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Fabric Selection for Textile Moisture Sensor Design
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Abstract —In order to improve the sensor comfort propertiesa
modular sensor should be replaced with an embroided textile
sensor. In this paper, quality and comfort propertes of a
moisture textile sensor have been studied. The spkef moisture
sensor signal detection significantly depends onxtle substrate
wettability; therefore, the study of textile material wettability and
moisture management properties has been carried out
textile moisture sensn
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|. INTRODUCTION

The use of wearable sensors for monitoring of wexio
health-related biometric parameters during dailyvdies has
attracted increasing interest recently [1]. Onewafarable
sensor types is a moisture sensor that measures flundis,
such as blood, sweat, and urine. Sensors can le& inse
different fields of application. One of possiblepépations is
medicine, where the health of patients can be obatr by,
for example, monitoring of blood leakage or tregtitocturnal
enuresis.

In order to improve sensor comfort properties, aduher
moisture sensor should be replaced with a textdaser,
which can be embroidered with conductive yarns alori€.
Conductive yarns are a preferable material for ssehsors,
since they blend with the textile structure of umgEar and
bed sheet, inducing less stress on the treate@meauring
the design of the textile moisture sensor, it hesnbfound that
the speed of sensor signal detection depends Hgt am
conductive yarn parameters and distance of eleegrdout on
textile substrate wettability, as well. Therefoitds necessary
to study textile material wettability and moisturenagement
properties in order to determine an optimal textilgterial that
would be suitable for the sensor, satisfy compodperties of
the sensor and provide a fast enough operatitimeasensor.

Il. OPERATION OFTEXTILE MOISTURESENSOR

Moisture sensor consists of two single electrodiéls a/gap
between them. Liquid presence is signalled wheretle an
electrical connection between the two electrodesided by
the contact with a conductive liquid. The operatadriextile
moisture sensor is shown in Fig. 1.

While designing the moisture sensor on the testilestrate,
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Fig.1. Operation of textile moisture sensor

I1l. WETTABILITY OF TEXTILE SUBSTRATE

Wettability and moisture management depends on many
factors, so that it is quite difficult to mentiorspecific type of
fabric that is most suitable for moisture sensopliaption.
The transportation of liquid into yarns and fabrimay be
caused by external forces or capillary forces, wecking.
This property can be characterized by wettabilifytaxtile
fabrics. Wettability of fabric depends on fibre cheteristics,
as well as on fabric surface properties and specifi
characteristics of fabric manufacturing. Absorptioof
moisture is affected by yarn texture, chemical prtips of
fibre surface, geometrical properties of fibre, eypf weave
and construction parameters, variations in int@mgc
capability and moisture absorbency of fibres, geome
configurations of the pore structures (pore sizgtrithution
and fibre diameter), viscosity and density of thleric surface.
Wicking increases with the rise in viscosity of tiguid and
decreases with the increase in the surface tensitre liquid,
capillary radius, and contact angle. Surface enefgy textile
structure is important, as well. Surface energithines the
inherent ability of a material to interact with @iner material,
and the contact angle is the result of such intemac The
fabric surface energy is largely dependent on thectsire of
the fibre, as well as on the yarn, fabric, capjllforces, cover
factor, area density, level of projected fibresd asurface
roughness. The surface energy of fabric is infleenby the

its wettability and moisture management is espBcialfinishes, which react with the fibres or self-crdisgk on the

important. It has direct impact on the speed ofeersignal
detection — how fast the drops of liquid will besatbed and
spread through the fabric surface, forming corbativeen the
two electrodes.
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fibre surface, and the residual content of saltcatalyst is
used. Moreover, the alkaline or acidic bath usefinishing
also affects the properties of fibres and roughoéske fabric
surface [2-6].
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There are two facets to the absorption of water:
¢ total amount that can be absorbed regardless ef tim
e The speed of uptake of the liquid.

In this case, the second aspect is important, iwban be
tested by wettability test using standard BS 458401
(method of test for wettability of textile fabricdVettability is
defined as the time in seconds for a drop of wimtesink into
the fabric. Fabrics that give time exceeding 20€ords are
considered unwettable [7].

Since the moisture sensor is provided for integrainto
the bed sheet or underwear,
appropriate fabric what would be suitable for gyplication.

Usually cotton and linen fibre fabrics are usedided linen
due to the following fibre properties:
good absorption of water and vapour;

e good air permeability;
e good thermal conductivity;
¢ influence of rather high temperatures is allowedriy
washing and ironing.

Fabric crumpling is one of the main drawbacks o&fi
fibre fabric that makes it difficult to care. Nowas the
improving technologies of synthetic fibre produatiare used
for mixed-fibore material of bed linen. Likewise tm,
textured synthetic filament yarns absorb moistuseywvell,
but the water returns to the environment more itgpidhe
presence of synthetic fibre reduces the crumplifidabric.
The most common material used for bed linen isocotnd
polyester blended fabric. Polyester fibres have ddllthe
properties of synthetic fibres. One of negativeypster fabric
properties is fabric pilling during usage.

The majority of bedding fabrics are manufactureglizin
weave; satin weave fabrics are used, as well. Oftam
weave is combined with satin weave for bedding itahr
forming longitudinal bands [8].

Fabrics must be safe for health, they should comftw
hygienic properties; they cannot contain toxic edata and
other chemicals that are hazardous for the heaftd a
environment. Important factors are washability, usis
appearance, smoothness and long-wearing [9]. Qualit
standard LVS EN 14878:2007 “Textiles — Burning Bebar
of Children's Nightwear — Specification” [10] dedim fire
safety terms for children nightwear that is relatecourning
behaviour of fabrics. Other regulations, which titthie usage
of specific fibre fabrics for children nightwear bed linen,

it is necessary toctselbave not been found. Different knitted fabrics ased for

children nightwear/underwear. Different fibres dsnused in
fabric composition — natural fibres (cotton, woaherino
wool) and chemical fibres — cellulose fibres (visep
synthetic fibres (acryl, polyester, polyamide, gpobpylene).

IV. MATERIALS AND METHODS

Wettability of different textile substrates for timeoisture
sensor has been tested according to standard B& 4%
fabrics of natural fibres (cotton, linen), syntketfibres
(polyester) and mixed fibres (cotton and polyestedring the
tests, the specimens have been clamped onto freonthat
they have been held tight and away from any surdacghown
in Fig. 2.

A burette with a standard tip size has been clanfpetm
above the horizontal surface of the sample. Theidafas
been illuminated at an angle 45° and viewed atfdfh the
opposite direction, so that any water on the serfaflects the
light to the viewer. At the beginning of the teat,drop of
liquid is allowed to fall from the burette, and thiener is
started. When the diffuse reflection from the ldjwianishes
and the liquid in no longer visible, the timingstopped [7].
Fifteen areas of each specimen have been testetbtdh
twenty samples of different fabrics have been tgstesults
are presented in Table 1. Fabrics are used folifexal
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Fig. 2. Test of wettability [10]

39



Material Science. Textile and Clothing Technology

2012/7
TABLE |
RESULTS OF WETTABILITY TEST
Mass per

Composition sq.meter, | Thickness, Wettability, Wettability, Wet area, cm
of fabric Code g/m2 mm Type of weave max/min, s average, s (warp/weft)
Cotton 100% Cl 139.3 0.40 plain 26 -57 40.5 33/29
Cotton 100% C2 126.8 0.28 twill 140 - 357 185.9 35/3
Cotton 100% C3 158.1 0.80 plain - <1800 -
Cotton 100% C4 54.5 0.29 plain 266 - 445 340.4 23/23
Cotton 100% C5 65.8 0.27 plain - <1800 -
Linen 100% L1 125 0.32 plain 34 -84 57.1 34/23
Linen 100% L2 179.5 0.42 plain 375 - 695 527.0 23/3
Linen 100% L3 160.6 0.35 plain 51-93 67.8 3.8/2.,6
Linen 100% L4 116.6 0.31 plain 89 - 145 113.8 3.8/3.3
Linen 100% L5 197.4 0.46 plain - <1800 -
Polyester 100% PE1 111.5 0.27 plain - <1800 -
Polyester 100% PE2 88.3 0.25 plain 72 - 165 105.6 7.8/2.8
Polyester 100% PE3 214 0.81 twill 55-105 80.2 1/25
Polyester 100% PE4 130.3 0.32 plain 151 - 606 241.9 34/34
Polyester 100% PE5 207.6 0.55 plain 252 - 1431 903.8 1.8/1.8
Polyester 100% PE6 311.1 0.66 twill 1-1 1.0 16/2.1
Cotton 50% / Polyester 50% Co/PE 1 125 0.29 plain 8-12 9.7 4/4
Cotton 50% / Polyester 50% Co/PE 2 126.8 0.30 plain - <1800 -
Cotton 50% / Polyester 50% Co/PE 3 88.1 0.25 plain 452 - 965 712.8 33/23
Cotton 50% / Polyester 50% Co/PE 4 117.8 0.30 plain - <1800 -

As shown in Table 1, water absorption for differéadtric  0.74. On the other hand, correlation of wettabilitigh both
samples of identical fibre composition can varyatjse— from abovementioned factors is very weak or it does exa$t —
excellent to weak. Relationships exist betweenavdeis: mass correlation coefficient of wettability and thickreeis
per square meter and thickness — correlation @oeffi is

a b
Fig.3. Surface energy of different textiles — at@o 100% (C3); b: cotton 50% / polyester 50% ((‘EOAB>

0.02, correlation coefficient of wettability and ssaper square structure. Fig. 3 shows the condition of differefatric
meter is negative -0.16. Therefore, it can be ealed that structures (cotton and cotton / polyester) 10 seésafter the
final finishing of textile has a very important eplwhich can drop of water falling onto the sample surface.

influence properties of fibres and surface enerfyp textile
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Not just the speed of absorption is important foe t In this case, thicker yarn has better electricapprties, but it

moisture sensor, but also the size of area imptegnaith
moisture — the larger the area, the faster theacbrdccurs
between electrodes. Moisture spread varies in sanpbth in
warp and weft direction, and with evident predomirtex For
example, in one sample moisture spread area isn7i8 warp
direction and 2.8 cm in weft direction.

The fastest absorption of moisture (1 sec) has bebieved
with polyester fabric sample PES6, but it has gsitall size of
area impregnated with moisture (1.6 / 2.1 cm). Ontle best
results has been achieved in cotton and polyedtsrdéd
fabric sample Co/PE 1, which absorbs moisture rdts (9,7
sec) and shapes quite large size of area impredjnait
moisture (4/4 cm).

One sample made out of thermoactive knitted fabes
been tested, its composition is polypropylene 3p#lyester
60.2%, elastane 5.8%, mass per square meter 26@wgith

is not so good for comfort comparing to a thinnarny Thus,
when projecting the sensor it is necessary to fiad
compromise between yarn electrical properties ahd t
comfort level of garment.

Surface isolation. To protect sensors from abrasiot to
improve sensor and skin sensory comfort, it is as@eg/ to
isolate the sensor surface. Isolation layer mustmuoésture
permeable to avoid decrease in the operation eféewss of
the sensor. To provide tight contact between twers, it is
necessary to connect electrode traces with stigchin

VI. CONCLUSIONS

In the designing process of moisture sensor onildéext
substrate wettability and moisture management bfidais
especially important. It has direct impact on thpeed of
sensor signal detection — how fast the drops afidigvill be

thickness 1.06 mm. The sample has had good wetyabilypsorhed and spread through fabric surface, forroorgact

results — on average, moisture has been absorbekD.b
seconds. In this case, we cannot compare knittddneaved
fabrics by wettability, because it is necessarynake more
tests with knitted fabric samples.

V. SENSORYCOMFORT
Sensory comfort is concerned with feeling when italor

between the two electrodes. In wettability experitrdifferent
fabric samples have been tested (20 samples ii). tBta next
sensor designing experiments, cotton and polydstarded
fabric sample (Co/PE1l) has been selected, whiclorbbs
moisture rather fast (9.7 sec) and shapes quige laize of
area impregnated with moisture (4/4 cm). This falisi used
for bed linen, so it is suitable for the bed sheetsor

garment is worn next to the skin. In paper [7], sdattors are designing.

mentioned contributing to sensorial comfort: tigkfwickle,

In further experiments, moisture sensors will bsigleed

wet cling, warmth to touch. They can be referredbéd sheet with surface isolation to protect the sensor frdmaaion and
and underwear sensors as well; however, the fatigwi to improve the sensor and skin sensory comfois. hiecessary

comfort properties are the most significant:

Surface relief. The side that is located next te #kin

to find suitable material for an isolation layer.

VII. SUMMARY

should be as smooth as possible to avoid making itThe yse of wearable sensors to monitor varioustteal

discomfortable for a wearer — irritation or marks the skin.
Therefore, in sensor designing it is relevant tbogoweave of
textile surface and fineness of conductive yarrteAgensor
embroidering the thickness of fabric (0.4 mm) hasréased
approximately two times (+101% on average) usimgrfi
silver coated yarns (110/34 dtex 2ply) and appraxaly two
and a half times (+166%) using rougher silver ctatarn
(235/34 dtex 4ply) (Fig.4).

a b

related biometric parameters during daily actigitidas
attracted increasing interest recently. In ordeintprove the
sensor comfort properties, a modular sensor shdgd
replaced with a textile sensor, which can be endareid with
conductive threads on fabric. In this paper, thaliu and
comfort properties of moisture textile sensor haween
studied. The speed of moisture sensor signal detect
significantly depends on textile substrate wetibhil
therefore, textile material wettability and moigur
management properties have been studied in order to
determine optimal textile material that would bé&atle for a
sensor, would satisfy comfort properties of a seasd would
provide fast enough operation of a sensor.

Wettability and moisture management depends on many
factors, so it is quite difficult to mention spécitype of fabric
that is most suitable for moisture sensor applcati

Since the sensor is intended for integration irgd bheets
or underwear, appropriate fabrics have been stuttiat are
used for this purpose.

Wettability of different textile substrates for tmeoisture
sensor has been tested according to the standsydcd of

Fig.4. Sensor surface: a — rougher conductive yarfiner conductive yarn Natural fibres (cotton, linen), synthetic fibreolfgester) and

Embroidery by U.Briedis

mixed fibres (cotton and polyester).
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Qua“ty and comfort characteristics have been aiteahl [10] Qqality 'stanQard LVS EN 145.78:2.007. Textiles - Blgrbehavio_ur of
from sensory comfort position, highlighting surfaetief and Zr\'/':?lfg:jfrg'%t'tvgtetg;:/}Wf"ov\:ﬁgﬁs}.'o:ccl‘e\ge;'\gml)g?gfm [Online].
surface isolation properties.

In the experiment on wettability 20 samples of etiént
fabrics have been tested. For next sensor designing
experiments, cotton and polyester blended fabnopéa has
been selected that absorbs moisture rather fastsgx) and
shapes quite large size of area impregnated witistore (4/4
cm). In further experiments, moisture sensors bélldesigned
with surface isolation to protect the sensor frdsnagion and
to improve the sensor and skin sensory comfort.
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EIROPAS SAVIENIBA

Inese Parkova, Inese Ziemele, Ausma ¥imsone. Pamatmatefila izvele tekstila mitruma sensora projekgSanai.

Valkajamu sensoru izmantoSana aldZ ar vesébu saistu biometrisku parametru kontrolei ikdienas akéi$it laika piesaista aizvien ligku interesi. Lai
uzlabotu sensoru komforfpa3bas, tradicioalie modua tipa sensori irapizstj ar tekstila sensoriem, ko var iZar elekttbu vadoSiem diegiem uz auduma.
Petijuma gaii apskatas un iz@rtétas tekstila mitruma sensora didwds un komfortaipadbas. Sensora ie€gjSaras atrumu hitiski ietekn® tekstila
pamatmatedila mitruma uzskSana, idz ar to veikts tekstildnu mitruma uzskSanas un vafanas sju pétijums, noskaidrojot optidlako materilu, kas
atbilstu gan sensora pielietojumam un apmiguita komfortaipadbas, gan nodroSitu pietiekamiatru sensora funkci@$anu.

Dranu mitruma uzskSana un vadana ir atkaga no dadiem faktoriem, adg] izvélcties vispiendrotako dranas veidu Sim pielietojumam ir sara sareaiti.

Ta ka mitruma sensors paredg integéSanai palagvai apakshikss, tika apskatas attietas danas.

Testjot mitruma sensora @inas paraugus uz mitruma absorbciju, tikebpudtas daligo &iedru dénas, sinttisko kiedru déinas un jauktoldedru dénas.
Sensora komfortaditaji izverteti no valkiSanas saju puses, izdet virsmas reljefa un virsmas izoljasipagbas.

Eksperimert uz mitruma uzskSanu kop parbaudti 20 dianu paraugi, no kuriem turpikiem sensora projei§anas eksperimentiem &sta kokvilnas un
poliestera jauktuldedru déna, kasatri uzsic mitrumu (9,7 sek), veidojot pietiekami lielu aitramu piesicinatu laukumu (4/4 cm).

Turpmakajos eksperimentos tiks projéitmitruma sensori ar virsmas izalju, lai noskaidrotu piegrotako izokjo%as virsmas tekstilmateiu.
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HHuece [MapkoBa, MHece 3uemelie, Aycma Buiromcone. BbI0Op TEKCTHIBHOTO MaTepHaJia 1Jsl IPOEKTHPOBAHMS CEHCOPa BJIarH.

WHnTerpupoBaHue B OAEKIY CEHCOPOB JUISi KOHTPOJIS OMOMETPUYECKUX JAaHHBIX BO BPEMs ITOBCCIHEBHOH IEATEIBHOCTH YENOBEKA INPUBJIEKACT BCE OOMBIIMIA
uHTepec HcciepoBarencii. s ymydmieHuss KoMGOPTHOCTU H3ENUH, TPaJAUIUOHHBIE CEHCOPH MOMAYIBHOTO THUIIA 3aMEHSIOTCS TEKCTHIBHBIMU CEHCOpPaMH,
KOTOpBIE MOTYT OBITh BBIIMIUTHI DIEKTPOIPOBOJHBIMY HUTSIMH Ha TEKCTUIIBHOM IIOJIOTHE. B TaHHOM HCCIen0BaHNH pacCMOTpPEHB! (DYHKIHOHAIBHBIE CBOMCTBA H
KOM(OPTHOCTh TeKCTUIIBHBIX CEHCOPOB. CKOPOCTh BKIIFOUEHHS CEHCOpPA CYIIECTBEHHO 3aBUCHUT OT CIIOCOOHOCTH TKaHH BIUTHIBATh Biary. [l BeiGopa Hanboee
TOJIXOJISIIIETr0 MaTepHalia TEKCTHIFHOIO CEHCOPa MPOBEACHBI SKCIIEPUMEHTHI Ha IIPOMOKAHUE TKaHEH M OLIEHHBAIUCH UX CBOMCTBA KOM(pOPTHOCTH.

CrocoOHOCT TKaHM BIUTHIBATH BJAry 3aBHCUT OT psAAa (PakToOpoB, IOITOMY BBIOOp MaTepHana JOCTATOYHO CJIOXKHOE 3ajaHue. TecTaM MOABEPraluch
MaTepuabl JUlsl IIPOCTHIHEH U Olbsl U3 HATYPATbHBIX, CHHTETHYECKHX M CMEIIaHHBIX BOJIOKOH (XJIOMOK M moinadup). Omutynienus KoM(pOpTHOCTH OLIEHUBAIHCH
penbeoM MOBEPXHOCTH M M3ONSALHOHHBIMEU CBoiicTBaMH. bbuto mpoBepeno mpomokanue 20 00pas3loB TKaHEH, M3 KOTOPBIX A MPOCKTUPOBAHHS CEHCOpa
BJIQJKHOCTH 0TOOpaH 00pasel U3 CMEIIAHHBIX BOJIOKOH XJIOMKA C MOIHI(GUPHOM, KOTOPBIi OBICTPO MpoMOKaeT 3a 9,7 CeKyH[I, cMadnBasi ionaas 4/4cu.

B manpHEHIINX SKCHEPUMEHTAX OyAeT OIpeleNneH HanOoee HOAXOAANH H30IAHOHHEIH MaTepHal ISt CEHCOPa BIaXKHOCTH.
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