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Abstract — Using three types of yarns with metal filaments,
textile samples with various arrangements of yarns and mutual
combinations were made with an industrial loom. Textile shielding
effectiveness (SE) characteristics were measured using a
waveguide method and network analyzer with radiated frequency
1.161 GHez to identify metal filament fabrics with the highest SE.
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l. INTRODUCTION

The electromagnetic (EM) spectrum includes all types of EM
radiation: non-ionizing radiation — radio waves, microwaves,
infrared light, visible light and ionizing radiation — ultraviolet
light, X-rays, gamma rays (1). With fast development and
continuous use of communication technologies the
environment gets more polluted with electromagnetic fields
(non-ionizing radiation) that can cause negative effects on vital
functions of living creatures (2), (3).

EM shielding protects devices/people from electromagnetic
waves, which have negative influence, using special shields,
screens and electronic equipment (1). Numerically the shielding
effectiveness (SE) can be defined as the relative amount of
reflected and absorbed radiation at a particular wavelength. SE
is measured in dB which refers to a logarithmic scale. SE can
range from 0 dB (SE = 0 %) to —60 dB (SE = 99.99 %). Screens
and shields can also be made from textile materials (woven and
knitted fabrics, non-woven materials) with various structures of
conductive yarns/threads — synthetic and natural fibres as well
as metals and even carbon (4)—(8). For example, woven fabrics
(plain weave) from flax incorporating coated yarns with
different content and distribution of silver have been developed
and researched. The samples consisted of metallized yarns
incorporated only in weft direction, only in warp direction and
in both weaving systems make a grid of conductive yarns.
Distances between the conductive yarns were 10 mm and
20 mm. Samples were exposed to 0.02-0.05 MHz and 2.4 GHz
frequency radiation. The results showed that the more
metallized yarns fabric had, the better SE was observed (9).

Another research concerning SE was carried out on fabrics
made from blended stainless steel and polyester yarns in
combination with cotton yarns. Several groups of samples were
made: fabric with different weft density of conductive yarns,
fabric with varying distance of conductive yarns in weft, fabric
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with varying stainless steel content, fabric with varying grid
size openings. Samples were irradiated with electromagnetic
waves that had frequency from 300 kHz to 1.5 GHz. High SE
was observed in frequency 0.68 GHz for samples with
increased weft density, with increased proportion of conductive
yarn in weft, with conductive yarns in both directions. The
highest shielding value of 53.04 dB was obtained for the fabric
with maximum stainless content in the same frequency (10).

In the study of Zhe Liu SE was measured depending on
structures of fabric weave (plain, twill and satin) and density of
warps and wefts. Samples consisted of stainless steel, polyester
and cotton fibre blended yarn and were irradiated by EM
radiation with frequency 2.2—-2.65 GHz. As the density of fabric
increased, SE also increased. The SE of plain weave was the
highest, followed by that of twill weave; satin weave had the
lowest SE (11).

To measure SE equipment/methods as an anechoic chamber
(12), waveguide and network analyzer (13) are used or SE is
measured by completely shielding textile bags in which the
radiating device is deposited and after wards the difference is
measured (14).

In most studies fabrics with metallized/carbon yarns are used
in both weaving systems (warps and wefts). In this study we
present fabrics that were partly of metal yarns and metal yarns
were used only in weft direction. Such choice was grounded on,
firstly, less consumption of metal yarns, which may lead to
smaller expenses of production, and, secondly, to clarify the SE
of such fabrics.

The aim of the study was to determine the EMF
(electromagnetic field) shielding effectiveness of textiles with
different content of metal yarns, also depending on their
proportional arrangement in fabric and orientation of samples
relative to the radiation source, frequency 1.161 GHz (GPS,
mobile phones, telecommunication).

Il. EXPERIMENTAL

A. Materials

Carrying out the selection of metallized yarns, several factors
were taken into account: the conformity to textile yarns, the
structure and chemical consistency of the yarn, the resistivity of
metal filaments, harmlessness to human health and the
possibility to use the yarns in a weaving loom. For developing
the samples three types of partly metal yarns were used (see
Fig. 1).
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Fig.1. Micrograph of yarns: No. 1 —two-plied twisted polyester staple yarn with
steel filaments (PES yarn, fine steel filaments FG 5005), diameter of metal
filament is 0.01 mm, No. 2 — low twisted textured polyester multifilament yarn
with steel filament (Trevira Neckelman, Nr. S06316 Jet Lavtex conductive, dtex
360F65 x 1), d =0.03 mm; No.3 — two-ply twisted cotton yarn with Cu
filament coated with Ag (Cotton Acier, AO67 nm), d = 0.03 mm.

Fabric samples of canvas weave were made with industrial
pneumatic loom Omni-4-R (type 2662, producer: Picanol)
using partly metal yarns and polyester multifilament yarn in
weft direction and polyester multifilament yarn in warp
direction. The weft density is 140 yarns per 10 cm (14 yarns per
1cm), warp density is 400 yarns per 10 cm. Border of
variations of weft yarns were defined on the basis of the length
of EM waves which irradiated the samples. If the metal yarns
would be used in both weaving systems, then the dimensions of
the square cell (formed by weft and warp metal yarns) should
be less than 1/20 of the wavelength. The EM wave could not
pass through a cell of these dimensions. It was calculated that a
cell of 1 cm x 1 cm size could reflect the wave with frequency
1.161 GHz. Thus, in this study the weft metal yarns were used
in different combinations within the width of 1cm. The
combinations of partly metal and polyester yarns are shown in
Table 1. The samples of the first group have proportionally
increasing number of metallized and polyester yarns per pattern
repeat, while in the second group the overall number of

metallized and polyester threads is kept constant. For example,
Fig. 2 shows the fabric sample with code 3_2-2, where yarn
No. 3 is used in combination with polyester yarn. The first
number of the code identifies the metal yarn number which is
used in fabric sample (e.g., yarn No. 3). The second number
identifies the amount this metal yarn (2 yarns), and the third
number — the amount of polyester yarns (2 yarns). The rest
fabric samples are coded analogous to this example.

UEBHG =5 i

Fig.2. Fabric sample of two polyester yarns and yarns No. 3 (3_2-2).

B. Measurement Method

A test set of two similar waveguides and vector network
analyzer (VNA) was used to measure the shielding
effectiveness. The waveguides are cylindrical, diameter
190 mm and length 400 mm. The cut-off frequency of the
waveguide is approximately 1 GHz, which means that it cannot
be used for lower frequencies. The linearly polarized wave
inside the waveguide was generated with a quarter wave
monopole. The monopole is soldered to the central wire of N-
type connector (a radio frequency coaxial connector) and
placed 70 mm from a wall. Waveguide ports are connected with
coaxial cables to the VNA ports. The test set scheme is shown
in Fig. 3 a.

TABLE |
THE PATTERN REPEAT AND NUMBER OF THE WEFT YARNS
Yarn No. 1%t group 2" group

No. 1 110 | 111|122 |144| 188116161114 | 1312 | 1510|178 | 196 | 1 11-4 | 1.13-2
Sample density (g/m?) | 101.6 | 856 | 86.2 | 85.8 | 852 | 85.6 71.3 76.1 70.1 83.6 | 885 | 918 98.1

No. 2 210 | 211|222 (244|288 216162114 | 2312|2510 278|296 2114|2132
Sample density (9/m®) | 93.6 824 | 814 (812 |81L2 | 825 70.9 74.6 76.7 80.8 | 835 | 86.6 89.9

No. 3 310 (311)|322|344)|388|316-16| 3114 | 3312 | 3510 | 3_7-8 | 396 | 3_11-4 | 3.13-2
Sample density (9/m®) | 68.7 69.3 | 68.7 [69.1 |69.2 |68 69.6 69.5 69.3 68.4 | 684 | 685 67.9
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Fig.3. Scheme of waveguide and network analyzer (a), distribution of waves
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Waveguide characteristics were tested without a sample
before SE measurements. Frequency was swept in the 0.5-
1.5GHz range. Fig.4a shows the input and transition
characteristics; the transition attenuation is about 1 dB. This
means that most of the input power reaches the output. The best
impedance matches between VNA and waveguide ports is on
frequency 1.16 GHz. Thus, this frequency was used for SE
measurements. The measurement set was calibrated and
normalized using VNA calibration regime. The diagram of
reflected and transmitted power is illustrated in Fig. 4 b. The
level of the reflected power is very low at =71 dB (7.9-1078
times less in comparison to the input power), but the level of
the transmitted power is almost the same as the input power.
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Fig. 4. Waveguide test: input reflection and transition (a), input and transient
characteristics of waveguide after normalization (b).
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An object placed between the waveguides will disturb the
distribution of electromagnetic waves; it is shown in Fig. 3 b,
where Py is forward power, P, is transmitted power, Ps is
reflected power and P4 is absorbed power. Sum of Py, Ps and P4
equals P1.

Physically the forward RF (radio frequency) power is
approximately 1 mW. In this test relative powers were used. P,
was defined as 1.0 (100 %). VNA detects S-parameters and
depicts them in a logarithmic scale. Si» is the transition
coefficient (Eq. 1), Su1 is the reflection coefficient (Eqg. 2). From
Si11 and Sy, reflected and transmitted relative powers can be
extracted.

S12 =10 log (P2/P1) = 10 log (P2) (1)

S11=10 Iog (Pg/Pl) =10 |Og (Pa) (2)

I1l. RESULTS AND DISCUSSION

Samples under examination were oriented in such way that
conductive yarns were parallel (vertically oriented sample) and
perpendicular (horizontally oriented sample) to the polarization
plane of the electromagnetic wave.

Horizontally oriented samples showed less shielding
effectiveness than vertically oriented ones. Samples with yarn
No.1 in the 1% group (Fig.5a) transmitted ~60 % of the
radiated power, while in the 2" group (Fig. 5 b) there was a
tendency that increasing the amount of metallized yarns also
increased the shielding effectiveness. Sample with all metal
weft yarns showed negative absorption; this needs more
detailed investigation. The same results were observed for the
majority of samples of yarn No.2 and yarn No. 3; more
particular research is needed.
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Fig. 5. Shielding effectiveness of fabrics oriented horizontally with yarn No. 1,
1 group (a) and 2" group (b).
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Samples oriented vertically (Fig.6 and Fig.7) to the 100 .
radiation source had very high SE (almost all above 70 % and % Lreflecton
. . . 80
higher). In the 1% group fabric samples with yarn No. 1 had 70 absorption
slightly higher power absorption and less SE compared to other g0
fabrics with partly metal yarns. This finding can be explained A a0
by higher electric resistivity of yarn No. 1, because it consisted ol
of steel staple fibres, while yarn No. 2 and yarn No. 3 contained 1]
metal filaments with larger diameter, and, thus, had lower 2114 2312 2510 278 296 2114 2132 sample
resistivity. a
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Fig. 7. Shielding effectiveness of fabrics of the 2" group oriented vertically
with yarn No. 1 - (a), yarn No. 2 — (b), and yarn No. 3 — (c).
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Fig. 6. Shielding effectiveness of fabrics of the 1 group oriented vertically with
yarn No. 1 - (a), yarn No. 2 — (b) and yarn No. 3 — (c).

In the 2" group (Fig. 7) it was observed that samples with
yarn combination 1-14 had the lowest SE, as it was expected
due to lower amount of conductive material included. The
second lowest SE (~70 %) was shown by samples of yarn No. 2
with weft combinations of 9-6 and 13-2 (Fig. 7 b). Higher SE
(above 90 %) and less absorption were mainly typical of
samples with yarn pattern 3-12, 5-10 and 7-8.

SE can be influenced by such factors as: combinations of partly
metal yarns, metal types in the yarn, orientation to the radiation
source and the structure of the metal filament.
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Marianna Grecka, Olegs Artamonovs, Juris Bluims, Andrea Ehrmann, Ausma Vilumsone. Elektromagnétiska lauka ekranéSanas
efektivitate atkariba no metalizéto pavedienu izvietojuma auduma

Strauji attistoties komunikacijas tehnologiju sistémam, ir krasi palielindjusies apkartéjas vides piesarnojuma ar elektromagnétisko starojumu
bistamiba. Elektromagnétisko vilpu ekran€Sana ir nepiecieSama ne tikai elektroniskam iericém, bet ari cilvékiem. Ekrangjoso tekstiliju
izmantogana apgérba ir viens no veidiem ka pasargat cilvéku no EM vilniem. Sadas var bit austas, neaustas, parklatas un aditas tekstilijas.
Ekran&Sanas efektivitates mérisanai izmanto vairakas metodes, kuru iekartu at3kiribas galvenokart nosaka vilpu garumi, ar kuriem apstaro
paraugus. Darba mérkis ir izveidot auduma paraugus ar elektromagnétiska lauku ekrangjosam Ipasibam, izmantojot tiis dazadus metaliz&tus
pavedienus: 1. pavediens — poliestera un térauda Stapelskiedras pavediens, 2. — multifilamentarais PES pavediens ar térauda filamentu, 3. —
kokvilnas $kiedru un vara filaments, kas parklats ar sudrabu.
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Paraugi austi uz vienskirienu pneimatiskam stellém Omni-4-R audekla pinuma, kombingjot audu metaliz&tus un poliestera pavedienus. Kopuma
izveidoti 36 paraugi. Paraugu ekrangSanas efektivitate mérita, izmantojot divus vilpvadus, starp kuriem novietots paraugs un ar k&zu analizatoru
(raidita vilna frekvence 1,16 GHz).

Vislabakas ekran&$anas ipaSibas piemit paraugiem, kuru metalizétie pavedieni ir novietoti vertikali, jo vilpa elektriska lauka polarizacija sakrit
ar ieausta vaditaja (metaliz&ta pavediena) orientaciju. Kopuma salidzinot auduma paraugus, vidgjs atstaro$anas raditajs ir virs 70 % no raidita
vilpa.

Visaugstaka ekranéSanas efektivitate ir paraugiem ar pavedieniem ar térauda filamentu (attiecigi pavedieni Nr. 2). EkrangSanas efektivitati
ietekme $adi faktori: metaliz&tu un poliestera pavedienu kombinacija, metala veids pavediena, metalizéta pavediena struktlira un parauga
novietojums attieciba pret starojuma avotu.

Mapunanna I'penka, Ouser ApramonoB, IOpuc Baym, Anapea Dpman, Aycma Buiaromcone. D¢ dexkTHBHOCTH IKPAHMPOBAHUS
3/1eKTPOMATHUTHOIO 10151 B 3aBHCHMOCTH OT PACMO/I0KeHUS] MeTAILIM3HPOBAHHBIX HUTell B TKAHH

B cBs31 ¢ OBICTPBIM pa3BUTHEM CHCTEM KOMMYHMKAIIMOHHBIX TEXHOJIOTHH, PEe3KO BO3pOCIa OMACHOCTb 3arpA3HEHUs] OKpYKaromlel cpensl
3NEKTPOMATHUTHBIM M3Ty4eHHEM. DKPaHUPOBAHHE SJIEKTPOMATHUTHBIX BOJH HEOOXOIMMO HE TOJNBKO ISl SJIEKTPOHHBIX YCTPOICTB, HO M JUIS
moneid. OTHUM U3 CIIOCOOOB 3aIIUTHI JIoAed oT DM BOJH SIBIISIETCS UCIIOJIB30BaHHE SKPAHUPYIOMNX TEKCTWIBHBIX M3JeIui. TeKCTHIBHBIH
MaTepHaT MOXXET OBITh TKAHBIM, HETKaHBIM, BSI3aHBIM U C IIOKPBITHEM.

Jlnst m3mepennst 3 (heKTHBHOCTH SKpaHUPOBAHHS HCIIONIB3YIOTCS Pa3HbIe METOJUKH, PA3INYAIONIHEcs B OCHOBHOM IO JJIMHE BOJIH, 00JIyqatoNix
o6pasipl. [lens paboTel — co3nath TKaHble 00pa3bl, SKPAHUPYIOLIKE IEKTPOMAarHUTHOE T10JI€, MCIIOJB3Ys TPH Pa3HBIX METaJUIM3UPOBAHHBIX
HuTH. [lepBast HUTh — U3 TOJIUACTEPA U CTATBHOTO IITANEIBHOTO BOJOKHA, BTOPasi HUTh — U3 MyJIbTU(IIIAMEHTAPHOTO MTOJIUACTEPA CO CTATBHBIM
(HIaMEHTOM, TPEThsS HUTh — U3 XJIOMKOBOTO BOJIOKHA M MEJTHOTO (prtaMeHTa, HOKPBITOTO cepedpoM.

OO0pas1pl COTKAaHBI Ha THEBMaTH4YeCKOM cTaHKke "OMHE-4-R" NOJIOTHAHOTO MEpeIuIeTeHUs], METAUTM3UPOBAHHBIC U TTONU3()UPHBIE HUTH OBLTH
ckoMOnHUpOBaHEL. Co3mano 36 00pas3sloB M3 METAUTM3HPOBAHHBIX M HOMMA(PHUPHBIX HUTEH. D(PPEeKTHBHOCTH SKpaHUpOBaHUS 00Pa3LOB
U3MEpEHa C HCIOJIb30BaHUEM JIBYX BOJIHOBOJOB, MEXIy KOTOPBIMH PacIoNoXkKeH o0pasel, u aHanu3aropa (4acrora BoiHbl 1.16 I'T).
Hanmnyuymas 3¢QexkTHBHOCT SKpaHHPOBAaHUS XapakTepHa JUIl BEPTUKAIBHO PACIOJIOKEHHBIX 00pasoB, MOTOMY YTO IIOJSPU3ALHS
JIEKTPUYECKOTO MOJISI BOJIHBI COBIAZaeT C OpHEHTAlWel NPOBOAHWKA (MeTaM3UpoBaHHON HHUTH). CpemHMil mokasarens 3(GQEeKTHBHOCTH
9KpaHNUpoBaHMs cocTapiseT cuime 70 %. Hanbonbmmas 3¢ ¢ekTHBHOCTE 3KpaHUPOBAaHUS HAOIIOIaeTCsl y 00pas3IioB CO CTAIBHBIM (pHIaMEHTOM
(7. e. HuTAMHE Ne 2).

D¢} deKkTHBHOCTD 3KpAaHUPOBAHMS 3aBHUCUT OT TaKHX (PAKTOPOB, KaK KOMOWHAIMS METAUTM3MPOBAHHBIX W MONUA(HUPHAsS HUTEH, TUI METallIa,
CTPYKTypa METAJUTM3MPOBAHHBIX HUTEH U MO3UIMU 00pa3Iia OTHOCHTEIPHO HCTOYHUKA H3ITyICHHUSI.
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