag a zdruZzované typy PP
vlakien na stroji TG 20. Hodnotené multifunkéné
koncentraty boli beZne spracovatefné, ale pri
dlhodobom tepelnom namahani dochadzalo
u niektorych aditiv k ich degradacii, o spdsobilo
Zltnutie vlakna. Vplyv aditiva na farebnu odchylku je
vyhodnoteny v tabulke 3. Fyzikalno-mechanické
vlastnosti finalneho vlakna su uvedené v tabulke 4.
Pripravené vzorky multifunkénych vlakien spifiaju
normou predpisané hodnoty fyzikalno-
mechanickych vlastnosti. Na hodnotenie zniZenia
horfavosti boli pouZité stanovenie LOI, vysledky su
uvedené v tabulke 4. UZ pri obsahu 2%-ného
koncentratu aditiv typu 28/1674 bolo dosiahnuté
vyznamné zvySenie LOI o 6% O, oproti
nemodifikovanej vzorke, ¢o je vyrazny efekt FR
upravy. NajlepsSie vysledky laboratérneho vyskumu
v skupine PP vlakien s upravou FR+UV+AMB boli
dosiahnuté s multifunkénym koncentratom typu
28/1674, ktory bol pouzity aj vramci
poloprevadzkového vyskumu [17].
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Tabulka 3 Hodnotenie koloristickych vlastnosti modifikovanych PP viakien s uUpravou FR+UV+AMB, s obsahom

multifunkéného koncentratu 3%hm. (typ svetla D 65)

Vzorka dL da db dC dH dE
36/2014/4 (Standard) 0,44 0,03 -0,05 0,05 0,03 0,44
36/2014/7 1,59 -0,21 0,75 -0,72 -0,29 1,77
36/2014/10 1,9 -0,11 0,42 -0,42 -0,12 1,19
36/2014/13 -2,21 -2,33 17,28 14,6 -9,53 17,57

Poznamka: dL, da, db, dC, dH, dE — oznacenie koloristickej odchylky od Standardu.

Tabulka 4 Fyzikalno-mechanické vlastnosti a LOI multifunkéného tvarovaného PP vlakna 84/16 x 4 FT, odtien P-001

s obsahom multifunkéného koncentratu 3%hm.

Typ

Podiel

Jemnost’

Pevnost’

Vzorka K : lvméri PP viak 14k Taznost Lol

PP vlakna once_n’tratu v polyméri vlakna vlakna [%] [%0bj.05]
aditiv [%hm.] [dtex] [cN/dtex] )

36/2014/4 - - 368,9:0,1 3,51£0,1 9612 26+0,5
(Standard)

36/2014/7 28/1673 3 372,7+0,4 2,29+0,1 111,545,8 32105
36/2014/10 28/1674 3 372,6+0,7 2,33£0,1 113,547,9 3105
36/2014/13 28/1676 3 373,9+0,3 2,30,1 112£16 31,505

Vzorka PP vldkna 36/2014/13 bola experimentalne Bola overovana spracovatelnost a nasledné

pripravena pri  overovanych technologickych
podmienkach priamo na vyrobnej linke. Pri pouZiti
koncentratu 28/1676 bola dosiahnuta koloristicka
odchylka (dE=17,57), ktora je podstatne vysSia ako
pri pouziti koncentratu 28/1673 aplikovanom na
pripravu PP vlakna 36/2014/7. Z uvedeného
vyplyva, Ze zistena koloristickd odchylka bola
spésobena rozdielnym podielom pouzitych aditiv
v koncentrate 28/1676.

VYSLEDKY a DISKUSIA

vlastnosti pripravenych textilii zo vzoriek PP vlakien
s oznacenim:

vz. €. 36/2014/4 (Standard),

vz. €. 36/2014/7 (koncentrat aditiv ¢. 28/1673),

vz. €. 36/2014/10 (koncentrat aditiv €. 28/1674),

vz. €. 36/2014/13 (koncentrat aditiv ¢. 28/1676).
Modifikované PP vlakno bolo spracované na
plochych pletacich strojoch typu CMS 330 Tc,
s delenim 12 E, do jednolicnych pletenin (pleteniny
pre odevné ucely) a suasne na ihlovom tkacom
stave typ CCI Evergreen 2014 do tkanin s pouzitim
platnovej a keprovej (typ 3/1) vazby. Nasledne boli

3.1 I‘;Ilgz;;tez;e uzxfl?; ‘\’/‘é v':zls'ﬂ?s’;fcz:r’; ny’: '; vyhodnotené fyzikalno-mechanické, funkéné
P a uzitkoveé vlastnosti pripravenych textilii [17]. Popis
typov textilii a identifikacia pripravenych vzoriek textilii z vliakna
Za uCelom overenia textilnej spracovatefnosti Prolen VEL FTS 167/36x2 dtex P-001
v roznych konstrukciach textilii bola pripravena aditivovaného multifunk&nym koncentratom
zakladna skupina modifikovaného PP vldkna Prolen FR+UV+AMB (podiel 3%hm.):
VEL FTS 167/36x2 dtex P-001 aditivovaného
koncentratom FR+UV+AMB, v podiele 3%hm.
A) PLETENINA Standard: vz.6.36/14/4 (bez aditiva)
vzorka €.1: vz.6.36/14/7 (koncentrat ¢. 28/1673)
vzorka €.2: vz.¢.36/14/10 (koncentrat €. 28/1674)
vzorka ¢.3: vz.€.36/14/13 (koncentrat ¢. 28/1676)
B) TKANINA, platnova vazba Standard: vz.6.36/14/4 (bez aditiva)
vzorka €.1: vz.6.36/14/7 (koncentrat ¢. 28/1673)
vzorka €.2: vz.€.36/14/10 (koncentrat €. 28/1674)
vzorka €.3: vz.¢.36/14/13 (koncentrat ¢. 28/1676)
C) TKANINA, keprova vazba Standard: vz.C.36/14/4 (bez aditiva)
vzorka €.1: vz.6.36/14/7 (koncentrat €. 28/1673)
vzorka €.2: vz.¢.36/14/10 (koncentrat ¢. 28/1674)
vzorka €.3: vz.6.36/14/13 (koncentrat €. 28/1676)
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Vysledky hodnotenia horfavosti su doplnené
o hodnotenie osnovnej pleteniny ,Doppel Jersey*
zo 100% modifikovaného polypropylénového

textilného hodvabu (PPtxh) pripravene;j
v prevadzkovych podmienkach vo vyrobnom
podniku.

Na hodnotenie horlavosti boli pouZité 2 osnovné
pleteniny:

vzorka ¢.1: oshovna pletenina (dalej
oznaCovana ako ,Standard“) pripravena zo
100% PES na okruhlom pletacom stroji typ VBD
38“ S fy Mayer v spolocnosti Bodet & Horst
Mattress Ticking k.s., Vrbove,

vzorka ¢.2: osnovna pletenina pripravena zo
100% modifikovaného PPtxh pripravena na
okrihlom pletacom stroji typ VBD 38 S fy Mayer
v spolo¢nosti Bodet & Horst Mattress Ticking k.s.,
Vrbové, SR.

3.2 Hodnotenie vplyvu zniZenia horlavosti
textilii

V grafoch 1 a2 su uvedené vysledky hodnotenia
horfavosti pletenin atkanin (platno a keper)
v horizontédlnom a vertikalnom smere stanovené
podla prisludnych skuSobnych noriem.

Z vysledkov uvedenych v grafe 1 vyplyva, Ze
vSetky skuSané textilie z  multifunkénych
FR+AMB+UV PP vldkien maju horizontalnu
rychlost’ horenia na urovni 0 sekund, bez rozdielu
pouzittho  multifunkéného koncentratu v PP
vlakne, konstrukcie textilie (pletenina, tkanina)
a vazby tkaniny (platno, keper), ¢o je vyznamne
pozitivny vysledok retardacie horenia.
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Podla vysledkov uvedenych v grafe 2 (samovolné
plamefiové horenie vo vertikdlnom smere)
najlepSie vysledky boli dosiahnuté u textilii
pripravenych z modifikovaného PP vlakna
obsahujuceho multifunk&ny koncentrat
vz. €. 28/1676 (vzorka €. 3), u ktorych sa
priemerny ¢as samovolného plameriového horenia
pohyboval na Jdrovni max. 0-19,9 sekund
v zavislosti od konstrukcie textilie, u ostatnych
multifunkénych textilii sa tento ¢as pohyboval
v rozsahu od 14 do 44 sekund.

Na zaklade dosiahnutych vysledkov je mozné
konstatovat, Zze bez rozdielu konstrukcie textilie
(pletenina, tkanina, vazba) z hladiska horfavosti

dosiahli najlepsie vysledky PP vlakna
modifikované multifunkénym koncentratom
€. 28/1676.

V grafe 3 su uvedené vysledky hodnotenia horenia
Standardnej pleteniny ,Doppel Jersey® pripravenej
zo 100% PES vlakien aosnovnej pleteniny
.Doppel Jersey* (tj. rovnaka konStrukcia)
pripravenej zo 100% multifunkénych PP vlakien
aditivovanych koncentratom ¢. 28/1676. Osnovné
pleteniny boli pripravené v beznych prevadzkovych
podmienkach v sortimente povlakov na postelné
matrace. Dosiahnuté vysledky podla grafu 3
aobrazku 1 preukazujid vyznamné rozdiely
v hodnotach Casu samovolného horenia
v prospech osnovnej pleteniny z multifunkénych
PP vlakien.

@ jednolicna pletenina
mtkanina s platnovou vazbou
mtkanina s keprovou vazbou

0 0 O 0 0 0

vzorka ¢.2 vzorka ¢.3

Graf 1 Priemerny Cas horizontalnej rychlosti horenia textilii (pletenin a tkanin) stanoveny podfa ISO 3795:1995
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@ jednolicna pletenina

mtkanina s platnovou vazbou
443 : g
mtkanina s keprovou vazbou

40 36,2

(8}
o

Priemerny ¢as samovolného
plamenového horenia (s)

standard vzorka ¢.1 vzorka ¢.2 vzorka ¢.3

Graf 2 Priemerny ¢as samovolného plamenového horenia (pletenin a tkanin) vo vertikdlnom smere stanoveny podla
EN ISO 15025: 2003

®100% PES (vzorka £.1)
®100% modif. PP (vzorka €2)

[ux]
o

633

a3}
o

plamenového horenia (s)
[\ i
o o

Priememy ¢as samovolného

dizka pleteniny sirka pleteniny

Graf 3 Priemerny €as samovolného plamerfiového horenia textilii vo vertikdlnom smere stanoveny podla STN EN ISO
15025: 2003 (priemyselne pripravena pletenina)

a) b) c) d)

Obrazok 1 Priebeh horenia azvySok po skudke stanovenia ohraniCeného Sirenia plamena osnovnej pleteniny
pripravenej zo 100% PES vlakna (a) a (b); 100% modifikovaného PP vldkna (c) a (d)
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3.3 Hodnotenie vplyvu zvysenia odolnosti
multifunkénych PP viakien voéi UV
Ziareniu

V grafe 4 su uvedené vysledky hodnotenia vplyvu

UV ziarenia na fyzikalno-mechanické parametre

Standardnej a multifunkénej pleteniny a tkaniny

(platnova a keprova vazba), ktoré boli pripravené

z vySSie uvedenych PP vilakien modifikovanych

koncentratom s aditivami FR +UV+AMB2.

Bola zvolena metéda porovnavania fyzikalno-
mechanickych vlastnosti  (pevnost, taznost)
hadicovych pletenin atkanin pred a po expozicii
UV lampou. Cas oZarovania bol vypoé&itany, pri
intenzite ozarovania 60x2 (W.m'z), vinova dizka
300 az 400 nm, na dobu 741 hodin (1 rocny
ekvivalent UV Ziarenia pre mierne pasmo),
stanovené podla normy STN EN 12 608:2005
a pouzitého pristroja Xenotest Alpha. Pokial na
pletenine zo Standardného PP viakna bol
zaznamenany pokles pevnosti po 741 hod az
o takmer 95%, na pletenine z PP vlakien
upravenych aditivom typu 28/1676 bol tento pokles

Textilné technoldgie

mozné konstatovat vyznamne pozitivny vysledok
pouzitia UV aditiva, najma v type multifunkéného
koncentratu &. 28/1676, aj na tkaninach. Pri
keprovej tkanine zabezpedil zniZenie pevnosti po
741 hodinach expozicie len o cca 35%, zatial o
pri tkanine zo Standardnych (nemodifikovanych)
PP vlakien bol pokles az 0 90%. Uvedené rozdiely
pevnosti neboli také vyznamné pri tkanine
s platnovou vazbou. V suvislosti s hodnotenim
zmeny farebného odtiela po expozicii UV
Ziarenim bol zisteny najvy8Si stupen 4 vzdy
u vz. €. 3 (multifunkény koncentrat ¢. 28/1676), na
ostatnych vzorkach bol registrovany nizsi stupen
3-4 resp. u vz. & 1 (platno) s koncentratom
€. 28/1673 len na arovni stupna 2-3.

3.4 Hodnotenie vplyvu antimikrobialnej
ucinnosti pripravenych textilii

V tabufkdch 5 az 7 su uvedené vysledky

hodnotenia antimikrobialnej aktivity (AMA) na

pleteninach a tkaninach pripravenych

z multifunkéne modifikovanych typov PP vikien.
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Graf 4 Porovnanie hodnbt pevnosti na pleteninach a tkaninach (platno, keper) z modifikovanych PP vlakien pred a po

expozicii UV ziarenim po dobu 741 hodin

Tabulka 5 Vysledky hodnotenia antimikrobialnej G¢innosti na PP

a Klebsiella pneumoniae metédou AATCC 100:2012

pleteninach s baktériami Staphylococcus aureus

Baktéria Staphylococcus aureus Klebsiella pneumoniae
(CFU/vzorka) (CFU/vzorka)
Kontaktna doba | Standard | vzorka ¢.1 | vzorka €.2 | vzorka ¢.3 | Standard | vzorka ¢.1 | vzorka ¢.2 | vzorka ¢.3
Oh 174x10° 51x10° 92x10° 101x10° | 132,6x10° | 109x10° 125x10° 136x10°
24 h 101x10" <100 <100 253x10' 116,3x10° 121x10" 282,3x10° 58x10°
Redukcia [%] Ziadna >99,80 >99,89 >97,50 Ziadna Ziadna Ziadna 99,2
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Tabulka 6 Vysledky hodnotenia antimikrobialnej Gc&innosti na PP tkaninach s platnovou vazbou s baktériami
Staphylococcus aureus a Klebsiella pneumoniae metédou AATCC 100:2012

Baktéria Staphylococcus aureus Klebsiella pneumoniae
(CFU/vzorka) (CFU/vzorka)
Kontaktna doba Standard vzorka ¢.1 vzorka €.2 vzorka €.3 Standard vzorka €.1 vzorka ¢€.2 | vzorka €.3
Oh 42x10" 100x10° 52x10° 136x10' 150x10° 179x10° 110,3x10° | 114,6x10°
24 h 93x10° <100 246x10° <100 82x10° 264,3x10" 79,6x10° 105x10"
Redukcia [%] Ziadna 208,82 99,17 299,51 Ziadna Ziadna 27,83 99,08

Tabulka 7 Vysledky hodnotenia antimikrobialnej Gc&innosti na PP tkaninach s keprovou vazbou s baktériami
Staphylococcus aureus a Klebsiella pneumoniae metédou AATCC 100:2012

Baktéria Staphylococcus aureus Klebsiella pneumoniae
(CFU/vzorka) (CFU/vzorka)
Kontaktna doba Standard vzorka ¢.1 | vzorka ¢.2 | vzorka ¢.3 Standard vzgl;ka vzorka €.2 vzorka €.3
Oh 129x10° 43x10° 53x10° 73x10° 150,6x10° 88x10° 111,6x10° 51,3x10°
24 h 69x10" 51x10" 75 43 111,3x10° 111x10° 32x10' 164
Redukcia [%] Ziadna 88,14 98,58 99,4 Ziadna 87,39 99,71 99,68

Tabulka 8 Vysledky hodnotenia antimikrobialnej G&innosti na osnovnej pletenine ,Doppel Jersey“ s baktériami
Staphylococcus aureus a Klebsiella pneumoniae metédou AATCC 100:2012

Baktéria Staphylococcus aureus Klebsiella pneumoniae
(CFU/vzorka) (CFU/vzorka)
Kont. doba vzorka €. 1 vzorka €. 2 vzorka €. 1 vzorka €. 2
0h 1,25 x 10° 1,96 x 10* 1,15x10° 7,50 x 10°
24 h 1,54 x 10° <100 1,83 x 10° 1,99 x 10°
Redukcia [%] Ziadna > 99,49 Ziadna 99,74
Vzorka. €.1: Osnovna pletenina ,Doppel Jersey“ — 100% PES
Vzorka. €.2: Osnovna pletenina ,Doppel Jersey“ — 100% PP
Vysoka antibakterialna aktivita (redukcia nad 99%) Podfa celkového hodnotenia antimikrobialnej

pri hodnoteni na baktériu Staphylococcus aureus,
bola potvrdend u v8etkych vzoriek pletenin
pripravenych z modifikovanych PP vlakien. Pri

hodnoteni s baktériou Klebsiella pneumoniae
dosiahla  vysoku redukciu len pletenina
s koncentratom ¢. 28/1676 (vzorka ¢&. 3),

u ostatnych PP vlakien nebola zistena Ziadna
redukcia.

Vysoka antibakteridlna aktivita, pri hodnoteni na
baktériu Staphylococcus aureus, (redukcia nad
88%) bola potvrdena aj u vSetkych vzoriek tkanin
splatnovou aj s keprovou vazbou (3/1)
pripravenych z multifunkéne modifikovanych PP
vlakien. Pri pouziti baktérie Klebsiella pneumoniae
(ktora je podstatne rezistentnejdia) bola vysoka
redukcia (nad 99%) zistena na tkanine s platnovou
vazbou pripravenej z PP vlakna s obsahom
koncentratu &. 28/1676 (vzorka €. 3), u vzorky €. 2
(koncentrat €. 28/1674) bola redukcia 27,8%
auvzorky €. 1 nebola zistena Ziadna redukcia.
Naopak, pri tkanine s keprovou vazbou bola
zistena vysoka redukcia (nad 87%) u vSetkych
vzoriek tkanin s modifikovanym PP viaknom.
Rozdielne vysledky dosiahnuté s uvedenou
baktériou zrejme suvisia s povrchovou Strukturou
tkaniny vo vztahu k zmac&aniu povrchu inokulom.
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aktivity vyplyva, Ze aplikacia pouzitych AMB aditiv
v kombinacii s aditivami FR a UV, nezniZuje ich
ucinnost, resp. nevyvolava negativne sprievodné

javy. Podla  dosiahnutych  vysledkov za
najvhodnejsi multifunkény FR+AMB+UV
koncentrat je mozné povazovat koncentrat
¢. 28/1676.

Hodnotenie antimikrobidlnej aktivity bolo nasledne
vykonané, podla prislusnej metédy, aj na
prevadzkovo vyrobenej osnovnej pletenine
s oznatenim “Doppel Jersey”. Vysledky su
uvedené v tabulke 8.

Opakovane bol potvrdeny vysoky stupen
antimikrobidlnej aktivity na urovni ,bakteriocidny*
pri pouziti obidvoch typov baktérii.

4 ZAVER

Cielom  vyskumnej prace bola priprava
multifunkéného koncentratu (FR+UV+AMB),
s nosicom na  polypropylénovom  polymeéri,

ur€enym pre modifikaciu PP vldkien. Naslednym
hodnotenim vybranych uZitkovych vlastnosti textilii
(pletenin a tkanin) pripravenych z modifikovanych
vlakien bola potvrdena vysoka multifunkéna
uCinnost’ koncentratu (oznacenie €. 28/1676) so
zloZenim: 25% hm. bezhalogénovy FR modifikator



Textile Technologies

na baze derivatov triazinu + 3% hm. N-alkoxy
tienenym aminom - modifikdtor FR UV + 10% hm.
antimikrobialne aditivum na anorganickom nosici
BaSO, - AMB 2 + 4,8% hm. dispergator
kondenzacny produkt kyseliny stearovej
a propylénoxydu a 7,5% hm. synergickej zmesi
oligomérnych HALSov v kombinacii
s antioxidaénym aditivom. Overena technologicka
spracovatelnost multifunk&ného koncentratu
potvrdila vyhovujucu spracovatelnost pri aditivacii
PP  vldkien bez negativnych  vedlajSich
reologickych resp. koloristickych  vplyvov.
Nasledne, po aplikacii 3%hm. podielu uvedeného
typu koncentratu do modifikovanych PP vlakien,
boli v textiliach (pleteniny a tkaniny) zistené,
v porovnani s textiliami zo &tandardnych PP
vlakien nasledovné pozitivne zmeny uZitkovych
vlastnosti:

e zniZenie priemerného ¢asu samovolného
plamefového horenia na zvisle umiestnenych
pleteninach o 20 sekund (znizenie o 100%
oproti Standardu) avo zvisle umiestnenych
tkaninach tiez o 20 sekund (znizenie o 80%
voci Standardu);

e po expozicii UV lampou, s podmienkami
stanovenymi pre mierne pasmo, na pleteninach
doslo k znizeniu jej pevnosti len 0 5% oproti
znizeniu pevnosti 095% po expozicii na
Standardnej pletenine. Na tkaninach (keprova
vézba) bol zisteny pokles pevnosti len 0 35%,
zatial Co pri Standardnej textilii bol zisteny
pokles pevnosti az 0 90%;

o skudky hodnotenia antibakterialnej aktivity, pre
baktérie Staphylococcus aureus a Klebsiella
pneumoniae, potvrdili vysoky stupen redukcie
(> 90%) na pleteninach z modifikovaného PP
vlakna. Pri uvedenom type multifunkéného
koncentratu (28/11676) bola vysoka AMB
aktivita (redukcia > 80%) stanovena pre obidva
typy baktérii aj vtkaninach s platnovou
a keprovou vazbou.
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Dosiahnuté vysledky zmeny vybranych uzitkovych
vlastnosti pletenin atkanin boli potvrdené na
prevadzkovo pripravenej osnovnej pletenine
,Doppel Jersey“. V porovnani so S$tandardnou
pleteninou vyrobenou zo 100% PES vlakien boli
preukazané aj realne moznosti  vyuzZitia
multifunkéného koncentratu typu 28/1676 pre
ucinni modifikaciu PP vlakna, ktoré je mozné
s vyhodou pouzit napr. v sortimente bytovych
textilii (matracoviny) alebo technické textilie (napr.
autopotahy).

PODAKOVANIE: Tato praca bola podporovana Agenturou
na podporu vyskumu a vyvoja na zaklade zmluvy ¢.
APVV-0056-12.
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MULTIFUNCTIONAL TEXTILES FROM MODIFIED PP FIBRES

Translation of the article

Multifunkéné textilie z modifikovanych PP vlakien

Goal of the work is research preparation of multifunctional concentrates in combination of finish of following
properties of polypropylene fibres: flammability reduction (FR) + enhancement of UV resistance (UV) +
antimicrobial finish (AMB). Basic characteristics of the prepared multifunctional concentrates and prepared
types of polypropylene fibres are given in the contribution. Besides, characterization of knitted and woven
fabrics (twill and plain weave) of the prepared PP fibres modified with multifunctional additives FR + UV +
AMB are described in the contribution. Experimental results are complemented by evaluation of properties of
the multifunctional warp knitted fabric ,Doppel Jersey“ type prepared from additived PP fibres directly in
operational conditions. Selected procedures used to evaluate flammability of the knitted and woven fabrics,
assess change of physico-mechanical properties caused by UV radiation and achieved antibacterial finish of
the textiles evaluated with AATCC 100-2012 method using micro-organisms Staphylococcus aureus and
Klebsiella pneumoniae are described shortly in further part of the contribution. Obtained results of change of
selected performance characteristics of the textiles in relation to their construction and possibilities of
practical application are compared in discussion.
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REVIEW: INSTRUMENTS USED FOR TESTING MOISTURE
PERMEABILITY

Jawad Naeem, Funda Buyuk Mazari and Adnan Mazari

Technical University of Liberec, Department of Textile Clothing, Studentska 2, 46117 Liberec, Czech Republic
adnan.ahmed.mazari@tul.cz

Abstract: This article presents several methods of evaluating moisture transportation through textile
materials. Some of the measurements are carried out at steady state however in actual time the clothing
experiences unsteady state and there is simultaneous presence of moisture and temperature difference.
Due to the consideration of initial specimen absorption as moisture permeability, permeability of moisture
should be evaluated for longer period of time. There is need of some newly designed instrument which can
evaluate moisture permeability under static and transient conditions.

Keywords: thermal comfort, moisture vapor permeability, steady state, transient state.

1 INTRODUCTION

Clothing comfort has become one of the most
important aspects of clothing. Despite of many
efforts to define comfort, still an agreeable definition
has yet to be made [1]. Clothing comfort is defined
by several scientists in different ways i.e. [2]

o Temperature regulation of a body
¢ Physiological reaction of wearer
o Absence of discomfort or unpleasant feeling

e Condition of pleasant physical, physiological,
psychological and harmony between a human
being and surrounding environment

Clothing comfort can be categorized into four
different elements, which are:

1. Thermo-physiological or thermal
2. Sensorial or tactile

3. Physiological

4. Fitting

Thermo-physiological comfort is related to thermal
equilibrium of human body, which is influenced by
physical activities, metabolic rate of human body,
ambient temperature along with thermal and
moisture transmission behavior of worn clothing [3].
The sensorial or tactile comfort is associated to
contact of skin with clothing i.e. feeling of person
when garment is worn next to the skin. These are
warm cool feeling, creation of static charge, feeling
of fullness or softness, pricking and itching. The
physiological comfort is reliant on aesthetic
properties of fabric, i.e. color, pilling, drape and
luster. The comfort related to size and fitting is
called fitting comfort [4]. In case of thermal comfort,
transmission of heat and moisture in the fabric play
a pivotal role in managing thermal comfort [5-
6].Transmission of moisture through textile material
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takes place in the form of vapors and liquids.
Without sweating, human body cannot maintain its
temperature in an environment and sweat collected
in clothes evaporates slowly till heat lost from the
human body can be more than required and human
body started to feel cool and uncomfortable [7].
Water vapor resistance is one of the measurements
utilized to evaluate values linked with water vapor
transmission properties. It is the differentiation of
water vapor pressure difference across the two
sides of the fabric divided by the heat flux per unit
area, measured in square meters pascal per watt.
In colder climate, layered fabrics instead of single
fabrics are utilized in most of conditions. Under
these circumstances, two most important
parameters of fabrics are heat and water vapor
transmission [8-10]. Wicking properties in these
circumstances evaluated how swiftly and widely
liquid water spreads laterally on the surface of
fabric and measure water vapor transportation
through layer of fabric. It was noted that heat and
water vapor transport properties are dependent on
factors like density, porosity, thickness and water
vapor absorbability of fibers etc. [11-13]. Breathable
fabrics submissively permit water vapor to diffuse
through them but still avert penetration of liquid
water. In order to regulate temperature of the body
it is necessary for skin to generate water vapor.
Depending on the conditions, the normal body
temperature is 37°C and skin temperature is
between 33-35°C. Death can result if the
temperature goes beyond critical range of 24°C and
45°C. Adversarial effects such as disorientation and
convulsions can occur in limits of 34°C and 42°C
[14].
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2 FUNDAMENTALS OF MOISTURE VAPOR
TRANSMISSION

e Moisture vapor transmit through
materials by the following mechanisms:

o Diffusion of the water vapor through the air gaps
between the fibers

e Absorption, transmission and desorption of the
water vapor by the fibers

e Adsorption and migration of the water vapor
along the surface of fiber

e Water vapor transportation by forced convection
(4]

Investigation of scientific literature revealed keen
interest of researchers to solve the issue of reliable
determination of vapor permeability properties of
textile materials [15-24]. It is pertinent to design
fabric with required moisture transmission
properties. The selection of experimental procedure
is the most important concern being monitored
during evaluation of moisture transmission
properties of fabric or clothing system.

Heat and moisture transfer through fabric
evaluated in two conditions:

1. Steady state
2. Transient state

The steady state experiments deliver reliable heat
and mass transfer data for the non-active case, but
they are unable to demonstrate the heat and
moisture transfer mechanisms in actual wearing
situation [5]. A number of test conditions, design of
devices and approaches facilitate fundamental
understanding and comprehensive learning of
vapor permeability process [25].

The evaluation of moisture vapor transmission
through fabric is slow and sensitive but very
effective process. Different standard methods
utilized for evaluating moisture vapor transmission
properties of textile substrates are:

e Evaporative dish method or control dish method
(BS 7209)

e Upright cup method or Gore cup method (ASTM
E 96-66)

¢ Inverted cup method and the desiccant inverted
cup method (ASTM F 2298)

e The dynamic moisture permeable cell (ASTM F
2298)

e The sweating guarded hot plate method, skin
model (ISO 11092)

e Sweating manikins [26-28].

fibrous

is

2.1 Evaporative dish method

Gravimetric method is used to evaluate water vapor
transmission rate through fabric. The sample to be
tested is shielded over the open mouth of a dish
containing water and positioned in the standard
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atmosphere for testing. After certain amount of
time, total system maintains equilibrium state
followed by sequential weighing of the dish and
calculation of the rate of water vapor transfer
through the sample. The steady state water vapor
permeability is also evaluated in this method. The
relative permeability of the specimen is measured
by comparing experimental test results with a
reference fabric.

(WVP) = 24M / A.t (1)
Relative water vapor permeability index [%] = )
= (WVP)f x 100/(WVP)r

where (WVP) is water vapor permeability [ng/day], M is
the loss in mass [g] of water vapor through the fabric
specimen, t is the time between weighing [h], A is the
internal area of the dish [mz], (WVP)f and (WVP)r are the
water vapor permeability of the test fabric and reference
fabric, respectively.

\Moisture vapor Fabric sample
I | |

Dish containing water

Figure 1 Moisture vapor permeability tester [6]

2.2 Upright cup method

In this method, fabric sample is positioned and
sealed above a cup, 2/3" of cup is filled with water
and then it is placed in a wind tunnel at a standard
atmosphere on a weighing balance and the
variation in mass of the fabric at a time interval is
calculated [29].

Fabric specimen

Ring

Air layer

Water Up right cup

Figure 2 Upright cup method [6]

2.3 Inverted cup method

For the inverted cup method, the cup along with the
fabric is arranged in such a way that the fabric will
be in the lower side of the water. The inverted cup
method is developed for utilizing waterproof
samples, as the fabrics which let the passage of
liquid water, may not be inverted because of
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leakage. The calculations used for this method are
same as that of upright cup method [29].

2.4 Desiccant inverted cup method

In this methodology, water vapor transmission rates
of fabric are evaluated in similar manner as that of
inverted cup method. Desiccant inverted cup
method works as per ISO 15496 2004. The
difference between inverted cup method and
desiccant method is that in later case, the cup is
partially filled with desiccant such as potassium
acetate, Calcium chloride and anhydrous MgClO,
or anhydrous CaSQ,. The path of water vapor is
minimized due to direct contact of drying agent with
fabric. Inverted cup along the fabric sample is
dipped into water bath filled with distilled water
along with the aid of sample holder. The measuring
cup is first weighed by the balance. Later on,
measuring cup is inverted and inserted into sample
holder. After a certain amount of time (f), the
measuring cup is detached and then weighed
again.

Calculation of water vapor permeability of fabric
sample is done by using following equation:

WVT =t x (W, — Wy)/a 3)

where WVT is water vapor transmission rate, W- is
weight of cup assembly after test and Wy is weight of cup
assembly before test, a is the test area [4].

2.5 Sweating guarded hot plate

This method is also called skin model and is utilized
for evaluating thermo-physiological comfort of
clothing and work as per ISO 11092 standard [30,
31]. This method simulates transportation of
moisture through textiles and clothing assemblies
when they are worn next to human body.
Evaluation of the water vapor resistance of the
fabric is done by the evaporative heat loss in the
steady state condition in this method. The
temperature of the guarded hot plate is maintained
at 35°C and the standard atmospheric condition for
testing (65% R.H. and 20°C) is utilized. The water
vapor resistance (R) of fabric is calculated as
follows:

_APm-F)

Ret = —Reto [m*Paw
ot =T H_ A, eto [ ]

(4)

where, A is the test area; P, is the saturation water vapor
partial pressure at the surface of the measuring unit; P, is
the water vapor partial pressure of the air in the test
chamber; H is the amount of heat supplied to the
measuring unit; AH. is a correction factor and R is the
apparatus constant [4].

2.6 The PERMETEST apparatus

This instrument was designed by Hes [32] for
evaluation of water vapor permeability of textile
fabrics, soft polymer foils, non-woven webs and
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garments. The working principle of this instrument
is sensing of heat flux by evaluating evaporative
heat resistance. For isothermal conditions, the
temperature of measuring head is kept at room
temperature. Heat provided to keep constant
temperature with and without fabric mounted on
plate is evaluated.

Relative water vapor permeability [%] =

®)

_ Heat lost when fabric is placed on measuring head
Heat lost from bare measuring head

x100

This method can be utilized according to both BS
7209 and I1SO 9920 standards. When ring above
measuring head is utilized, evaluating condition
according to BS 7209 is used, forming a separate
air layer between measuring head and fabric layer.
On the other hand, when ring above the measuring
head is not used; there will be direct contact of
fabric with measuring head in accordance with
condition ISO 9920 standard [4].

2.7 Dynamic moisture permeable cell

This method has the capability of measuring
moisture transmission characteristics of textiles
under several conditions like convection, pure
convection, pure diffusion and combined diffusion
[33]. The convective heat flow is calculated by
evaluating relative pressure drop at bottom outlet.
Due to ability of fiber to take up water vapor and
undergo fiber swelling, the convective flow through
hygroscopic material is complex process. The
variation in fabric connective flow properties is
assumed to be a function of relative humidity. This
method is used to attain both steady state and
dynamic state data [4].

2.8 Moisture vapor transmission cell

The working principle of this method is that, the
cells evaluate the humidity created under controlled
conditions as a function of time. It is a faster and
simplified method. In this method, two cells i.e.
upper and lower cells are utilized. These cells are
parted by test sample. The upper cell is nearly dry
and lower cell is partly filled with water at the start
of test. There is an increment in relative humidity of
upper cell with time as moisture is transferred
through fabric specimen [4]. The relationship is
given by:

T =(269x107 ).(A%RH x # (6)
Time interval
where T is the moisture vapor transmission rate

[g/inzlday].

2.9 Holographic bench technique

Sari and Berger [34] developed this technique. This
method utilizes micro weighing technique to
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measure mass flow. The resistance to water vapor
transportation is dependent on resistance of outer
clothing and air layer. The resistance of the fabric in
case of vapor transportation from skin to
atmosphere is lower than resistance offered by
external boundary layer and also much lower than
that of inner narrowed layer between fabric and
skin. A separate measurement of water vapor flow
resistance due to different air layers is offered by
this technique and consequentially it measures
accurate vapor resistance value of textile layer.

Most of the current methods for measurement of
moisture vapor permeability consume lot of time
and needed large quantity of materials. Huang and
Qian [35] established new test equipment for
illustrating water vapor permeability of fabrics. In
this apparatus, an aluminum cylinder shielded with
water proof and vapor permeable PTFE laminate is
utilized for creating water vapor source on one side
of the fabric specimen. For transporting water vapor
away, a dry nitrogen gas stream is utilized. The
evaluation of rate of water vapor transmission
across the fabric specimen is built on measurement
of relative humidity of leaving nitrogen stream. The
test time for this new equipment is short and
requires small size fabric specimen. The test results
obtained from this apparatus correlated well with
those acquired from ISO 11092 and ASTM E96
standard.

Zhang et al [36] devised a simplified and new test
apparatus for evaluating heat and water vapor
transport properties of textile fabrics.
A microclimate was designed between the artificial
skin and the fabric sample to represent the actual
condition of heat and water vapor transfer from the
skin through the fabric to the environment. Dry bulb
coefficient and wet bulb coefficient are the two
measuring parameters suggested to investigate
heat and water vapor transfer properties of fabric
specimen. The results of tests revealed that these
two parameters are able to distinguish heat and
water transport characteristics of fabric specimen at
steady-state [36].

Wilson et al [37] utilized improved form of the
sweating guarded hot plate for investigation of
water vapor resistance of four infant bedding fabric
layers and pointed that with increase in number of
layers, water vapor resistance of bedding
assemblies’ increases. Currently, a lot of research
has been conducted on investigation of steady-
state water vapor transfer through multilayer
fabrics. A sweating arm apparatus was designed by
Rossi et al [38], to calculate water vapor resistance
of 12 polyester fabric layers at four different level of
fairly cold temperature and concluded that fabric
combinations with outer layer of hydrophilic
membranes managed lower water vapor resistance
and lower condensation than assemblies with
microporous membranes.
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2.10 Thermal sweating manikins

The first thermal manikin was developed by the US
army during World War Il since then it is estimated
that more than 100 thermal manikins have been
developed in the world [39, 40]. Over the last 20
years, Empa has designed heated sweating body
parts and a whole body sweating thermal manikin
(Sweating Agile thermal Manikin, SAM). These
manikins are utilized in clothing research to
evaluate water vapor resistance and insulation
under steady state conditions as well as
investigating effects of clothing, posture, wind and
climate on local heat flux from different parts of the
body [40].

Several advanced thermal manikins are distributed
into many segments and temperature of each
section is controlled independently in order to
acquire distribution as that human skin. Simulation
of sweating is done by delivering water through tiny
tubes to the holes dispersed at the surface of
manikins. Such types of thermal manikins are very
expensive because of complex control system for
supplying heat and water. Simulation of sweating in
these types of manikins is restricted by effective
number of water supplying tubes and holes lesser
than sweating glands of human which are
approximately six million in numbers. Moreover,
these manikins are not so much accurate as it is
very difficult to maintain consistent sweating and
accurate determination of humidity at the surface of
skin [41]. The first thermal manikin made of water
and high strength breathable fabric is “walter” which
was encouraged by thermal regulation system of
human body. Walter is not so much costly and
attains high accuracy.

The key sub systems of “Walter” are:

e System for simulation of “Walking” motion
e Water circulation system

Control and measurement system

e Online water supply system

Some of the unique features of “Walter” are:

e Simulation of sweating is done with the help of
waterproof, but moisture permeable, fabric 'skin'
holding water, but permit moisture transmission
from the manikin's innards through the millions
of miniature pores in the skin.

e Walter's core body temperature is maintained
at37°C as Walter simulates human thermal
physiology. Whereas body temperature is
maintained by adjusting rate of pumps which
deliver warm water from central region to
extreme regions.

e Accurate measurement of simultaneous
evaporative water transfer loss and heat loss
can be done from Walter. As a result, two
significant parameters i.e. water vapor
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resistance and thermal insulation are evaluated
in one step only.

e In order to simulate walking motion, arms and
legs of manikin can be motorized.

e The rate of sweating can be monitored by
varying temperature skin and having fabric skin
with different moisture permeability.

e This manikin has similar weight and heat
capacity, comparable to human body because it
is mainly composed of water, as human body is
also composed mainly of water [42].

The sweating heated TORSO [43] comprises of
cylinder with exterior diameter of 30 cm, distributed
into two guard sectors at the end and evaluation
sector in the center. Each segment is regulated with
either constant power or temperature. Water
utilized for stimulated heat is being provided at
controlled rate through 54 sweat outlets spread
over the surface of evaluation section. When
functioned under constant power mode, the surface
temperature of guards pursues surface temperature
of evaluation cylinder to reduce Ilateral heat
exchange between guards and evaluation cylinder.

In a research conducted by Richards et al [40] two
sweating manikins are designed so that thermo-
physiological behavior of human being can be
simulated. This is made possible by coupling the
control software of each sweating manikin to
multimode thermo-physiological model. The first
manikin to be coupled is heating sweating cylinder
developed to simulate the torso of an adult arm.
The initial results obtained from coupled torso are in
good agreement with human thermal response.

Fan and Chen [41] reported a new perspiring fabric
thermal manikin simulating gaseous perspiration by
moisture transportation through “skin” made of a
breathable fabric. The manikin has been utilized to
evaluate moisture vapor resistances and thermal
insulation of clothing assemblies and confirmed
high reproducibility and accuracy. Some general
features of perspiring fabric manikin are:

e The shape of the body is comparable to a man.
The body of manikin is flexible and “skin” has
soft feeling.

e The core temperature of the manikin is 37°C.

e The height of manikin is 1.65 m and surface
area of manikin is 1.66 m?.

e The manikin can generate gaseous perspiration.
The insensible perspiration of human body is
approximately 30 g h™ and in case of sweating,
perspiration can increase up to 1000 g h™. The
perspiration of manikin varies with the type of
clothing of worn nonetheless within the range of
human perspiration.

e There is a zip at the back of manikin’s skin.
Thus after a prolonged usage of manikin, skin
can be replaced with new one or substituted
with another one made of different fabric.
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e The temperature distribution of the skin can be
altered by adjusting pumps output and opening
valves.

e The dressing and undressing of manikins are
convenient as it can be hanged [41].

3 CONCLUSION

The moisture permeability is the one of the most
important factor to determine the comfort of
clothing. Multiple methods of measuring the
moisture transport through textile are discussed in
this report. Most of these measurements can be
only performed at the steady state but in real time
the clothing undergoes unsteady state and moisture
and temperature gradient exist simultaneously. The
temperature gradient influences the moisture
transport  significantly and can cause the
condensation inside the textile material. These
moisture permeability should be measured for
longer time (nearly 3-4 hours) as the initial sample
absorption can be considered as the moisture
permeability, as most of these instrument determine
the energy or moisture loss through the textile
layer. The clothing undergoes constant load, that
means the thickness and pore size changes as load
is applied on it, which can cause a significant
change in the permeability of the material and
decrease in thickness of layer; there should be
some new designed instrument which can measure
the moisture permeability under static or dynamic
load.
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NASTROJE POUZIVANE NA HODNOTENIE PRIEPUSTNOSTI VLHKOSTI

Prehladny ¢lanok

Translation of the article

Review: Instruments used for testing moisture permeability

Tento prispevok predstavuje niekolko metdd pre hodnotenie transportu vihkosti cez textilné materialy.
Niektoré z tychto merani sa uskuto€rnuju v rovnovaznom/stabilnom stave, avSak odev predstavuje nestabilny
stav, v ktorom je su€asne pritomna zmena vlhkosti a teploty s ¢asom. Vzhfadom nato, by posudenie
pociato¢nej absorpcie vzorky, ako navlhavost, priepustnost vodnych par, mali byt hodnotené po dlhSi ¢as.

Preto vystava potreba navrhnutia nového pristroja, ktorym by bolo mozZné vyhodnocovat priepustnost
vodnych par ako za statickych, tak aj prechodnych podmienok.
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