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The article is devoted to methods of determination of physical - mechanical properties of membrane mate-
rials, nonwoven insulators and clothing package in general. The standard known methods and methods of re-
search are described, as well as the influence of operational and production factors on the structure and proper-
ties of membrane tissues that form packs of clothing materials. The physical and mechanical properties of mem-
brane tissues to abrasion in the plane have been investigated, tensile to fracture, elongation, indestructibility,
vapour permeability, water resistance, thermal conductivity, breathability. The article presents a reasonable se-
lection and characterization of research objects, materials that form packs of heat-resistant clothing: top tissues
- membrane fabrics, insulation - nonwoven volumetric insulation, lining and auxiliary materials and developed
packages of heat-proof clothing.
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TAYJA IIAHTBI TEBYHIIJIEPAIH KHIM KAB/IBIKTAPBIH KOJIJAHY IbIH O3bIK
KACHUETTEPIH 3EPTTEY K9HE KACAII IIBIFAPY
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Maxana memopananvlk mMamepuanoapovly, MOKbIMA eMeC HCbLIbIMKbIUMMAPObIY, JHCIHE HCANNbl KUim
naxkemmepiniy, (QU3UKA-MEXAHUKAIBIK KAcUuemmepin aHvlKmay adicmepine apuanzam. 3epmmeyoiyy cmam-
oapmmul Oenzini adicmepi men adicmemeci, COHOAU-AK KUIM Mamepuanoapvlivly naKemmepin KypaiumolH
MEMOPAHATIBIK MAMAnApoObly KYpuliblMbl MeH Kacuemmepine nandananyuslivlK Jycone oHOipicmik haxmop-
aapoviy acepi cunammanzan. MemoOpananslK mamanapowvly Hca3vlKMbIK, 00UblHWA Kajcanyza (uzuxka-mexa-
HUKANbIK Kacuemmepi, y3iizenze O€iH CO3bLAYbl, Y3apybl, Kblpmblcmanoayvl, 0y eomkizzimmizi, cyza
me3imoinizi, ynewvliy omkizzimimizi, aya emkizziwumiczi 3epmmenzen. Maxanaoa zepmmey 00veKkminepinin, Hcoliy
KOp2aiimvlH KUiM naKkemmepin KaablRMAacCmoulpamyli MAmepuanoapobliy: Hco2apesl Mamanapovly — memopa-
HAILIK, MaAmManapobiy, HeoliblMKbLUMapobly - MOKbIMA eMec KO1eMOi HCOLIbIMKbIUMapobll, acmapibl HcoHe
KOCANKbl MAMepuanoapobly McoHe MHCblIy KOopaumuvlh KUiMHiH 23ipaeHzeH nakemmepiniy Hezizoenzen
mManoaybvl MeH CURAmmamacyl depinzen.

208


mailto:agibaeva_aigerim@mail.ru
mailto:agibaeva_aigerim@mail.ru

AJIMATBI TEXHOJIOTMSUIBIK YHUBEPCUTETIHIH Xabapmbichl. 2022, Ne3.

Herisri ce3mep: maHfbl KHiMiHIH NakeTi, MeMOpaHaJbIK MaTa, OKIIAyJarblll Kadar,
TeceHIlI MaTepuaaIapbl, JPrOHOMHUKAIBIK KOPCETKIlITEDP, CY 6THEHTIH.

PA3ZPABOTKA M HCCJIEJOBAHUE I'OPHOJIBIZKHOT'O ITAKETA OJEK/1bI
C YJIYYIIEHHBIMMU 3KCIINIYATAIMOHHBIMU CBOUCTBAMU

'A.E. ATUFAEBA*, °H.C. MOKEEBA, 'P.O. )KUJIUCFAEBA, *I'K. EPMAHOBA

("AO «AJIMATHHCKHIA TEXHOJIOMMYECKHl YHUBepcuTeT», Kazaxceran,050012,
r. Anmarsl, yJ. Tose 6m,100,
*OI'bOY BO «Poccuiickuii rocynapcreennbliii yuupepceurter umM. A. H. Kocsirunay», Poccus, 117997,
r. MockBa, yJj. CagoBHuueckas, 1.33, crp.1)
SMuHHCTEpPCTBO 00pa3oBanus U Hayku Pecny6ankn Kazaxcran, 010000 r. Hyp-Cyaran,
np.Mourinik e, 8)
DieKkTpoHHas [MOYTa aBTOpa-KoppecnonaenTa: agibaeva_aigerim@mail.ru*

Cmampa noceaujena mMemooam onpeoenenusn PuU3uKo-mexanuiecKux ceoiicme MemopanHsix mamepu-
anoe, HeMKAHBIX ymenaumeneil U nakema 00excovt 6 yeaom. Onucanvl CManOApHIHBlE U36ECHIHBIE MEMOObl U
MemoOuKu Uuccnedo8anus, a makxyce GIUAHUA IKCHAYAMAUUOHHBIX U HPOU3BOOCHEEHHBIX (HAKMOPOE HA
CIPYKMYPY U CE0ICMEaA MEeMOPAHHBIX MKAHell, (opMUPYIOMUX RAKen bl Mamepuanos 00excovl. Hcecneoosanwt
dusuxo - mexanuueckue ceoiicmea MemopPAHHBLIX MKAHel K UCHUPAHUIO NO RIIOCKOCHU, PACMANCEHUE 00 Pa3-
pbléa, yonunenue, HeCMUHAEMOCMb, NAPONPOHUUAEMOCHLb, 6000YNOPHOCHIb, MENI0NPOBOOHOCHb, 8030YXONPO-
Huyaemocmsv. B cmamove npeocmasnen 000CHOBAHHBIIL 6b100D U XAPAKMEPUCMUKA 00BEKM OB UCCe008ANUS,
Mamepuanos, Gopmupyrouiux naKemsvl mMenio3auUmMHON 00excobl: MKAHel 8epxXa - MeMOPAHHBIX MKAHeil,
ymenaumeneil - HEMKAHLIX 00BbEMHBIX ymenaumeneil, NOOKIA0OUHLIX U BCHOMOZAMETbHBIX MAMEPUATOE U
Pa3padomannvIX NAKEmoe menio3auiUmHoI 00€xHcobl.

KuroueBble cjioBa: MaKeT FOPHOJIBIKHON OfeAbl, MeMOPAHHASI TKAHb, YTEILUIAIOUIUNA CJI0i,
NMOJKJIAJ0YHbIe MAaTePHAJIbI, 3PrOHOMHYECKHE NMOKA3aTeIH, BOAOHENPOHUIIAeMBbIH.

Introduction protection against rain or water, you can wear

Research was carried out by analyzing the clothing with a completely waterproof outer layer;
scientific works on the direction of increase and however, the use of a simple waterproof outer lay-
improvement in the development of the product er is not effective because the moisture from per-
package of prototypes. spiration generated during sports activities will

The aim of the study is development and accumulate in the clothing system, but this not
study of the ski package of clothes with ad- only leads to loss of insulation, but also leads to
vanced technology of insulation in a ski suit. excessive evaporation and cooling. Humidity con-

The research task was to improve the in- trol is another important factor in protecting
sulation in the ski suit, thereby conducting a against the cold. This means that it is necessary to
comparative study of non-woven insulations and avoid getting the layers wet (from the inside by
membrane materials. perspiration or from the outside by rain or snow).

Outdoor sportswear has been designed and If this is not possible, then the effects of moisture
manufactured for different activities that will be accumulation must be controlled [1]. Also the sys-
carried out in different environmental conditions. tem should be waterproof but permeable to water
This sportswear forms a "clothing system", which vapour [2]. as shown in Figure 1. In order to
usually includes two layers of clothing: membrane achieve an optimal result, it is necessary to test the
and woven insulation. The middle layer is de- physical and mechanical properties of membrane
signed to keep a person warm by holding and re- fabrics and a package for ski clothing of domestic
taining heated air. The outer layer provides protec- production.

tion to all other layers and the body. For complete
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Comfortable
inner layer

Figure 1. Influence of water and moisture on ski suit

Materials and Research Methods

In the course of work on this study, the
methods of scientific analysis, synthesis, compara-
tive and collation analysis, and theoretical method
were fundamental, which is due to the specifics of
the object under study. The tests were carried out
according to known and standard methods. Physi-
cal-and-mechanical and operational properties
were determined according to standards.

Results and their Discussion

Waterproof fabrics with improved perfor-
mance are used in the production of protective
clothing. With the development of membrane
technologies, representatives of the textile industry
have received a universal material for sewing
sports and tourist equipment, and outerwear for
children and adults. Membrane fabric has unique
properties - it does not allow moisture to pass
through from the outside, but at the same time it
removes vapours exuded by the human body dur-
ing intense movement. This eliminates the devel-

Moisture

Water
Wind

Strong outer layer

Membrane

opment of the greenhouse effect, which is charac-
teristic of clothing with a rubber coating.

Microporous structures for a waterproof
transpirable layer can be obtained both by coating
with a porous PTFE membrane paste, for example
- A 30 JOC-09- PL, and a film coating laminated
with a polyurethane membrane fabric, for example
- A32 MK 110516 and A 35 HK-CG 030, as well
as a three-layer fabric glued together: outer layer,
PTFE membrane, fleece insulation sample 02&A
1-1. The fibrous composition of the front side of
the MF ( membrane fabric) is nylon. It is often
used because of its strength.

These types of membranes and coatings are
hydrophobic in nature. Microporous coatings can
be produced using wet coagulation, thermocoagu-
lation or foam coating methods or mechanical fi-
brillation. Micro-holes found in the structure are
smaller than raindrops. but much more than water
vapour molecules (Fig. 2) [3].

Close-up view

* ¥ pody moisture can proceed

Figure 2. The functions of ‘waterproof” and ‘breathable’ character in clothing fabrics and a schematic close-up view. [3]

Study of the physical and mechanical
properties of domestically produced membrane
fabrics for skiing clothing.
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To determine the waterproofness of wa-
terproof transpirable fabrics, appropriate water-
proofness testing is required.

Testing methods can be roughly divided in-
to two types: (1) tests that provide information
about the resistance of a fabric to surface wetting
or penetration into but not through the fabric, and
(2) tests that provide information about the re-
sistance of a fabric to rain penetration. Testing that
provides information on surface wetting resistance
include a rain simulation tester such as the Bun-
desmann tester, the WIRA shower tester , the
Credit seam tester or the AATCC rain tester [4].

Water resistance, or waterproofness, char-
acterizes the resistance of products to the initial

penetration of water through them. The pressure of
water on the sample, which it can withstand before
getting wet, is often taken as the characteristic of
water resistance. Sometimes water resistance is
characterized by the time during which the sample
withstands certain water pressure. The determina-
tion of the water resistance of fabrics on the pene-
trometer device is carried out in accordance with
GOST 3816-81 (ISO 811-81) [5].

As a result, membrane fabrics A32 MK
110516, A 35 HK - CG 030, 02 & A 1-1 had the
highest pressure resistance of more than 1,000 mm
of water column / 10,000 Pa, while A 30 JOC -09-
PL polyurethane materials have the lowest - 182
mm W.C. (1 table)

Table 1. Physical and mechanical properties of membrane fabrics for ski clothing of national manufacture.
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1 | Membrane | 35/24 | 108/12 | 123/137 | 78/83 | <6,9 | 2500 | 180/ +/- 2800 | 125
fabric 7 1800 1,65
A30 JOC-09- Pa
PL
2 | Membrane | 34/34 | 105/12 | 113/132 | 106/10 | <6,9 | 2800 | 1000/ | +/- 2000 | 283
fabric 2 0 10000P | 1,19
A32 a
MK110516
3 | Membrane | 36/35 | 115/13 | 121/137 | 95/90 [ <6,9 |3500 | 1000/ | +/- 2000 | 193
fabric 1 10000P | 0,97
A35  HK- a
CG030
4 | Membrane | 70/103 | 155/14 | 160/147 | 47/33 | <69 | 1100 | 1000/ | +/- 3000 | 280
fabric with 0 0 10000P | 0,80
fleece a

To identify people's requirements for win-
ter sports clothing, a survey was conducted, dur-
ing which it was revealed that many athletes are
not fully satisfied with the modern range of win-
ter sports clothing available in stores. The re-
guirements are imposed, to a greater extent, on
ergonomic and operational properties [6]. Thus,
today the actual task of creating high-quality
clothing is to ensure high performance and er-
gonomic performance of sportswear. The basis
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for the study is improvement of the ergonomic
and operational properties.

Abrasion resistance of fabrics

The study of the mechanical properties of
fabrics with a membrane coating made it possible
to establish (table 1) that all samples of membrane
fabrics meet the regulatory requirements of GOST
28486-90. Testing was carried out on the IT-3M-1
device in accordance with GOST 8976-73 [7]. The
choice of this device was due to the fact that ski
clothing is subjected to more intense interaction
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with various surfaces. The ski clothing should be
resistant to friction in the area of the sleeves, collar
, belt, as well as in the area of the elbow and knee.
The destruction of the material is formed due to
friction on hands, accessories, fittings and snow
when falling. The obtained analysis of the results
showed that the samples of membrane fabrics of
the article A 30 JOC-09-PL, A32 MK 110516
have the highest average resistance to abrasion
along the plane for 2500-2800 cycles, and the
sample A 35 HK - CG 030 has an average re-
sistance to abrasion along the plane for 3500 cy-
cles, and sample 02&A 1 has the highest re-
sistance to abrasion in the plane for 11,000 cycles,
so in order to avoid the above defects, it is neces-
sary to increase the level of strength at the destruc-
tion sites by introducing abrasion resistant fabrics
into the package of the entire suit.

Determination of the crease resistance of
membrane fabrics

Creasing is the ability of a fabric to form
creases and bends under various deformations. A
big disadvantage of heavily wrinkled fabrics is
that clothes made of them wear out much faster,
since the strongest abrasion occurs in the creases
and wrinkles that form during deformation. The
indicator was measured in laboratory conditions
using a special device that meets GOST 19204-73
[8]. According to Table 1, it can be seen that 4
samples of membrane fabrics have a sufficient
degree of crease resistance, due to the fact that
under the action of a bending force, weakly twist-
ed fibers tend to move relative to each other in
order to return to their original position. The corre-
lation coefficient between the reversible defor-
mation of the fabric and its crease resistance after
5 minutes of rest is 10-15°, so membrane fabrics
are characterized by high crease resistance. Due to
the elastic polyester fibers, the surface of the fabric
quickly returns to its original state, and all creases
are smoothed out spontaneously.

Determination of the tearing load of fabrics

A very important role in the design of ski
sportswear is played by anthropometric corre-
spondence to the size and shape of the human
body, not only in statics, but also in dynamics.
Clothing should be comfortable, light, not re-
strict movement. 4 samples of fabrics are char-
acterized by high strength at uniaxial tension to
break more than 78-106 kgf for warp and more
than 83-100 kgf for weft. Sample elongation of
more than 20% characterizes membrane fabrics
as those having medium extensibility. Fabrics
are highly resistant to tearing, which is very im-
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portant for sports ski clothing. The relative
breaking load and elongation of the fibers were
measured by GOST 6611.2-73 [9].

Determination of transpirability of mem-
brane fabrics

Transpirability - the ability of the material to
pass air through itself under the influence of its
pressure drop. When describing the properties of
clothing, a synonym for this term is often used -
“blowingness”, i.e. to which extent the material is
"windproof™.

So, pore-free membranes demonstrate ab-
solute "non-blowingness" - 0 CFM. Testing
methods are most often defined by ASTM
standards D 737 or 1SO 9237, which, however,
give identical results.

Manufacturers have begun, recently, to
“remember” much more often about transpira-
bility. The fact is that along with the air flow,
much more moisture evaporates from the sur-
face of our skin, which reduces the risk of over-
heating and accumulation of condensate under
clothing [10].

The transparability of fabrics was deter-
mined according to GOST 12088-77 [11]. Exper-
imental samples of membrane fabrics showed the
same characteristics of 6.9 dm3/m2s.

Determination of vapour permeability of
membrane fabrics

The permeability of membranes should be
determined by the structure of the membrane -
porous or non-porous. The vapor-permeable prop-
erties of the porous membrane should be deter-
mined by the fact that the size of the membrane
pores (with a radius of less than 10-7 m) is ~700
times larger than the size of a water vapour mole-
cule, therefore, vapours penetrate through the
membrane and are removed to the outside. The
movement of vapour occurs due to the pressure
difference on both sides of the membrane. The
capillary pressure that is created in the pores
against the water column pressing from above can
be calculated if we take the pores in the form of a
regular round shape in the cross section of a capil-
lary with walls that are absolutely not wetted by
water. Water forms a spherical convex meniscus
in such a capillary. In this approximation, the ca-
pillary pressure can be estimated using the Laplace
equation: the surface tension of water, and r is the
radius of curvature of the meniscus [12, 13]. This
made it possible to establish that the membrane
fabrics art. A30 JOC-09-PL, A32 MK110516,
A35 HK-CGO030 u 02&A1-1 are characterized by
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an average vapour permeability of 2,000-2,600
g/m2. (Table 1)

Insulation layer

The function of the insulation layer is to re-
tain body heat in order to prevent a person from be
cold. Insulating clothing should do an excellent

Figure 3 The ski package of clothes

To improve the performance properties of
the ski clothing, there is a need to improve the

job of transporting moisture, that is, be vapour-
permeable. The second stage of a single system
will work only in this way - moisture from the
base layer enters the insulating layer and then,
through the pores of the next layer, it comes out.
Fig. 3

Outer layer

Membrane

_Insulation

Lining

an insulating layer made of the following insula-
tion materials: thinsulate, sintepon, down, camel

clothing package in the ski suit by introducing wool,  sheep  wool (down),  fleece.
Table 2 Insulation rates

Ne | Specimen name Surface Fibers % Measurements

density, g/m2 of fibre tonin. in
microns
1 Tinsulate 150 65% polyolefin fibre, 2-10
35% polyester fibre

2 Sintepon 200 polyester 10-40

3 Down 150 - 5-10

4 Wool (camel) 150 - 20-40

5 Wool (fur) 150 - 15-25

6 Fleece 280 polyester -

The insulation layer is usually light, rela-
tively thin and windproof. It is designed to main-
tain a comfortable skin temperature while transfer-
ring heat. Since hypothermia slows down the work
of the muscles and worsens the coordination of
movement, therefore, it is necessary to evaluate
the effectiveness of the heat-shielding properties
of the materials used and the structure as a whole
under conditions of exposure to low temperatures
[14]. The microclimate in the underwear space
should be equal to about 28°C. The relative hu-
midity of the air under clothing should be at least
30% (to avoid dry skin) and not higher than 60%
(to prevent stuffiness). The content of carbon diox-
ide is an indirect indicator of the effectiveness of
ventilation of the underwear space. The content of
carbon dioxide under multi-layer clothing, which
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has a generally lower transpirability than the tran-
spirability of its individual layers, is higher than
under a single layer. So, during overheating in ski
clothing, it is necessary to design holes with a zip-
per for ventilation. The vent is designed to help
skiers stay cool when activity levels rise [15]. For
the manufacture of prototypes of the developed
package, the same top and lining fabrics were
used, and a non-woven material of different thick-
nesses and types was chosen for the manufacture
of a complex insulating lining.

A special role in clothing for extreme condi-
tions is played by a heat-insulating lining. The
range of densities for heat insulation made of such
materials is 40-400 g/m2 [16]. Microfiber insula-
tions are supplied in the range of densities 40...250
9/m2 and are recommended for all types of winter
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clothing. A microfiber insulation under the Tinsu-
late trademark is the best known in the domestic
market. The insulation should reliably retain heat,
allowing excess moisture to freely evaporate and not
lose thermal properties after washing. The sintepon
does not "breathe” well, and after the first wash it

There is still debate about the benefits of
synthetic wool and down over natural wool. It
has been suggested that synthetics are good for
warm, wet conditions, and down and wool - for
dry, cold temperatures, and a combination of
down and waterproof traspirable shell - for pro-

loses up to 28% of its thermal properties. Thinsulate tection from cold and damp. [18].
loses no more than 10% after 15 washes [17].
Table 3 Material Package Structure and Properties
Ne | Packages Composition of the mate- | Surface | Thickne | Heat conductivi-
rial package layers density ss 8, mm | ty A, W/(m *K)
Ms, g/m?
1 1- Membrane fabric art. 1- 135 0,029
A30 JOC-09-PL 125
A32 MK110516, 283
A35HK-CG030 193
2- Tinsulate 2-150
3- Polaris lining 3-76
2 1- Membrane fabric art. 1- 174 0,039
A30 JOC-09-PL 125
A32 MK110516 283
A35 HK-CG030 193
2- Sintepon 2-200
3- Polaris lining 3-76
3 1- Membrane fabric art.jy - | 1- 16.2 0,0286
A30 JOC-09-PL 125
A32 MK110516 283
A35 HK-CG030 193
2- Down 2-150
3- Polaris lining 3-76
4 1- Membrane fabric art. 1- 15 0,052
A30 JOC-09-PLA 125
32 MK110516 283
A35 HK-CG030 193
2- Camel wool 2-150
3- Polaris lining 3-76
5 1- Membrane fabric art. 1- 14.5 0,035
A30 JOC-09-PL 125
A32 MK110516 283
A35 HK-CG030 193
2- Sheep down wool 2-150
3- Polaris lining 3-76
6 1 Membrane fabric with | 1-280 2.5 0,027
E 1 fleece art. - 02&A1-1
= 2

Determination of total thermal resistance

The installation is designed to measure the
thermal permeability of material samples and con-
sists of a measurement unit and an electronic con-
trol unit. The installation is connected to the USB
port of computer 1, which controls the temperature
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and temperature-controlled preset elements of the
installation [19]. The determination of the total
thermal resistance was carried out according to
GOST 20489-75. When measuring a package of
materials with non-woven insulation such as: Thin-
sulate, Wool Down, Down, Fleece is an effective
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insulation, that is, it has a thermal conductivity coef-
ficient of 0.027 - 0.035 W/m*K. This indicator was
experimentally calculated, when studying samples
“Tinsulate , Wool down, Down , Fleece 150 g/m2".

When studying the samples "Sintepon"
and "Camel wool”: thermal conductivity indica-
tors were 0.039 - 0.05 W/m*K, which meets the
requirements for heat-shielding materials, but
lower than the indicators for samples "Thinsu-
late, Wool down, Down and Fleece", therefore,
it is necessary to additionally compare them in
terms of comfort. (Table 3)

Conclusions

So, taking into account the requirements
and recommendations of the standards, methods
for determining the physical and mechanical
properties of textile materials were chosen, and
well-known methods for studying the structures
and properties of membrane fabrics, insulation
and clothing packages were described.

It has been established that the studied
membrane fabrics made by applying polytetrafluo-
roethylene or polyurethane to the surface meet the
regulatory requirements of GOST 28486-90, and
are characterized by high tensile strength of
100/106 kgf, abrasion resistance along the plane of
2500-3500 cycles, crease resistance of more than
80/79%. All fabric samples are characterized by
medium vapour permeability and water resistance,
the thermal conductivity indicators meet the re-
quirements for heat-shielding materials, which
ensures their high competitiveness in the market.
The use of membrane fabrics, domestic wool insu-
lation, as well as improved top and lining fabrics
in the structure of the new packages under study
makes it possible to improve the performance
properties of the entire ski suit as a whole.
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