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PREDICTION OF CONSTRUCTION DIMENSIONS OF UPPER BODY BLOCK
DRAFTING

B. Musilova and V. Zavadilova

Technical University of Liberec, Department of Clothing technology
Studentska 2, 461 17 Liberec, Czech Republic

Abstract: Variations of the human body in the aspects of dimensional characteristics are a very
important factor to be considered in case of manufacturing clothing especially for ready-to-wear
production. This is due to nature of the ready to wear production clothing where it is mass
produced in standard sizes that will only fit the individuals who have the same garment size as
manufactured. In the context of the new European Standard EN 13 402 ,Size designation of
clothes" the main goal is to obtain the latest body measurements date of the Czech population and
describe the relations existing between body dimensions, so-called body proportions. This study
describes the recent somatometric survey of the Czech female population and data evaluation.
The outcome is the prediction of the pattern construction parameters of the upper body block by
the help of the multiple regression. In this case, for bra, corsetry and swimwear design.

Keywords: somatometric survey, multiple regression, body dimension, construction parameters,

upper body block, patternmaking

1. INTRODUCTION

Quality of the garment in the mass
production depends on a relatively high
degree of our knowledge of the relations
existing between body dimensions. These
relations are frequently presented in the form
of the so-called body proportions, when the
value of one body dimension is calculated as
a percentage of another dimension. Due to
the existing variability of body dimensions in
the reference population the proportions vary
in this population between certain limits, too.
For this reason, it is meaningful to study the
proportions and to analyse their properties by
means of statistical methods.

Currently The European Standard EN 13 402
.oize designation of clothes” has been
prepared by CEN/TC 248, ,Textiles and
textile products® should determine a simple
system of size designation for specified types
of garment for children and adults. The
system is based on the essential body
dimensions not on the pattern construction
parameters.

In order to mass-produce clothes, the body
size of the intended wearer has to be defined
and identified with the nearest size on a table
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of standard sizes. Hence the main goal the
somatometric survey of Czech female
population is carried out and creation the
sizing system and constructional dimensions
determinate in relation with the mentioned
EN standard.

2. SOMATOMETRIC SURVEY

Project of the recent somatometric survey
of Czech female was divided into three
phases: preparation, implementation and
finally analysis of the somatometric data.
Various statistical methods were used as are
percentile  analysis, simple univariate
analysis, bivariate and correlation analysis
and multivariate analysis like the principal
component analysis. The aim of the survey
was to conduct a survey of adult women to
create a database of the size of the upper
body part in relation of the standard EN
13 402.

2.1 Range of somatometric data file and
representing assurance

According to year-book of Czech population

dated 31.10. 2008 [1] vide Tab.1 the size of

file of measured population was set on 200
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women. Somatometric survey was done in
the term 2008-09 in all region of the Czech
republic. Measured population was divided
into three age categories:

Table 1 Division of measured women [2]

Age Seizure by year- Number
category book CR of measured
(years) (%) women
18 - 29 26,9 58
30 - 44 36,4 68
45 - 60 36,7 74
> 100 200

2.2 Body dimensions

16 body dimensions have been
according to these points of view:
Needy for the body dimensions data
confrontation with the data of the previous
Czech national somatometric surveys. The
same measuring procedure was used as for
previous somatometric surveys. Importantly
for the evaluation of the body proportion.

taken

Needy for calculation of the pattern
parameters of the upper body block
patternmaking, mainly for construction

formulas assessment.

The measurement has been gathering based
on the standard CSN 80 0090 (ISO 8559)
,Method of body measuring for men, women,
boys and girls”" [3] used the body
measurement contact method see Figure 1.
List of body dimensions:

T14 - Upper bust girth; T16 - Bust girth; T17 -
Under bust girth; T18 - Waist girth; T46 -
Inter-nipple distance I; T46a - Inter-nipple
distance Il; T34a - Back neckline length; T34
- Nape to upper bust; T35 - Nape to bust;
T35a - Nape to under bust; T36- Nape to
front waist; T40 - Nape to back waist; T112 -
Nape to back upper bust level; T113- Nape
to back bust level; T114 - Nape to back
under bust level; T71 - Length around upper
part body

Vlakna a textil (4) 2009 4
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N T4

T16 T46a
T17 T46-
T18
e T112
T35 T113
“T35a T114
'T36 T40
T

Figure 1 Description of the body dimensions
measurement

2.3 Comparison of the primary body
dimensions data value of the surveys
carried out in 2008 - 09, 2005 - 06 and
1990 - 91

At first the primary body dimensions are

compared: T16 - Bust girth; T17 - Under bust

girth; T18 - Waist girth by age groups within

the current investigation carried out in 2008-

09, see Figure 2.
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We can see increasing trend of the body
girth in dependence on the increasing age of
the measured women, we can expected it
due to the general trends.

120
100
.80 Age
Eoo pi
40 H 45-60
20
0

T16 T17 T18

Figure 2 Comparison of the average value of the
body dimensions: T16 - Bust girth; T17 - Under
bust girth; T18 - Waist girth of the current
investigation carried out in 2008-09 within the
age groups [2]

When we compare the data value of the
primary body dimensions: T16 - Bust girth;
T17 - Under bust girth; T18 - Waist girth of
current investigation in 2008-09 with the data
of the survey in 2005-06 and 1990-91 we can
see on the Figure 3 that results of the
surveys are similar which can justify a short
sequence between these surveys.

120
100

— Y ] 2008- 09
H 2005- 06
H 1990- 91

T16 T17 T18

Figure 3 Comparison of the average value of the
body dimensions: T16 - Bust girth; T17 - Under
bust girth; T18 - Waist girth of the surveys carried

out in 2008-09, 2005-06 and 1990-91 [2]

Table 2 Body dimensions- average value

DIMENSION 2008-09 2005-06 1990-91
T16 [cm] 97.8 98.4 95.4
T17 [cm] 83.9 83.8 82.0
T18 [cm] 81.8 78.9 76.8

In comparison with the data from the 1990-
91 confirm the general trend of increasing
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mass of the population and the concomitant
increase the value of the body girths.

3. THE CLOTHING SIZING SYSTEM

A sizing system is a table of numbers, which
presents the value of each of the body
dimensions used to classify the bodies
encountered in the population for each size
group in the system [4]. Particular sizes of
the sizing system are sorted into sizing rang
arrangement in dependence on the primary
body dimensions. The standard sizing
system allows each country/company to
freely combine these measurements as
needed.

3.1 Method of the bras, corsetry and
swimwear with cups sizing system
development in relation to the
Standard EN 13 402 »Size
designation of clothes*

Clothing size is complex of the parameters
are specified by the help of essential body
dimensions. In the case of the bras there are:
T16 - Bust girth;
T17 - Under bust girth.
2D frequency analysis so called frequency
table of the primary body dimensions was
created. On the X-axis was positioned value
of the body dimension of the T16 - Bust girth
and on the Y-axis value of the T17 - Under
bust girth.
The sizes were marked into the frequency
table according to the rules of the standard
EN 13 402. The distances between sizes
within the sizing ranges are determined by
the difference between values of the two
successive body dimensions so called sizes
interval. In case of the standard EN 13 402 is
determined as follows:

T16 - Bust girth =2 cm

T17 - Under bust girth =5 cm [5]

According to the degree of dependence one

primary body dimension on the other

dimension the cloud of somatometric data is

schematically illustrated that is formed by a

cloud and can be traced off by the shape of a

circle or an ellipse. The sizing ranges are

then arranged in the shape of the data cloud,
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either horizontally or diagonally so that they
are parallel to the main axis of the conic
section, while the length of the conic section
defines length of the sizing range. The
individual sizes are positioned at the certain
intervals in the straight lines ranges. In case
of bra sizing system it is diagonal sizing
ranges. Bra sizing system is organized into
diagonal sizing ranges, where on the X - axis
is the body dimension of the T16 - Bust girth
and on Y-axis is the T17- Under bust girth,
see Figure 4.

130+
120 -
1104
1004
80+
B0

T17 - Under bust girth

704

B0 ' : . . : .

7O &0 80 100 110 120 130
T16 - Bust girth

Figure 4 System of diagonal sizing ranges

3.2 Median value of primary dimensions
within one size
On the basis of fundamental differences of
the body dimensions the median value within
one body size is also derived. As a rule, the
one size of the sizing range should
correspond to the average value of the given
primary body measurements. Each central
value of the primary body dimension within
the one size interval of the sizing system is
equal to multiples of the sizes difference.
Median values of body size are standard for
determining the size and associated
technical  calculations, including the
establishment of proportional relationships in
the pattern making process.
For example one size of bra based on the
standard EN 13 402 is determined with the
help of median value of primary dimension
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T17 - Under bust girth = 80 cm. This value
has a range of 5 cm (resulting from the
difference between two consecutive sizes).
For the value of T17 - Under bust girth the
standard specifies the value of the T16 - Bust
girth with range 2 cm see Table 3. Median
value is then given as the centre of each
interval.

Table 3 lllustration of selecting the median value
of the primary dimensions

T17 - Under bust girth and T16 - Bust girth
derived from the bras, corsetry and swimwear
with cups size range defined by standard EN 13
402 [5]

Dimension T17 [cm] Median [cm]
78 - 82 80
Cup .
designation T16 [cm] Median [cm]
AA 90 - 92 91
A 92-94 93
B 94 - 96 95
C 96 - 98 97
D 98 - 100 99
E 100 - 102 101
F 102 - 104 103
G 104 - 106 105
H 106 - 108 107

4. PREDICTION OF THE
CONSTRUCTION DIMENSIONS IN
RELATION TO THE PROPOSAL
SIZING SYSTEM

The calculated pattern parameters should at
least have a high correlation with the actual
measurements of upper body part of female
population. To examine this, correlation
between the actually measured pattern
parameters and the calculated ones using
the general formulae (1) was set.

Using medium value of the primary body
measurements, the pattern parameters for
drafting of the upper body block: bras,
corsetry and swimwear were calculated and
the results are plotted in Table 4



Textilné materialy

Table 4 Construction dimensions of the bra sizes ra

Textile materials

nge from 80AA to 80H

Primary body dimensions of bras, corsetry and swimwear
— medium value within size range defined by standard EN 13 402 [cm]

T17 80 80 80 80 80 80 80 80 80
T16 91 93 95 97 99 101 103 105 107
Calculated construction dimensions [cm]

T14 88.3 89.0 89.7 90.4 91.1 91.8 92.5 93.2 93.9
T18 74.6 75.3 76.0 76.7 77.4 78.1 78.8 79.5 80.2
T46 18.5 19.0 19.5 20.0 20.5 21.0 215 22.0 225
T40 39.3 39.4 39.5 39.6 39.7 39.8 39.9 40.0 40.1
T34 25.5 25.6 25.7 25.8 25.9 26.0 261 26.2 26.3
T35 35.4 36.1 36.8 37.5 38.2 38.9 39.6 40.3 41.0
T35a) 43.0 44 1 45.2 46.3 47.4 48.5 49.6 50.7 51.8
T36 51.5 52.1 52.7 53.3 53.9 54.5 55.1 55.7 56.3

Ti= KX(Ti) *Tx + KY(Ti) *TY + ATi

Where:

Ti ... dependent variable,

any of i-constructional dimension

X ...independent variable,

(in this case dimension T17-underbust girth)

Y... independent variable,

(in this case dimension T16 - bust girth)

Kxriy, Kyeiy - - .regression coefficient

(e.g parameter Ky is interpreted as an expected
change of quantity T, in relation to the X growth)

5. CONCLUSION

This paper describes methodology of the
sizing system creation of the bra, corsetry and
swimwear based on actual somatometric
survey of Czech adult female population.
Using multiple linear regression we can
predict the construction parameters needed
for drafting of the u The results of this paper
demonstrated the pattern drafting parameters
setting in relation of the new European
Standard EN 13 402 ,Size designation of
clothes® are required for the implementation of
the much desired for ready - to - wear
production.
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PREDIKCE KONSTRUKCNICH ROZMERU ZPEVNOVACIHO PRADLA

Translation of abstract:
Prediction of construction dimensions of upper body block drafting

Informace o propor&nich vztazich télesnych rozméri definovanych v ramci jedné konfekéni
velkosti odévu jsou velmi dullezité v procesu konstrukéni pripravy vyroby odévda.

Tento ¢lanek popisuje metodu tvorby velikostniho sortimentu zpevhovaciho pradla na
zakladé statistické analyzy somatometrickych dat aktualniho méfeni Ceské Zenské populace
v souvislosti s nové zavedenou evropskou normou CSN EN 13402 ,,Oznadovani velikosti
obleCeni".

Bézné pouzivané konstrukéni metodiky vyuzivaji fadu konstruk&nich rozmérd ovSem norma
CSN EN 13402 definuje velikost pouze prostitednictvim primarniho a sekundarniho t&lesného
rozmeru.

Konstrukéni rozméry pro tvorbu konstrukéni sité zpevnovaciho pradla lze predikovat
metodou vicerozmérné regresni analyzy somatometrickych dat.

V zavéru ¢lanku, jako pfiklad, je uvedena tabulka vypocitanych konstrukénich rozmérd pro
fadu velikosti zpevhovaciho pradla 80 AA az 80H se stfedni hodnotou télesného rozméru
podprsniho obvodu hrudniku 80 cm.

Vlakna a textil (4) 2009 8
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FRICTION PROPERTIES OF KNITTED FABRICS IN WET STATE

L. Farska and L. Hes

Technical University of Liberec, Studentska 2, 461 17 Liberec, Czech Republic
lubos.hes@gmail.com

Abstract: It is simple to measure frictional coefficient of fabric in dry state, but to be able to
describe complex characteristics of tested garment it is necessary to know the frictional coefficient
of the fabric in its wet state as well. For this purpose a new measuring instrument has been
developed and the coefficient of friction measured for both dry and wet state of different knitted
fabrics with different material composition, and having different structure well as. In this paper the

obtained results are presented and discussed.

1. INTRODUCTION

Feeling of discomfort caused by wet
garments is an important component of
sensorial perception [1]. Any description of
comfort characteristics of tested garment
would not be complex without the
knowledge of its friction coefficient in its wet
state [2].

In this study, the effect of moisture content
on friction coefficient of knitted fabrics with
different fabric structure, material
composition with different elastane ratios
was investigated. The measurements were
carried out by means of the FRICTORQ
tester, a new patented instrument [3]
developed at the Minho University,
Portugal, and were based on a new
principle of determination of friction
coefficient of fabrics. Design of this
instrument, described in details in the
patent, enables the determination of the
friction coefficient with low level of variation
coefficient. For dry fabrics, the achieved
levels of friction coefficient are comparable
with those determined by the Kawabata
tester [4].

The instrument principle is based on
measurement of torque momentum caused
by a heavy disc placed on a tested fabric,
which is subjected to rotation. A special
clutch between the measuring disc and the
stepmotor avoids the transfer of vertical
and bending forces to the disc [3].

Vlakna a textil (4) 2009 9

Currently, there are two FRICTORQ

instruments installed in Portugal [5] and at
the EGE University in Izmir, Turkey [6].

Figure 1 FRICTORAQ Il prototype at the MINHO
University, Portugal

2. DETERMINATION OF FRICTION
COEFFICIENT OF COTTON KNITS
IN WET STATE

2.1 Materials

The first tested materials were knits
consisting of Ne 30/1 ring spun cotton yarn
and 44 dtex elastane yarn [6]. Knitting
process was carried out on a Relanit 3.2
(28 gauge, 32" diameter) Mayer&Cie
circular knitting machine. During the knitting
process 50 feeders were used. Three
separate single jersey samples were
knitted: one with cotton only and the other
two as half plating cotton/elastane fabrics
(elastane in alternating courses) and full
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plating cotton/elastane fabrics (elastane in
every course). The samples were subjected
to dry relaxation, washing and dyeing
processes: for dry relaxation, samples were
left lying on a flat surface in a standard
atmosphere for a week; washing process
was carried out in a fully automatic washing
machine with 0.05 g/L wetting agent and
dyeing was in accordance with current
manufacturing practices.

2.2Methods

The cotton samples were cut with a circular
template into pieces with an area of 100
cm?. Then they were put into an oven at
105°C for one hour and consequently
weighted. This value was accepted as the
dry weight of the sample and was used in
the formula given below, which calculates
weight of the samples in various moisture
ratios (20%-40%-60%-80%-100%):

Moisture content [%] = 100 (Wet weight —
Dry weight) / Dry weight

The samples were kept in distilled water for
one hour, then dripped water was taken out
with a tissue and samples were kept in
standard atmospheric conditions. As soon

Textile materials

obtained, kinetic friction coefficients were
measured with FRICTORQ Il instrument.
Similar wetting / drying procedures were
applied at polyester /polyamide samples.

2.3Experimental results for cotton knits
and their evaluation

The presented results (Figure 2 and 3)
indicate that with increasing moisture level
in fabrics the friction coefficient of the
studied common knits increases as well,
but just to a certain limit. For moisture
content exceeding approximately 40%, the
level of friction coefficient becomes quite
stable. As moisture causes feeling of
discomfort, various producers try to
eliminate its effect either via material
composition, or fabric structure [7].

2.4PES / PAD knits

Similar procedure of sample preparation
was chosen for testing fabrics used for
manufacturing of sport garments. First,
friction coefficient of samples in their dry
state was measured, and then, the samples
undertook wetting and coefficient of friction
was measured again. Obtained results
were summarised into one chart and

as the desired moisture ratios were Compared.
0,3750
0,3500 -
Q
k]
£ 0,3250
K4
=1
0,3000 —e—Loose
’ —a— Medium
—a— Tight
0,2750 | ‘ | | | |
0 20 40 60 80 100

Moisture content of sample (%)

Figure 2 Kinetic friction coefficient diagram for different moisture level and tightness factors
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10



Textilné materialy

Textile materials

0,3750

0

% 0,3500 — 3

i~

30,3250 |

/ —e— Without elastane
0,3000 —m— Half plating
—— Full plating
0,2750- \ ‘ ‘ ‘ |
0 20 40 60 80

100

Moisture content of sample (%)

Figure 3 The effect of moisture content of friction coefficient of cotton knitted fabric with/without

elastane and with different plating

3 EXPERIMENTAL RESULTS AND
THEIR EVALUATION

Following charts show values of maximal
(static) coefficient of friction for wet and dry
state, and kinetic coefficient of friction for
wet and dry state of the samples. The
measured values do not exhibit permanent
increase or decrease, but their values vary
periodically within certain range. This
happens due to the sample rotation, which
results in periodical changes of the contact
area between the sample texture and the
sensing blocks. Also the non-uniform
sample deformation during its clamping
might cause certain sample density
variations. Neveretheless, the achieved
levels of friction coefficient for dry fabrics
are comparable with those determined by
the Kawabata tester [4]. Despite these
uncertainties, the determined differences
between the friction coefficient levels for
dry fabrics (dotted lines) and wet fabrics
are quite well distinguished.

From the next Figure 4 we can see, that
friction coefficient is higher for fabric in wet
state The maxi-mum friction coefficient in

Vlakna a textil (4) 2009 11

the average increased by 0,01 and the
kinetic one increased by 0,02.

The Figure 5 shows the friction coefficients
obtained for the fabric with the same
material composition, but with different
fabric structure. The differences between
the dry and wet friction coefficients are
much lower; it is 0,003 for the maximal
friction coefficient and 0,007 for the kinetic
one. Therefore, it can be concluded that
fabric structure fairly influences the fabric
friction coefficient.
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0.32 ~
0.3
0.28
e
50.26
£
3
0.24
—— u max dry
——u max wet
0.22 —A—u kin dry
—&—u kin wet
0.2 T T T T T 1

0% 20% 40%

60% 80% 100%

Moisture [%]

Figure 4 Determination of static and kinetic friction coefficient y of plain knit made of COOLMAX

Extreme and 6% of LYCRA

0.32
0.3
_ 028
-
3
% 0.26
£
3
0.24
—— u max dry
——u max wet
0.22 - —A— u kin dry
——u kin wet
0.2 T T T T T T 1
0% 10% 20% 30% 40% 50% 60% 70%

Moisture [%]

Figure 5 Determination of static and kinetic friction coefficient y of rough knit made of COOLMAX

Extreme and 6% of LYCRA

Figure 6 shows another plain knit and
corresponding friction coefficient. The
average difference in maximal friction
coefficients is 0.021; the average difference
in kinetic coefficients is 0.019. It is possible
to state, that friction coefficients are here
also higher for the fabrics in wet state.

Vlakna a textil (4) 2009 12

Figure 7 shows results for a fabric with the
same composition as has the previous
sample, but different structure. The
difference between the coefficients is much
higher — 0.1 for the maximal friction
coefficient and 0.08 for the kinetic one.
Again, it is clear that structure can affect
frictional properties.



Textilné materialy

Textile materials
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Figure 6 Determination of static and kinetic friction coefficient y of plain knit made of PAD, PES

and 4% Lycra
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82%
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Moisture [%)]

Figure 7 Determination of static and kinetic friction coefficient y of knit made of PAD, PES and 4%

Lycra

Figure 8 shows other plain knit and
corresponding coefficients of friction. This
knit is very interesting because its friction
coefficient at higher moisture content did
not increase but decreased. The average
difference between the maximal friction
coefficients is -0.04, and the average
difference between the kinetic ones is -
0.02. The mentioned differences are small,

Vlakna a textil (4) 2009 13

but promising; as such fabric could be one
of the first steps towards modern sport
apparel. The structure and finishing of this
extraordinary  knitted fabric are not
described here, as they present know - how
of a certain large European fabric
manufacturer. Deeper analysis of the
discovered advantage of this special fabric
will be the subject of our next research.
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—&—u kin wet
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Moisture [%]

Figure 8 Determination of static and kinetic friction coefficient p of special plain knit made of 100%

PES

4 CONCLUSIONS

From the measurements follows one
surprising observation: some special
underwear fabrics behave differently as the
common cotton knits — their friction
coefficient keeps almost constant with
increasing moisture content or even slightly
decreases (Figure 8), which offers good
level of tactile comfort even under heavy
sweating conditions. Taking into
consideration research results found on
common cotton knits by Prof. Masako
Niwa, that with moisture content more then
approx. 50% most of wearers feel sensorial
discomfort, we can conclude, that even with
increasing moisture some of fabrics keep
practically constant level of friction (see
Figure 5), and that at moisture level approx.
75% they exhibit even lower friction
coefficient (Figures 6 and 8) than cotton
fabrics at 50%. Thus, these special man-
made knits should offer better wearing
comfort then common knits at high level of
moisture content in the fabrics, which
occurs at the highest levels of physical
activity.

Acknowledgements: This study was partly
supported by the European Program
LLP/ERASMUS, established between the University
of Liberec, Czech Republic and University of Minho
in Portugal.

Vlakna a textil (4) 2009 14

5 REFERENCES

. Vasiliadis S. G. and Provatidis Ch. G.:

Structural characterization of textile fabrics
using surface roughness data, Int. J. of
Clothing Science and Technol., Vol. 16 (5),
2004, pp 445-457

Hes, L.: Thermal Comfort of Wet Fabrics,
[ITAS Symposium, CESME 2007, Turkey
Lima M., Hes L.: Portuguese Patent No.
102 790

Kawabata S: The Standardisation and
Analysis of Hand Evaluation, 2" Ed.,
Textile Machine Society of Japan, 1980
Lima M., Hes L., Vasconcelos R. and
Martins J.: FRICTORQ, a Novel Fabric
Surface Tester: A Progress Report, Journal
of Textile Engineering, The Textile
Machinery Society of Japan, Vol. 51, No
3/4, 2005, pp 40-46

Hes L., Marmarali A., Lima M., Ozdil N.,
Oglakcioglu N.: The effect of moisture on
friction coefficient of elastic knitted fabrics.
Tekstil ve Konfeksiyon 3, 2008, pp 206-210
Hes L., Marmarali A., Lima M., Farska L.:
Reliable Determination of Friction of Wet
Fabrics in: 2" Aachen-Dresden Textile
Conference, Dresden, December 2008.



Textilné materialy

Textile materials

VLIV VLHKOSTI NA TRECi VLASTNOSTI UPLETU

Translation of article
Friction properties of knitted fabrics in wet state

Abstrakt: Méfit koeficient tfeni textili za sucha je jednoduché, ale abychom byli schopni
komplexné charakterizovat komfort noSeni testovaného odévu, je nutné znat i jeho koeficient
treni za vihka. Je to z toho duvodu, Ze pocit nepohodli, zpisobeny vihkym odévem, je
vyznamnou slozkou smyslového vnimani. Za tim ucelem byl vyvinut novy méfici pfistroj a byl
méfen koeficient tfeni vybranych Uplet( jak za sucha, tak i po zavlhéeni. Hodnoty spolucinitele
treni byly zjiStovany jak na textiliich s riznym materialovym sloZenim, a na textiliich se stejnym
materialovym sloZzenim, ale raznou strukturou pleteniny. Tento pfispévek shrnuje dosazené

vysledky.

1. UvoD

Pocit nepohodli, zplsobeny vihkym
odévem, je dulezitou slozkou smyslového
vnimani  [1]. Zadna charakteristika
testovaného odévu by tedy nebyla uplna
bez znalosti koeficientu tfeni za vihka [2].

V této studii byl zkouman vliv vihkosti na
koeficient trfeni pletenych textilii, které
obsahovaly rizné mnozstvi elastanu, a
pletenych textilii se stejnym materialovym
slozenim, ale rlznou strukturou pleteniny.
Méfeni bylo provedeno na pfistroji
FRICTORQ tester, novém patentovaném
pFistroji [3] vyvinutém na Minho University,
Portugalsko. Princip tohoto pfistroje (ktery
je detailné popsany v patentu) umoznuje
ur€it koeficient tfeni s nizkym variaénim
koeficientem.

Pristroj je zaloZzen na méfeni krouticiho
momentu, ktery je vyvozen tfenim mezi
hmotnym diskem a otacejici se testované
textilii, nachazejici se pod méficim diskem.
Specialni spojka mezi méficim diskem a
krokovym motorem zabranuje pFenosu
vertikalnich a ohybovych sil na disk [3].
Normalova sila — pfitlak je konstantni, a je
dana hmotnosti méficiho disku pusobici na
méfici  plochu. Pfitlak u  pfistroje
FRICTORAQ je stejny jako u systému KES.
Diky rotaci textilie stacionarni snimac
krouticiho momentu neregistruje nezadouci
prirGstek krouticiho momentu, ktery by
vznikl pfi rozbéhu disku v pfipadé, Ze by
textilie byla nehybna a méfici disk by se
otatel. Cinnost pristroje je Fizena
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poCitatem, a méfeni jsou v pocCitaci i
vyhodnocovana. Dle manualu pfistroje jsou
dosazené hodnoty tfeni pro suché textilie
srovnatelné s hodnotami zjiSténymi pomoci
systému KES [4], nebot i kontaktni plocha
je feSena podobné jako u pfistroje KES —
sestava z paralelnich ocelovych dratkl o
priméru 0,5 mm, které napodobuji
kapilarni linie lidské pokozky na prstech.

V souCasnosti existuji dva pfistroje
FRICTORQ - jeden je instalovany v
Portugalsku [5] a druhy na EGE Université
v Izmiru, Turecko [6]. DalSi pfistroj se
pfipravuje pro Universitu v Zahfebu.

2. URCENI KOEFICIENTU TRENI
BAVLNENYCH PLETENIN ZA
VLHKA

2.1 Materialy

Prvni testované materialy byly pleteniny
obsahujici stfizovou bavinénou pfizi Ne
30/1 a elastanovou pfizi s jemnosti 44 dtex
[6]. Textilie byla upletena na okrouhlém
pletacim stroji Relanit 3.2 (32”7, 28 gg)
Mayer&Cie. Pfi pleteni bylo pouzito 50
podavacl. Byly upleteny tfi samostatné
vzorky se strukturou zatazné pleteniny:
jeden pouze bavinény, jeden s polovi¢nim
krytim bavilna/elastan (elastan v kazdém
druhém fadku), a jeden s plnym krytim
bavina/elastan (elastan v kazdém fadku).
Vzorky byly podrobeny relaxaci za sucha,
prani a barveni. Pfi relaxaci byly vzorky
jeden tyden ponechany na hladkém
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vodorovném povrchu pfi  standardnich
atmosférickych podminkach; prani bylo
provedeno v plné automatické pracce
s pfidanim 0.05 g/L smaceciho pfipravku;
barveni probéhlo v souladu s modernimi
barvicimi postupy.

2.2 Metody

Bavinéné vzorky byly nafezany podle
Sablony do tvaru kruhu s plochou cca 100
cm?. Poté byly vloZeny do pece s teplotou
105°C, ponechany tam po dobu jedné
hodiny a nasledné byly zvazeny. Obdrzena
hodnota byla pfijata za hodnotu hmotnosti
textilie za sucha a byla pouzita ve vzorci
uvedeném nize, ktery umoznuje vypocitat
hmotnost vzorku pfi rdznych vihkostech
(20%-40%-60%-80%-100%):

Obsah vihkosti [%] = (Hmotnost za vihka —
Hmotnost za sucha)/Hmotnost za sucha

Vzorky byly na jednu hodinu ponofeny do
destilované vody, poté byly vyjmuty,
prebyteCna voda byla odstranéna pomoci
savého materialu a vzorky byly ponechany
v atmosférickych podminkach. Po dosazeni
pozadované vlhkosti byly vzorky znovu
zvazeny a pomoci FRICTORQ Il byl
zméren kineticky koeficient tfeni.

Obdobna procedura vilhCeni/suSeni byla
pouzita i na polyesterové/polyamidové
vzorky.

2.3Experimentalni vysledky pro
bavinéné pleteniny a jejich
hodnoceni

Prezentované vysledky naznacuji, Zze s
rostoucim obsahem vlihkosti ve
zkoumanych textiliich roste i Kkoeficient
treni, ale jen do wurcité hodnoty. Po
prekroCeni pfiblizné 40% urovné vihkosti se
hodnota tfeni ustaluje.

2.4Pleteniny PES/PAD
Podobny postup pfipravy vzorkl byl zvolen

i pro testovani textilii urCenych ke
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sportovnim  ucelim. Protoze  vlhkost
zpusobuje pocit nepohodli, snazi se vyrobci
jeji  vliv  minimalizovat bud riznym
materialovym  slozenim textilii, nebo
specialnimi strukturami [7].

V dalSi Casti experimentu byly zkoumany
zmény ve tfeni u materiall s rdznou
strukturou pleteniny. Nejprve byl zméfen
koeficient tfeni suchych vzorkl, poté byly
vzorky zavih€eny a byl znovu zméfen
koeficient tfeni. Vysledky byly shrnuty do
grafli a porovnany.

Hodnoty nemaji charakter rustu ¢i poklesu,
ale pohybuji se vur€itém rozmezi. Ke
kolisani hodnot dochazi proto, zZe pfi rotaci
vzorku s texturou tvofenou sloupky vznika
cyklicka interakce této textury s texturou
kontaktni plochy méfici sondy. Pri
manualni fixaci vzorku v rotaéni podlozce
muze dojit i nerovhomérnému roztazeni
vzorku. Nicméné, verifikaCnim méfenim
bylo zjisténo, ze hodnoty tfeni skutec¢né
odpovidaji hodnotam zjisténym na pfistroji
KES-FB4, takze tento vliv mizeme
povazovat za maly. Dal§im dlivodem muze
byt nerovnomérné rozloZeni vlhkosti ve
vzorku, pfestoze byly vzorky pfed méfenim
ponechany deset minut v klidu. Presto je
ale vidét rozdil mezi hodnotami tfeni, které
jsme obdrzeli pro vzorky za sucha
(Carkovana cara), a hodnotami tfeni, které
jsme obdrzeli pro vzorky za vlhka (plna
¢ara).

3. VYSLEDKY EXPERIMENTU A
JEJICH VYHODNOCENI

Nasledujici grafy  zobrazuji  hodnoty
maximalniho (statického) a kinetického
koeficientu tfeni textilii za sucha i za vihka.
Z prvniho grafu je zifejmé, Ze koeficient
tfeni je vysSi u vihkych textilii. Maximalni
koeficient tfeni se v praméru zvySil o cca
0,01, kineticky koeficient tfeni se zvysil
o pfiblizné 0,02.

Graf 2 ukazuje vysledky, které jsme
obdrzeli pro pleteninu se stejnym
materialovym  sloZzenim, ale odliSnou

strukturou. Rozdily v koeficientech tfeni za
sucha a za vlhka jsou mnohem mens$i —
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0,003 pro maximalni koeficient tfeni, 0,007
pro kineticky koeficient tfeni.

Obrazek 6 znazorfuje dalsi hladkou
pleteninu a odpovidajici koeficienty tfeni.
Pramérny rozdil v maximalnich
koeficientech tfeni je 0,023, prdmérny
rozdil v kinetickych koeficientech tfeni je
0,023. | zde plati, Zze koeficient treni je
vySSi za vlhka, nez za sucha.

Graf 7 znazorfiuje vysledky pro pleteninu
se stejnym materidlovym slozenim, jako
v pfedchozim pfipadé (Obr. 6), ale jinou
strukturou pleteniny. Rozdil v koeficientech
treni je mnohem vySSi, nez v predchozi
pripadé: 0,1 pro maximalni koeficient tfeni,
0,08 pro kineticky koeficient tfeni. Opét se
ukazuje, ze struktura pleteniny ma vliv na
tfeni materialu.

Graf 8 predstavuje vysledky méfeni
koeficientu tfeni pro tfeti typ pleteniny. Tato
pletenina je velmi zajimava, protoze s
vlhkosti koeficient tfeni klesl, nevzrostl!
Priimérny rozdil v maximalnim tfeni je cca -
0,04 a v kinetickém tfeni je cca -0,02.
Naméfeny rozdil maly, ale slibny, nebot
podnécuje dalSi vyzkum, jehoz disledkem
by mohlo byt podstatnéjsi zvySeni tohoto
pozitivniho  efektu.  Textilie s témito
vlastnostmi by se mohla stat krokem
smérem k modernim sportovnim odévam.
Slozeni, struktura a finalni uUprava této
specialni pleteniny neni zde bliZze popsana,
nebot tvofi know how vyrobce. Zda se, ze
zminéna finalni uprava spolecné se
specialni strukturou umozfuji zvyseni tzv.
mazaciho efektu, ktery prekonava efekt

Textile materials

adheze. Podrobny rozbor mechanizmu
tfeni bude pfedmétem dalSiho vyzkumu.

4. ZAVER

Z provedenych méfeni vyplyva jeden
zajimavy zavér: nékteré specialni textilie
urCené pro vyrobu spodniho pradla se
chovaji jinak, nez bézné bavinéné pleteniny
— jejich koeficient tfeni zlstava za vihka
témér stejny jako za sucha nebo i trochu
klesa, coz poskytuje dobry komfort noSeni
i pfi znacném poceni. Pokud vezmeme v
uvahu vysledky méreni pro bézné bavinéné
pleteniny, které provedla Prof. Masako
Niwa, totiz ze pfi obsahu vlhkosti v textilii
nad 50% se vétdSina uzivateld citila
nepfijemné, muzeme usoudit, ze i pfi
obsahu vihkosti nad 50% nékteré textilie
vykazuji prakticky konstantni uroven tfeni
(viz. Obr 5), a ze pfi vihkosti cca 75% maji
dokonce nizsi koeficient tfeni (viz. Obr 6 a
8) nez bavinéné textilie pfi 50% vlhkosti.
Tyto specidlni materialy by tedy mély
svému nositeli poskytovat lepSi komfort pfi
noSeni, nez jaky mu poskytuji bézné
pleteniny pfi vysoké zatézi, kdy dochazi ke
znacnému poceni.

Podékovani: Experimentalni vysledky pfedstavené
v této studii byly dosaZeny za pfispéni Evropského
programu LLP/ERASMUS v ramci spoluprace mezi
Technickou univerzitou v Liberci, Ceska republika, a
University of Minho, Portugalsko.

Tab. 1 Statistické vyhodnoceni namérenych hodnot soucinitele tfeni

Oznaceni| Dy max.dry | SM. odchylka | Gpmax.wet SM. odchylka @ inar,| SM. odchylka | Gu yinwet) SM. odchylka
Obr.4 | 0271 | . o028 | oo | 025 | g | oar | 2
Obr.5 | 0277 | (gape | 0281 | o | 0256 | Jgeu | 0263 | 200
Obr.6 | 0229 | ppee. | 0252 | e | 0219 | U0 | o242 | P
Obr.7 | 0314 | olg, | 0406 | 90 | 0282 | | Jgre | 0361 | 205
Obr.8 | 0443 | oo, | 0399 | g | 0383 | g | 0320 | Ppp0
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RESONANCE OF ACOUSTIC MULTI-MEMBRANE SYSTEM
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Abstract: This paper deals with the acoustic behavior of a flexible porous material with resonant
nanofibrous layer. The resonance effect of nanofibrous layer has been studied. The resonance
frequency of acoustic system has been theoretical derived from the theory of the linear electrical
circuit. The results will be compared with the experimental findings. The material formed from
different number of nanofibrous layers is valued in comparison with the same number of
nanofibrous layers damped by longitudinal laid nonwovens. The sound absorption coefficient
increases with number of resonant layers and porous material using. Two-microphone Impedance
Measurement Tube Type 4206 was used to measure the absorption coefficient in the frequency

range 50Hz to 6,4kHz.

Keywords: sound absorption, resonance, nanofibers

1. INTRODUCTION

In the theoretical and experimental study of
resonant systems [1], the three resonant
forms are presented; vibrating membranes,
vibrating board and Helmholtz’s resonator.
The vibrating membrane is a thin board or
foil that has very low rigidity. The air gap
between the membrane and wall provides
the damping of resonator [2].

It was shown in the paper [3] that the
nanofibrous layer, applied to fibrous basic
material has a resonant effect on the sound
absorption. The absorption tops are
displaced in the direction of lower frequency,
which is in respect of sound absorption
requested.

The resonance effect of polypropylene fail,
aluminum foil and spunbond nonwovens was
studied in the experimental study [4]. They
found that the vibrating panel effects on the
surface or inside the sample by the sound
pressure. The noise absorption coefficient
increases in the low-frequency region without
any exception.

The resonant effect of membrane depends
on its weight and air gap size [5]. The sound
absorption coefficient increases with the
weight per area of membrane and the
resonant frequency decreases with this.
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Providing that mass elements are perfectly
rigid and elasticity elements are not mass,
the mechanical analogy can be compared to
linear electric circuit theory [6]. The electric
impedance is defined by ratio of voltage and
current. The acoustic impedance is
established analogous to electric impedance
as a ratio of sound pressure and acoustic
volume velocity.

In the theories of sound wave propagation in
the resonant system, the sound absorption
coefficient of single-membrane system is
derived [1, 7].

2. SINGLE-MEMBRANE SYSTEM

The study [1] has used the mechanical
analogy of acoustic resonance system that is
composed of acoustic mass m, connected to
acoustic compliance c, that is damped with
acoustic resistance R,. The membrane
behaviour can compare to mass point that is
flexible suspended on the spring represented
by the air (see Figure 1). The sound wave
vibrates the resonance system and acoustic
energy of resonance frequency is changed
into the acoustic energy of another
frequencies. These frequencies are damped
so that the most of acoustic energy,
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accumulated into the resonator, can be
changed into the heat.

m,

N cal Ra

Mechanical
resonance system that is composed of acoustic
mass m, connected to acoustic compliance c,
that is damped with acoustic resistance R,.

Figure 1 analogy of acoustic

Acoustic impedance for mechanical element
can be written as

Z, = (1)

Zam = jcoma, ZaR = Ra, ac j(oc
a

Providing that acoustic system is not damped
(Ra=0), the equation

jom, + =0 (2)
joc,
is realized.
Then the resonant frequency is in the

following form

1 1 c
f= [ = P Q)
T\ myc, 21| mgd

where ¢ is sound velocity, p is air density, msq is
mass per area of resonator and d is thickness of
air gap.

In this section, the resonant frequency of
acoustic resonant system will be determined.
The resonant system consists of one to
seven resonant membranes that are
substituted by one to seven series electrical
circuit (see Figures 2 and 3).
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Figure 2 Diagram of single-membrane resonant
system and its substitute electrical circuit.
Inductance L, and capacitance C; substitute
specific acoustic weight My and specific acoustic
compliance C4. iy and i, are input and output
current, u; and u, are input and output voltage.

Characteristic matrix of two-port (see Figure
2) can be found as described in [8] in the
following formulae, where particular elements
are defined as follows

Specific acoustic impedance matrix is then

defined as
7 {Zn Z1z} (8)
Zy Zy
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Specific acoustic impedance of simple
resonant system is equal to input impedance
Z,, of electric circuit [1].

For more complicated electric circuits, input

impedance generally results in rational
divided function
P
ZCH:E (9)

where P and R are polynoms of degree m, n.

When we do not consider any damping
resonance will occur at situation when mass
and compliance parts are equal. This
condition is realized when P is equal to zero.
P=0 (10)

From solution (10) we obtain one resonant
frequency

1
fi=—— 11
21 MC (1)

We must take into our mind that f,is not

exact resonant frequency of physical system
but resonant frequency of its substitute
electrical circuit. To get the real resonant
frequency we must multiply f by coefficient

that can be derived from equation (3). Final
formulae for mechanical resonant frequency
is defined as

frm = frec\/g

where fis resonant frequency of substitute
electric circuit.

(12)

3. MULTI-MEMBRANE SYSTEM

Advancement for multipart resonant systems
(see fig. 3) results in use of formulas of
theory of electrical circuits. Electrical
substitute  circuit is composed from
elementary two-port where output connectors
of one two-port are connected to input
connectors of another one. Such a
connection is called cascade connection of
two-ports. In this situation we must describe
each two-port with equations where input
parameters are dependant on output ones.
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This description is also called cascade.
Cascade matrix of two-port we obtain as

Zy,

1+

Al = ZCI
1

Zc,

Zy,
(13)
1

1
joC;

where Z; = joM; andZ¢, =

Matrix (13) is designated in a similar way for
each two-port of cascade electric circuit.
Final cascade matrix A of the whole system
is got by right multiplication of particular
cascade matrices in order of sound wave
propagation towards reflective plane, as
seen in Figure 3.

(1]
E==

9 |

Figure 3 Diagram of multi-membrane resonant
system and its substitute electrical circuit.
Inductance L; and capacitance C; substitute
specific acoustic weight M; and specific acoustic
compliance C..

Since the resonant frequency of the physical
system depends on each layer we need to
get it from input impedance of the whole
substituted electrical circuit. At first, cascade
matrix A, must be converted to impedance

matrix Z [8]

7 :1{Acll _Ac:|
A 1 —Aw,

Specific acoustic impedance is equal to input
impedance of resonant system in the same

(15)
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way as defined for simple resonant system.
Only first parameter of Z, can be used to get
to know the resonant frequency
Acll

Zyy = A
c21

(16)

Next steps of calculation are the same as in
the example of simple two-port system. Thus
the next step would be to extract input
impedance and continue with equation (9).
Due to impossibility of explicit solution of
equations with order greater than four, our
solution is mathematical and implicit; all
calculations are formed to MATLAB script
that counts resonant frequencies of
theoretically infinite-number system.

4. THEORETICAL AND EXPERIMENTAL
RESULTS

In this section the acoustic resonant system
of one to seven resonant nanofibrous
membranes will be projected. The theoretical
results will be compared with the
experimental findings.

In the first case, the resonant system was
composed of nanofibers applied to fiber web.
Each nanofibrous membrane was put into
the two-microphone apparatus (see Figure
4). The mass per area of resonant
membrane was taken 11.14 g.m? and
distance between each membrane was 5
mm, whereas the first membrane was in
position of 35 mm from the wall in all
configurations.

The Figure 5 predicates the resonant effect
of nanofibrous membrane. In this part, the
experimental results of the sound absorption
coefficient depending on the sound
frequency and number of resonant
nanofibrous membrane are compared. The
resonant frequency is about 2500 Hz in all
configurations, because the mass per area of
all membranes is constant. Then the
amplitude of all membranes is for the same
frequency.
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Figure 4 Diagram of seven-membrane resonant
system where 1) denotes air gap of 5 mm
thickness and 2) denotes nanofibrous resonant
membrane, whereas the first membrane is in
position of 35 mm from the wall in all
configurations.

Together with resonance, the antiresonance
occurs. The sound absorption coefficient
increases with the number of nanofibrous
resonant membrane. In the second case, the
resonant membrane was composed of
nanofibers applied to fiber web. The resonant
system consists of one to seven resonant
membranes. The longitudinal laid nonwovens
filled the gap between each nanofibrous
membrane and wall (see Figure 6).

Figure 6 Diagram of seven-membrane resonant
system. 1) denotes longitudinal laid nonwovens
of 5 mm thickness and 2) denotes nanofibrous
resonant membrane, whereas the first membrane
is in position of 35 mm from the wall in all
configurations.

The Figure 7 predicates, as well as previous
Figure 5, the resonant effect of nanofibrous
membrane. In this part, the experimental
results of the sound absorption coefficient
depending on the sound frequency and
number of resonant nanofibrous membrane
are compared. From the comparison of both
Figures (5 and 7), we can see that the sound
absorption  coefficient of  nanofibrous
membrane damped by nonwovens is higher
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than that damped by air. Using more than does not increase eminently (see Figure 7)
four resonant membranes sound absorption

0.8

0.6

0.4 1

0.2 1

100 1000 10000
f[log Hz]

Figure 5 Experimental results of sound absorption coefficient a depending on the sound frequency f
and number of resonant nanofibrous membrane with air gap (1 - 7).

\765

0.8

0.6

0.4

100 1000 10000
f[log Hz]

Figure 7 Experimental results of sound absorption coefficient a depending on the sound frequency f
and number of resonant nanofibrous membrane with nonwovens (1 - 7).
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Now, the theoretical results will bee
compared with the experimental findings
(see Table 1). A mass per area was
instituted to equation 13 instead specific
acoustic mass M; and distance between each
membrane or membrane and wall instead
specific acoustic compliance Ci.
Two-microphone Impedance Measurement
Tube Type 4206 is used to measure the
absorption coefficient in the frequency
ranges 50 Hz to 6.4 kHz. This is achieved by
measuring the incident and reflected
components of random noise, which is
generated inside the tube. From the incident
and reflected components of the sound
pressure at two microphone positions, the
frequency response functions are calculated
due to the cross-spectrum of the two
microphone signals. Using these values, the
sound absorption coefficient can be
determined.

Table 1 Theoretical and experimental results of
resonant frequency of acoustic resonant system.
The resonant system consists of one to seven
resonant membranes

Resonant frequency of acoustic
resonant system [kHz]
Number of .
Experimental results
resonant Theoretical
membranes Membrane
Membrane with results
with air gap
nonwovens
1 2.09 2.91 2.97
2 2.09 2.66 2.22
3 2.29 2.77 1.92
4 2.49 2.84 1.76
5 2.59 3.01 1.69
6 2.59 3.18 1.65
7 2.59 3.35 1.64

5. CONCLUSIONS
Theoretical resonant frequency of single-

membrane system is in good agreement with
experimental findings.
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Experimental value of resonant frequency
increases with the number of resonant
membrane owing to damping of acoustic
energy propagating through the acoustic
system. On the other hand, theoretical value
decreases because the acoustic resistance
or mere precisely damping was neglected.
The resonant effect of nanofibrous
membrane was demonstrated. The sound
absorption  coefficient of  nanofibrous
membrane damped by nonwovens is higher
than that damped by air when the resonant
frequency was kept constant.

Acknowledgement: The contribution was sponsored
by the post-doctoral project of Czech Science
Foundation (GACR), 106/07/P044 Transport and
absorption of sound in nanofibres assemblies.
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REZONANCE AKUSTICKEHO MULTI-MEMBRANOVEHO SYSTEMU

Translation of the article
Resonance of acoustic multi-membrane system

Za predpokladu, Ze elementy predstavujici
hmotnost jsou dokonale tuhé a elementy
pfedstavujici pruznost nemaji hmotnost, lze
prirovnat tuto problematiku k teorii linearnich
obvodl v elektrotechnice, kde civky jsou
uvazovany bez kapacity, kondenzatory bez
indukénosti a odpory Ccisté ohmické [6].
Podobné jako je v elektrotechnice zaveden
pojem elektrické impedance definovany
pomeérem napéti a proudu, lze zavést i pro
akustické soustavy obdobnou veliinu,
akustickou impedanci Z,. Je definovana
pomérem tlaku plsobiciho na soustavu a
objemové rychlosti, kterou soustava vlivem
pusobeni uvedené sily kmita. Pro jednotlivé
prvky plati
1

Z, = (1)

Z, =jom,, Z -
Joc,

Za predpokladu, Ze soustava neni tlumena
(Ra=0), je splnéna rovnice

jom, + =0 (2)
joc,
k rezonanci soustavy pak dochazi na
frekvenci

1 1 c
f= =P @
m\m,c, 21 mgd

kde c¢ je rychlost Sifeni zvuku prostfedim, p je
hustota vzduchu (porézniho materialu), msq je

ploSna hmotnost membrany (desky), d je
tloustka vzduchového polstafe (pordzniho
materialu).

Rezonanéni soustava mulze byt nahrazena
elektrickym obvodem, kde induk&nost
nahrazuje mérnou akustickou hmotnost M a
kapacita mérnou akustickou poddajnost C.
V pracich [1, 7] je dvouprvkova a tfiprvkova
rezonan¢ni soustava nahrazena elektrickym
obvodem.
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Rezonan¢ni soustava sestava z1 - 7
rezonancnich prvk, které jsou nahrazeny 1 -
7 sériovymi elektrickymi obvody (Obr. 1 a 2).

M;

G

—
(¢]

Obr. 1 Schéma a nahradni elektrické schéma
jednoduché rezonanéni  soustavy. Mé&rna
akusticka hmotnost M, je nahrazena induk&nosti
L; a mérna akusticka poddajnost C; kapacitou
C4, iy a iy jsou vstupni a vystupni proud, u; a u;
jsou vstupni a vystupni napéti.

Charakteristickou matici dvojbranu (Obr. 1)

Ize podle [8] nalézt v nasledujicim tvaru, kde
jednotlivé prvky matice jsou

(7)
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pak ma matice mérné akustické impedance

tvar
Z Z
le{zn 12} (8)
21

Zy
Mérna akusticka impedance jednoduchého
rezonan¢niho systému je rovna vstupni
impedanci elektrického obvodu Z44 [1].
soustavy témér vzdy ve tvaru racionalni
lomené funkce
P
Zoy = R (9)
kde P a R jsou polynomy stupné m a n.

Neuvazujeme-li zadné tlumeni, dojde k
rezonanci v pfipadé, kdy se hmotnostni a
poddajnostni  slozka mérné  akustické
impedance sobé rovnaji, tedy kdyz polynom
P ve vztahu (9) se rovna nule

P=0 (10)

Z teSeni (10) obdrzime jednu rezonancni
frekvenci rovnu

(11)

"o2n/MC
Musime si vS8ak uvédomit, Ze se nejedna
pfimo o rezonancni frekvenci fyzikalni

soustavy, ale jeho nahradniho rezonan¢niho

elektrickeho modelu. Chceme-li ziskat i
rezonan¢ni frekvenci skutecné soustavy,
musime vypoctenou frekvenci korigovat

vztahem, ktery Ize odvodit ze vztahu (3).
Vysledny vztah pro pfepocet ekvivalentni
rezonancni frekvence nahradniho
elektrického obvodu na rezonanc¢ni frekvenci
fyzikalniho systému je popsan nasledujici
rovnici

frrn = frec\/g (12)

viceprvkové  rezonanéni

Vg wrv s

Pro  vypocet
Jelikoz se jedna o kaskadni spojeni
dvojbrand, je nutné dvojbrany téz popsat
pomoci rovnic, kde vstupni veli€iny jsou
zavislé na veliCinach vystupnich. Popis
dvojbranu pfi uvedené zavislosti se nazyva
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taktéz kaskadnim. Kaskadni matici

dvojbranu, uréime dle vztahu
Z
-

V4
Alz lcl

Zc,

Z,
(13)
1

1
joC;
Tato matice je stanovena podobné pro kazdy
rezonancni prvek. Soucinem téchto matic
ziskame vyslednou matici A. tak, ze dilCi
matice jsou nasobeny zprava v poradi, které
odpovida porfadi rezonanénich  prvkd
sestavenych ve sméru Sifeni zvuku
k odrazivé sténé podle Obr. 2.

kde Z; =joM; a Z¢, =

AC = A1A2A3A7

i

(14)

i

. T 1 1 T
Obr. 2 Schéma a nahradni elektrické schéma
sedmiprvkové rezonanéni soustavy. Mérna

akusticka hmotnost M; je nahrazena induk&nosti
L; a mérna akusticka poddajnost C; kapacitou C..

Vyslednou kaskadni matici opét
transformujeme na impedancéni matici, ktera
je ve tvaru

7 1 |:Acll _ch|
ez

Aot 1 —Awm
Stejné jako v jednoduchém rezonancnim
systtmu je mérna akustickd impedance
rovha vstupni impedanci rezonanc¢niho
systému. Pro vypocet rezonanc¢ni frekvence

tedy stadi znat prvni ¢&len vysledné
impedancéni matice

(15)

Acll
Ac21

Zyy = (16)



Textilné materialy

DalSi postup vypoCtu je jiz stejny jako v
pfipadé jednoprvkového systému, Cili dalSim
krokem by bylo z impedancni matice vyjadfit
vstupni impedanci a pokraCovat vztahem (9)
dale. Rezonanc¢ni frekvence viceprvkového
systému je vypocCitana implicitné. Zcela
stejnym postupem byl realizovan i skript pro
MATLAB, ktery poc€ita rezonanéni frekvence
teoreticky nekonecné-prvkového systéemu.
Stanovena rezonancni frekvence
akustického rezonan¢niho systému, ktery
sestava z 1 — 7 rezonancnich membran je
porovnana s experimentalnimi daty.
Rezonan¢ni nanovladkenna membrana o
plodné hmotnosti 11,14 g.m? je vyrobena
elektrostatickym  zvlakfiovanim  vodného
roztoku polyvinylalkoholu. Takto pfipraveny
rezonancni nanovlakenny prvek byl postupné
od jednoho do sedmi kusU upnut do meéfici
aparatury (Obr. 3) ve vzdalenosti 5 mm od
sebe, vzdy do celkové vzdalenosti od
odrazivé stény 35 mm. Napfiklad pokud byl
méfen jeden prvek, byl umistén do
vzdalenosti 35 mm od odrazivé stény, pokud
byly méfeny dva prvky, byl jeden umistén do
vzdalenosti 35 mm od odrazivé stény a druhy
do vzdalenosti 30 mm od stény, atd.

Obr. 4 vypovida o rezonan¢nim efektu
nanovlakenné membrany. KFivky udavaji
Cinitele zvukové pohltivosti v zavislosti na

frekvenci zvuku jednoho az sedmi
rezonancnich  prvkd  (NV1 —  NV7).
Rezonanéni efekt nastavda ve vSech

pripadech kolem frekvence 2500 Hz, protoze
ploSna hmotnost a s tim i souvisejici tuhost
membrany zlstava konstantni, prvky maji
tedy amplitudu pro urcity moéd pfi stejné
frekvenci.

Membrana vykazuje nejen rezonanci, ale
také antirezonanci, ktera je pfiinou poklesu

pohltivosti. S poétem rezonanénich prvku
roste Cinitel zvukové ponhltivosti.
Pro uplnost byla zméfena frekvencni

zavislost Cinitele zvukové pohltivosti prazdné
méFici aparatury. Vidime, Ze v oblasti 5 kHz
dochazi ke zvySeni C(initele zvukoveé
pohltivosti prazdného pfistroje, ktera je
zfejmé dana jeho geometrii. Tato chyba se
nenachazi vrezonanéni oblasti membran,
proto neni tfeba tuto pohltivost odecitat.
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Obr. 3 Schematické znazornéni sestavy sedmi
rezonancnich prvkld, 1) oznaCuje vzduchovou
mezeru vZzdy 5 mm a 2) oznacuje nanovlakennou
membranu, kde ¢&elni membrana je ve
vzdalenosti 35 mm od odrazivé stény.

Druhy zkouSeného materialu byl
sestaven z pozadovaneho mnozstvi
rezonancnich prvka (1-7 kusl() a vzdy
doplnén na pozadovanou tloustku 35 mm a
objemovou hmotnost 18 kg.m™ viakennym
poré6znim materidlem. Pordzni material
vypliuje vzduchovou mezeru mezi
jednotlivymi rezonanénimi prvky a tlumi tak
celou soustavu (Obr. 5).

typ

2

Obr. 5 Schematické znazornéni sestavy sedmi
rezonancnich  prvkl  tlumenych  pordznim
matrialem, 1) oznacCuje vlakennou podélné
kladenou vrstvu o tloustce 5 mm a 2) oznacuje
nanovlakennou membranu, kde &elni membrana
je ve vzdalenosti 35 mm od odrazivé stény.

Napfiklad sestava obsahujici  jeden
rezonancni prvek byla zkonstruovana tak, Ze
rezonancni membrana byla umisténa 35 mm
od odrazivé stény a vznikly prostor byl
vyplnén podélné kladenym vlakennym
materialem na pozZadovanou objemovou
hmotnost celého systému. V sestavé se
dvémi rezonancCnimi prvky byla jedna
membrana umisténa ve vzdalenosti 35 mm
od odrazivé stény, druha ve vzdalenosti 30
mm a prostor mezi obémi membranami
stejné jako prostor mezi druhou membranou



Textilné materialy Textile materials

a odrazivou sténou byl vyplnén podélné Tento postup Ize pouzit pro stanoveni vilastni
kladenym vlakennym materialem frekvence rezonan¢niho systému
0 pozadované objemové hmotnosti, atd. z nekone¢né mnoho prvku.

Cinitel zvukové pohltivosti [-]

100 1000 10000
Frekvence [Hz]
NVOQ =—NVI] =—NV2 —NV3 —NV4 NV5 =—NV6 NV7
Obr. 4 Cinitel zvukové pohltivosti v zavislosti na frekvenci zvuku a po&tu rezonanénich prvk( (0-7)
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Cinitel zvukové pohltivosti [-]
=
[\S)

v

0 A
100 1000 10000
Frekvence [Hz]

—NP1 — NP2 — NP3 — NP4 — NP5 — NP6 — NP7
Obr. 6 Cinitel zvukové pohltivosti v zavislosti na frekvenci zvuku a po&tu rezonanénich prvka (1-7)

Obr. 6 vypovida podobné jako Obr. 4 o materidlem. Z Obr. 6 Ize usoudit, Ze pouziti
rezonancnim efektu nanovlakenné vice jak &tyf rezonanénich prvkd v sestavé
membrany. Z porovnani obou plyne vyrazné s vySe uvedenymi parametry je nadbytecné,
zvySeni Cinitele zvukové pohltivosti pfi jelikoz hodnota Cinitele zvukové pohltivosti se
zatlumeni systému poréznim viakennym pfidanim dalSiho prvku nezvySuje, pouze
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v oblasti antirezonance dojde k menSimu
poklesu.
Tabulka 1 Experimentalné a teoreticky

stanovené hodnoty vlastni frekvence jedno-
sedmi prvkového rezonancéniho systému

Rezonanéni frekvence systému
[kHZz]
Pocet Experimentalné
rezonan(znich stanovena Teoreticky
prvku Samotna Membra/:/a stanovend
membrana ”“’T’e”a
viakny
1 2,09 2,91 2,97
2 2,09 2,66 2,22
3 2,29 2,77 1,92
4 2,49 2,84 1,76
5 2,59 3,01 1,69
6 2,59 3,18 1,65
7 2,59 3,35 1,64
Teoreticky stanovena hodnota vlastni
frekvence  jednoduchého  rezonanéniho

systému se blizi experimentalné stanovené
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(Tabulka 1). Experimentalné stanovena
rezonancni frekvence systému s pocCtem
rezonancnich membran stoupa vlivem
Utlumu akustické energie pfi prichodu zvuk
pohltivym systémem. Teoreticky stanovena
vlastni frekvence systému klesa, jelikoz ve
vypoctech je zanedban akusticky odpor, tedy
utlum  akustické  energie. V systému
sestaveném pouze z membran dochazi
k utlumu vlivem tfeni mezi vzduchem a
sténami méfici aparatury. V systému, kde
prostor mezi jednotlivymi rezonancnimi
membranami je vyplnén vlakny, dochazi
k utlumu vlivem tfeni mezi vzduchem a
povrchem vlaken. v druhém pfipadé je
tlumeni vyznamnéjSi. NedostateCna shoda
vysledku v jednoduchém rezonancnim
systému, kde k utlumu energie pfed prvni
membranou nedochazi zadném z obou
systémul, je zplUsobena nestejnomérnosti
nanovlakenné membrany a zplUsobem jejiho
uchyceni v méficim zafizeni.
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News from Departments

SUHRNY DIPLOMOVYCH PRAC NA KATEDRE CHEMIE A TECHNOLOGIE
POLYMERNYCH MATERIALOV A TEXTILU,
FPT TNUAD SO SiDLOM V PUCHOVE
V RAMCI INZINIERSKEHO STUDIA V SKOLSKOM ROKU 2008/2009

Magdaléna Durajkova

Veduci DP: Ing. Ludmila Balogova, VUTCH-
Chemitex, spol. s.r.o. Zilina

Konzultant DP: Doc. Ing. lva Srokova, CSc.

Recenzent: Ing. Dana Cizmarova, VUTCH-

Chemitex, spol. s.r.o. Zilina

STUDIUM VPLYVU PARAMETROV
MODIFIKOVANEHO
POLYPROPYLENOVEHO VLAKNA NA
BARIEROVE VLASTNOSTI PLETENIN
PROTI ULTRAFIALOVEMU ZIARENIU
Diplomova praca je zamerana na $tudium vplyvu
vybranych parametrov modifikovaného
polypropylénového vlakna na bariérové vlastnosti
pletenin proti ultrafialovému Ziareniu.
Experimentalna Cast prace bola zamerana na
stanovenie réznych vplyvov na bariérové
vlastnosti pletenin proti UV Ziareniu. Hodnotil sa
vplyv nanoaditiva ajeho koncentracia, vplyv
tvarovania PP vlakna, vplyv farebného odtiena
a sytost PP vlakna, ako aj vplyv vzduchom
tvarovaného farebného PP vlakna.

Samostatnd podkapitola diplomovej prace je
zamerana aj na vyhodnotenie vplyvu vybraného
typu nanoaditiva v modifikovanom PP vlakne na
zdravie Cloveka.

STUDY OF THE INFLUENCE OF

MODIFIED PP FIBRE PARAMETERS ON
THE BARRIER PROPERTIES OF KNITTED
FABRICS AGAINST UV RADIATION

The thesis is focused on the study of selected
parameters of modified polypropylene fibre on
the barrier properties of knitted fabrics against
ultraviolet radiation. Experimental part of the
diploma work was focused on the evaluation of
various influences on the barrier properties of
knitted fabrics against UV radiation. The
influence of the nanoadditive and its
concentration, hue and saturation of PP fibre, as
well as the influence of by air moulded and
coloured PP fibre were evaluated.

Separate subhead of the diploma work is also
focused on evaluation of the influence of

Vlakna a textil (4) 2009 29

selected type of nanoadditive in modified PP
fibre on human health.

Martina Hostakova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: RNDr. Mazikova, PhD.
Recenzent: Ing. Anna Malovikova, PhD., CHU
SAV

MOZNOSTI PRIPRAVY NOVYCH
ESTEROV O-HYDROXYETYLCELULOZY
A ICH CHARAKTERIZACIA

V diplomovej praci sa rieSila moznost’ pripravy
novych esterov kyseliny Skoricovej
a hydroxyetylceluldzy (HEC), priamou
esterifikaciou kyselinou Skoricovou. Tato praca
bola sucastou rieSenia projekiu VEGA ¢.
2/0062/09. Nasledne sa pripravené estery HEC
charakterizovali IR a UV spektrami a stanovili sa
vybrané povrchovo-aktivne a funkéné vlastnosti.
Nové estery HEC sa pripravili za miernych
podmienok, v prostredi DMF/voda za pritomnosti
DCCI a DMAP, vo velmi dobrych vytazkoch.
Pritomnost esterovej skupiny sa potvrdila oboma
spektralnymi  metédami. Estery HEC sa
vyznacuju miernym zniZovanim povrchového
napatia, ale tvorbou stabilnych emulzii a
u€innostou porovnatelnou s Tweenom 20, resp.
aj vySSou ako uvedeny Standard.
Antiredepoziéné ucinnosti su porovnatelné so
Standardom CMC s DS = 0,5; pripadne vysSie.

POSSIBILITIES OF NEW ESTERS OF
CINNAMIC ACID AND O — HYDROXY -
ETHYLCELLULOSE PREPARATION AND
THEIR CHARACTERISATION

In this diploma work, the possibility of direct
esterification of the cinnamic acid with
hydroxyethylcellulose (HEC) was solved. This
work was realised within the project VEGA No.
2/0062/09. The prepared esters of HEC were
characterised by IR and UV spectroscopy and
some of the surface-active and performance
properties were evaluated. New esters of HEC
were prepared under mild reaction conditions in



Z vedecko-vyskumnych a vyvojovych pracovisk

DMF/water system in the presence of DCCI and
DMAP in very good yields. The presence of ester
groups was confirmed by both spectral methods.
Esters of HEC lowered the surface tension of
water only moderately, but showed excellent
emulsifying efficiency comparable to Tween 20.
Antiredepositive properties are comparable to the
standard CMC DS = 0.5 or higher.

Katarina Kostelanska

Veduci DP: Ing. Vladimira Tomanova, PhD.
Konzultant DP: Doc. Ing. Iva Srokova, CSc.
Recenzent: Ing. Danica Mislovi¢ova, PhD.

NOVE CINAMOYL ESTERY CMC,
PRIPRAVA A ICH ROZTOKOVE
VLASTNOSTI

Diplomova praca sa zaobera pripravou cinamoyl
esterov CMC esterifikaciou kyselinou Skoricovou
v prostredi DMF/pTSK a H,O/DMF. Derivaty sa
charakterizovali FT-IR spektroskopiou. Hodnotili
sa ich povrchovo-aktivne a asociacné vlastnosti.
Pripravené derivaty rozpustné a CiastoCne
rozpustné vo vode, vykazovali vyborné
emulgaéné ucinky porovnatelné s komerénym
emulgatorom Tween20. Vysledky 2z merani
asociativnych vlastnosti poukazuju na existenciu
makromolekulovych interakcii tychto derivatov,
ktoré mozno v zriedenych roztokoch pripisat
intramolekulovym  asociaciam  hydrofébnych
substituentov.

NEW CINNAMOYL ESTERS OF CMC,
PREPARATION AND THEIR SOLUTION
PROPERTIES

The thesis deals with the preparation of
cinnamoyl esters of carboxymethylcellulose by
esterification with cinnamic acid in DMF/pTSK
and H,O/DMF system. Derivates were
characterized by FT-IR spectroscopy. The
surface-active and associative properties were
evaluated. Prepared water-soluble and partially
water-soluble  derivates showed excellent
emulsifying efficiency, comparable to the
commercial standard Tween20. The results from
associative properties measurement indicated
the existence of macromolecular interactions
ascribed to intramolecular associations of the
hydrophobic substituents.
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Veduci DP: Ing. Petra Skalkova, PhD.
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PRIPRAVA A STUDIUM VLASTNOSTI
NOVYCH ESTEROV XYLANU

Diplomova praca sa zaobera pripravou cinamoyl
esterov xylanu BGX esterifikaciou kyselinou
Skoricovou v prostredi dimetylsulfoxidu za
pritomnosti dicyklohexylcarbodiimidu (DCCI) a
4-dimetylaminopyridinu  (DMAP).  Pripravené
derivaty sa charakterizovali FT-IR a UV
spektroskopiou. Studovali sa ich povrchovo —
aktivne a roztokové vlastnosti. Derivaty
neznizovali povrchové napéatie a netvorili stabilné
emulzie. Merania asociativnych vlastnosti tychto
derivatov poukazujt na malé hydrofébne
interakcie.

PREPARATION AND STUDY OF
PROPERTIES OF NEW XYLANE ESTERS
The thesis deals with the preparation of
cinnamoyl esters of xylane BGX by esterification
with cinnamic acid in DMSO as a reaction
medium in the presence of DCCI and DMAP.
Prepared derivatives were characterized by FT-
IR and UV spectroscopy. Surface-active and
solution properties were evaluated. Derivatives
decreased surface tension very moderately and
did not make stable emulsions. The
measurement of the associative properties of this
derivatives indicated only low hydrophobic
interactions.

Lubomira Pekarovicova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jozef Rosa

Recenzent: Ing. Jan Starigazda, CSc., VUCHV
Svit

STRUKTURA A VLASTNOSTI
POLYESTEROVYCH VLAKIEN PRE
PNEUMATIKY

Diplomova praca je zamerana na pripravu,
hodnotenie Struktary a vlastnosti
polyetyléntereftalatovych (PET) vlakien pre
aplikaciu v pneumatikach, pripravenych
kontinualnym  zvlaknovaco-diZziacim procesom
z DMT. Priprava polyetyléntereftalatovych
vlakien sa uskutoCnila na prevadzkovom
zariadeni v spolo¢nosti SLOVKORD a.s. Senica.
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U pripravenych PET technickych vlakien sa
hodnotili fyzikalno-mechanické vlastnosti
(pevnost, taznost, modul pruznosti, zrazanie) a
parametre nadmolekulovej (orientacia, krystalicky
podiel) a morfologickej Struktury.

THE STRUCTURE AND PROPERTIES OF
PET FIBRES FOR TYRES

The diplomawork was focused on the
preparation and evaluation of the structure
and properties of the polyethylene-terephthalate
(PET) fibres applied in tyres, prepared by
continuous spin-draw process from DMT. The
preparation of the PET fibres was realized on
technological equipment in SLOVKORD a.s.
Senica. The valuation of the PET fibres was
focused on physico-mechanical properties
(tenacity, elongation, modulus of elasticity,
shrinkage) and parameters of the supramolecular
(orientation, crystalline part) as well as
morphological structure.

Kristina Repkova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: RNDr. Viera Mazikova, PhD.
Recenzent: Ing. Alena Bielakova, Johnsons
Controll s.r.o. Trenéin

PRIPRAVA AMIDOV CMS UCINKOM MW

ZIARENIA A STUDIUM ICH VLASTNOSTI

Diplomova praca sa zaobera pripravou a studiom
vlastnosti vodorozpustnych dodecylamidov CMS.
Derivaty sa pripravili amidaciou O-(karboxymetyl)
8krobu s dodecylaminmi v prostredi DMSO, za
pritomnosti katalyzatora 4-DMAP a za ucinku Mw
Ziarenia a charakterizovali sa FT-IR
spektroskopiou. Stanovili sa funkéné, povrchovo-
aktivne aroztokové vlastnosti (povrchové
napatie, kriticka micelarna koncentracia,
emulgacna ucinnost, antiredepozi¢na ucinnost).
Sledovala sa pritomnost hydrofébnych agregatov
a stanovila sa kriticka agrega¢na koncentracia.

PREPARATION OF CMS AMIDES BY MW
IRRADIATION AND STUDY OF THEIR
PROPERTIES

The diploma thesis was focused on the
preparation and study of the properties of water
soluble CMS dodecylamides. Derivates were
prepared by amidation of the O-(carboxymethyl)
starch with dodecylamides in DMSO under MW
heating in the presence of 4-DMAP as a catalyst
and were characterized by FT-IR spectroscopy.
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The functional, surface-active and solutions
properties were evaluated (surface tension,

critical micelle  concentration, emulsifying
efficiency, antiredepositive efficiency). The
presence of hydrophobic aggregates was

observed and critical aggregate concentration
was evaluated.

Katarina Stefankova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: Ing. Jaroslav Lucivjansky,
Fibrochem Svit

Recenzent: Ing. Jarmila Balogova, Fibrochem
Svit

STRUKTURA A VLASTNOSTI TEXTILIi ZO
SPECIALNYCH PP VLAKIEN

Diplomova praca je zamerana na Studium
Struktury a vlastnosti termobielizne  (triCiek)
vyrobenych z klasického PP a zo Specialnych PP
vlakien. Hodnotili sa fyzikalno-mechanické
vlastnosti vlakien a pletenin ako aj fyziologické
a tepelno-izolacné vlastnosti pletenin i vyrobkov
z nich - trigiek. Uzitkové vlastnosti termobielizne
nosenim boli hodnotené 5 probantmi. Z
vysledkov vyplyva, Ze zmenou geometrie Ci
hydrofilnou modifikaciou PP vilakien sa zlepsSili
niektoré Specifické vlastnosti vyrobkov a to najma
sorpéné a tepelno-izolacné.

THE STRUCTURE AND PROPERTIES OF
THE TEXTILE FABRICS FROM SPECIAL
PP FIBRES

The diploma work is oriented on a study of the
structure and properties of the thermal-
underwear (T-shirt) made from the classical and
special PP fibres. The physico-mechanical
properties of the fibres and knitted fabrics, as
well as physiological and thermal properties of
the knitted fabrics and products (T-shirts) were
evaluated. Utility properties of the thermal-
underwear were evaluated by five probants. It
was found that some of the specific properties of
the knitted fabrics were improved, namely
sorptive and thermal-insulating properties, by the
geometry or hydrophilicity changes of the PP
fibres.
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Uricova Silvia

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultanti DP: Ing. Martin Miklus, Mikultex s.r.o.
Recenzent: Ing. Jarka Sykorova, PhD,,
JOHNSONS CONTROL s.r.o. Trenéin

PRIPRAVA, STRUKTURA A VLASTNOSTI
NETKANYCH MATERIALOV S ROZNYM
MATERIALOVYM ZLOZENIM

Diplomova praca bola zamerana na pripravu
netkanych textilii (NT) z PP a PES vlakien. Ako
prvotna surovina bola pouzita PP striz a druhotna
PES striz. NT boli vyrobené na prevadzkove;j
linke v Mikultexte s. r. o. v Liptovskom Mikulasi
s roznym obsahom PP a PES vzmesi ako aj
vzorky z PP a PES strize.

Hodnotili sa ich fyzikalno-mechanické vlastnosti
a makromorfologicka Struktdra. Z dosiahnutych
vysledkov mozno konStatovat, Ze je mozné
pouzit na pripravu NT aj druhotni PES striz
s relativne dobrymi vlastnostami.

PREPARATION, STRUCTURE AND
PROPERTIES OF NON-WOVEN
MATERIALS WITH VARIOUS
COMPOSITION

The diploma work was focused on the
preparation of non-woven textiles from PP and
PES fibres. PP staple fibres were used as a
primary feedstock and PES staple fibres as a
secondary feedstock. Non-woven textiles were
prepared on an industrial production line in
Mikultex s. r. o. Liptovsky Mikula$ varying the
proportion of PP and PES fibres in the mixture,
as well as the kind of PP and PES staple fibres.
Physico-mechanical properties and macro-
morphological structure of prepared non-woven
textiles were evaluated. From the results can be
concluded that secondary PET staple fibres can
be used for the preparation of non-woven textiles
with relatively good properties.

Erika Vanikova

Veduci DP: Ing. Petra Skalkova. PhD.
Konzultant DP: Doc. Ing. lva Srokova, CSc.
Recenzent: Ing. Daniela Jochec-MoSkova, PhD.

PRIPRAVA ZMESi Z PE A PRIRODNEHO
POLYSACHARIDU A STUDIUM ICH
VLASTNOSTI

Diplomova praca sa zaobera pripravou a studiom
zmesi nizkohustotného polyetylénu
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a polysacharidu mananu (Locust Bean Gum)
sréznym obsahom za abez pritomnosti
kompatibilizatora. Ako kompatibilizator sa pouzil
kopolymér etylénu a kyseliny akrylovej v réznych
mnozstvach vzhladom na Locust Bean Gum.
Kompatibilita pripravenych zmesi sa posudila
ATR spektroskopiou a svetelnou mikroskopiou.
Studoval sa vplyv plniva LBG a kompatibilizatora
EAA na mechanické vlastnosti pripravenych
zmesi (pevnost vtahu, taznost, Youngov
modul). Zmesi LDPE/LBG s 50 hm.% obsahom
kompatibilizatora EAA sa vyznacovali lepSimi
mechanickymi vlastnostami, oproti
nekompatibilizovanym zmesiam.

Pritomnost kompatibilizatora EAA pozitivne
vplyvala aj na termicku stabilitu LDPE/LBG
zmesi. Polysacharid LBG pritomny v zmesi
s LDPE priaznivo ovplyviioval biodegradaciu
zmesi.

PREPARATION OF PE/NATURAL
POLYSACHARIDE BLENDS AND STUDY
OF THEIR PROPERTIES

The thesis deals with preparation and study of
blends of low density polyethylene with mannan
(Locust Bean Gum) in four different amounts with
and without compatibiliser. Poly (ethylene-co-
acrylic) acid (EAA) was used as a compatibiliser
in various proportions. The compatibility of the
prepared blends was studied by ATR
spectroscopy and light microscopy. The effect of
LBG filler and compatibiliser EAA on mechanical
properties (stress at break, strain at break,
Young’s modulus) of the prepared blends was
studied. The blends of LDPE/LBG containing 50
wt.% of compatibiliser EAA have shown better
mechanical properties in comparison to
uncompatibilized blends. The presence of EAA
compatibiliser had positive effect on thermal
stability of LDPE/LBG blends. The presence of
LBG in blends with LDPE positively impacted the
biodegradation of blends.

Mariana Vareckova

Vedici DP: Ing. Dana Cizmarova, VUTCH —
Chemitex, spol. s.r.o. Zilina

Konzultant DP: Doc. Ing. Iva Srokova, CSc.
Recenzent: Ing. Ludmila Balogova, VUTCH —
Chemitex, spol. s.r.o. Zilina

$TUDIUM VPLYVU MODIFIKOVANEHO PP
VLAKNA NA ZMENU TRANSPORTNYCH
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VLASTNOSTIi VO VYBRANYCH
KONSTRUKCIACH PLETENIN

Diplomova praca bola zamerana na transportné
vlastnosti modifikovanych PP vlakien.
Experimentalna &ast obsahuje charakteristiku
vzoriek, pouzité skudobné metddy na hodnotenie
transportnych vlastnosti PP vlakna. Pre
hodnotenie transportnych vlastnosti boli pouzité
PP vlakna Standardné, PP vlakna s obsahom
modifikatora v rébznych koncentraciach pre
zlepSenie transportnych vlastnosti, PP vlakna
Standardné a s obsahom modifikatora frikCne
tvarované. Na zaklade stanovenia savosti voci
vode, priepustnosti vzduchu, odolnosti proti
vodnym param, paropriepustnosti a priepustnosti
tepla boli jednotlivé PP vlakna porovnavané
z hfadiska zlepSenia transportnych vlastnosti.
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STUDY OF THE INFLUENCE OF

MODIFIED PP FIBRE ON THE CHANGE OF
THE TRANSPORT PROPERTIES IN
SELECTED CONSTRUCTIONS OF
KNITTED FABRICS

The thesis was focused on the transport
properties of modified PP fibres. The
experimental part involves characteristic of
samples and testing methods used for evaluation
of transport properties of PP fibres. Fibres used
for evaluation of transport properties included:
standard PP fibres, PP fibres containing
a modifier in various concentrations for
improvement of transport properties, frictionally
textured standard fibres and frictionally textured
fibores containing a modifier. Based on the
determination of water sorption, air permeability,
water vapour resistance, water vapour
permeability and heat permeability, individual PP
fibores were compared from a viewpoint of
transport properties improvement.
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