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Vazeni Citatelia,

Casopis Viakna a textil je od svojho vzniku Uzko spéty s Fakultou chemic-
kej a potravinarskej technolégie STU v Bratislave, ktord je jeho spoluvy-
davatelom a svojou Katedrou vidkien a textilu predstavuje tradi¢né, vy-
soko odborné zazemie tohoto ¢asopisu. Vyznam ¢asopisu, ktory dnes
oceriuje odborna verejnost z oblasti vldkien a textilu, nespodiva iba
v moZnosti informovania z odboru, ale je to vynikajuca prileZitost pre od-
borny rast pracovnikov nielen fakulty prostrednictvom publikovania vysled-
kov zo svojej vedeckej a odbornej préce. Te$i ma, Ze je tu priestor aj na
strucnu informaciu o diani na nasej fakulte.

V ostatnom obdobi sa na fakulte prejavuje v§eobecne pokles zaujmu
absolventov strednych $kél o Studium chemickych technickych odborov
a postihuje to v pomerne znacnej miere aj zaujem pre dalsiu $pecializéaciu v odbore vidkien a textilu. Na
fakulte sa intenzivne zaoberdme sledovanim tychto javov a hladdme moZnosti ako ziskat adeptov ché-
mie zo strednych $kél. Zial zavery tychto analyz nevyzeraju optimisticky a su aj celkovym odrazom $kol-
skej politiky, ktora nevytvara zdaleka taky priestor pre prirodovedné discipliny, aky tu bol v minulosti
v prirodovednych triedach na gymnaziach. Podrobné analyzy prijimanych $tudentov ukazuju, Ze na$a fa-
kulta z roka na rok prijima viac $tudentov z bratislavského regiénu. Ako jedina chemicko-technologické
fakulta na Slovensku straca posluchéacov zo stredného a vychodného Slovenska, napriek dobrému po-
staveniu chemického a potravinarskeho priemysiu v ostatnych regiénoch. Tu musime konstatovat, Ze pri-
¢iny treba hladat aj v socidlnej oblasti, Gomu iste neprispieva postupné narastanie vydavkov §tudenta na
internat, stravu, dopravu a vSeobecne na Zivot v Bratislave. Citime tu aj krivdu zo strany politiky financo-
vania vysokych skél, ktora adekvatne nezohladriuje kvalitu a postavenie $koly, ale pri vypodte dotacii vy-
chadza predovsetkym z poctov Studentov. Potom pri prekondvani existencnych problémov fakulty nemozno
vy€lenit tolko prostriedkov na socidlne a prospechové $tipendia pre §tudentov, éim sa strdca moZnost
motivacie Studentov a aj potencialnych Studentov.

Pri kvalite a tradiciach naSej fakulty si neméZeme dovolit iba staZovat sa na suéasnu situdciu, ale
pouceni po niekolkych rokoch musime konat a upierat pozornost k nasim priemyselnym partnerom, ktor{
od nas ocakavaju predovsetkym kvalitného absolventa. Ako priklad uvediem, Ze po predbeZnej vymene
nazorov na moZnost otvorenia bakalarskeho $tudia v Humennom, kde je préve silné zdzemie vidknaren-
skeho a textilného priemyslu, sme sa tu rozhodli realizovat denné aj externé Stuidium. Po naviteve tamoj-
Sej Strednej chemickej priemyslovej Skoly a diskusidch s primétorom mesta a zastupcami viacerych pod-
nikov, neskorsej navsteve zastupcov podniku Rhodia v Bratislave, sa postupne krystalizuje nézor aj na
zriadenie DetaSovaného pracoviska FCHPT STU v Humennom. Studium v prvom stupni bakalarskeho
Studia sa bude realizovat s novymi akreditovanymi $tudijnymi programami od $kolského roku 2005/086.
InZinierske Studium pre absolventov bakaldrskeho $tudia chceme realizovat aj za podpory $tipendii od
miestnych podnikov vyluéne v Bratislave. Ved aky by to bol absolvent inZinier, keby nepobudol ursity éas
na univerzite?

V kratkom prihovore nemoZno hovorit o vSetkych problémoch ale i ispechoch fakulty. Tak ako vidk-
narensky a textilny priemysel aj fakulta prechédza transforméciami, ktoré vZdy prind$aju problémy, no na
druhej strane dévaju inu perspektivu. Verime, Ze vstupom do Eurdpskej Unie sa postupne situdcia stabili-
zuje aj na Univerzitdch a fakulta sa bude méct prezentovat predovsetkym svojou kvalitou a tak ako dote-
raz, budeme hrdi na droveri a uspechy svojich absolventov.

Prof. Ing. Dusan Bako$, DrSc

dekan FCHPT-STU
cestny C¢len redakénej rady
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The blending of synthetic and natural fibres occurs with aim to prefer properties of specific
fibres in the blend and at the same time to take advantage of more effective synergitic impact of
fibres in the blend. The material composition of textile from blends of fibres and influences its

physiological properties.

The paper deals with the influence of macromorphological structure of one-dimensional and
two-dimensional textiles on their physiological properties. Laboratory tests together with tests by
wearing final clothing product are used to evaluate the physiological and comfort properties.
Such methodic approach guarantees in general the most objective evaluation of physiology and
comfort of wearing in production planning of a new clothing product.

Keywords: fibre geometry, blended fibres, physiological properties, methods of evaluation, test

by wearing

1. INTRODUCTION

There are several possible proceedings when it co-
mes to production planning of a new clothing product.
The professional-approach of production of new clothing
product requires not only evaluation of final clothing
product but at first evaluation of textile material used for
cloth production. Regarding material composition and
construction, such approach guarantees that the
clothing product will meet required criteria for physiolo-
gy and comfort when being worn.

Methodically totally supported approach of planned
production of new clothing product is based on coope-
ration between specialists for fibres, textile and clothing
a common goal to produce a high-quality clothing pro-
duct. Each of them with different specialization deals
with different problems:

— Fibre technologists design one-dimensional textiles

with suitable utility and physiological properties.

— Textile technologists design two-dimensional tex-
tiles with suitable macromorphological structure
and physiological properties.

— Producers of clothing product are responsible for
choosing a suitable textile material for given product
and its purpose of utilization in a way it meets the
criteria for physiology and comfort when being worn.

The above stated proceedings reflects a complex eva-
luation of one-dimensional, two-dimensional and three-
dimensional textile planned for production of a new or
innovated clothing product.

Vigkna a textil 11 (1) 3—12 (2004)

The evaluation of macromorphological structure and
physiological properties consists of evaluation and se-
lection of material on three levels:

— level of one-dimensional textile:

— sort and type of fibre

— geometric, surface and transfer properties
— level of two-dimensional textiles:

— macromorphological structure of textile

— surface, volume and physiological properties
— level of three-dimensional textile:

— cloth desing

— how is it used

— physiological and comfort properties.

The physiological and comfort of clothing as a scien-
tific discipline studies relation between physiological
properties of textile materials and physiological activi-
ties of humans on one side and external climate condi-
tions on the other side. These are the circumstances
that the physiological properties of textile materials are
treated in.

The professional approach to evaluate physiologi-
cal properties of a clothing product requires labora-
tory tests, modeling tests which simulate physiologi-
cal activities of skin and volunteers wearing tests.
Such approach creates high requirements for reali-
zation of a new product which are necessary in or-
der to reach the highest expressing power of physi-
ological and comfort properties of the product and its
quality [1, 2, 3].
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The physiological properties of textile materials

The main physiological properties of textile materials
are transfer properties of heat, humidity and air resul-
ting from basic physiological activities of skin and ne-
eds while wearing clothing product.

The transfer properties of one-dimensional and two-
dimensional fibre materials correspond mainly with their
surface properties. The transfer properties of fibres are
mainly related to their geometry. The cross-section and
longitudinal fibre geometry is defined by the following
characteristics such as shape and size of surface of fib-
re, volume of fibre, measuring surface of fibres and
capillary system between the fibres and yarns. A great
variety of fibre profiles with different surfaces and sur-
face properties can be reached during the technologi-
cal proceedings of synthetic fibre preparation by profi-
ling in cross-section and longitudinal direction, [4, 5 6].

The physiological properties of two-dimensional tex-
tiles result mainly from their macromorphological struc-
ture. The macromorphological structure is given by the
composition and construction of two-dimensional texti-
le. The textile composition determines the sort and type
of fibres. The textile construction enables to keep air
inside of textile. Regarding these facts, the two-dimen-
sional textile consists of fibres and air. Each component
strongly influences its physiological properties.

The heat permeability through textile layer is in accor-
dance with resistance of heat transfer by conducting,
convecting and radiating. Intensity of thermal characte-
ristics is mainly determined by air volume caught in
macromorphological structural unit. It is caused by the
fact that the thermal conductivity of air is considerably
lower compared to the thermal conductivity of fibre and
lower as well compared to the thermal conductivity of
composite two-dimensional textile, [5].

The humidity permeability through textile layer is well
determined by resistance of humidity transfer through
textile layer. Regarding the physiology, it is important for
this quantity to reach the lowest values and at the same
time it is important to consider the resistance of heat
transfer through the textile layer. The resistance of hu-
midity transfer and resistance of heat transfer through
textile layer are not always in conformance. The resis-
tance of heat and humidity transfer ratio is expressed
by index of humidity transfer, [3].

Table 1 The material composition of fibres and textiles

Textile materials

The humidity transfer through textile layer occurs in
several ways. The main ones are the following:
— adhesion and humidity migration on surfaces of fib-
res
— diffusion through porous textile
— capillary transport
— absorption and desorption.

The macromorphological structure of one-dimensio-
nal, two-dimensional eventually three-dimensional tex-
tiles will determine which of the above stated ways of
humidity transfer through textile layer will prevail. Ab-
sorption and desorption are slow in process and depend
on type of fibre.

The air permeability through textile layer depends on
diffusion track through porous textile. The air permea-
bility is not always in accordance with humidity perme-
ability because the mechanism of diffusion is no the
same. A higher resistance is created with humidity dif-
fusion than with air diffusion, [7, 3].

The planned construction of two-dimensional textile
requires knowledge of its clothing application. The per-
meability of heat, humidity and air are vector quantities.
When clothing, it is preferably considered that the direc-
tion of abstraction of heat, humidity and air is from skin
through textile layer to external surroundings. Regarding
the phenomenon of underclothing microclimate, situa-
ted between skin and contact textile layer, the textiles are
constructed with the macromorphological structure that
would abstract the maximum of humidity from skin to out-
side layers. Such textile guarantees a dry underclothing
microclimate and comfort while wearing, [8, 9, 10].

Development of new textile materials improves to-
gether with requirements for textile for clothes. The
synthetic fibres ration in these materials increases ba-
sed on what we know about their physiological proper-
ties and physiological comfort. We make use of syner-
gic effect of synthetic and natural fibres in blended
textile.

2. EXPERIMENTAL

1. The PET fibres with different cross-section and lon-
gitudinal geometry were used to prepare knitted fabrics
in blend with cotton and cloths for leisure time. The ra-
tio of cotton and profilated PET fibres was 50% [ 50%.

Knitted Composition of fibres
fabrics PP PP/lycra cotton cotton/flax cotton/
composition viscose fibre
A-PP +
B-PP/co/fl + +
C-PP/lycra/coffl + +
D-PP/co 5 +
E-PP/lycra/co + +
F-PP/co/Vs + i

Vldkna a textil 11 (1) 3—12 (2004)
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Table 2 Evaluation of basic and physiological properties of textiles according to lab tests

Laboratory tests A B C D E E
Water absorption 3 5 6
Abrasion resistance 6 2 3 5 1
Dimension stability of washing

foot length 6 4 1 5 2 3

calf length 6 4 1 5 3
Dye fastness of washing

dye bleeding into cotton fabric 5 5) 5 4 3 5

dye bleeding into wool fabric 5 5 5 5 4 5
Dye fastness in model acid sweat solution

dye bleeding into cotton fabric 5 5 5 5 5 5

dye bleeding into wool fabric 5 5 5 5 5 5
Dye fastness in model alcaline sweat solution

dye bleeding into cotton fabric 5 5 5 5 5 5

dye bleeding into wool fabric 5 5 5 5 5 5
Thermal absorptivity 3 5 6 5 6 S
Thermal resistance 3 5 6 5 6 5
Friction coefficient

Face 3 4 6 5 5 5

Reverse 4 5 6 5 5 5
Compressibility 5 6 6 6 6 5
Air permeability 5 6 4 4 3 6
Water vapor permeability 6 6 5 5 4 6
Dynamics of drying 6 4 2 5 3 5
Humidity absorptivity 3 3 6 &) 4 6
Thermal conductivity

In dry conditions ;6 4 3 5

In wet conditions 4 4 5 5 3 6
Amount of points 96 99 90 97 89 101

The technological conditions of preparation of blended
textiles were equal for all samples. The samples were
tested in laboratory conditions and on volunteers. We
set the thermal resistance, humidity and air permeabi-
lity through textile layer and a total comfort in the cloth
during a middle stressed activity of a volunteer.

2. Middle fine PP fibres with triangle cross-section
profile in blend with fibres on cellulose and lycra base
(Table 1) were applied to the socks. The PP fibres ra-
tio in knitted fabrics was prevailing and constant. First,
the samples of knitted fabrics were tested in laboratory
conditions and the final product — sock was tested on vo-
lunteers. The vast range of laboratory test methods was
used with a high expressing power about the physiologi-
cal and comfort properties of materials (Table 2). Further-
more, the socks were tested on a group of five volunte-
ers during five days. The volunteers were informed about
the way of wearing the product, its handling during wea-
ring and the way of writing down subjective evaluations.

3. RESULTS AND DISCUSSION
The influence of material composition of textiles on
their physiological properties has been evaluated from

two aspects:

Vldkna a textil 11 (1) 3—-12 (2004)

— the influence of cross-section and longitudinal
geometry of fibres
— the influence of blending of different fibres.

3.1 The influence of cross-section and
longitudinal PET fibre geometry on textile
physiological properties

The PET fibres with different cross-section and lon-
gitudinal geometry were used to prepare knitted fabrics
in blend with cotton designed for clothes for leisure time.
The contents of fibres of cotton and the technological
conditions of preparation of all samples of knitted fab-
rics were constant. The macromorphological structural
unit resulting from material composition of PET fibres
with different cross-section and longitudinal geometry
reported different environment for transfer of heat, hu-
midity, air and overall comfort. The differences in phy-
siological properties corresponded with variation of
cross-section and longitudinal geometry of fibres.

The figure 1 indicates dependency of variation of re-
lative air humidity through textile layer on time. The time
necessary to reach a 100 % relative air humidity on tex-
tile surface by means of transfer of humidity through
textile layer is different. This kinetic dependence shows

5
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Fig. 1 The relative air humidity variation behind the textile layer; PET
fibre with different cross-section and longitudinal profile.
VT — air texturized; FT - fricionally texturized

that triangel shape of fibre texturised by air reported the
maximum resistance to humidity transfer among tested
specimens. The fibres texturised frictionally are more
permeable for water vapor and less resistant to humi-
dity transfer for both fibres trilobal and triangel.

The area resistance of heat conduction through tex-
tile layer with different macromorpholigocal structure of
PET fibres is demonstrated on figure 2. The heat trans-
fer resistance of fibres textured by air is higher than heat
transfer resistance of frictionally textured fibres. The
volume of air caught in the macromorphological struc-
tural unit consisting of triangel fibres textured by air is
the biggest among the specimens. This fact corres-
ponds with the relatively highest thermal isolation of the
textile with such macromorphological structure.

Textile materials

r.10% [W-'m2K]

trilobal

triangel

Fig. 2 Thermal resistance of textile layer, PET fibres with different
cross-section and longitudinal profile.
VT — air texturized; FT — fricionally texturized

The figure 3 indicates the results acquired by testing
clothes on volunteers. It compares comfort of PET fib-
res with cross-section profile of I, Il and Il type. The
physiological comfort Ky, becomes unbearable during
sweating if the relative air humidity in underclothing cli-
mate reaches 80 %. Such climate was created during
a higher physical activity on tested clothes in different
times. This status originated mainly from different cross-
section profile of PET fibres.

The macromorhhological structure of textiles with fib-
res of the three types reports different capillary and
porous system and different adhesion and humidity
migration on surfaces of fibres therefore indicates dif-
ferent permeability of humidity. The air permeability of
these specimens measured by standard method was
considerable different as well. The macromorphological
structure with fibres of Il type indicated a volume of
515 I.m™s™" of air permeability, with fibres of Il type
4751.m™s™ and fibres of | type 460 |. m™s™'. When eva-

= i 10
[%] 100 - /
904 / Kio=6 o
G H //
80 1 Py
/,"“""‘""## Q airs lm-zs_l:
1017 /
I —460
sl Loom I - 515
II —475
50
401
30 : 4 : : : . . : : ; o
5 10 15 20 25 30 35 40 45 50 55 60 t [s]

Fig. 3 Comfort in cloth during a higher physical ac

tivity; PET fibres with different cross-section profile

Vidkna a textil 11 (1) 3-12 (2004)
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Table 3 Evaluation of basic and physiological properties of textile products according to wearing tests

Wearing tests A B C D E F
Shape fastness 54455 5445 4,5 34445 54454 54444 5445 4,5
Abrasion 44445 44345 44435 44343 54144 4444 4,5
Pilling 55454 23344 42223 4434 3,5 53333,5 43434
Dye fastness 55555 44555 54555 43233 53133 54455
Thermal isolation 22122 23332 13312 33332 23332 33332
Comfort feeling 33125 45554 35545 55553 45545 55555
Amount of points 115 1175 116 108,5 108,5 118

luating the physiological comfort of tested clothes du-
ring an increased physical activity based on measure-
ments of relative air humidity in underclothing microcli-
mate we can say that the fibres of Il type are the most
suitable to be used in this area of clothes application —
middle stressed sport activity. The volunteers confirmed
the idea by their personnel judgment after they did phy-
sical activity in the cloth.

3.2 The composition influence of blended textile
with prevailing ratio of PP fibres to
physiological properties

The middle fine PP fibres with cross-section profile of
triangel shape were frictionally texturised and applied in
knitted fabric in blend with fibres on cellulose base such
as cotton (co), flax (fl) and viscose fibres (Vs) with a
small portion of lycra. The macromorphological structu-
re of two-dimensional textile was mainly presented by
PP fibres. A small ratio of additional fibres in blended
textile was applied in order to support the physiological
and comfort properties in clothing product — socks
programe. The table 1 lists the material composition of
blended fibres and blended knitted fabrics.

The blended textiles and socks were evaluated by
laboratory tests and by wearing on volunteers who were
given instructions. Considering area of usage and way
of wearing the clothing product some basic and prefer-
red properties of knitted fabrics and clothing product
were tested, as shown in table 2, 3. All values of mea-
sured basic and preferred properties of knitted fabrics
and socks, obtained by classic methods and appropria-
tely expressed while wearing have been qualified accor-
ding to a scale of 1-6 points, 1 referred to the lowest and
6 to the highest quality of a given property. The highest
total amount of points refers to product of the highest
quality. There were five volunteers therefore every we-

aring test for every specimen indicates five values.
When evaluating quality the most comfortable socks
from three components knitted fabrics are socks com-
posed from a) cotton, PP and viscose fibre and b) cot-
ton, PP and flax. The flax and viscose fibres in blend
with cotton and PP fibres increase total comfort of pro-
duct. The lycra fibres in this clothing product relatively
decreased its total comfort, table 4.

4. CONCLUSION

We found out that macromorphological structure con-
siderably influences resistance of transfer of humidity,
heat and air depending on cross-section and longitudi-
nal geometry of fibres and material composition of blen-
ded textile.

— The fibres frictionally texturised and applied to the
textile are more permeable for water vapor in com-
parison with fibres texturised by air. The humidity
transfer on surfaces of frictionally texturised fibres
is more favorable when compared with surfaces of
fibres texturised by air.

— The fibres texturised by air in textiles report a higher
resistance of heat transfer and thermal isolation
compared with frictionally texturised fibres.

— The fibres with cross-section profile of Il type,
on figure 3, provides a balanced partial pressu-
re of water vapor in underclothing area in relati-
vely long time period and the best physiological
comfort in cloth during an increased physical
activity.

Evaluating methods of blended textiles and socks is
suitable for a complex objective evaluation of quality of
product. This method has shown that the socks made
of three composition blends report the highest quality
among the evaluated samples.

Table 4 Total evaluation of physiological and comfort properties of textile products

Evaluation A B o] D E =

According to laboratory tests 55 55 46 52 53 58
According to volunteers 115 117,5 116 108,5 108,5 118
Total amount of points 170 172,5 162 160,5 1615 171

Vldkna a textil 11 (1) 3-12 (2002)
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VPLYV MATERIALOVEHO ZLOZENIA TEXTILIi NA ICH
FYZIOLOGICKE VLASTNOSTI

Translation of Article:
The influence of textiles material composition on their physiological properties

Zmesovanie vlakien syntetickych a prirodnych sa uskutoéiuje s cielom preferovat vlastnosti
jednotlivych vilakien v zmesi a zaroven vyuzit synergiticky ucinok vlakien v zmesi, ktory je
efektivnejsi. Materidlové zloZenie textilie zo zmesi vldkien a ich priadzi ovplyviuje jej fyziologické

vlastnosti.

V prispevku sa pojedndva o vplyve makromorfologickej §truktury jednorozmernych a dvojroz-
mernych textilii na ich fyziologické vlastnosti. Na hodnotenie fyziologickych a komfortnych vlastnosti
sa vyuzivaju skusky laboratorne a skusky nosenim hotového textilného vyrobku. Takyto metodicky
pristup pri planovanej vyrobe nového odevného vyrobku zabezpecuje vSeobecne najobjektivnejsie
hodnotenie z hladiska fyziologie a komfortu nosenia.

Kltacové slova: geometria vidkna, zmesové textilie, fyziologické vlastnosti, metodika hodnotenia,

test nosenim

1. UVOD

Pri planovanej vyrobe nového odevného vyrobku sa
pristupuje viacerymi moznymi postupmi. Profesionalny
pristup pri vyrobe nového odevného vyrobku si vyzadu-
je hodnotenie nielen hotového odevného vyrobku, ale
najskor hodnotenie textiiného materialu, ktory sa pou-
Zije na vyrobu odevu. Takyto pristup zabezpecuje, ze
odevny vyrobok bude z hladiska materialového zloze-
nia a konstrukcie zabezpeCovat poZzadované kritéria pre
fyzioldgiu a komfort pri noseni.

Metodicky Uplne zabezpeceny pristup pri planovanej
vyrobe nového odevného vyrobku sa zaklada na spo-
lupraci medzi odbornikmi na viakna, textil a odev, ktori
maju spolocny ciel, t.j. vyrobit kvalitny odevny vyrobok.
Kazdy vo svojom odbore a v nadvaznosti riesi problém:

Technoldgovia viakien navrhuju jednorozmerné tex-
tilie s vhodnymi Gzitkovymi a fyziologickymi vlastnos-
tami.

Technoldgovia textilii navrhuju dvojrozmerné textilie
s vhodnou makromorfologickou Strukturou a fyziologic-
kymi vlastnostami.

Vyrobcovia odevného vyrobku zodpovedaju za vhod-
ny vyber textiiného materidlu pre dany vyrobok a ucel
vyuzitia tak, aby spifial kritéria na fyziolégiu a komfort
pri jeho noseni.

Takyto pristup zodpoveda komplexnému hodnoteniu
jednorozmernej, dvojrozmernej a trojrozmernej textilie
planovanej na vyrobu nového alebo inovovaného odev-
ného vyrobku.

Hodnotenie makromorfologickej Struktury a fyziologic-
kych vlastnosti zahfiia vyber a hodnotenie materialu na
troch Urovniach:

— na urovni jednorozmernej textilie:

— druh a typ vldkna
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— vlastnosti geometrické, povrchové

a transportné
— na urovni dvojrozmerne; textilie:

— makromorfologicka Struktura textilie

— vlastnosti povrchoveé, objemove a fyziologické
— na urovni trojrozmernych textilii:

— strih odevu

— spdsob vyuzivania

— fyziologické a komfortné vlastnosti.

Vztah medzi fyziologickymi viastnostami textilnych
materidlov a fyziologickymi ¢innostami ¢loveka na jed-
nej strane a vonkajsimi klimatickymi podmienkami na
druhej strane skima vedny odbor fyzioldgia a komfort
odievania. V tychto suvislostiach sa pojednava o fyzio-
logickych viastnostiach textilnych materidlov.

Profesionalny pristup k hodnoteniu fyziologickych
vlastnosti nejakého odevného vyrobku vyzaduje skus-
ky laboratérne, dalej skidky na modeloch, ktoré napo-
dobriuju fyziologickeé Cinnosti pokozky a skusky nose-
nim na dobrovolnikoch. Narocnost na realizaciu nového
vyrobku s takymto pristupom je vysoka, avSak potreb-
na nato, aby bola vypovedna schopnost o fyziologic-
kych a komfortnych vlastnostiach odevného vyrobku a
jeho kvalita ¢o najvysSsia [1, 2, 3].

Fyziologické vlastnosti textilnych materialov

Hlavné fyziologicke vlastnosti textilnych materialov su
transportné vlastnosti tepla, vihkosti a vzduchu, ¢o vy-
plyva zo zakladnych fyziologickych Cinnosti koze a z
potrieb pri noseni odevneho vyrobku. Transportne viast-
nosti viaknovych materidlov jednorozmernych a dvoj-
rozmernych koreSponduju najmé s ich povrchovymi
vlastnostami. Povrchoveé viastnosti viakien zabezpecuje
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hlavne ich geometria. Priednu a pozdiznu geometriu
vlakien opisuju charakteristiky, ako je tvar a velkost
povrchu viakien, objem viakien, merny povrch viakien
a kapilarny systém medzi viaknami. Pri technologickych
postupoch pripravy syntetickych viakien profilovanim v
prienom a pozdiznom smere sa mézu ziskat rozma-
nité profily viakien s réznymi povrchmi a povrchovymi
vlastnostami [4, 5, 6].

Fyziologicke vlastnosti dvojrozmernych textilii zavisia
najma od ich makromorfologickej Struktury. Makromor-
fologicka Struktura je dana zlozenim a konStrukciou
dvojrozmernej textilie. Zlozenie textilie udava druh a typ
vlakien. Konstrukcia textilie umozriuje zadrziavat v tex-
tilii vzduch. Z tohto hladiska je dvojrozmernd textilia
kompozit zloZzeny z vlakien a vzduchu, priCom kazda
kompozitna zlozka ma vyznamny vplyv na jej fyziologic-
ke vlastnosti.

Priepustnost tepla cez textilnu vrstvu je v dobrej zho-
de s odporom prechodu tepla vedenim, prudenim a zia-
renim. Velkost tepelnych charakteristik udava hlavne
objem vzduchu, ktory je zadrziavany v makromorfolo-
gickom Struktdrnom Utvare. Je to spdsobené tym, ze
vzduch ma vyrazne menSiu tepelnu vodivost nez vlak-
no a tiez mensiu tepelnu vodivost nez kompozitna dvoj-
rozmerna textilia [5].

Priepustnost vihkosti cez textilnu vrstvu dobre charak-
terizuje odpor prechodu vihkosti cez textilnu vrstvu. Z
fyziologického hladiska je délezité, aby bola hodnota
hy su¢asne odpor prechodu tepla textilnou vrstvou.
Odpor prechodu vihkosti a odpor prechodu tepla cez
textilnu vrstvu nie vzdy su v zhode. Pomer odporu pre-
chodu tepla a vihkosti vyjadruje index prechodu vihkosti,
[3].

Prechod vihkosti cez textilnu vrstvu sa uskutoCnuje
viacerymi moznymi spdsobmi. Hlavné cesty su:

— adhézia a migracia vihkosti po povrchoch vidkien

— difuzia cez pory v textilii

— kapilarny transport

— absorpcia a desorpcia.

Ktora z uvedenych ciest prechodu vihkosti cez textil-
nu vrstvu bude prevazujuca zavisi najma od makromor-
fologickej Struktury jednorozmernych a dvojrozmernych,
pripadne trojrozmernych textilii. Absorpcia a desorpcia
su pomalé deje a zavislé od druhu vlakien.

Priepustnost vzduchu cez textilnd vrstvu zavisi od
difuznej cesty cez pory v textilii.

Priepustnost vzduchu nie je vzdy v zhode s priepust-
nostou vihkosti, lebo mechanizmus Sirenia je rozdielny.
Pri difdzii vihkosti je va&Si odpor nez pri difuzii vzduchu
[7, 3]

Pri planovanej konstrukcii dvojrozmerne;j textilii sa
vyzaduje vedomost o jej odevnej aplikécii. Priepustnost
tepla, vlhkosti a vzduchu su vektorové veli¢iny. Pri
odievani sa prednostne uvazuje smer odvadzania tep-
la, vihkosti a vzduchu od pokozky cez textilnu vrstvu do
vonkajSieho okolia. Vzhladom na fenomén pododevne;j
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mikroklimy, ktora sa nachadza medzi pokozkou a kon-
taktnou textilnou vrstvou, konstruuju sa textilie s takou
makromorfologickou Struktirou, aby odvadzali ¢o naj-
viac vihkosti od pokozky do vzdialenejSich vrstiev. Ta-
kato textilia zabezpecuje sucht pododevni mikroklimu
a komfort pri noseni [8, 9, 10].

Vyvoj novych textilnych materialov napreduje spolu s
poziadavkami na textilie pre odevy. Podiel syntetickych
vlakien v tychto materidloch stupa na zaklade poznat-
koch o ich fyziologickych vlastnostiach na jednej stra-
ne a fyziologickom komforte, ktory zabezpecuju na dru-
hej strane. Vyuziva sa pritom synergeticky ucinok
vlakien syntetickych a prirodnych v zmesovej textilii.

2. EXPERIMETALNA CAST

1. Z PET vlakien s réznou prieénou a pozdiznou ge-
ometriou sa pripravili pleteniny v zmesi s bavinou, kto-
ré boli ur¢ené do odevov pre volny ¢as. Podiel baviny
a profilovanych PET viakien bol 50% [/ 50%. Technolo-
gické podmienky pripravy zmesnych textilii boli rovna-
ke u vSetkych vzoriek. Vzorky sa skusali v laborator-
nych podmienkach a na probantoch. Stanovil sa tepelny
odpor, priepustnost vihkosti a vzduchu cez textilné
vrstvy a tiez celkovy komfort v odeve pri stredne tazkej
praci probanta.

2. Stredne jemné PP vlakna s prie€nym profilom troj-
uholnikového tvaru v zmesi s viaknami na baze celulé-
zy alycry (tab. 1) sa aplikovali do ponoziek. Podiel PP
vlakien v pletenine bol prevazujuci a konstantny. Vzor-
ky pletenin sa skusali v prvom stupni v laboratornych
podmienkach a hotovy vyrobok - ponozky na proban-
toch. Vyuzil sa cely rad skuSobnych laboratornych me-
tod, ktoré maju vypovednu silu o fyziologickych a kom-
fortnych vlastnostiach materidlov (tab. 2). V dal$ej asti
sa testovali ponozky na skupine piatich probantov po-
Cas pat dni. Probanti boli pou¢eni o spdsobe nosenia
vyrobku, jeho oSetrovani pri noseni a spésobe zapisu
hodnotenia.

3. VYSLEDKY A DISKUSIA

Vplyv materialového zloZenia textilii na ich fyziologic-
ke vlastnosti sa hodnotil z dvoch hladisk:

— vplyv prie€nej a pozdlznej geometrie viakien

— vplyv zmesovania réznych druhov viakien.

Tabulka 1 Materialové zlozenie vidkien a textilii

Zlozenie Zlozenie vlakien

pleteniny PP PP/lycra  ba ba/ln  ba/Vs
A-PP +
B-PP/ba/ln + +
C-PP/lycra/ba/n + +
D-PP/ba * +
E-PP/lycra/ba + e
F-PP/ba/Vs + £

Vidkna a textil 11 (1) 3-12 (2004)
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Tabulka 2 Hodnotenie zékladnych a fyziologickych vlastnosti textilii podlia laboratérnych skusok

Laboratérne skusky A B C D E E
Vzlinavost/nasiaklivost vody 1 5} 5 2 6
Pevnost v odere 6 2 4 3 S 1
Rozmerova stabilita pri prani

dizka chodidla 6 4 1 5 2 3

dizka lytka 6 4 5 1 5 3
Stalost vyfarbenia pri prani

zapustenie farby do bavinenej tkaniny 5 5 5 4 3 5

zapustenie farby do vinenej tkaniny 5 5 5 3 4 5
Stalost vyfarbenia v modelovom kyslom roztoku potu

zapustenie farby do bavinenej tkaniny 5 5 5 5 5 5

zapustenie farby do vinenej tkaniny 5 5 5 5 5 5

Koeficient trenia

licova strana 3 4 6 5 5 5

rubova strana 4 5 6 5 5 5
Stlagitelnost 5 6 6 6 6 5
Priepustnost vzduchu 5 6 4 4 3 6
Priepustnost vodnej pary 6 6 5 5 4 6
Kinetika vysychania 6 4 2 5 3 5
VIhkostna absorptivita 3 3 6 5 4 6
Tepelna vodivost

v suchom stave 5 6 4 5 3 5

v mokrom stave 4 4 5 5 3 6
Stalost vyfarbenia v modelovom zésaditom roztoku potu

zapustenie farby do bavinenej tkaniny 5 5 > 4,5 5 5

zapustenie farby do vinenej tkaniny 5 5 5 4,5 5 5
Tepelna absorptivita 3 5 6 5 6 5
Tepelny odpor 3 5 6 5 6 5
Sucet bodov 96 99 90 97 89 101

3.1 Vplyv prieénej a pozdiznej geometrie PET
vlakien na fyziologické vlastnosti textilie

Z PET vlékien s réznou prieénou a pozdiznou geo-
metriou sa pripravili pleteniny v zmesi s bavinou ur&e-
né do odevov pre volny ¢as. Obsah viakien baviny a
technologickeé podmienky pripravy vSetkych vzoriek ple-
tenin boli konStantné. Makromorfologicky Struktdrny
Utvar v zavislosti od zlozenia PET vlakien s r6znou
prieénou a pozdiznou geometriou vykazoval rozdielne
prostredie pre transport tepla, vihkosti vzduchu a celko-
vy komfort. Rozdiely vo fyziologickych vlastnostiach
korespondovali so zmenou prieénej a pozdiznej geo-
metrie vlakien.

Na obr. 1 je uvedena zavislost zmeny relativnej vih-
kosti vzduchu cez textilnt vrstvu od &asu. Cas, za kto-
ry sa dosiahla 100% relativna vihkost vzduchu na po-
vrchu textilie prechodom vihkosti cez textilnu vrstvu je
rozdielny. Z tejto kinetickej zavislosti vyplyva, ze troju-
holnikovy tvar viakna, ktory bol tvarovany vzduchom
kladie najvy3S8i odpor prechodu vihkosti medzi skuSa-
nymi vzorkami. Vlakna tvarované frikénym spésobom
su pre vodnu paru priepustnejSie a poskytuju men§i
odpor prechodu vihkosti a to plati pre vidkna tvaru troj-
listok i trojuholnik.

PloSny odpor vedenia tepla cez textilnu vrstvu s roz-
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nou makromorfologickou Struktiurou PET viakien je za-
znamenany na obr. 2. Odpor prechodu tepla vlakien
tvarovanych vzduchom je vy$Si nez odpor prechodu
tepla viakien tvarovanych frikéne. Objem zadrziavané-
ho vzduchu v makromorfologickom Struktdrnom utvare,
ktory obsahuje vlakna trojuholnikového tvaru tvarova-
né vzduchom je najvyssi medzi skiSanymi vzorkami, ¢o
koreSponduje s relativne najvys$Sou tepelnou izolaciou
textilie s takouto makromorfolégiou.

Na obr. 3 su Udaje, ktoré sa ziskali pri testovani ode-
vu nosenim dobrovolnikmi. Vystupom je porovnavanie
komfortu PET vlakien s prieénym profilom na Grovni
typu |, Il alll. Fyziologicky komfort KH vplyvom potenia
je neunosny, ak relativna vihkost vzduchu v pododev-
nej klime dosiahne 80%. Takyto stav sa dosiahol pri
zvySenej fyzickej Cinnosti v skisanych odevoch za roz-
dielny ¢as. Tento stav bol zapri¢ineny primarne predo-
vSetkym rozdielnym prieénym profilom PET viakien.
Makromorfologicka Struktura textilii s viaknami troch
typov ma rozdielny kapilarny a pérovity systém a roz-
dielnu adhéziu a migraciu vihkosti po povrchoch viakien
a teda vykazuje rozdielnu priepustnost vihkosti. Prie-
pustnost vzduchu u tychto vzoriek namerana Standard-
nou metdédou bola tiez znaéne rozdielna. Makromorfo-
logicka Struktura s viaknami typu Il vykazovala
priepustnost vzduchu v objeme 515 .m™?s™, s vlékna-
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Tabulka 3 Hodnotenie zakladnych a fyziologickych vlastnosti textilnych vyrobkov podla skiSok nosenim

Skusky nosenim A B C D E E
Stalost tvarov 54455 5445 4,5 34445 54454 54444 5445 4,5
Oder 44445 44345 44435 44343 54144 4444 4,5
Zmolkovitost 55454 23344 42223 4434 3,5 53838.5 43434
Stalofarebnost 55555 44555 54555 43233 53133 54455
Tepelna izolacia 22122 23332 13312 33332 23332 33332
Pocit komfortu 33125 45554 35545 55553 45545 55555
Sucet bodov 115 1175 116 108,5 108,5 118

Tabulka 4 Celkové hodnotenie fyziologickych a komfortnych vlastnosti textilnych vyrobkov[W1]

Hodnotenie A B C D E E
Podla laboratornych skisok 55 55 46 52 53 53
Podla sku$ok nosenim 115 117,5 116 108,5 108,5 118
Celkové hodnotenie 170 172,5 162 160,5 161,5 171

mi typu Il 475 I.m™s™ a typu | 460 L.m™s™. Celkovo
mozno ku fyziologickému komfortu ski$anych odevov
pri zvySenej fyzickej Cinnosti na zaklade merania rela-
tivnej vihkosti vzduchu v pododevnej mikroklime kon-
Statovat, Ze vlakna typu lll su pre takuto oblast vyuzi-
tia odevu — stredne tazka praca pri rekreacnom
Sportovani, na zaklade transportu vihkosti najlepSie.
Zhoda bola potvrdena tiez vyjadrenim dobrovolnikov o
ich subjektivnom pocite pri ¢innosti v odeve.

3.2 Vplyv zlozenia zmesovej textilie s prevazuju-
cim podielom PP viakien na fyziologické vlast-
nosti

Stredne jemné PP vlakna s prie€nym profilom troju-
holnikoveého tvaru boli tvarované frikénym spdsobom a
aplikované do pleteniny v zmesi s vldknami na baze
celulézy ako je bavina (ba), Ian (In) a viskdzové viakna
(Vs) a malym podielom lycry. Makromorfologicka Struk-
tura dvojrozmernej textilie bola zabezpecena najma PP
vlaknami. Maly podiel dopinkovych viakien v zmesovej
textilii bol aplikovany na podporu fyziologickych a kom-
fortnych vlastnosti v odevnom vyrobku — v ponozkovom
programe. '

Materidlové zlozenie zmesovych vlakien a zmeso-
vych pletenin je uvedené v tabulke 1.

Hodnotenie pletenin a ponoziek sa uskutocnilo la-
boratérnymi skiSkami a nosenim dobrovolnikmi, kto-
ri boli pouceni o podmienkach nosenia. Vzhladom na
oblast vyuzitia a spdsob nosenia odevného vyrobku
sa skusali niektoré zakladné a preferovane vlastnosti
zmesovych pletenin a odevného vyrobku, tabulka 2,
3. VSetky hodnoty nameranych zakladnych a prefe-
rovanych vlastnosti pletenin a ponoziek ziskané kla-
sickymi metdédami a prislusnym spdsobom vyjadre-
nia pri noseni sa kvalifikovali podla hodnotiacej
stupnice bodov 1-6, pric¢om bod 1 bol priradeny naj-
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nizSej kvalite a bod 6 najvys3ej kvalite danej viast-
nosti. Najvy$si celkovy sucet bodov prislicha vyrob-
ku s najlepSou kvalitou. Pocet dobrovolnikov bol pét,
preto pri kazdej skuSke nosenim je pre kazdu vzor-
ku pat hodnét. Podla Ciselného bodovania kvality
vzoriek su najkomfortnejSie ponozky z trojzlozkovych
Upletov so zloZzenim ba/PP/Vs a ba/PP/In. Podiel
lanu a viskdzovych vlakien v zmesi s bavinou a PP’
vldknami zvySuje celkovy komfort vyrobku. Lycrové
vlakna v danom odevnom vyrobku relativne znizili
jeho celkovy komfort, tabulka 4.

4. ZAVER

Zistilo sa, Zze makromorfologicka $truktura vyrazne
ovplyviuje odpor prechodu vihkosti, tepla a vzduchu v
zavislosti od prie¢nej a pozdiznej geometrie vidkien a
od materialového zloZenia zmesovej textilie.

Vlakna tvarovaneé frikénym spésobom a aplikované do
textilie st pre vodnu paru priepustnejsie v porovnani s
vlaknami tvarovanymi vzduchom. Transport vihkosti po
povrchoch frikéne tvarovanych viakien je priaznivejsi
nez po povrchoch vzduchom tvarovanych viakien.

Vldkna tvarované vzduchom vykazuju v textilidch
vy§8i odpor prechodu tepla v porovnani s vidknami tva-
rovanymi frikéne a maju vy3Siu tepelnu izolaciu.

Vlakna s prie€nym profilom typu lll, obr. 3 zabezpe-
¢uju v pododevnom priestore v relativne dlhom ¢aso-
vom intervale vyvazeny parcialny tlak vodnej pary a za-
bezped&uju najlepsi fyziologicky komfort v odeve pri
zvySenej fyzickej ¢innosti.

Pouzitd metodika hodnotenia zmesovych textilii a
ponoziek je vhodna pre komplexné objektivhe zhodno-
tenie kvality vyrobku. Touto metddou sa zistilo, Ze v
hodnotenom subore su najkvalitnejSie ponozky z troj-
zlozkovym zmesi.

Vidkna a textil 11 (1) 3-12 (2004)
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KEVLAR FIBERS COMPRESSIVE CHARACTERISTICS

Militky J., Kovaci¢ K.

Textile Faculty, Technical University of Liberec
461 17 Liberec, Czech Republic, e-mail: jiri.militky @vslib.cz

The main aim of this contribution is investigation of isothermal compressive creep of Kevlar
fibers based linear composite with epoxy resin measured in the longitudinal direction on the
special device TMA for thermo mechanical analysis. The compressive creep is described by the
simple two exponential model with two characteristic time constant. Based on the simple model
of linear composite with epoxy resin the prediction of compressive longitudinal modulus of Kevlar

fibers is computed

Keywords: compressive creep, compressive modulus, Kevlar fibers

1. INTRODUCTION

Aromatic polyamides represent the major group of
man made fibers with high performance properties for
engineering end use. Especially paraamides as Kevlar
fibers are useful for engineering applications due to high
modulus and high tenacity. These fibers are used as
starting material for industrial textiles bearing high stren-
gth at higher temperatures.

It is well known, that due to special molecular order
the Kevlar fibers have high anisotropy of mechanical
properties. For application of Kevlar in the composites
and other structures it is often required stability under
long-term compressive loading at elevated temperatu-
res. The main aim of this contribution is investigation
of isothermal compressive creep of Kevlar fibers based
on linear composite with epoxy resin measured in the
longitudinal direction on the special device TMA for
thermomechanical analysis.

The compressive creep is described by the simple two
exponential model with two characteristic time constant.
For characterization of behavior under creep condition
the time of half dilatation tp is used. The dependence
of tp on the temperature is analyzed. Based on the sim-
ple model of Kevlar fibers epoxy resin linear composi-
te the prediction of compressive longitudinal modulus of
Kevlar fibers is computed.

Table 1 Parameters of Kevlar family of fibers

2. KEVLAR FIBERS

Kevlar is the registered trademark for DuPont’s fami-
ly of high temperature resistant aramid fibers having a
unigue combination of toughness, high tenacity and
modulus and exceptional thermal stability. These pro-
perties offer the means to increase strength and redu-
ce weight of structures in a variety of end-use applica-
tion.

Various Kevlar types are on the market. Basic variant
is Kevlar 29 with properties similar to that classical pa-
raamid fiber Kevlar. Kevlar 49 has tensile strength equal
to that of Kevlar 29 but higher modulus and lower elon-
gation and is specially designed for plastics reinforce-
ment.

Kevlar 68 is designed to bridge the gap between Ke-
vlar 29 and Kevlar 49 having the properties comparab-
le with Kevlar 29 with a modulus approaching that of
Kevlar 49.

Kevlar 149 has the highest modulus with the tensile
modulus 25% above that of Kevlar 49. This type offers
unigue combination of properties suitable for advanced
composites.

Some basic properties of Kevlar family of fibers are
presented in the Table 1 [1].

In this table Ex is compressive longitudinal modulus,
E_ is tensile longitudinal modulus and E; is transversal

Type 29 49 68 149
Tenacity [cN/tex] 203 208 212 159
Elongation [%] 3,6 2,4 2.9 135
Initial modulus [cN/tex] 4900 7814 6887 9712
Longitudinal modulus E_ [GPa] 79.4 113.4 - 179.1
Compressive modulus Eyx [GPa] 55 779 - 76.4
Transversal modulus E; [GPa] 2.59 2.49 - 2.47

Vidkna a textil 11 (1) 13—15 (2004)
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modulus. These values were obtained by the Kawaba-
ta's micro mechanical method [2]. Owing to highly orien-
ted molecular chains in the longitudinal direction and
strong bonding of chain molecules the mechanical ani-
sotropy is very strong.

It is well known that the Kevlar fibers are essentially
unaffected by the long-term exposure of extreme tem-
peratures.

3. EXPERIMENTAL PART

Measurement of compressive creep in longitudinal
direction were realized on the Kevlar 149 with fineness
1,7 dtex and mean fiber diameter 12,15 um.

For measurements the composite rods containing
90 % of Kevlar 149 and 10 % of epoxy resin (CHS 1200)
were prepared. These rods were cut to the cylindrical
sample with length 12.237 mm and diameter 5.137 mm.
For comparison the same samples from pure epoxy
resin were prepared.

The measurements were realized on the TMA CX03R
thermomechanical analysator. This device enables
measurements of dimensional changes of samples under
defined compressive load at various temperatures.

The compressive creep functions i.e. dependencies
of sample height I, on the time t were measured at com-
pressive load 1000 mN and temperatures T = 25, 50,
100 and 200 °C. Results of measurements are couples
of data (I, t, i =1, 2,.....N).

4. COMPRESSIVE CREEP DESCRIPTION

The experimental data were used for fitting by the sim-
ple two exponential model

Iy = Po €xp(=pgt) - psexp(-pst)+py (1)

The parameters p;, ...ps were estimated by the nonli-
near least squares i.e. by minimization of criterion [3]

Table 2 Parameters of compressive creep for Kevlar composite

Temperature [°C] dy [pm] Tp [S]
25 37,42 14,69
50 76,05 19,79
100 71,15 14,69
200 115,57 24,30

Table 3 Parameters of compressive creep for epoxy resin

dw [um]

Temperature [°C] Tp [S]
25 46,7 1771
50 123,17 19,21
100 287,0 664,5
200 725,3 3022,1
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Table 4 Activated energies of dilatation

Material Ep [kd/mol]
Kevlar composite 2.744
Epoxy resin 23.650

S= (Z):[IHI —ly (ti )]2 (2)
I

For characterization of compressive creep curves the
following two parameters were used:

a) Maximum dilatation dy, [um], dy = p, + ps

b) Time of half dilatation 1 [s] i.e. time t = 1, for which
is dilatation equal to I, = p; + 0,5d},

The characteristics dy, and t; computed from py, ...... Ps
parameters for Kevlar composite are given in the table 2.

The same characteristics for the epoxy resin are gi-
ven in the table 3.

In the temperature activated processes the rate pa-
rameters are usually temperature dependent according
to the well-known Arrhenius equation. For time of half
dilatation the Arrhenius type equation has the form

-E,
sy exp( = ) (3)
where Ej is activation energy of dilatation, t, is
preexponential factor, T is absolute temperature and
R is universal gas constant.
Activation energies of dilatation E; computed from
eqn. (3) are given in the table 4.

5. LONGITUDINAL COMPRESSIVE MODULUS
OF KEVLAR FIBERS

Let one has the linear composite (index C) from the
phase of Kevlar fibers (index K) and epoxy resin mat-
rix (index E). Let the both phases are deformed elasti-
cally that their Poisson ratio is the same and that the
stresses cause no debonding of the interfaces. The li-
near composite Kevlar epoxy resin is shown on the
fig. 1a and corresponding mechanical two phase model
on the fig 1b.

During the compressive creep both phases deforms
isometrically (i.e. strain is equal)

(4)

5C=SK=€E

The force acting on the individual phases is then

(M
where F; is force action on the i-th fiber. Converting
forces into stresses i.e.

(5)

Oki = K (6)
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a b

Fig. 1 The linear composite Kevlar epoxy resin (a), corresponding
mechanical two- phase model (b).

and imposing the volumetric ratio of Kevlar fibers (com-
posite has the same length as individual phases)

Z Agi

(i)
Lot Vil mn (7)
(/Z) Ki Ac
the well known equation results
og = D ok +(1- 0k )og (8)

(7)

Let all fibers have the same cross sectional area Ay, =
Ay and the same stresses oy; = ok. Then the simple law
of mixture results

o¢ = Oyoy +(1- Dy )og (9)

Dividing the egn (9) by constant strain s (see. eqn.
(4)) and assuming that the simple Hooke’s law (c = E¢)
is valid the final form can be obtained

For known @, and E, Eg the longitudinal compressi-
ve modulus of Kevlar fibers is equal to

EC—_(1_(DK)EE

E, =
K (DK

(11)

For our case the @, was estimated by the image ana-
lysis (from areas @, ) and value @y = 0,9 was obtained.

The modulus E; at individual temperatures was com-
puted as the ratio

by
ACEE(SO)

where F =1 N is applied load, A = 20.725 mm? is cross
sectional area of tested composite sample and &3 is
deformation under compressive creep in time t = 30 s.
Values &3 were computed from dimensional changes
after 30 second of compressive creep for linear compo-
site at individual temperatures (see. eqn. (1)).

By the same way the moduli E¢ were estimated from
the compressive creep curve of pure epoxy resin. In this
case F=1N, A, =20.725 mm? and Eg(30) WEre compu-
ted from dimensional changes after 30 second of com-
pressive creep for epoxy resin at individual temperatu-
res (see. eqn. (1)).

Ec (12)

Vidkna a textil 11 (1) 13-15 (2004)

Textile materials

Table 5 Longitudinal Compressive Modulus of linear composite,
epoxy resin and Kevlar fibers

Temperature  Ex (Kevlar) Ec Eg (Resin)
[°C] [GPa] (Composite) [GPa] [GPa]
25 18.95 18.77 6748
50 14.103 13.21 5.262
100 21.59 20.18 3.73
200 10.76 10.28 5.88

Computed values of Eg , E¢ and Ey are summarized
in the table 5.

6. DISCUSSION

As is shown in Table 2 and 3 for both Kevlar compo-
site and resin the maximum dilatation dy, and time of half
dilatation tp have tendency to grow with increasing tem-
perature. Activation energy of dilatation for Kevlar com-
posite is very small and therefore the compressive cre-
ep properties are not temperature sensitive in
investigated region. The activation energy of dilatation
for epoxy resin is about ten times higher.

Longitudinal compressive creep modulus of Kevlar
(see table 5) is small in comparison with Kawabata
measurements (see table 1). The main discrepancy is
in measurement principle. Kawabata's device realizes
the compressive stress strain experiments but our me-
asurements are compressive creep. Second problem is
in definition of initial deformation. We have used the
deformation g after 30 second of compressive creep
to prevent initial uncertainty of measurement.

The changes of compressive creep longitudinal mo-
dulus with temperature up to 200 °C are small. These
results agree with compressive creep characteristics.

7. CONCLUSION

Based on the above-presented results is possible to
summarize that the longitudinal compressive creep pro-
perties of Kevlar fibers are not very sensitive to tempe-
rature actions up to approximately 200°C.
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CHARAKTERISTIKY STLACITELNOSTI KEVLAROVYCH
VLAKEN

Translation of abstract:
Kevlar fibers compressive characteristics

Hlavnym cielom tohoto prispevku je vyskum izotermaineho kompresného kripu linearneho kompozitu epoxi-
dovej zivice a Kevlarovych vidkien meraného v pozdiznom smere na Speciadlnom TMA pre termo-mechanicku
analyzu. Kompresny krip je popisany dvomi jednoduchymi exponencidlnymi modelmi s dvomi charakteristicky-
mi ¢asovymi konstantami. Jednoduchy model linedrneho kompozitu z epoxidovej Zivice je zakladom pre vypo-
&et predkladanych kompresnych pozdiznych modulov Kevlarovych vidkien.
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Modeling of textile technologies and materials

SYSTEM MODELLING IN THE NEW SPINNING
TECHNOLOGIES

Ursiny P.

Technical University of Liberec, Dept.of Mechanical Technologies,
Liberec, Czech Republic

The author describe the dynamic and probability models. Technological system is interpreted
as a steady linear dynamic system, which transforms the pattern structure of mass unevenness
into the resultant structure. The levelling efficiency of the OE rotor spinning system has been
evaluated by the ratio of the quadratic mass unevennesses in the fibre ribbon and fibre flow. We
created the probability model of releasing fibres from the feeding sliver through the effect of the

combing cylinder in the OE rotor spinning units.

1. INTRODUCTION

In the wide area of textile technology belong betwe-
en most important the spinning technology with finite
technological point — yarn production. In this technolo-
gical point we use a new modern open — end (OE) ro-
tor spinning machines for production of cotton yarn.

The effective development of OE rotor spinning ma-
chines for high yarn quality and high production rate is
possible with use of system modelling.

Textile technological processes in these machines
proceed under the conditions of high operating speed
and at the same time it is necessary to guarantee a
required quality of the final yarn in the point of view of
significant utility qualities as for example mass uneven-
nes.

The optimization of a textile technology process and
the highest possible degree of utilization of technolo-
gical reserves of a given spinning system under the
conditions of high-standard kinematic parameters of
the process are conditional on the utilization of new up-
to-date methods of theoretical and experimental rese-
arch. This trend became evident especially in relation
to the sucessfull development of rotor spinning machi-
nes, which at the same time has brought many stimu-
latives to the sector of research methods of the proces-
ses of textile technology. For scientific and research
solution to an optimum spinning process we use the re-
presentation of a real process with theoretical means
in such a way which would show us the functional de-
pendence between an index (direct or indirect) of the
followed characteristic (for instance mass unevenness)
and mechanical and technological parameters. The re-
presentation of a real technological process in the form
of a model makes research easier. It increases its ef-
fectiveness and it reduces the time, which is necessa-
ry to reach the optimum variant for experimental veri-
fication.

Vidkna a textil 11 (1) 17-22 (2004)

2. DYNAMIC MODEL OF THE OE ROTOR
SPINNING SYSTEM-SYSTEM OF CYCLIC
DOUBLING

A significant group among modelling of spinning pro-
cesses and systems is the dynamic simulation. A given
spinning system is interpreted as a steady linear dyna-
mic system, which transforms the pattern structure of
mass unevenness into the resultant structure.

The general characteristics of the research problems
solutions is transformation of mass unevenness by spin-
ning system-system of cyclic doubling.

The mathematical modelling of the equalizing effect
of the cyclic doubling system is based on the presen-
tation of the fibrous ribbon fineness as a function of the
lenght with the aid of the related fineness of the indivi-
dual fibre flows.

N-1
T [x]= ZTS [X-iu]

i=0

(1)

T, [X] - fineness of the fibrous ribbon as a function of
lenght X, i=0,1,2,...N,N — number of cyclic doublings,
T, [X] fineness of the fibre flow supplied as a function
of lenght X, u — circuference of the collection surface.

The fineness function of the fibrous ribbon forms is the
basis for the derivation of the transfer function of the
cyclic doubling and of the modulus of this function.First
of all the Laplace — transformation of the basic equation
of the doubling system (1) is carried out, in order to
obtain the said functions.

The relation for the quadratic irregularity of the fibro-
us ribbon, formed by cyclic doubling, is illustrated in
equation (2) [1].

2 N-1
NZ

» CV2 2 :
CVM=T+CVm (IN=Teo[iu]  (2)

i=1
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CVuy — quadratic unevenness of the fibrous ribbon,
CV,, — quadratic unevenness of the fibre flow, N — num-
ber of cyclic doublings, ¢, [iu] value of the standardised
correlation function of the fineness of the fibre flow for
the parameter iu, whereby i = 1,2,3,...(N-1) and u = cir-
cumference of the collection surface.

The analysis of the equalizing effect of the cyclic
doubling system reveals that the cyclic doubling system

is not able to reduce the components of the mass une- -

venness with the wave lenght.

A= u;y- ;E; .........
2-3
which even at a very low amplitude exert a significant
influence on the quadratic unevenness of the cyclically
doubled fibrous ribbon. As has also been confirmed in
other contexts, these components cannot be neglectet.
From a definite rotor speed onward, when a replace-
ment of the rotor with a rotor of smaller diameter beco-
mes necessary, it comes to a smaller measurable mass
unevenness , in spite of the reduction of the cyclic doub-
ling, due to the reduced number of non — compensatab-
le components of the mass unevenness of the fibre flow.

3. PROBABILITY MODEL OF THE OE ROTOR
SPINNING SYSTEM - SYSTEM OF FIBRE
OPENING AND TRANSPORT

The fibres are transferred to the opening roll clothing
when the nip on the fibre exerted by feed roll and press

gesdial ipuiag 09

0 1 8- A58 7

Fig. 1 Diagram of fibre transfer from the peripheral speed of the feed
roll to that of the opening roll; 0,1,3,5, and 7, states of fibre
movement at the feed roll speed (so-called transient state),
2,4,6,8 and 9, states of fibre transfer from feed roll speed to
the speed of the opening roll (so-called absorbing state)

plate (relative to fibre lenght) is no longer effective, al-
lowing the fibres to be carried along in different areas
of the opening zone by the opening roll. The probabili-
ty of fibre transfer from the peripheral speed of the feed
roll to that of the opening roll can be described with the
aid of the Markov chain laws [2]. The diagram of fibre
transfer from feed roll to opening roll speed can be seen
in Fig. 1.

The probability model of fibre transfer to the opening
roll is derived from this diagram. The fibre transfer matrix
forms the basis for determining fibre dwell time in the
feed roll and press plate nip zone before transfer to the
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opening roll (average time, time scatter) . The transfer
probabilities p; are therefore the probabilities of fibre
transfer from condition i (movement at the peripheral
speed of the feed roll) to condition j (movement at the
peripheral speed of the feed or opening roll). The mat-
rix P fibre transfer from condition i to condition j can be
seen in equation (3).

O = D5 Pos 020 0L S0E L0 (0820
A ROEMO D P 0 0 S0l 0 E 0
OFR QTS OERE O REE O ShO I I
Ok 058 0imt O om0l pisitn Posli O a0
0 S Daemd Ot (000 ] e DS O OB D= ()
RS0 0 5 07" 00 05205 0" b prai0i[:(8)
DFFFEQIG R R SO R IN SRR SOREOR =6
0 L0k O 2 OOl R ORI OO SN 5]
05 == 0590 - B OSSNSO FRE (RN 0= )
O 70 07mi0in a0t aObcn O £ O 2050 4

Matrix P is converted into part matrices Q, R, O and I.

Q matrix of fibre movement at feed roll speed (5x5).

R matrix of the fibre movement change from feed rol
speed to opening roll speed (5x5).

O null matrix (5x5), | unit matrix (5x5).

In accordance with the Markov chain theory [2], the
following matrices can be deduced for fibre movement
at feed roll speed and fibre transfer to the opening roll:

Matrix N N=(-Q)" (4)

The matrix elements n; correspond to the average
number of passages through the states while the fibre
stays at feed roll speed.

The mean fibre dwell time in the comb-out zone is
obtained from vector (average number of states up to
fibre acceleration).

7 =Ng (5)

&— unit vector.

The elements correspond to the average number of
states passed through up to transfer of the fibre from
feed roll speed to opening roll speed.

Fibre dwell time scatter in the comb-out zone can be
represented by vector z.

7o =(2N~1).7y — 74 (6)
7,4 — quadratic vector from vector

70 = 1+ Po1 + Po1-P13 + Po1-P13-Pas + Po1-P13-Pas-Ps7 +
2Po1(1 + P13+ P13-Pas * P13-Pas.Ps7) + 2Po1-Pra(1 + Pas+
P3s-Ps7) + 2Po1-P13-Pas(1 + Ps7) + 2Po1-P13-P3s-Ps7—(1 +
Po1 + Po1-P13+ Po1-P13-Pas * 01-P13-Pas-Ps7)? (7)
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Table 1 Mean fibre dwell time in comb-out zone.

Modeling of textile technologies and materials

iF Mean probability of fibre transfer t [s]
[tex] Po P13 Pas Ps7 P7g Ps,11 Tig t+ ot [s]
1 40 0,7912 0,5994 0,4968 0,5873 0,3996 0,4616 2,7266 1,1035

1,0851 + 1,1719

2 40 0,8345 0,6434 0,5442 0,5071 0,3210 0,5122 2,8868 1,1683

1,1239 + 1,2127

1 18 0,7509 0,5934 0,4591 0,5368 0,4154 0,5558 2,5671 3,0276

2,8634 + 3,1918

2 18 0,8529 0,7015 0,5993 0,4637 0,3859 0,3460 3,0709 3,6218

3,4101 + 3,8335

T = OE rotor yarn count in tex, r;o = average number of states up to fibre transfer from feed roll speed to opening roll speed, t =

mean fibre dwell time in the comb-out zone.

The elements of matrix correspond to the scatter of
the number of states which the fibre passes through up
to transfer to opening roll speed. In the OE rotor machi-
ne opening unit, the sliver fed in is opened out to the
individual fibre, and the necessarily high draft required
is produced between the nip between the feed roll and
the press plate . Ideal conditions for this speed change
exist when, for each fibre, transfer takes place to ope-
ning roll speed imediately on release of the fibre end by
the press plate. Under the premise of a constant fibre
lenght, the minimum dwell time of the fibre in the comb-
out zone for this fibre lenght, and its scatter, is a mea-
sure of the variation from ideal drafting conditions.
Structural design of the comb-out zone must therefore
ensure that the speed change always occurs when the
fibre end passes the same, narrowest possible fibre
feed zone. The experimental results confirm the theo-
retical considerations that, with constant raw material,
the conditions in the opening roll zone, which lead to
minimum fibre dwell time in the comb-out zone, also
provide the lowest yarn unevenness in consequence. If
a minimum mean fibre dwell time is achieved in the
comb-out zone, fibre scatter, and therefore the possi-
bility of additional sliver unevenness due to the draft, is
also reduced. In order to be able to study fibre dwell time
in the comb-out zone experimentally, the fibre fringe
formed in the comb-out zone was broken down in to 4
mm long sections in each case, and its weight determi-
ned to an accuracy of 1 mg. This gives the probabilities
for fibre transfer to the opening roll in the different secti-
ons of the fibre fringe. Opening roll speed: 7050 min™.
Two type of press plate for OE spinning unit ,sliver co-
unt was 3240 tex. The mean probability of fibre trans-

Vidkna a textil 11 (1) 17-22 (2004)

fer and the mean fibre dwell time in the comb-out zone
can be seen in table 1.

SUMMARY

Dynamic model of the cyclic doubling system and
probability model of the fibre opening and transport are
very important applications for research of the OE ro-
tor spinning system. Also for next technological area
(feed tube of OE rotor spinning unit) we can use of the
probability model of the fibre flow in the air duct [4].

Delivery speed increases in OE rotor spinning unit
and the production of finer OE rotor yarns place strin-
gent requirements on feed sliver quality and the scien-
tific research control of all part technological processes
in the OE rotor spinning system.

ACKNOWLEDGEMENT: The present work is sponsored by the
research grant GACR 106/01/0565

REFERENCES

[1] URSINY,P.. Evennes of open-end yarn properties.
Textiltechnik, 33 (1983), 1, 19-22, ISSN 0323.3804

[2] KEMENY,l.SNELL,.: Finite Markov chains. Van Nostrand,
ISBN 59.15644 New York, 1960

[3] URSINY,P.;SAFAR,V.;MAGEL,M.: Analysis of sliver opening
on the OE rotor spinning machine.Melliand Textilberichte, 76
(1995), 4, 219-222, ISSN 0341.0781

[4] URSINY,P.: Structure of fibre flow in the feed tube of OE
rotor spinning system, Proceedings of 5. conference Strutex,
111-118, ISBN 80-7083-321-1,Liberec, December 1998,
Technical University of Liberec.

Received: May 2003

19



Modelovanie textilnych technoldgii a materialov Modeling of textile technologies and materials

SYSTEMOVE MODELOVANi V NOVYCH DOPRADACICH
TECHNOLOGIICH

Translation of Article
System modelling in the new spinning technologies

Autor pOplSUJe dynamlcky a pravdepodobnostnl model.Technologicky system je mterpretovan
i ] i 3 em ltan’ trancfarmuia. vetuipni etriiletiie bmnta otainA.



Modelovanie textilnych technoldgii a materidlov

které i pfi velmi malé amplitudévykazuji vyznamny vliv
na kvadratickou nestejnomérnost viakenné stuzky vy-
tvorené cyklickym druzenim.

Od urcité frekvence otaceni spfadaciho rotoru je ne-
zbytné vyménit rotor za rotor s niz§im prdmérem sbér-
ného povrchu a pres snizeni hodnoty cyklického druzeni
dochazi k nizsi méritelné hmotné nestejnomérnosti na
zakladé snizeného poctunevyrovnatelnych slozek
hmotné nestejnomérnosti vidkenného toku.

3. PRAVDEPODOBNOSTNi MODEL
ROTOROVEHO DOPRADACIHO SYSTEMU -
SYSTEM OJEDNOCOVANI VLAKEN A DOPRAVY

Prechod vidken na povlak vy&esavaciho valce pro-
béhne, kdyz svér vidkenvyvolany podavacim valcem a
pritlacnym stoleckem (v zavislosti na délce vlakna) pre-
stane pasobit. Tim maze viakno v rdznych oblastech
vycesavaci zony byt pfevzato vyéesavacim val-
cem.Pravdépodobnost prechodu vidkna z obvodoveé
rychlosti podavaciho véalecku na vy&esavaci valec mize
byt popsédna pomoci zékonitosti Markovskych fetézcti [2].

Diagram prechodu viaken z obvodoveé rychlosti poda-
vaciho vale¢ku na obvodovou rychlost vyCesavaciho
vélce je znazornén na obr. 1.

Z tohoto schématu je odvozen pravdépodobnostni
model prfechodu vidkna na vyCesavaci valec. Matice
prechodu viaken tvofi zéklad pro uréeni ¢asu prodlevy
v oblasti svéru vlakna podavacim valcem a pfitlacnym
stoleckem pred prfechodem na vyCesavaci valec (stfed-
ni ¢as, rozptyl ¢asu).

Pravdépodobnost pfechodu vidkna p; je pfitom pravdépo-
dobnost prechodu vidknaze stavu i (pohyb vidkna obvodo-
vou rychlosti podavaciho valecku) do stavu j (pohyb obvodo-
vou rychlosti podavaciho nebo vycesavaciho valce).

Matice prfechodu viakna Pze stavu ido stavujje zfej-
ma ze vztahu (3).

HES B p o RO ORI SSE G OO0
O OES 08 St 0 L 0250 0. 0
OFES OIS IEOISREE, QREN0 Fp &S 0F 440
B {00 S0 0] S 0 R0 R R o - R OIS 0 IR
QIEESORIRORINGS V305 oW S OHiNQEs0s 19
Re=l@ra 0t O 00 00 0. 0, D Dege 001(3)
G () S TR0 S0 (0 PR (S (0 R (0 (0
Okg e DiaaOo 10 0. 00 5000, 1= Op o]
Pie 0 - OFRAOLRED SROWEG BS0: = 15 0
(05 {01 S0 S o) NS o (6 A 0SNG0 TRy
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Obr. 1 Diagram pfechodu viakna z obvodové rychlosti podavaciho
vélce na obvodovou rychlost vyéesavaciho valce. 0,1,3,5 a
7 — stavy pohybu vlékna rychlosti podavaciho valce (tzv.
transientni stavy), 2,4,6,8, a 9 — stavy pfechodu vlakna
z rychlosti podavaciho vélce na rychlost vycesavaciho vélce
(tzv. absorpéni stavy)

Matici P je mozno prevést do formy s diléimi matice-
miQ,R,0al.

Q — matice pohybu viakna rychlosti podavaciho valec-
ku (5x5). R — matice zmény pohybu viakna z rychlosti
podavaciho na rychlost vyéesavaciho valce (5x5). O —
nulova matice (5x5). | — jednotkova matice (5x5)

Podle teorie Markovskych fetézcl [2] jsou odvoditel-
né nasledujici matice pohybu vlakna podavaci rychlos-
ti a prechodu na vyCesavaci valec :

Matice N N= (I - Q)™ (4)

Element matice n; odpovida stfednimu poctu priicho-
du vlakna stavy, ve kterych se pohybujerychlosti poda-
vaciho valecku.

Stredni ¢as prodlevy vlakna ve vy&esavaci zoné a
rozptyl tohoto Casu Ize odvodit a je dan vektorem (stfed-
ni pocet stavli az po urychleni vidkna).

PRY: (5)

£ — jednotkovy vektor.

Elementy 7 odpovidaji stfednimu poctu stav(, které
vlakno projde nez dojde k pfechodu vlakna z rychlosti
podavaciho na vyCeséavaci valec.

Rozptyl doby prodlevy vldkna ve vyEesavaci zoné je
vyjadfen vektorem .

AR N2 B8 TS (6)
7, — kvadraticky vektor z vektoru z;.

70 =1+ Po1 + Po1-P13*+ Po1-P13-Pas + Po1-P13-Pas-Ps7 +
2po1(1 + P13+ P13-Pas * P1a-Pas.Ps7) + 2Po1-Prs(1 + Pas+
Pas-Ps7) + 2Po1-P13-Pas(1 + Ps7) + 2Po1-P13-Pas-Ps7—(1 +
Po1+ Pot-P1a* Po1-P13-Pas* 01-P1a-Pas-Ps7)’ (7)

Elementy z;; matice 7,0 dpovidaji rozptylu poctu sta-
v, které vlakno projde az k prechodu na obvodovou
rychlost vyCesavaciho valce. V ojednocovacim ustroji
spradaci jednotky rotorového dopfadaciho stroje je pfi-
vadény pramen rozvolnén az na jednotliva vlakna.
K tomu je nezbytné realizovat velmi vysoky pritah mezi
sveérem podavaciho valce a pfitlaéného stole¢ku a vy-
Cesavacim valcem. Idedlni podminky pro tuto zménu
rychlosti existuji tehdy, kdyZ v momentu uvolnéni kon-
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Tabulka 1 Stfedni as prodlevy vidkna ve vydesdvaci zoné

Modeling of textile technologies and materials

il Stiedni pravdépodobnost pfechodu vidkna t[s]

[tex] Poq P13 Pss Ps7 Pz Ps,11 Tio t+ ot [s]

1 40 0,7912 0,5994 0,4968 0,5873 0,3996 0,4616 2,7266 1,1035
1,0351 + 1,1719

2 40 0,8345 0,6434 0,5442 0,5071 0,3210 0,5122 2,8868 1,1683
1,1239 = 1,2127

1 18 0,7509 0,5934 0,4591 0,5368 0,4154 0,5558 2,5671 3,0276
2,8634 + 3,1918

2 18 0,8529 0,7015 0,5993 0,4637 0,3859 0,3460 3,0709 3,6218

3,4101 + 3,8335

T - jemnost rotorové pfize, 7, — stfedni pocet stavil a? k pfechodu vidkna z rychlosti podavaci na rychlost vy&esavaciho valce, t —

stfedni Gas prodlevy vidkna ve vy&esavaci zoné.

cl vlaken ze svéru v oblasti pfitlacného stole¢ku dojde
u kazdeého vldkna k okamzitému prechodu na rychlost
vy&esavaciho vélce. Za pfedpokladu konstantni viaken-
né délky je pro tuto vidkennou délku minimalni éas pro-
dlevy viakna ve vyGesavaci zoné a jeho rozptyl mirou
odchylky od podminek idedlniho pritahu. Konstrukéni
usporadani vyéesavaci zony musi tedy zajistovat, ze
zmeéna rychlosti se uskute¢ni tehdy, kdyz zadni konec
vlakna opusti oblast pfivadéni a to pokud moz-
nov uzkém rozpéti oblasti pfivadéni.

Experimentaini vysledky potvrzuiji teoretické poznat-
ky, Ze pfi daném vlakenném materialu za podminek
v oblasti vyéesdavaciho valce, které vedou k minimal-
nimu €asu prodlevy vidaken ve vy&esavaci zoné,dochazi
ke snizeni hmotné nestejnomérnosti pfize. Pokud je
dosazen minimalni stfedni ¢as prodlevy vidkna ve vy-
Cesavaci zoné, snizuje se také rozptyl asu prodlevy a
tim i moZnost vzniku pridavné nestejnomérnosti vidken-
ného praménku v disledkupritahu. Aby bylo mozno
experimentalné zkoumat €as prodlevy viaken ve vy&e-
savaci zoné, byly zjistovany hmotnosti Usek(l o délce
4mm vlakenné tfasné vytvorené ve vytesavaci zoné
s presnosti + 1mg.Z toho pak byly ur€ovany pravdépo-
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dobnosti pfechodu vlakna na vy&esavaci valec
v riznych priifezech vidkenné tfasné. Obvodova rych-
lost vyCesavaciho valce: 7050 min™, dva typy piitlaé-
nych stole¢k( pro spradaci jednotku [3], délkova hmot-
nost predlohového pramene: 3240 tex.

Stfedni pravdépodobnost pfechodu vidknaa stfedni
Cas prodlevy vldkna ve vyesavaci zonéjsou uvedeny
vtab. 1.

4. SHRNUTI

Dynamicky model systému cyklického druzeni a prav-
dépodobnostni model systému ojednocovani vidken a
dopravy jsou velmi dulezité aplikace pro vyzkum roto-
rového dopradaciho systému. Také pro dalsi technolo-
gicke oblasti (dopravni vzduchovy kanal rotorové spié-
daci jednotky) mizZeme pouzit pravdépodobnostni
model viakennéhotoku ve vzduchovém proudu [4].

Rostouci odvadéci rychlost u rotorovych spradacich
jednotek, vyroba jemnéjSich rotorovych pfizi nastoluje
naléhaveé pozadavky na kvalitu pfedlohového pramene
a na védécko-vyzkumnou kontrolu viech &asti techno-
logického procesu v rotorovém spfadacim systému.

Viakna a textil 11 (1) 17-22 (2004)
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MODELING OF STRUCTURAL GEOMETRY OF TEXTILE FABRICS

Suprun N.

Kiev National University of Technology and Design
Nemirovich-Danchenko Str.2 , Kiev, Ukraine, ekma@iptelecom.net.ua

This paper presents a new approach in modeling of transfer of mass (air, vapour, water) through
textile fabrics. The complex form of pores between yarns is modeled by the system of plano-

parallel layers with effective cubic pores.

Keywords: porous structure, geometrical model, fluid flow.

INTRODUCTION

Wearer comfort is a key parameter of quality of mo-
dern clothing. The thermophysiological comfort, which
characterise the ability of human’s body for adaptation
to changes in ambient environment, must be guarante-
ed in any kinds of clothes. Transport of heat and mass
(air, vapor, water) through textile layers is the main phy-
sical process which occurs in clothes during use. The
properties of textile materials and their packets, which
ensure thermophysiological comfort, may be symboli-
cally divided on two groups by the principle of realisa-
tion of mass- or heat exchange with an ambient envi-
ronment. Under the processes of mass-exchange we
mean the air-, water- vapor- or drop-water transfer
through the textile layers of clothes. Heat exchange
properties ensure the maintenance of thermal balance.
Certainly, such division is rather relative. The proces-
ses of heat-and mass transfer in the real system “hu-
man-microclimate—clothing—ambient environment” are
coupled. However, with the purpose of simplification,
very often they are examined separately.

The processes of mass exchange between microcli-
mate under clothes and ambient environment through
the textile material (TM) or their packets occurs due to
presence of a large number of pores. Those processes
are similar to the processes of fluid filtration through the
porous medium. For the best understanding of these,
rather complex processes, some models of the pore
medium are set (for example, pore, drag and orifice
model [1]). The question is how similar are such models
to the real structure of TM. Now it is impossible to state,
that any of such model is perfect enough for the descrip-
tion of fluid filtration through different types of textile.

GEOMETRIC MODEL OF WOVEN FABRIC’S
POROUS STRUCTURE

In our approach of modelling we consider that the

Vigkna a textil 11 (1) 23-26 (2004)

mass transfer process through the porous structure of
TM occurs in the homogenous and isotropic effective
porous medium. Every macroscopic part of such pore
medium has identical properties. The basic integral cha-
racteristics of such porous medium are their porosity m
and the specific inner surface S.

The full porosity of the object m is defined as a part
of an open surface in the unit of TM area, through which,
mainly, the fluid transfer is occurring:

m = Vg [V (1)

where V,,—the volume of pores filled with the fluid (gas,
liquid or their mix), V — the full volume of the sample.
The specific inner surface S is the relation of inner sur-
face of the solid phase to general volume of the sample.
The real textile materials have the certain structure
with large number of defects and infringements of ide-
al order in fiber and thread disposition. For simplifica-
tion we shall consider a sample of TM as a rectangular
parallelepiped (Fig. 1) having sides H, L, / (L > /) and
the volume:
V=Al 2)

The laminar flow of liquids and gases in porous me-
dium usually described by Darsy law, which shows the
ability of textile materials to pass a liquid or gas under
the pressure drop:

n /
Y
vZ

Fig.1 Model of plano-parallel layers (PPL) for textile materials
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where /, —is the real fluid consumption through the unit
of the area, (7—the dynamic viscosity of fluid, K —is the
permeability of the pore medium, AP = (P, — P,) — pres-
sure drop during filtration.

The permeability of the pore medium K, is in fact, the
coefficient of conductivity in the linear Darsy law.

To describe the porous medium of TM we propose the
model of plano-parallel layers (PPL) (Figure 1). In this
model the characteristic thickness of material is subdi-
vided on some effective number of sublayers n with the
effective thickness d (on the Figure 1, for example, are
shown three such plano-parallel layers):

| = n.d=d/m (4)
The real speed u of the fluid in the pores of TM can
be expressed as (5):

I K

TAm gm |

AP

(%)

The product A-m in the denominator present the ge-
neral area of pore mouths A,. The number of pores N,
and the effective area §A of separated pores in every
cross section of TM by (y—z) plane we shall consider
constant:

A, =A.m=N,5A (6)

In agree with [2], the one-layer fabric in the model of
fluid transfer could be presented as approximately re-
gular lattice with the cubic pores that have the value of
area of cross-section:

SA ~d? (7)

where d - is the effective size of pore.

This assumption, alongside with values of porosity,
estimated by independent methods, gives quite reliab-
le representation about the effective number of pores
(N,/A) and about their general area on unit of the TM
surface:

m=(N,|A)SA = (N, | Ad? (8)

Certainly, the degree of reliability of such assumption
is completely determined by a co-ordination of PPL
model, in which m, N, and d is estimated. According to
(4), parameter d is also an effective thickness of PPL.
The following equation approximately connect (by ex-
perimentally measured values of A and /) two searched
parameters — N, and d:

Ny

A
-2 (9)

Q|

Putting d — the basic structural parameter of TM, we
can calculate N, (9), the part of an open surface m (8)
on the unit of area and to compare it with values of po-
rosity, estimated by another independent methods.
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The correctness of offered ratios (7-9) we can check,
comparing their prediction with the known formula for
permeability K for regular models (first of all, for the
capillary model and Kozeni formula):

(10)
in which S — specific surface, C — Kozeni constant,
which depend only on the form of capillaries cross sec-
tion — for circular cross section C = 0,5, for square —
0,5619, for correct triangular C = 0,5974.

n= 23100

n=2

a b c

Fig. 2 Possible combinations of the mutual displacement of the
effective cubic pores in some neighbouring plant — parallel
layers of textile material. 2a — direct (through) square
capillaries and regular structure of pore placement in every
layer; 2b — displaced capillaries, irregularly located in each of
two PPL, reflecting their real twisting; 2c — a combination of
regular structure of the upper layer with irregular structure of
the bottom layer.

In the offered model of PPL with cubic effective po-
res with volume V = d® the existence of lattice regular
structure (Figure 2a) with through capillaries by length
is not necessary.

Our model of PPL predicts various combinations (Fi-
gure 2,b,c) of mutual order of parallel layers. The dis-
position of such layers give the possibility to reflect ef-
fective pore in the form of nozzle (Figure 3). Thus, the
developed approach is suitable for modeling as woven
and nonwoven materials. In the first case, depending on
a kind of an interlacing, there is a certain regularity of
structure and, accordingly, a regularity of an arrange-
ment of pores. In the second case, depending on a way
of linkage of fibers, such regularity is absent. We shall

z
T S Gmd e diedl
s Y

Fig. 3 Effective nozzle for modelling of fluid flow through TM

Vldkna a textil 11 (1) 23-26 (2004)
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emphasize, that, even in this, more difficult for research
case, PPL model, including some number n of layers,
seems to be very useful, allowing to display any degree
of a randomness in an arrangement of fibers and pores
inside TM.

We can calculate now the minimum value of a speci-
fic surface S, for regular model (Figure 2,a):

Smin——v——~—"—j—'—=— (1)
Putting S,,;» in (10), we shall receive the maximal per-
meability Kax:

gt f . d® d°m

S

16° 16 | (12)

max ~

where with the purpose of simplification, is accepted that
C =0,5 and is used the approximation:

o ~m (13)

The equation (12) precisely agree with frequently
used [2—4] evaluation of K for direct circular capillaries
with equal radiuses:

K = (mr®)/8

if to make substitution: r = d/2.
We can write Darsy law (5), using the generalised
Kozeny formula for the maximal permeability (12) as:

(14)

2
uz_ﬁ.ﬁ (15)
B2

The presence of special Koseny constant C, included
in the original formula, is considered as the insignificant
factor in (15). It is doubtless that estimated here ratio
between the top border of permeability K/m from (5) with
d - the structural characteristic of the PPL model, can
be considered as the initial item for the next subsequ-
ent co-ordination of all significant parameters: m, N, and
d at given meaning of the thickness /. From here, it is
important to estimate, alongside with (15), also the
meaning of the lowest level of the permeability coeffi-
cient K,,,/m. The developed model of PPL allows do it
by a simple way with the assumption about the absen-
ce of flow-through zones. In this case the transport of
fluid will be carried out either through the inter-fibre po-
res in the threads, or due to the leaky joining of two
neighbours plano-parallel layers. Thus the maximum
value of the specific surface of stagnant zones AS will
be:

(n-ON,d* (1-d) Ad® _I-d
v d-Al d P

AS = (16)

Adding the value of AS, received from formula (17),
to the value of AS,,;, (11), we can find S,,.,:

Vidkna a textil 11 (1) 23-26 (2004)
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4/+1-d 5/-d
Smax i Smin +AS = 2 = 2 (7)
Using, as in (12), the generalised Kozeny formula, we
shall receive a simple equation for determination of

permeability coefficient K,,/m:
T
MG SE gsi(Bl-a)?

(18)

It also can be presented in the terms of (/, d and d,,,;,,
m) — parameters as:

- : a3
min ~ / S = min 5 (1 9)
m (5n-1) (5-m)

Substituting the last (19) equation to Darsy law

a2 AP
g=s= T (20)
(5-m)°n |

and comparing the result with (16), we'll find:

5-m
min = m‘dmax

This formula, which connects the integral characteris-
tic (porosity m) with the structural characteristics of the
model of PPL (., dmax), S€EMS t0 be very important.
First of all, it allows to estimate a rather narrow interval
of pore sizes, which are essential for the transport of
fluid. It can be made on the base of one and the same
experiment — for example, on the base of results of
definition of the air permeability at pressure drop. Re-
ally, the presence of experimental dependence u(AP) at
the fixed meanings of (n, /) parameters gives, in agree
with (15), the evaluation of d,,,, at any meaning of the
porosity m of textile material. Changing m, formally, from
m =0tom = 1, we can easy establish, on the basis of
(21), that d.,;, can change (not too essentially) from
0,884 d,,, to 0,707 d,,.. In other words, it can be ex-
pected, that at realistic meanings of porosity 0 <m <1,
the most probable meaning of the effective size of po-
res d with good accuracy will agree with the value ave-
rage from d,,;, and d,a,:

5-m d
ghelel i mak
[4J'é ] 2

The offered method of estimation of the integrate (m)
and structural (d) characteristics of TM on the base of
reliable experiment of air permeability is alternative to
the traditionally time-taking method of statistic analyse,
which usually based [4] on some approximately-normal
distribution of pore sizes f(d) which results from large
number of measuring of the effective area of the pore
mouths.

d (21)

(22)
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With a high probability it is possible to assert that each
of stream of fluid which flows through TM, gets in some
effective nozzle. Passing from external plano-parallel
layer (d = d;; see figure 2) in internal, where d = d,, the
stream becomes narrow due to presence of stagnant
zones and then, in external outside layer at an exit from
TM, the stream becomes wide. The account of initial ac-
celeration with possible moderation on an exit from ef-
fective nozzle can be done at presence of some cha-
racteristic sizes discussed below.

(1]

2]

(3]

Modeling of textile technologies and materials
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TKANIN

Translation of abstract:
Modeling of structural geometry of textile fabrics

Prispevok je venovany novému pristupu v modelovani prenosu hmoty (vzduch, para, voda) cez textilnu tkani-
nu. Komplexny tvar pérov medzi priadzami je modelovany systémom ploSne paralelnych vrstiev s u€innymi gu-

[ovitymi pormi.
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VPLYV TEPELNEHO NAMAHANIA PES A VS KORDOV NA
ICH ADHEZIU KU GUMARENSKYM ZMESIAM

The Effect of Heat Stress of Polyester and Rayon Textile
Cords on the Adhesion to Rubber Compounds

Janypka P., Suriova V., Gazo P.

Vyskumny ustav gumdrensky, Matador, a.s.
Rubber Research Institute, Matador, a.s.

Adhézia vystuznych materialov je jednym z najdélezitejSich parametrov pri hodnoteni ich
vlastnosti suvisiacich s konStrukciou plasta. Uvedeny Clanok prezentuje vysledky porovnania
adhéznych vlastnosti dvoch typov textilnych vystuznych materidlov k rozdielnym typom nanosovych

zmesi po tepelnom namahani.

Staticka adhézia vystuznych materidlov ku gumarenskym zmesiam bola hodnotena v zmysle
normovanej metodiky H-test (STN 62 14 62), dynamicka adhézia bola hodnotend v zmysle

metodiky HENLEY (STN 62 1464).

uvoD

V technologickej koncepcii modernej pneumatikarske;
vyroby maju vyznamnu ulohu technické viakna a tka-
niny, ktoré sluzia ako vystuzné materialy jednotlivych
Casti plasta pneumatik Technické viakna a tkaniny roz-
hodujucim spbésobom ovplyviuju funkéné vlastnosti
pneumatiky, predovSetkym bezpecénost a pohodinost
jazdy a maju tiez vyznamny vplyv na zivotnost pneuma-
tiky v exploatacii. [1].

Vystuzné materidly pouzivané pri konstrukcii pneu-
matiky zohravaju vyznamnu UGlohu najmé vo forme
kompozitov v kombinacii s gumovymi zmesami, pricom
su na ne kladené rézne konstrukéné poziadavky
v zavislosti od ich pouzitia.

Kostra plasta — zakladny nosny prvok tvoreny jed-
nou, alebo viacerymi viozkami z pogumovaného kordu,
ktoré su zakotvené okolo patkovych lan. Je tvorena
vlozkami, ktorych kordy su vioZzené pod uhlom blizkym
90° vodi strednej rovine behuna pri radialnych plastoch
a pod uhlom blizkym 40° pri diagonalnych plastoch. Prak-
tické vyuzitie chemickych vidkien ako vystuznych mate-
ridlov pre gumarensky priemysel maju najma viakna [1]:

— polyesterove

— polyamidové (na baze polyamidu 6 a polyamidu 66)

— viskozové
a v poslednych rokoch sa do popredia dostavaju viak-
na z aromatickych polyamidov, tzv. aramidove vlakna.

Polyesterové viakna sa pouzivaju ako vystuzny ma-
terial do radialnych a diagonalnych pneumatik pre osob-
nu a nakladnu dopravu. Hlavnym dévodom Sirokého
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uplatnenia polyesterovych viakien pre kostru radialnych
plastov su technické a ekonomické vyhody. Polyeste-
rové vlakna sa vyznacuju vybornymi mechanickymi
vlastnostami, ku ktorym patri napriklad vysoka pevnost
v tahu, rozmerova a tepelna stabilita a mala hustota.

Viskdzoveé vidkna patria medzi zakladné typy chemic-
kych vldkien. Z hladiska fyzikalnych viastnosti maju
vysoku odolnost pri dynamickom namahani a vybornu
tepelnu stabilitu. Su rozpustné v Specialnych rozpus-
tadlach (amoniakainy roztok Cu(OH),, pripadne za tepla
v H3PO,). Ich vyznam postupne klesa hlavne pre niekto-
ré ich neziaduce vlastnosti ako su napr. nizka pevnost
v porovnani s polyesterom a vysoka naro¢nost vyroby
(predovSetkym z pohladu ekoldgie) a s tym suvisiaca
vysoka cena na trhu.

Délezitym kritériom pre hodnotenie materidlov pouzi-
tych pri konstrukcii je teplota v jednotlivych elementoch
odvalujuceho sa Plasta napr. v narazniku, kostre, behu-
ni, patke a pod. V tejto suvislosti je velmi délezité po-
znat vplyv tepelného namahania na adhéziu vystuznych
materidlov ku nanosovej zmesi a uvedenou problema-
tikou sa zaobera aj predlozeny ¢lanok.

EXPERIMENTALNA CAST
Pouzité materialy a suroviny
Sortiment hodnotenych vystuznych materialov zahr-
nal nasledovné typy textilnych vystuznych viakien:
1. Polyesterové vldkna s jemnostou vidkna 144 tex,

pripravene stocenim dvoch viakien s po¢tom zakru-
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tov 380/370 na 1 m, v obidvoch smeroch sto¢enia
(dalej len PES 144x1x2).

2. Viskdzove vlakna s jemnostou viakna 244 tex, pripra-
vené stocenim dvoch viakien s po¢tom zakrutov 200/
260 na 1 m v obidvoch smeroch stoCenia. (dalej len
244x1x2).

Pre hodnotenie adhéznych vlastnosti boli pouzité tri
typy prevadzkovych gumarenskych zmesi pouzivanych
v MATADOR:-¢, a.s., Puchov ako nanos na textiiné kor-
dy osobnych radialnych pneumatik. Uvedené zmesi su
na baze nasledovnych kaucukov:

1. Zmes A: SMR 20, SBR KRALEX 1500,
PB BR SKD 2

2. Zmes B: SKI 3, SKD-2, KRALEX 1712

3. Zmes C: SKI 3, KRALEX 1500, SKD-2.

Vulkanizaéné podmienky stanovené pre zmesi:
A: — teplota vulkanizacie 145 °C,
Cas vulkanizacie 50 min
B: — teplota vulkanizacie 150 °C,
Cas vulkanizacie 35 min
C: - teplota vulkanizacie 145 °C,
¢as vulkanizacie 50 min.

Pouzité metodiky a postupy

Metody hodnotenia adhézie vystuznych materialov ku
gumarenskym zmesiam su zalozené na principe stano-
venia adhézie statickym spésobom alebo na principe
stanovenia tzv. dynamickej adhézie, ktora hodnoti ma-
terial pred a po deformé&cii.

Pre experiment boli navrhnuté dve skuSobné metody
pre stanovenie adhézie:

— Htest,

— HENLEY test.

Obidve metodiky su Standartne pouzivané v guma-
renskom priemysle pre stanovenie adhézie novych vy-
stuznych materialov, alebo pre stanovenie adhézie no-
vych nanosovych zmesi.

Stanovenie statickej sudrznosti gumy s textilnym
kordom (H-test) — STN 62 1462

Podstata metddy [2] spociva v stanoveni sudrznosti
medzi gumou a textiinym kordom na zéklade merania
sily potrebnej na vytrhnutie jednotlivej kordovej nite
z gumoveého bloku, pricom sila pdsobi v smere pozdiz
osi kordovej nite.

Stanovenie sudrZznosti gumy s kordom po dynamic-
kej deformacii metédou HENLEY — STN 62 1464

Podstatou metody Henley [3] je, ze skuSobné teleso
so zalisovanym kordom sa najskdér namaha v jeho
strednej Casti dynamicky tlakovou a ohybovou silou
v pristroji Henley. Potom sa uréi sudrznost kordu s gu-
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Obr. 1 Standardné skusobné teliesko pre stanovenie statickej
adhézie H-test

mou v strednej (deformovanej) a v okrajovych (nedefor-
movanych) Castiach skuSobného telesa. Skusobné te-
lieska sa pripravia z polkruhovych profilov s drazkou,
pripravenych zo skuSobnej zmesi na vytlatovacom stro-
ji. Tieto profily sa viozia do formy, testované kordy sa
zalisuju napnuté medzi dve telesa a potom sa v lise
vulkanizuju. Pred skuskou sa nechaju skuSobné telesa
24 hodin odlezat. Tvar skiSobnych telies je na obraz-
ku 2.

Skusobneé telesa su deformované tlakom a ohybom —
princip pristroja je na obrazku 3.

zalisovany kord

b i ey iy b e s o

017
$20

77,5
101,5

N

Obr. 2 Tvar a rozmery skiSobného telesa na Henley test

Obr. 3 SkuSobny pristroj Henley (1 — skiSobné teleso, 2 - zaliso-
vany kord, 3 — uchytenie skuSobného telesa, 4 — distancné
vlozky, 5 — pevna oporna ¢ast, 6 — pohybliva ¢ast)
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VYSLEDKY A DISKUSIA

V ramci experimentalnych prac sa na testovanych
viskdzovych a polyesterovych vystuznych materialoch
hodnotili adhézne vlastnosti k rozdielnym typom pre-
vadzkovych gumarenskych zmesi v zavislosti od tepel-
ného namahania, t.j. pri nasledovnych experimental-
nych podmienkach:

— Standardné (laboratdrne) podmienky: teplota 24 °C,

relativna vihkost 55%,

— teplota 100 °C, €as 72 hodin,

— teplota 100 °C, ¢as 168 hodin.

Adhézne vlastnosti testovanych kordov sa hodnotili
v zmysle normovanych metodik STN 62 1462 — H-test
a STN 62 1464 — HENLEY test. V nasledovnych tabul-
kach su uvedené namerané hodnoty adhézie testova-

nych kordov.

News from departments

Metodiky merania adhézie textilnych vystuznych
materialov vykazuju vysoky rozptyl vysledkov. Na vel-
kost rozptylu vplyva viacej faktorov, predovsetkym ne-
rovnomernost zloZenia nanosovej zmesi, rozdielne pod-
mienky pripravy zmesi, pripadne rozdielne podmienky
vulkanizacie, atd. Pri konStruktérskej praxi sa hodnoti
hodnota adhézie porovnanim hodnét pri Standartnych
podmienkach a po pdsobeni dynamického namahania
(Henley test). Pevnost spoja gumova matrica a textilny
kord je v redlnych podmienkach vystavena dynamickeé-
mu namahaniu, pri ktorom vznika zvySena teplota.

Pre viskézové kordy bol zaznamenany vplyv pésobe-
nia teploty na znizenie hodnoty adhézie pred i po dyna-
mickom namahani. So zvySujucou sa expoziciou teploty
sa znizuje adhézia namerana metédou Henley test.
Hodnoty po pésobeni teploty a ¢asu su percentualne
vyjadrené v grafoch 1 a 2.

Tabulka 1 Hodnoty adhézie VS 244x1x2 k zmesi C v zavislosti od podmienok tepelného namahania.

Kord VS 244x1x2 [ Zmes C
Druh namahania Bez tepelného starnutia Tepelné starnutie 100 °C/72hod. Tepelné starnutie 100 °C/168hod.
Adhézia staticka dynamicka staticka dynamicka staticka dynamicka
Jednotky [N] [N] [N] [N] [N] [N]
a1 169 106 149 112 126 88
2. 142 108 148 116 112 69
3. 116 106 149 124 108 91
4. 140 98 104 118 113 71
54 145 126 133 89 109 90
6. 174 113 156 112 120 97
Priemer 147 109,5 139,8 11158 114,7 84,3

Tabulka 2 Hodnoty adhézie VS 244x1x2 k zmesi B v zavislosti od podmienok tepelného namahania.

Kord VS 244x1x2 | Zmes B
Druh namahania Bez tepelného starnutia Tepelné starnutie: 100 °C/72hod. Tepelné starnutie 100 °C/168hod.

Adhézia staticka dynamicka staticka dynamicka staticka dynamicka
Jednotky [N] [N] [N] [N] [N] [N]

il 196 196 179 188 177 179

2. 192 188 195 138 154 132

3. 180 183 1562 160 140 123

4. 186 168 194 125 183 148

5. 208 214 174 122 176 126

6. 175 157 190 198 163 128
Priemer 189,5 184,3 180,7 1585,2 165,5 139,3

Tabulka 3 Hodnoty adhézie PES 144x1x2 k zmesi A v zavislosti od podmienok tepelného namahania.

Kord PES 144x1x2 [ Zmes A
Druh namahania Bez tepelného starnutia Tepelné starnutie: 100 °C/72hod.  Tepelné starnutie 100 °C/168hod.

Adhézia staticka dynamicka staticka dynamicka staticka dynamicka
Jednotky [N] [N] [N] [N] [N] [N]

il 144 171 151 185 158 168

2. 151 161 135 136 172 131

3: 168 173 151 151 164 156

4. 145 182 170 166 140 160

5. 145 162 166 142 164 143

6. 178 145 164 155 166 149
Priemer 1552 165,7 156,2 155,8 160,7 151,2
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Tabulka 4 Hodnoty adhézie PES 144x1x2 k zmesi B v zavislosti od podmienok tepelného namahania.

Kord PES 144x1x2 | Zmes B
Druh namahania Bez tepelného starnutia Tepelné starnutie 100 °C/72hod. Tepelné starnutie 100 °C/168hod.

Adhézia staticka dynamicka staticka dynamicka staticka dynamicka
Jednotky [N] [N] [N] [N] [N]

i 139 129 145 154 138 131

2) 146 157 130 153 145 147

3. 137 148 170 151 165 143

4, 128 169 131 176 170 159

5 161 150 171 145 160 167

6. 156 161 159 155 138 162
Priemer 144,5 1562,3 151 155,7 160,7 1515

Hodnoty adhézie v pripade zmesi B st vyznamne
vysSie a to aj pri potiatoénom merani adhézie ako aj po
pbsobeni teploty v ¢asoch 72 a 168 hodin.

V pripade polyesterovych kordov nebol zaznamena-
ny vplyv teploty podla podmienok danych experimen-
tom. Adhézia merana za Standartnych podmienok vy-
kazuje hodnoty v rdmci rozptylu na priblizne rovnakej
urovni a to pre obidve zmesi A a B. Hodnoty adhézii
nameranych po dynamickom namahani vykazuju rov-
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%

naké hodnoty v rdmci minimélneho rozptylu v porovnani
s hodnotami pred naméahanim (graf 1 a 2).

ZAVER

Cielom experimentu bolo overenie vhodnej nanoso-
vej zmesi na kordové tkaniny z visk6zového a poly-
esterového kordu. Pri experimentalnych skuskach plas-

Statickd Zmes Dynamicka Statickd Zmes Dynamicka

B Zmes B

C Zmes C

[ Bez tepelného starnutia B Tepelné starnutie: 100°C/72hod. [ Tepelné starnutie 100°C/1 68hod—.|

Graf 1 Percentudlne porovnanie adhézii na VS 244x1x2

Staticka
Zmes A

Dynamicka
Zmes A

Staticka
Zmes B

Dynamicka
Zmes B

E Bez tepelného starnutia B Tepelné starnutie: 100°C/72hod. [ Tepelné starnutie 100°C/168hod.

Graf 2 Percentualne porovnanie adhézii na PES 144x1x2
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tov dochadza vplyvom odvalovania k vysokému vyvinu
tepla vo vnutri autoplasta. Z tohto dévodu bol sledova-
ny vplyv pdsobenia teploty v ¢ase na adhéziu nakolko
obidva materidly su pouzivané ako zakladne kons§truké-
né materidly pre kostrové vlozky osobnych radiélnych
autoplastov. V pripade viskdzovych kordov zmes B ma
vyznamne vysSie hodnoty po pésobeni teploty a dyna-
mického namahania. Pri hodnoteni adhézie polyestero-
vych kordov st adhezivné spoje pre obidve zmesi na
rovnakej urovni.

(1]
(2]
(3]

News from department
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The Effect of Heat Stress of Polyester and Rayon Textile
Cords on the Adhesion to Rubber Compounds

Preklad abstraktu
Vplyv tepelného namahania PES a VS kordov na ich adhéziu ku gumarenskym

zmesiam

This paper presents the comparison of adhesion properties of two types of textile reinforced materials to three

different rubber compounds after heat stress.

The static adhesion of the tested reinforced materials to rubber compounds was evaluated by the standard
H-pull test and Henley test under standard test conditions — temperature 24 °C and 55% relative humidity.
The evaluation of experimental results was demonstrated the decrease of adhesion of tested cords to rubber

compounds after heat stress.
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Atofina: mPP pre viakna a netkané textilie

MAN-MADE FIBER YEAR BOOK 2002, August,
2002, str. 20

Belgicka firma Atofina vyvinula metalocenny PP po-
lymér, ktory vyraba v mnozstve 2,1 mil. ton/rok. Uvadza-
ju sa prednosti polyméra, najma tzka distribucia mole-
kularnej hmotnosti ako désledok zmeny katalytického
systému pri polymerizacii. Atofina dodava polymér dan-
skej vlaknarskej firme FiberVisions, ktora vyrdba PP
striz s jemnostou 1,0 — 1,2 — 1,5 dtex vhodnu pre vyro-
bu netkanych textilii mykanych s tepelnym pojenim i
mokrym spbésobom. V tabulke sa uvadzaju mechanic-
ke vlastnosti PP strizi.

Piezo-vlakna Alceru pre technické textilie

MAN-MADE FIBER YEAR BOOK 2002, August,
2002, str. 30

V TITK Rudolstadt (SRN) bola vypracovana techno-
I6gia modifikovanych vidkien CLY Alceru, ktoré obsa-
huju rézne oxidy, nitridy nebo karbidy keramickych la-
tok a po zvlaknovani su sintrované. V tejto firme sa
potom pouzivaju ako senzory, timiCe alebo aktivatory v
stavebnictve, automobilovom priemysle, medicine ai.
Pre vyrobu vlakien bolo vytvorené v TITK technické
centrum.

Najnovsi vyvoj nehorlavych PP viakien

MAN-MADE FIBER YEAR BOOK 2002, August,
2002, str. 31-33

Autor hodnoti doterajsi vyvoj nehorlavych PP viakien
fy Asota (A) a zoznamuje s pouzivanymi europskymi
Standardami pre skusky nehorlavosti. Diskutuju sa ne-
dostatky doposial' pouzivaného retardéru horenia obsa-
hujuceho halogénove zliceniny a Sb,0O; z hladiska eko-
I6gie, kordzie a UV stability. Zoznamuije tiez s vysledkami
pouzitia nového retardéra horenia v PP vlaknach fy
Asota, ktory neobsahuje Skodlivé latky a ma vyborné
technicke efekty v skuSkach kobercov z tkanych a ne-
tkanych textilii pre vybavenie automobilov.

Pouzitie pojivych vyrobkov tavenim fy Ems pre au-
tomobilové textilie

MAN-MADE FIBER YEAR BOOK 2002, August,
2002, str. 38—41

Informacie o pouziti tavitelnych spojiv vo forme gra-
nuli, praSku alebo vlakien pre pojenie netkanych textilii
na rézne diely automobilovych textilii, najma na seda-
diel. Pojené netkané textilie su priedySné, umoznuju
transport vihkosti a klimatizaciu. Doporucuju sa Struk-
tury na baze zmesi PES vlakien so spojivami rovnakeé-
ho zloZenia pre umoznenie recyklacie. Materidly maju
kvalitu rovnocennu polyuretanovej pene.
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Hydrofilna uprava vlakien pre PP netkané textilie

MAN-MADE FIBER YEAR BOOK 2002, August,
2002, str. 82

Popisuju sa vlastnosti a aplikacie dvoch upravaren-
skych prostriedkov fy Unigema (UK) Cirrasol PP 822 a
Cirrasol PP 842. Oba prostriedky umoznuju dobry trans-
fer vody, telesnych tekutin a pod., nie su toxické a ne-
menia tepelno pojivé vlastnosti PP vlakien. PouZivaju sa
pre povrchovu Upravu vlakien na netkane textilie tvore-
né pod tryskou alebo po mykani za sucha na plienko-
viny a damské hygienické vyrobky. Oba prostriedky sa
liSia hodnotou pH 10% vodnej disperzie (PP 842 - 6, PP
822 - 7). Cirrasol PP 842 je najnovSim vyvojovym ty-
pom.

Staly rast potreby navijanych netkanych textilii v
USA

INTERNATIONAL FIBER JOURNAL, 17, 1, Februar,
2002, str. 25-26

Analyzuje sa potreba netkanych textilii v USA s per-
spektivou do r. 2005, resp. v tabulke az do r. 2010,
podla hodnoty, objemu v USD a priemerného roéného
rastu. Hlavné oblasti pouzitia zostanu jednorazove spot-
rebitel'ské produkty pre hygienu a domacnost, dalej
geotextilie a elektronika (separatory batérii). Z hladiska
vyrobného postupu vedu netkané textilie tvorené zvlak-
riovanim, nasleduju netkané textilie tvorené za sucha.
Najvacsi podiel pri vyrobe netkanych textilii predstavu-
ju PP vlakna (42 %). Na vyrobe netkanych textilii sa
podiela 8 hlavnych svetovych vyrobcov (73 %) v celko-
vej spotrebe pre USA.

Firma DSM buduje piaty zavod pre viakna Dyneema

INTERNATIONAL FIBER JOURNAL, 17,1, Februar,
2002, str. 48

RozSirenie vyroby vysokopevnych polyetylénovych
vlakien Dyneema u fy DSM sa dokonc¢i vybudovanim
piatej vyrobnej linky v Heerlenu (Holandsko) s kapaci-
tou 600 ton/rok. Celkova vyrobna kapacita dosiahne v
Heerlenu 3 200 ton/rok. RozSirenie vyroby sa zd6vod-
nuje vysokym dopytom na trhu pre ochranné odevy,
nepriestrelné vesty, armovanie vozidiel, lana, povrazy
a pod. Firma DSM ma pobo¢ky pre Dyneema v USA
(Dyneema UD folie 400 ton/rok) a Japonsku (Toyobo).
Struéne sa charakterizuju vlastnosti viakien Dyneema:
pevnost, nizka hmotnost, odolnost voci oderu, UV zia-
reniu, chemikaliam, absorpcie energie.

Pokracovanie rastu svetovej spotreby chemickych
viakien

INTERNATIONAL FIBER JOURNAL, 17, 2, Apr,
2002, str. 4, 6
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V studii fy The Freedonia Group (USA) sa analyzuje
sucasny stav potreby chemickych vlakien v jednotlivych
geografickych oblastiach sveta a prognézuje sa do r.
2010. V r. 2005 ma Cinit svetova spotreba 44 mil. ton
chemickych viakien (65 % celkové spotreby viakien).
Vlaknarsky priemysel sa presuva do Azie, zvlast do
Ciny, Juznej Korei a na Tchaj-wan. Pokraduije rast vy-
roby viakien v Turecku, naopak pokles v USA, zapad-
nej Eurépe a Japonsku. Obnovuje sa trh vo vychodnej
Eurdpe. Svetovu vyrobu chemickych viakien ovlada 8
firiem (40 % trhu).

Expanzia eurépskeho trhu s polyolefinmi

INTERNATIONAL FIBER JOURNAL, 17, 2, April,
2002, str. 15

Podla European Association for Textile Polyolefins
(Brusel) ¢inil eurépsky trh aplikacie polyolefinovych via-
kien (z toho 95 % PP) v r. 2001 1,7 mil. ton. Hlavnymi
oblastami pouzitia su koberce (500 tis. ton), hygienic-
ké a zdravotnicke netkané textilie (17 %), odevné a iné
oblasti pouzitia (170 tis. ton). Viac nez 40 % vSivanych
kobercov sa vyraba v Eurdpe z PP. Aplikacie PP vla-
kien zaznamenali v Eurdpe rast 80 % od r. 1990.

Vyrobcovia para-aramidu zvysSuju kapacitu na za-
klade rostucej globalnej potreby
INTERNATIONAL FIBER JOURNAL, 17, 2, April,
2002, str. 56-50

Referuje sa o aktivitach dvoch hlavnych svetovych
vyrobcov p-aramidovych vldkien a ich rozvojovych
programoch:

e DuPont — vlakno Kevlar, v su¢asnej dobe zvysuje
vyrobnu kapacitu o 15 % (50 mil. USD). Pracuje sa
na novych aplikaciach, vidkna Kevlar MTP pre an-
tibalisticku ochranu, letectvo (konstrukcie kontejne-
rov z kompozitu aramid — epoxy, lietajuce kridlo
Helios a pod.);

e Teijin — vlakna Twaron v Holandsku (10 500 ton sa
zvySuje na 18 500 ton). V Japonsku viakno Tech-
nora (2 000 ton/rok).

Su hodnotené rozdiely vo vlastnosti oboch viakien.
Svetova vyrobna kapacita PAR vlakien 36 000 ton/rok,
predpoklada sa zvySenie na 50 000 ton/rok pocas troch
rokov.

Nové fluéropolymérne viakno fy DuPont pre vonkaj-
Sie a priemyselné pouzitie

INTERNATIONAL FIBER JOURNAL, 17, 3, Jun,
2002, str. 52-53

Charakterizuju sa vlastnosti a aplikacie noveého viak-
na fy DuPont Teflon ETFE (modifikovany kopolymér
EtylénTetraFluéroEtylén), ktory sa liSi od znameho flu-
orpolyméru Teflon PTFE — je termoplasticky, takze sa
zviakniuje vo forme vlakien a pod. Ma podstatne vySSi
modul a pevnost, je odolny vo&i chemikaliam, nehorla-
vy (LOI 31) a je bezne spracovatelny textiinymi spdsob-
mi. Doteraz sa vyraba v pokusnom $tadiu, zvySenie
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kapacity sa pocita od r. 2003. Uvadza sa doterajSie
uplatnenie pre Sijacie nite, stany, plachty ai..

Zlepsené geotextilné viastnosti na zariadeni INLINE
LS fy Neumag

INTERNATIONAL FIBER JOURNAL, 17, 3, Jun,
2002, str. 58-59

Uvadzaju sa technické charakteristiky zvlakriovacie-
ho zariadenia INLINE LS fy Neumag, vhodného napr.
na vyrobu viakien pre geotextilie. MoZno vyrabat PP
vlakna s pouzitim len jednej diziacej zony a vysokou
stabilitou procesu, jednotkovym filtrom 3,3 — 5,5 dtex,
pevnostou nad 5 cN/dtex a taznostou 80 %. Viykon jed-
ného zvlidknovacieho miesta ¢ini az 260 kg/hod. V ta-
bulke sa uvadzaju dalSie viastnosti s pouzitim PP vla-
kien pre geotextilie.

Hodnota a flexibilita su klace pre prezitie europ-
skych vyrobcov PP

INTERNATIONAL FIBER JOURNAL, 17, 4, August,
2002, str. 20-22

Predkladaju sa nazory niektorych ucastnikov semina-
ra Eurépskej asocidacie textilnych polyolefinov (EATP),
Pariz, maj 2002. V sucasnosti ini spotreba PP vlakien
v Eurdpe 1,74 mil. ton (25 % celkovej spotreby PP).
V prognéze David Rigby Ass. spotreba PP sa ma zvy-
Sovat pre technicke textilie a netkané textilie v obdobi
2000-2010 4,3 %/rok. Jednym z novych sortimentov
pre uplatnenie su priadze pre synteticky travnik na fut-
balové ihriska, trh porastie rocne 10 %.

Vlaknari fy DuPont sa zameriavaju na bytoveé texti-
lie z nového kobercového viakna

INTERNATIONAL FIBER JOURNAL, 17, 4, August,
2002, str. 36-37

Popisuju sa vlastnosti a aplikécie noveho kobercoveé-
ho vlakna Tactesse z nylonu 6.6. Zaraduju sa medzi
BCF priadze pre slu¢koveé koberce i koberce s rezanym
vlasom. Vlakno sa vyznacuje nizkym leskom a najma
makkym ohmatom, trvanlivostou a pruznostou. Vyrob-
na kapacita u fy DuPont je vytazena, ceny sa nezvysili
—narozdiel od inych PAD viakien. Ako dal$ia novinka sa
uvadza kobercoveé nylonove viakno farbené v hmote.

Firma BASF vsadza na obnovitelné ¢isté vlakno

INTERNATIONAL FIBER JOURNAL, 17, 4, August,
2002, str. 38-40

Charakteristika recyklacie PAD 6 kobercového viak-
na Savant, patentovaného a vyrabaného firmou BASF
v Kanade z pouzitych kobercov. Vldkna sa depolyme-
rizuju na kaprolaktam, ktory sa znovu pouzije pre vyro-
bu. Kvalita kobercov z vidkien Savant zodpoveda kva-
lite novych PAD 6 vlakien. Zddvodriuje sa prednost
PAD 6 pred PAD 6.6, ktory nemozno takymto sp6so-
bom znovu vyuzit pre textilie. BlizSie podrobnosti o vy-
robe, ani o kvalitativnych znakoch vlakien Savant sa
neuvadzaju.
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Zavedenie vysokoteplotnej PP priadze v USA

INTERNATIONAL FIBER JOURNAL, 17, 4, August,
2002, str. 59

Firma Ecofil (SRN) zaviedla na trh USA vysokotepel-
nu PP priadzu TROL. V Eurdpe a Azii je znama uz od
r. 1994 vo forme strize a hodvabu v réznych aplikaci-
ach — od odievania az po technicke ucely, najma pre fil-
tracie pri vyS8Sich teplotach. Textilie vydrzia trvale tep-
lotu 255 °F (t. j. 125 °C) a zachovavaju vSetky ostatné
typicke vlastnosti pre PP vlakna. M6zu nahradit vyrob-
ky z drah8ich vlakien, vratane PPS, PTFE a aramidov.

Trh pneumatikovych kordov previada pri pouziti
priemyslovych filamentnych priadzi

INTERNATIONAL FIBER JOURNAL, 17, 5, Oktober,
2002, str. 16, 19

Stadia pouzitia priemyslovych filamentnych priadzi
(pevnost nad 7 g/den) vo svete podla geografickych
oblasti podla spotreby v r. 2000, resp. odhadovanych
spotrieb v r. 2001: porovnava sa nylonova a PES prie-
myselna filamentna priadza. Vysvetluju sa dévody roz-
dielov medzi geografickymi oblastami, kde previada
spotreba PAD, resp. PES. Graficky je zndzornené po-
uzitie oboch priadzi do réznych konecénych vyrobkov. V
oboch pripadoch prevliada pouzitie do pneumatikovych
kordov: PES 48 %, PAD 54 %.

Nové viakno s vysokou uzitkovou hodnotou bolo
prezentované na konferencii v UK

INTERNATIONAL FIBER JOURNAL, 17, 5, Oktdber,
2002, str. 28, 30-32

Referat o niektorych novinkach viakien s vysokou
uzitkovou hodnotou na konferencii Polymer Fibres 2002
v Manchesteru (UK). PodrobnejSie sa popisuje vyroba
a uzitkové vlastnosti noveho viakna M5 fy Magellan
(Holandsko). Jedna sa o polymér tvoreny z kyseliny 2,6-
dihydroxytereftalovej a 2,3,5,6-tetraaminopyridinu. Ma
pevnost vysSiu nez 2 Njtex (3,4 GPa) a modul nad 300
GPa. Vlastnosti su podrobnejsie uvedené v tabulke.
Pouzitie je hlavne v kompozitoch. Dalsie viakna: HPPE
Dyneema a Spectra, antibakterialne vidkna PP/Ag a PP
pokozka/jadro, resp. s davkovanim nano-¢astic do PP
pre farbenie a super-vidkna Zylon a PBO vyrabané v
Japonsku.
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Finske nehorlavé viakno na trhu USA

INTERNATIONAL FIBER JOURNAL, 17, 5, Oktdber,
2002, str. 69-70

Finska fa Sateri uzatvorila dohodu s americkou spo-
lo¢nostou Ventex o predaji nehorlavych viakien Visil na
americkom trhu pre matracoviny. Visil je modifikované
VS vlékno obsahujice 33 % aluminosilikatu. Stru¢ne sa
popisuje vyroba vlakien Visil a chovanie sa pri horeni:
uvolfiuje sa len malo dymu + CO + CO,, je samozha-
Savé. Doporuguje sa zmesovanie s inymi nehorlavymi
vlaknami pre ziskanie optimalnych vysledkov. Pouziva
sa do matracovin, ochrannych odevov, ¢alinenia, ne-
tkany textilii ap.

Spandex

ASIAN TEXTILE BUSINESS, 1, 566, Januar, 2002,
str. 21-24

Hodnoti sa situacia na trhu spandexovych viakien,
kde sa nepretrzite zvySuje dopyt (7 % rocne), avSak
sucasne neumerne rastie vo svete vyrobna kapacita
(200 tis. ton v r. 2000). Je to spbsobené najmé Cinnos-
tou producentov v Azii: vyrobna kapacita v Kérei ¢ini 63
tis. ton/rok v r. 2000, na Tchaj-wane 8 000 ton/rok, Cina
10 000 ton/rok ap. Sucasne s tym sa znizila cena vla-
kien asi na polovicu (40 den z 15 USD na 7 USD/kg v
r. 2000). To vSetko zhorSuje situaciu na trhu a nerov-
novahu medzi ponukou a dopytom. V prispevku sa re-
feruje o aktivitdch japonskych firiem Asahi Kasei, Toray,
Fujibo, Kanebo Gohsen, Nishinbo a Toyobo v oblasti
spandexovych viakien.

DuPont objasnuje prekonanie u viaken ,Lycra“

ASIAN TEXTILE BUSINESS, 1, 566, Januar, 2002,
str. 25

DuPont ATS (Apparel and Textile Science) oznamil
zavedenie noveho typu elastanového viakna Type 400,
ktoré ma stre¢ a zotavenie lepSie nez tvarované vlak-
na, rozmerovu stélost, lahku udrzbu a odolnost vodi
chléru. Zatial' sa predava pod znackou ,Lycra“ DP 0002
Pouziva sa hlavne pre denimy, koSele a i. tkaniny s
miernou roztaznostou, hladkym a mékkym ohmatom.
Dalej sa struc¢ne referuje o vlastnostiach a pouziti vliak-
na Easy Set ,Lycra” pre fixaciu pri nizSich teplotach.
Pouziva sa hlavne pre okruhle pleteniny a tkaniny.
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