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Nowadays electromagnetic shielding is getting more importance due to the widely usage of electronics such as mobile phones,
televisions etc. There are many studies on the electromagnetic shielding effects of the conductive textile structures. However there are
no researches on the shielding effect of the fabrics after washing cycles and also there are no researches on the physical properties of
these fabrics. For this reason, firstly some physical properties of conductive fabrics used for electromagnetic shielding is studied in this
study. Furthermore, shielding properties of the fabrics after washing cycles are discussed.
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OZET

Mobil telefonlar, televizyon gibi elektronik esyalarin yaygin olarak kullanimi sebebiyle elektromanyetik kalkanlama konusu
giiniimiizde 6nem kazanmustir. Iletken tekstil yapilarmim elektromanyetik kalkanlama etkisi hakkinda yapilmis bir ¢ok ¢alisma
bulunmaktadir. Ancak bu kumaslarin fiziksel 6zellikleri hakkinda yapilmis ¢aligmalar ¢ok azdir ve tekrarli yikamalar sonrasindaki
elektromanyetik ozellikleri hakkinda yapilmis caligmalara da rastlanmamistir. Bu sebeple bu c¢alismada ilk olarak iletken kumaslarin
bazi fiziksel 6zellikleri incelenecek ve daha sonra bu kumaglarin yikama sonrasi elektromanyetik kalkanlama 6zellikleri tartigilacaktir.

Anahtar Sézciikler: Orme kumas, interlok kumas yapisi, Siiprem kumas yapisi, Elektromanyetik kalkanlama, Tekrarli yikama.
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1. INTRODUCTION

Accompanying the advances of science and technology,
usage of electronic goods raises the levels of
electromagnetic radiation which should cause the possible
hazardous effects and jeopardizes people’s health (1, 2, and
3). This results in growing interest to produce different
materials which are used both for screening materials
against the waves and insulating materials to prevent the
leakage of radiation. They can be used as foil tapes with
conductive adhesives, conductive coatings and conductive
dyes etc. Conductive textiles; which can be knitted, woven
or nonwoven fabrics are also produced to shield these
electromagnetic waves.

There are many studies about knitted shielding textiles.
Cheng and colleagues studied on the electromagnetic
shielding properties of knitted fabrics (4, 5 and 6). In the first
study, Cheng produced plain knitted, 1x1 rib and 1x2 rib
knitted fabrics by using stainless steel (SS)/PES blended

yarns, SS/Stainless Steel Wire (SW)/PES and SW/PES core
spun yarns in different blend ratios. He investigated the
effects of yarn type and the blend ratio of the yarns on the
electromagnetic shielding effectiveness (EMSE) (4).

In another study, Cheng et al. investigated the
electromagnetic shielding properties of plain knitted and
plain inlaid knitted composite structures. As a result of the
research, the EMSE values of the plain inlaid knitted fabric
composite laminates were measured higher than those of
the plain knitted fabric composite laminates. It was observed
that these values were increased as the fabric plies of the
composites are increased (5).

In another study, Cheng et al. produced Cu/PP
uncommingled yarns using different diameters of copper
wire. Double plain, double plain inlaid, 1x1 rib and 1x2 rib
composite laminates with eight plies of knitted fabrics were
fabricated using these yarns. It was observed that the
EMSE values of knitted composites were increased as the
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amount of copper content was increased. They also
expressed that; the EMSE of the laminates could be tailored
by using higher amount of inlaid yarns (6).

Perulmaraj and Dasaradan produced different Cu/Co core
yarns using different diameters of copper. Plain, rib and
interlock fabrics were knitted using these yarns. The EMSE
of these fabrics were measured. It was stated that the
fabrics with higher tightness factor had good shielding
effectiveness values than the fabrics with lower tightness
values. The interlock knitted structures showed better EMSE
values between 20 -18.000 MHz frequency range. They
determined that with an increase of copper wire diameter, a
decrease in shielding effectiveness was observed (7).

Palamutgu et al. developed an electromagnetic shielding
efficiency measurement set and tested its reliability within
the circumstance of the produced electrical conductive plain
knitted and plain woven fabrics (8).

Soyaslan et al. studied the electromagnetic shielding
effectiveness of plain knitting, weft in-laid plain knitting, 1x1
rib and weft in-laid 1x1 rib fabrics by using the folded yarns
obtained from Ne 20/2 cotton and copper wire with a
diameter of 0.1 mm, 0.15 mm and 2x0.15 mm diameter.
They investigated the effect of the fabric structure and the
copper content on the shielding performance of knitted
fabrics (9).

Ceken et al. studied the textile surfaces knitted with only
bare conductive copper and stainless steel wires without
using a wrapped or core conductive yarn to test the
electromagnetic shielding properties of fabrics. Therefore,
the knittability of the copper and stainless steel wires are
tested. In this study, different types of knitted structures
(plain knit structure, rib knit structure, full cardigan etc.) were
produced. Then the electromagnetic shielding effectiveness
of these fabrics is examined (10).

Ortlek et al. studied the electromagnetic shielding
effectiveness of various knitted structures made of Siro core-
spun cotton yarns containing stainless steel wire. Test results
showed that fabrics knitted from Siro corespun hybrid yarns
containing SS wire have shielding efficiency of 10 dB or
higher. The existence of elastane in the single jersey fabric
structure did not have any significant influence on shielding
efficiency. The loop density change in the rib knitted fabrics
effect the SE values at lower frequencies (11).

Ortlek et al. investigated electromagnetic and shielding
properties of single jersey fabrics produced from conductive
hybrid yarns. As a result of this study, it was found that SE
value of the knitted fabrics having SS wire higher than that
of without SS yarns (12).

Ceken et al. studied textile surfaces knitted with conductive
copper/PAC and stainless steel wires/PAC and also core
yarns produced by using conductive yarns to test the
electromagnetic shielding properties of the knitted fabrics
(cross miss 1x1 plain knit, lacoste, interlock and double
pique structures). They concluded that the knitted structure
of the fabrics affect the EMSE and fabrics knitted using both
needle beds of the knitting machine with higher amounts of
conductive yarns and unit weights could not provide the
targeted improvement in the EMSE values with respect to
the fabrics produced on a single needle bed of the knitting
machine (13).

Ortlek et al. studied the electromagnetic shielding
effectiveness of various weft-knitted fabrics made of hybrid
yarns considering the anisotropy of the structures.
Conductive hybrid yarns having stainless steel wire were
knitted as plain knit, pique knit and double-knit structures.
The EMSE measurements of the fabrics were performed by
using the anechoic chamber method. The results show that
EMSE depends on the orientation of the fibers within the
structure regarding the direction of the electrical field in
addition to parameters such as metal content, loop length
and frequency (14).

Bedeloglu studied the effect of knitted fabric structure and
wire diameter in EMSE and some other physical properties
of hybrid knitted fabrics. The SS wire/PAC yarns were used
to produce plain and rib knitted fabrics. As a result of this
study, rib fabrics exhibited better EMSE values than plain
fabrics. Fabrics using two-folded yarns exhibited better
EMSE values. Fabrics produced with thinner wire exhibited
higher EMSE values (15).

Hwang et al. produced conductive yarns using stainless
steel wires and bamboo charcoal roving. On a 14-gauge flat
bed knitting machine, they produced plain knit fabrics. Then
they obtained different lamination layers in order to obtain
highest EMSE degrees. As a result of this study, they
concluded that EMSE of the fabrics increases with an
increase in stainless steel content and number of lamination
layers (16).

Tezel et al. investigated the EMSE of thin and lightweight
knitted fabrics that are suitable for casual wear like t-shirts.
Metal/cotton conductive composite yarns are produced by a
yarn doubling technique, involving stainless steel wires or
copper wires in order to knit single jersey fabrics. Coaxial
transmission line and free space measurement techniques
are used for the EMSE measurements. They concluded that
single jerseys knitted fabrics have EMSE ability for the
electric field polarization in the same direction as the main
direction of the conductive metal wires. If the electric field
polarization is perpendicular to the direction of the
conductive metal wires, fabrics do not show EMSE ability. In
other words, there is some conductivity in vertical direction
(wale direction) of the fabrics because of some contact of
the metal wires. Fabrics with two-ply fine cotton yarns have
higher EMSE values than the fabrics with one-ply cotton
yarn of the same yarn count (17).

In this paper, it was aimed to study the textile surfaces
knitted with stainless steel/ cotton yarns to test the
electromagnetic shielding properties of fabrics before
washing and after washing cycles and some physical
properties of these fabrics are also investigated.

2. MATERIALS AND METHOD
2.1 Production of Knitted Fabrics

40 Ne %Z20/%80 stainless steel/Co yarns are used to
produce knitted fabrics. The linear resistance of these yarns
is 90 ohm/cm.

Knitted fabrics were produced on circular knitting machines
(E18). The knitting notations of the fabrics were given in
Figure 1. To produce single jersey structure, conductive
and 44 dtex elastomeric yarns were fed together in every
course.
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Figure1. Knitting notation of the fabrics

2.2. Measurements of Physical Properties of Knitted
Fabrics

The measured physical properties and the standards for
these measurements were given in Table 1.

Table 1. Tested Physical Properties and Standards for these
measurements

The Name of The Physical Test Name of The Standards

Loop length TS EN 14970
Course and wales densities TS EN 14971
Thickness TS 7128 EN ISO 5084
Aerial density TS 251

TS 391 EN ISO 9237
TS EN ISO 12945-2

Air permeability
Pilling

Before measurements, all samples were conditioned at
standard atmospheric conditions (20 + 2°C and 65t 2%
RH).

Aerial density values were calculated using a precision
balance. Air permeability tests were measured with FX
3300 TexTest Instruments Air Permeability Tester Ill.

Pilling evaluations were performed on the Martindale
Abrasion and Pilling Tester. The surface of tested fabrics
was evaluated and the grade of pilling is assigned by
comparing the process samples with EMPA standard pilling
photographs under standard lighting conditions. These
photographs consist of five grades ordered from a severely
pilled sample to a nearly pilled sample (Grade 5: No or very
little pilling, Grade 1: Strong pilling formation). Moreover, the
surface images of the fabric samples before and after pilling
process were taken using stereo microscope to get easier
evaluation.

2.3. Measurement of Electromagnetic Shielding
Effectiveness

In shielding methodology, the signal strength in the media
depends on several parameters related with material
properties such as electric and magnetic behavior,
conductance on the surface and in the volume, material
thickness and system structure. Figure 2 shows signal
propagation on a layer of shielding material (18).

The Shielding Efficiency (SE) term explains the level of
prevention. The shielding efficiency, SE, describes the
performance of the shield and it is defined in Equation 1
(19):

Plane

wave
incident
field
Yo, Zo Yo, Zo
R
reflection
B A
re-reflection transmission
« 9 5
where:
Y. Yo - propagation constants
Z. Zy - characteristic impedance of the
medium
d - thickness of the shield.

Figure 2. Wave Transmission on a thin layer of media (18)

The two power densities in this ratio are the measured
powers before and after the shield is placed (19).

In this study, free space measurement technique was used
in order to determine shielding efficiency of stainless
steel/Co knitted fabrics. Fundamental measurement method
was based on the signal attenuation of the two sides of
fabric material located on far field zones of transmitter and
receiver antennas. The ratio of total amount of transmitted
signal strength over total incident signal strength determines
SE term related with material properties given above.

The measurement setup is shown in Figure 3 and also the
practical measurement setup is shown in Figure 4. A
spectrum analyzer, Anritsu MS2711D with the option of
transmission measurement, was used for the tests. In order
to prevent the unwanted signals, absorbers were used
around the testing area (Figure 4.). Initially, the reference
signal collected without the shielding material at all
frequencies. Afterwards, the stainless steel/cotton knitted
fabrics were attached on the foam layer which is placed

SE, =10.log,, lnczde.ntpower denszty. :1010g& between receiver and transmitter equipments. Finally, the
transmitted power density F; (1)  signals obtained from both states were compared.
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Figure 3. The measurement setup

c)

Figure 4. Practical measurement setup a) The measurement setup, b) Placement of the fabric on the foam layer, c) Placement of the

absorbers around the testing area

The measurements are realized within a band of 750 MHz
to 3000 MHz. GSM 900, GSM 1800 and several ISM bands
which can be used for personal purposes are exist in this
spectrum.

2.4. Washing Processes

All of the fabric samples were washed and dried several
times according to the experimental setup which is given in
Figure 5. Washing process were carried out in a domestic
washing machine at 40°C + 3°C for 30 minute using 4 gr/l
detergent according to TS EN ISO 6330. After each washing
cycle, fabrics were laid in the free form for 48 hours on a flat
surface to dry. After the 5" washing cycle the
electromagnetic shielding effectiveness of the fabrics are
measured.

Measurement of f Measurement of
" Washing and .
Dry Be|axed 3 E:a_c}g_)magnehc _» | Drying 1] Emmagnehc
Fabric 2l (5 times) A
Effectiveness Effectiveness

Figure 5. Stages of EMSE measurements and washing and drying
process

RESULTS AND DISCUSSION

The measured physical properties of the conductive knitted
fabrics are given in Table 2.

Air permeability is affected by different parameters such as
fiber fineness, and cross-sections, yarn manufacturing

techniques, twist, hairiness, yarn packaging, fabric weave
structure, thickness, aerial, and volume densities (15).
When the air permeability of the single jersey and interlock
fabric is investigated, it is seen that the air permeability of
single jersey fabrics are higher than that of interlock fabrics
due to the highest knitted fabric tightness of jersey structure.
When the fabric tightness gets looser, this structure is more
permeable to air owing to their higher porosity (20, 21). In
the single jersey structure, elastomeric yarns exist in every
row and also it was proved that air permeability of spandex-
containing fabrics was lower (22)

Table 2. Some physical properties of conductive knitted fabrics

FABRIC STRUCTURES

PROPERTIES

OF FABRICS SINGLE JERSEY | INTERLOCK
Course per cm 20 17
Wales per cm 18 11
Loop length (loop/mm) 3,393 3,34
Aerial density (g/mz) 227 230
Thickness (mm) 0,58 1,23
Air permeability (mm/sn) 415 1617
Pilling grades 3 2

Pilling is a common problem namely in knitted fabrics and
can be defined as the formation of the entanglements of
loose fibers on the surface of a fabric (23). When the single
jersey and the interlock fabrics are compared, it can be seen
that single jersey fabric structures have better pilling grades
than interlock fabric structures (Table 2, Figure 6). This is
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due to the fabric tightness and the fibers protruding from the
fabric surface can easily form pills in loose knitted fabrics
than in tight knitted fabrics (24) also the elastomeric yarn
affects the pilling formation.

A

4 |
P

.

(i

(c) (d)
Figure 6. Single jersey (a-Before pilling, b- after pilling) and
interlock (c-Before pilling, d-after pilling) fabrics

In Figures 7-10, the electromagnetic shielding values of
single jersey and interlock fabrics before and after washing
processes are given.

In Figure 7, it is observed that the highest EMSE value of
single jersey fabrics before and after washing cycles is at
1361 MHz as 28 db. Especially the EMSE values are higher
than 15 dB in the frequencies between 1206 and 1700 MHz.
After 1700 MHz, the EMSE values vary between 10-15 dB.

When the EMSE values after washing cycles are examined,
it is seen that the EMSE values are lower than the values
measured before washing between 700- 1735 MHz
frequencies. The average of these values is lower than 10
dB. There are slight differences in between 1735 MHz and
2310 MHz. In 2425 MHz and between 2770 MHz and 2885
MHz the EMSE values are lower than 10 dB. The difference
in the low and medium frequency band before and after
washing cycles could be explained due to the changes and
the deformation in the fabric structure, which affect the
dimensional parameters in the knitted fabric.

AFTER WASHING CYCLES
------- BEFORE WASHING CYCLES

SHIELDING EFFECTIVENESS (dB)

30 4

FREQUENCY (MHz)

Figure 7. Measured EMSE values of single jersey fabrics (Horizontal
measurement)

AFTER WASHING CYCLES
------- BEFORE WASHING CYCLES

SHIELDING EFFECTIVENESS (dB)

FREQUENCY (MIHz)

Figure 8. Measured EMSE values of single jersey fabrics (Vertical
measurement)

In Figure 9, it is seen that the EMSE values of interlock
fabrics are very low at the low frequency bands before and
after washing cycles. The highest EMSE value is obtained in
1533 MHz as 25 MHz before washing cycles. Especially the
values are higher than 15 dB in the frequency range
between 1786 and 2100 MHz. But in this frequency range,
these values obtained after washing cycles are slightly
higher than that of obtained before washing. As it is known,
interlock fabric has more balanced structure and after
washing cycles there are little changes in the dimensional
properties of these structures. So it can be concluded that,
the shielding efficiency of the interlock fabric is improved in
the medium frequency range slightly after washing
processes due to the dimensional changes.

In the highest frequency bands, the EMSE values are higher
than 10 dB before and after washing, it was almost 12 dB.

AFTER WASHING CYCLES
»»»»»»» BEFORE WASHING CYCLES

SHIELDING EFFECTIVENESS (dB)

FREQUENCY (MHz)

Figure 9. Measured EMSE values of interlock fabrics (Horizontal
measurement)

AFTER WASHING
CYCLES

------- BEFORE WASHING
CYCLES

SHIELDING EFFECTIVENESS (dB)
&

FREQUENCY (MHz)

Figure 10. Measured EMSE values of interlock fabrics (Vertical
measurement)
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In vertical measurements, it is seen that there is not enough
shielding effect, while the EMSE values are lower than 10
dB (Figure 8 and 10). In Figure 8, the EMSE values of the
single jersey fabrics after washing cycles at the frequencies
between 1907 and 2390 are higher than the EMSE values
before washing. At the frequencies between 1162 and 1545
Mhz and after 2600 Mhz, the EMSE values of the single
jersey fabrics before washing are higher than the EMSE
values after washing cycles. In Figure 10, the EMSE values
of the interlock fabrics before washing at the frequencies
between 1666 and 2355 are higher than the EMSE values
after washing cycles. At the frequencies after 2660 Mhz, the
EMSE values of the single jersey fabrics after washing
cycles are higher than the EMSE values before washing
cycles.

When the values before washing processes are investigated
in Figures 8 and 10, it can be seen that the EMSE values of
single jersey fabric structure are higher than 10 dB after
1050 MHz. Especially shielding values between 1160 and
1660 MHz frequencies are averagely 19 dB. But in this
frequency range, the EMSE values of interlock structure are
lower than single jersey structure with an average of 15 dB.

When the values after washing processes are investigated
in Figures 8 and 10, the interlock fabrics have better EMSE
values than that of single jersey fabrics especially in low and
medium frequency ranges. This could be due to the
changes in the fabric structure of the single jersey fabrics
after washing cycles.

CONCLUSIONS

In this study, it was aimed to study the textile surfaces
knitted with stainless steel/ cotton yarns to test the
electromagnetic shielding properties of fabrics before and
after repeated washing processes and some physical
properties of these fabrics are also investigated.

REFERENCES

As a conclusion;

- It is seen that the air permeability of single jersey fabrics
are higher than that of interlock fabrics due to the highest
knitted fabric tightness of jersey structure.

- It can be seen that single jersey fabric structures have
better pilling grades than interlock fabric structures due to
the fabric tightness and the elastomeric yarn in the fabric
structure.

- In vertical measurements, it is seen that there is not
enough shielding effect, while the EMSE values are lower
than 10 dB.

- The EMSE values of single jersey structures before
washing are higher than that of after washing in horizontal
measurement.

- The EMSE values of interlock fabrics do not differ much
after washing and this could be affected by the fabric
structure in horizontal measurement.

- After washing processes, interlock fabrics have better
EMSE values than that of single jersey fabrics especially
in low and medium frequency ranges. This could be due
to the changes in the fabric structure of the single jersey
fabrics.

In the future studies, the physical properties and the effect
of washing processes for different types of knitted fabrics
can be investigated in order to examine EMSE
characteristics.

ACKNOWLEDGEMENT

The author would like to express her sincere appreciation to
Sebnem Seckin Ugurlu for her distinguished supports during
the measurements of EMSE values of the knitted fabrics.

1. Sandrolini L., Reggini U., 2009, Assesment of Electrically Conductive Textiles for Use in EMC Applications, Electromagnetic
Compatibility - EMC Europe, 2009 International Symposium on, 11-12 June 2009.

2. Volski, V., Vandenbosch, G. A. E. and Vasylchenko, A., 2011, A dedicated technique to measure shielding effectiveness of textiles
using a two-horn antenna set-up, Journal of the Textile Institute, 102: 2, 164 — 171

3. Devender, Ramasamy S.R., 1997, A Review of EMI Shielding and Suppression Materials, Proceedings of the International Conference

on Electromagnetic Interference and Compatibility, 459-466.

4. Cheng, K.B., 2000, Production and Electromagnetic Shielding Effectiveness of the Knitted Stainless steel/Polyester Fabrics, J. Text.

Eng. Vol. 46, No.2, 42-52.

5. Cheng, K.B., Ramakrishna, S., Lee, K.C., 2000, Development of Conductive Knitted-Fabric-Reinforced Thermoplastic Composites for
Electromagnetic Shielding Applications, Journal of Thermoplastic Composite Materials, 13, 378-399.

6. Cheng, K.B., Ramakrishna, S., Lee, K.C., 2000, Electromagnetic Shielding Effectiveness of Copper/Glass Fiber Knitted Fabric
Reinforced Polypropylene Composites, Composites, Part A, 31, 1039-1045.

7. Perulmaraj, R., Dasaradan, B.S., 2009, Electromagnetic shielding effectiveness of Copper Core Yarn Knitted Fabrics, Indian Journal of

Fibre &Textile Research, Vol.34, 149-154.

8. Palamutgu, S., Ozek, A., Karpuz, C., Dag, N., 2010, Electrically Conductive Textile Surfaces And Their Electromagnetic Shielding

Efficiency Measurement, Tekstil ve Konfeksiyon, 3, 199-207.

9. Soyaslan D., Comlekgi S., Goktepe O., 2010, Determination of Electromagnetic Shielding Performance of Plain Knitting and 1X1 Rib
Structures with Coaxial Test Fixture Relating to ASTM D4935, The Journal of The Textile Institute, Vol. 101, No.10, 890-897.

10. Ceken F, Kayacan O, Ozkurt A, Udurlu SS, 2011, "The Electromagnetic Shielding Properties of Copper and Stainless Steel Knitted

Fabrics", Tekstil, 60, 7, 321-328

11. Ortlek HG, Kilig G, Okyay G and Bilgin S., 2011, Electromagnetic shielding characteristics of different fabrics knitted from yarns

containing stainless steel wire. Industria Textila; 62(6): 304—-308

TEKSTIL ve KONFEKSIYON 24(4), 2014

361



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

Ortlek HG, Ciinesoglu C, Okyay G and Tiirkoglu Y., 2012, Investigation of electromagnetic shielding and comfort properties of single
jersey fabrics knitted from hybrid yarns containing metal wire. Tekstil ve Konfeksiyon; 22(2): 90-101.

Ceken F, Kayacan O, Ozkurt A, Ugurlu SS, 2012, The electromagnetic shielding properties of some conductive knitted fabrics produced
on single or double needle bed of a flat knitting machine, Journal of The Textile Institute, 103:9, 968-979

Ortlek HG, Alpyildiz T and Kilic G, 2013, Determination of electromagnetic shielding performance of hybrid yarn knitted fabrics with
anechoic chamber method Textile Research Journal 83(1) 90-99

Bedeloglu A, 2013, Electrical, electromagnetic shielding, and some physical properties of hybrid yarnbased knitted fabrics, The Journal
of The Textile Institute, 104:11, 1247-1257

Hwang P, Chen A, Lou C and Lin Ji, 2013, Electromagnetic shielding effectiveness and functions of stainless steel/bamboo charcoal
conductive fabrics Journal of Industrial Textiles, published online 5 September 2013, DOI: 10.1177/1528083713502995

Tezel S, Kavusturan Y, Vandenbosch G AE, Volski V, 2014, Comparison of electromagnetic shielding effectiveness of conductive single
jersey fabrics with coaxial transmission line and free space measurement techniques Textile Research Journal, Vol. 84(5) 461-476

Wieckowski, T.W., Janukiewicz, J.M., 2006, Methods for evaluating the shielding effectiveness of textiles, Fibres & Textiles in Eastern
Europe, January/December, Vol. 14, No.5 (59)

David V., Vremera E., Salceanu A., Nica |., Baltag O., 2007, On the characterization of electromagnetic shielding effectiveness of
materials, 15th IMEKO TC4 Symposium on Novelties in Electrical Measurements and Instrumentation, 19-21 September 2007,
Romania

Mezarciéz S, Ogulata RT, 2010, Optimization of Air Permeability of Interlock Knitted Fabrics Using Different Experimental Design, 7th
International Conference - TEXSCI 2010 September 6-8, Liberec, Czech Republic

Mavruz S, Ogulata RT, 2011,Investigation of air permeability of single jersey fabrics with different relaxation states, The Journal of The
Textile Institute Vol. 102, No. 1, January 2011, 57-64

Marmarali, AB, 2003, Dimensional and physical properties of cotton/spandex single jersey fabrics, Textile research journal 73 (1), 11-14
Ukponmwan, J.O., Mukhopadhyay A., Chatterjee K. N., 1998, Pilling, Textile Progress, 28, 3, 1-57

Ceken F., Kayacan O., Erdogan U.H., 2008, "Effect of stitch density and washing process on pilling behavior of plain knitted
regenerated cellulose fabrics", Melliand International, 3, Vol: 14, 168.

362 TEKSTIL ve KONFEKSIYON 24(4), 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


