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IEVADS

Augstai apkart&jas vides temperatiirai vai ilgstosai fiziskai slodzei ir nozimiga ietekme
uz cilvéka kermena temperatiiru, darba efektivitati, veselibu un komforta sajatam. Tadel ir
svarigi nodrosSinat optimalu kermena temperatiiru. Augstas temperatiiras apstaklos, piemeram,
ugunsdze€s€ju darba vide, kara aktivitaSu situacijas tuksneSa zonas vai autosportistu darbibas
sfera, rodas papildu prasibas péc funkcijam, kuras pieskiramas apgérbam, pieméram, rtums,
vieglums, mobilitate un siltuma komforts. Termoreguljosa apgérba funkcija, lielakoties
komercialu razojumu veida, ir pazistama ka siltumu aizturoSa vai siltumu radoSa, mazak
populars ir dzesgjoss apgerbs.

Tekstilijas ar integrétam elektriskam un elektroniskam sistémam Sobrid parstav vienas
no aktualakajam tehnologiju attistibas tendencém tekstila nozaré. Tomér pasaulé vél arvien ir
maz uznémumu, kas razo komerciali pieejamas viedtekstilijas ar integrétu elektroniku.
Lielaka dala $adu izstradajumu ieceres vél ir petijumu stadija, jo elektronikas un dranas
savienoSana un piemé&roSana paterétaja &rttbam un lietoSanas kvalitates prasibam ir
problematiska. Tirgli vairak sastopamas ir tekstilpreces, kas veic specifiskas funkcijas,
piemé&ram, silda, dzesé ar elektriskiem elementiem vai komunicé ar mobila telefona vai
globalas pozicion€$anas sisteémas palidzibu, bet elektronikas vai elektriskas sist€émas drana
nav integrétas un nav pielagotas dranas 1pasibam.

Ka viena no dzes€joSo sisttmu risinajumiem iesp&ama Peltjeé elementa jeb
termoelektriska generatora iestradaana apgerba. Sads risinajums — dzesgjosa apgérba
prototips - ieprieks tika izveidots, tomér tam tika konstat€tas nepilnibas un netika parbaudita
darbibas efektivitate. Lai izpétitu, pilnveidotu un optimizetu sist€mas darbibas efektivitati,
planots noskaidrot iesp&jas integrét elektrovadosu sistému apgerba — to padarot piemérotu
valkaSanai, parbaudit sistemas darbibu fizisku aktivitaSu laika, paaugstinoties kermena
temperatiirai, un izvertét termoregulativa apgérba prototipa koncepcijas atbilstibu jédzienam

,viedapgerbs”.



Merkis: lzveidot apgerba prototipu ar integrétu mikroklimatu regul&josu

elektrovadoSu sistemu.

Darba uzdevumi:

1)

2)

3)
4)

5)
6)
7)

8)
9)

Apkopot viedtekstiliju starpnozares jédzienus un noskaidrot jomas nozimi
tekstilnozares attistiba Latvija un Eiropa;

Analizgt elektrovadoSo sisttmu elementu integréSanas iesp&jas drana un
apgerba;

Eksperimentali izpétit elektrovadosu elementu integréSanas iespéjas tekstilijas;
Parbaudit atsevisku elektrovadoSu elementu T1pasibu izmaigas imitetas
valkasanas procesa;

Analizet cilvéka mikroklimatu ietekméjoSus faktorus;

Izpétit iesp&jas regulét cilvéka mikroklimatu ar apgérba palidzibu;
Eksperimentali  parbaudit sisttmas elementu integréSanas iespg&jas
termoregul&josa apgerba;

Izgatavot mikroklimatu regul&josu apgerbu ar dzeséSanas funkciju;

Parbaudit un novertét apgerba funkcionalitati fiziskas slodzes apstak]os.

Peéttjuma metodes

Darba izmantotas teor&tiskas un eksperimentalas p&tijuma metodes:

>

Public&to un nepublicéto informacijas avotu — zinatnisko petijumu publikaciju
par tekstilnozares inovacijam, starpnozares terminu un jédzienu skaidrojoSu
dokumentu, publikaciju par elektrovadoSu sist€ému integréSanas iesp&jam un
apgérba komfortu un siltumprocesu cietvielas ietekmé&josu faktoru analizi,
termoregul&josu apgerbu ar Peltje elementiem patentu, termoregul&josu
apgerbu un elektrovadoSu pavedienu razotaju firmu piedavajumu, normu un
standartu - apkoposana un analize. Jomas termini apkopoti tabula.

Fizikala problémjautajuma analize — teorétiska siltumprocesu prognozésana
Peltje elementa dzes€joSo sistemu iesp&jamas variacijas pec siltumu aizvadosa
materiala veida un novietojuma, ka ar1 siltuma un mitruma vadiSanas procesu
sistémas slanos un apgerbu kartas analize.

Teorétiska termodinamisko procesu un siltuma apmainas starp cilvéka kermeni
un vidi noteiktas fiziskas slodzes apstaklos aprékinasana, prognozesana.
Fiziologiska analize laboratorijas apstaklos, model&jot vides mikroklimata un
cilvéka mijiedarbibu fiziskas slodzes ietekmé termoreguléjosa apgérba un bez

ta analize. Dati apstradati un analiz&ti, izmantojot aprakstoSo statistiku.
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» Materialu pétnieciba laboratorijas apstaklos, model&jot dranas/apgerba
valkasanas un kopSanas iedarbibu mazgasanas, stiepes rezultata. legiito
rezultatu dati apstradati ar aprakstoso statistiku un apkopoti tabulas.

Zinatniska nozime

Viedtekstiliju joma ir salidzinosi jauna starpnozare. Nozares terminologija tikai nesen
ir tikusi precizéta un ieteikta standartiz€Sanai, tade] ari izveidotais $Is jomas terminu
tulkojumu un jédzienisko skaidrojumu apkopojums latviesu valoda ir devums tekstilnozares
un materialzinatnes attistiba.

Apkopotie dati (teoretiskas analizes un eksperimentu rezultati) par elektrovadoSo
pavedienu 1pasSibam lauj salidzinoSi izvert€t noteiktas struktiras, zimola un atSkirigas
elektrovadosas komponentes pavedienu piemérotibu atsevisku elektrovadosas k&des elementu
izgatavosanai, ka ar1 prognozet pavedienu elektrovaditsp€jas izmainas noteiktu valkasanas un
kopSanas faktoru ietekme&. Lidz S§im publicétajos informacijas avotos nav atrodama
apkopojosa informacija par elektrovadoSajiem pavedieniem, kas ietvertu to nozimigakos
parametrus un 1pasibas.

Promocijas darba ietvaros izgatavotais termoregul&josais apgerbs ar integrétu/ievietotu
elektrovadoso sist€ému, kur dzesgjoso funkciju veic Peltjé elements, bet siltuma aizvadiSanai
kalpo cietvielas materials — vara folija — ir jauna veida risindgjums jau esoSajiem apg€rbu
prototipiem ar Peltjé elementiem, un, salidzinajuma ar apzinatajam prototipu koncepcijam,
nesatur kustigas detalas, Skidrumus, ir mobils un salidzinoS$i viegls. Savukart mikroklimatu
imitgjoSiem eksperimentiem darba ietvaros izstradata alternativa metode, kas piemérota
laboratorijas apstakliem un neprasa specifiskas, dargas iekartas.

Praktiskais pielietojums

Apkopota un analiz&ta jomas terminologija, metozu apskats elektrovadosu elementu
integréSanai apgerba un elektrovadoso pavedienu veidu apkopojums, ka ari pavedienu ipasibu
un piemérotibas lietoSanai noteiktas tekstiltehnologijas kopsavilkumam paredzams
pielietojums tekstilnozares razotaju un komercijas sféra, ka ari macibu procesa tehnikumos,
augstskolas ar tekstilmaterialu inovacijam saistitos studiju priekSmetos. Savukart darba
izstradato termoregul€josa apgerba prototipu perspektiva iesp&jams izmantot ka prototipu
dzesgjosu apgérbu izgatavoSanai ipasam dzives un darbibas situacijam, piem&ram, militaraja
ipaSuzdevumu apgerba, medicina pacientu termoreguléSanai vai ipasuzdevumu apgerba, kas

javalka, neatkarigi no laika apstakliem.
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1. TEKSTILNOZARES ATTISTIBAS TENDENCES

Tradicionalajai tekstiliju, apgerbu un apavu razoSanai parceloties uz kontinenta Azijas
dalu, kur tekstillielvalsts — Kina - ir ari lielaka apgérbu eksportétaja pasaulé, rodas
nepiecieSamiba péc jauniem risinajumiem un jaunas razoSanas stratégijas izveides Eiropa un,
taja skaita, Latvija. To savos zinojumos uzsver arl Eiropas Ekonomikas un socialo lietu
komiteja, Tpasi noradot uz “netradicionala” sektora attistibas nozimibu.

Efektivi strada tie uznémumi, kas atradusi kadu specifisku nisu vai parorientgjusies uz
tehnisko tekstiliju razoSanu un inovacijam. Tekstilizstradajumi ar integrétam elektrovadosam
sisttmam ir petniecibas joma, kas apvieno inovacijas gan tekstilnozar€, gan ar1 elektronika un
elektrotehnika, un paver plasu p@tniecibas un razoSanas iesp&ju lauku tekstilnozarg. Ta ka
joma ir jauna un mazapgiita, ir nepiecieSams analizét gan viedtekstiliju potencialas tirgus un
pielietojuma iespé&jas, razosanas un materialu izmaksas, un iesp&jamas problémas razoSanas
procesa, tapat ar1 japaredz dabas un apkartgjas vides piesarnojums ekspluatacijas procesa un
pec ta, un iespgjamie draudi cilvéka un citu dzivo butnpu veselibai.

Eiropa tiek veidota vienota stratégija, kas balstita uz jauninajumiem razoS$anas
procesos un materialos, inovativam tehnologijam, par perspektiviem uzskatot mikro-, mazos
un vid§jos uzpémumus, tapat arT atbalstot jaunos zinatniekus un progresivu pétjjumu
virzienus. Kopuma Eiropas stratégiju tekstilrlipniecibas stabilitates nodro§inasanai un
attistibai var iedalit sekojos0s virzienos:

v' inovativu razo$anas tehnologiju attistiba,

v’ jauna veida tekstilprecu jeb viedtekstiliju izgatavosana,

v" tehnisko tekstiliju attistiba un jauna veida pielietojuma pétijumi,

V' atbalsts mikro-, mazajiem un vid&jiem uznpémumiem,

v' saskanota sadarbiba starp ES dalibvalstim un Eiropas Komisiju,

v’ atbalsts jaunajiem zinatniekiem un progresivu pétijumu virzieniem.

Latvija tekstilpre¢u inovaciju zina ir maznozimiga Eiropas valstu starpa. ST niSa
Latvija ir briva un, paraléli tekstilriipniecibas strat€gijai valsti, balstitai lielakoties uz dabigo
Skiedru attistibu, paver iespg€jas ar1 radoSajam potencialam un jauniem izgudrojumiem saskana

ar Eiropas izvirzito tekstilnozares attistibas stratégiju inovaciju virziena.
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2. VIEDTEKSTILIJAS

Par viedtekstiliju starpnozares p&tniecibas aizsac€ju uzskatams prof. Stivs Manns, kas
ipasu ieguldijumu jomas péetnieciba deva jau 80. gados. Sakotngji elektronikas tika
piestiprinatas pie apg€rba vai aksesuariem un bija smagas, apjomigas un robustas.
Samazinoties elektronikas izmériem, laika gaita radas iespgjas tas integrét apgerba un dranas
struktura.

Viedtekstiliju jédziens ictver ka intelektisko (viedo) tekstilsist€ému, ta ari intelektisko
(viedo) tekstilmaterialu nozimi, noradot izstradajuma sp&ju uztvert un reagét uz kadu argjas
vides iedarbibu vai parametru izmainu. Savukart, viedtekstiliju izgatavoSanai, biezi vien, par
pamatu kalpo funkcionalie tekstilmateriali. letvertie jedzieni skaidroti sekojosi:

» Funkcionalais tekstilmaterials — tckstilmaterials, kam pieskirtas funkcijas ar
materiala, sastava, struktiiras un/vai apstrades palidzibu.

» Intelektiskais tekstilmaterials jeb viedtekstilmaterials — funkcionalais tekstilmaterials,
kas aktivi mijiedarbojas ar apkartni, t. i., reag€ uz apkartnes izmainam vai tam
pielagojas.

» Intelektiska tekstilsistema — tekstilsistéma, kas parada ieprieks ieplanotu/paredz&tu un
pielietojamu atbildes reakciju uz kada vides faktora izmainam vai argju signalu.
Literatiira viedtekstilijam tiek iedalitas nosacitas intelekta pakapes, respektivi, to

sp&jas reagét uz argju kairinajumu:

» pasiva (pieméram, drana integrétas optiskas skiedras un elektrovadosi pavedieni, kas
bez papildus iedarbibas, piem&ram, stravas plismas, nekadas noteiktas funkcijas
neveic),

» aktiva (pieméram, agregatstavokli mainosas vielas, integrétas tekstildrana; dranas ar
integrétiem sensoriem u.tml., kas reagé uz klimata izmainam vai kadiem fizikaliem
faktoriem, mainot savas TpaSibas vai parametrus),

» ipasi jeb ultra aktiva (pieméram, sp&ja saglabat apgérba komforta Iimeni, ekstrémi
mainoties apkartgjas vides apstakliem; dranas struktiira ietverti elektronikas elementi,
kas darbojas lidzigi ka maksligais intelekts, Saja gadijjuma tekstilija sp& nosaciti
,1ZVErtet” situaciju un atbilstosi mainit noteiktus parametrus vai 1pasibas).
Viedtekstiliju pielietojuma lauks un nozares ir loti plasas, sakot ar vizualiem efektiem

izklaidei un lidz pat sarezgitu funkciju veiktspg&jai veselibas apriip€ un drosibai ekstremalos
apstaklos. Kopuma tekstilijas, atbilstosi to funkcijam, péc gatavibas pakapes razosanai var

iedalit:
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> Gatavas razoSanai. Seit pakartojas tekstilijas ar uzlabotam vai optimizétam Tpasibam,
piem&ram, Gdens- un v&ju atgridoSas dranas, gaisu un tvaikus caurlaidigi materiali,
dranas ar uzlabotu izturibu: krasnoturibu, pléSanas stipribu, karstum- un
aukstumizturibu, ka arT funkcionalie tekstilmateriali, piem&ram, smarzas izplatoSie un
smakas ierobezojoSie, atstarojosas dranas un materiali ar aizsardzibu pret UV vai
elektromagnétisko starojumu, dranas ar uzlabotu valkasanas komfortu, intelektiskie
termoregul&josie tekstilmateriali, piem&ram, ar PCM kapsulam.

> Attistibas stadija. Seit pakartojas funkcionalie vai intelektiskie tekstilmateriali no
jauna veida Skiedram un intelektiskas tekstilsisttmas ar elektroniskam papildu
funkcijam.

Pie prasibam, kas japaredz intelektiskajiem tekstilmaterialiem, ir pieskaitamas $adas
pasSibas: veiktsp&ja, uzticamiba, ilgmiZiba un informacija par produktu un/vai vides aspekts.
Visproblematiskakais un v&él arvien pilniba neizpétitais lauks viedtekstiliju joma ir
ekologiskas problémas gan valkasanas procesa, pieméram, elektromagnétiska lauka starojuma
izraisita negativa ietekme uz dzivam butn€m vai notekiidenu piesarnosana, gan ari
izstradajumu parstrade péc ekspluatacijas perioda (elektroniku kaitigums apkart&jai videi,
atkritumu palielinasanas u.tml.).

Standarta CEN/TR 16298:2011 noteikts: ,Intelektiskiem tekstilmaterialiem un
tekstilsistéemam vajadz&tu izpildit prasibas, kas tiek izvirzitas Iidzigiem ,,ne-intelektiskajiem”
materialiem un sisttmam, un papildus ar1 specifiskas prasibas, kas saistitas ar to Ipasajam
funkcijam. Prasibu novértéjums biitu javeic saskapa ar nosacijumiem, kas ir raksturigi
paredz€tajam pielietojumam, metodei jabiit atbilstosai, atkartojamai un salidzinamai, un tirgi
pieejamai. Jabiit ietvertiem atbilstoSiem Eiropas un nacionalajiem noteikumiem, ka ari
apstiprinatiem standartiem.” Intelektiskajiem tekstilmaterialiem ir japaredz vismaz viens no
standarta minétajiem aspektiem: veiktsp€ja, uzticamiba, ilgmiiziba un informacija par

produktu un vides aspekts.
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3. ELEKTROVADOSU SISTEMU INTEGRESANA TEKSTILIJA

Elektrovadosu elementu integrésanai tekstilizstradajumos lielakoties tiek izmantotas 3
metodes: integréSana dranas struktiira; elektronikas elementu adaptacija ievietoSanai apgérba
kabatas, Siitos tunelos; kombinacija jeb elementu integracija dranas struktiira skiedru Iiment.
Katrai no metodém ir savas prieksrocibas un trikumi: integracijas metode nodrosina labaku
valkaSanas komfortu un dranas ipaSibas, savukart adaptacijas metode pielauj elementu
nomainu, labosanu, apgérba recikléSanu ta pécekspluatacijas faze.

Atkariba no 1paSibam praksé lietotie elektrovadoSie materiali var bit integréjami gan
tekstilmateriala struktira, gan ta virsma (skat. 1. att.). Piem&ram, kabelveida izstradajumi
nodro$ina labu un vienmé&rigu stravas plismu, toties nav pieme&roti integréSanai dranas
struktura, turpreti smalkas metalu stieples vai metalu monofilamenti petijumos izmantoti ari
integréSanai drana. Savukart viens no piemérotakajiem materialiem elektrovadosSo joslu, ka ari
elektrovadosu elementu izgatavosanai ir elektrovadosSie pavedieni, jo tie ir piem&roti
integréSanai dranas ar dazadam tekstiltehnologijam. Tomér jaatzimé, ka $adiem pavedieniem
médz but augstaka elektriska pretestiba neka metalu vadiem. Ta rezultata Sobrid komerciali
iegiistamie elektrovadoSie pavedieni ir vairak pieméroti elektriskajam sisttmam ar zemu

jaudas patgrinu.

Elektriskas kédes
shémas ,vads”

/\

Tekstildrana Tekstildrana

integréjams nemtegrejams
Elektrovadoss Elektrovk Kabells u.c. kabelveida
tekstilpavediens substance Stieple izstradajumi

1. att.,,Vada” aizvietoSanas veidi viedtekstilijas

ElektrovadoSu tekstiljoslu un dranu izoleSana ir japieméro atbilstoSi paredzétajai
elektrovados$a materiala funkcijai, pieméram, dranas, kas paredzétas elektromagnétiska lauka
ekrangSanai neizole, savukart elektrovadosu elementu savienotdjjoslas ieteicams izolét, lai
pasargatu no argjas vides iedarbibas (mitruma, berzes) un pasargasanai no joslu savstarpgjas

saskares, ka arT saskares ar kermeni.
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4. ELEKTROVADOSI TEKSTILPAVEDIENI

Elektrovadosos pavedienus izgatavo péc Iidzigam metodém, ka ,klasiskos”
tekstilpavedienus (skat. 2. att.), elektrovados$as ipaSibas pieskirot ar kimisko vai dabigo
Skiedru pavedienu aptiSanu, SketeréSanu vai stiegroSanu ar elektrovadoSu pavedienu, vai
metala stiepli, parklajot poliméru filamentus ar metalu dalipam vai filamentu izgatavoSanai

paredzetajai poliméru masai pievienojot metalu dalinas.

Elektrovadosi
pavedieni

multifilamentarie

monopavedieni

pavedieni

‘ dzija |

elektrovadods
filaments

elektrovadosi
filamenti

elektrovadoSi un
«klasiskiew filamenti

elektrovadoSas
StapelSkiedras

elektrovadogas un
eklasiskass Skiedras

2. att. Elektrovadosu pavedienu iedalijums p&c struktiiras

Ka elektrovadosu komponenti izmanto metalu, elektrovadosu poliméru vai oglekla
Skiedras. Komerciali visplasak pieejami ir ar sudrabu parklati poliamida pavedieni un térauda
multifilamentarie pavedieni.

Katrs razotajs specializ€jas noteikta veida elektrovadoSo pavedienu izgatavoSana,
pieméram, Amerikas/Vacijas razotajs Statex un Vacijas Imbut izgatavo ar sudrabu parklatus
poliamida pavedienus, Francijas razotajs Tibtech un Belgijas Bekaert — neriis§josa térauda
multifilamentaros pavedienus, tur pretim Amerikas razotajs Syscom darina ar divam atskirigu
metalu kartam parklatus Zylon vai Vectran izturigus elektrovadoSus multifilamentaros

pavedienus, ko izmanto ari tehniskajas tekstilijas.
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5. MIKROKLIMATA REGULESANA AR APGERBU

Cilveéka apgérba komfortu nosaka gan ta subjektiva psihologiska uztvere, gan ari
fiziologiskie faktori, un visus iectekméjoSos faktorus ir sarezgiti definét.

Paaugstinats gaisa mitrums apgritina cilvéka siltumatdevi, jo sviedri no cilvéka adas
neiztvaiko. Darba vidé siltuma Iimeni parasti nosaka ar periodisko globala mitruma un
temperatiiras Itmenpa indeksu (WBGT) tabulu. Fiziskas aktivitates paaugstinatas vides
temperatiiras un augsta gaisa relativa mitruma apstaklos var negativi ietekmet cilvéka fizisko
un psihisko veselibu. Kermena dzes€Sanas veidus var iedalit konvektivaja dzesésana (auksta
gaisa kustibas rezultata) un tvaiku emisijas rezultata (iztvaikoSana sausa silta gaisa).

Cilvéka apgerba komfortu parasti izsaka ar vielmainas koeficientu (Met) un apgérba
siltuma izolacijas koeficientu (Clo). Apgérba komforts pamata tiek noveértéts péc gaisa
temperatiiras starp apgerba pirmo un otro kartu un relativa gaisa mitruma zem apgérba, kas
tiek noteikti fiziskas aktivitates laika. Apgérba pétnieciba var izdalit sekojoSus posmus:
fizikala problémjautajumu analize (teorétiska dranas analize); biofizikala elementu analize
(prognozg€josa modelésana); cilvéka fiziologiskas pétniecibas ,legalizéSana” (klimata
kameras, manekeni, apg€rba prototips); kontrolétic lauka izmé&ginajumi (atbilstoSos
faktiskajos apstaklos); paterina p&tijumi (testa tirdznieciba).

Pasivaja mikroklimata regulé$ana ar apgerbu nozimiga ir Skiedru un dranas struktira,
savukart aktivaja termoreguléSana — materiala sp&ja reagét uz argjas vides temperatiiras
izmainam, nodro$inot temperatiras lidzsvaru kermena tuvuma. Mikroklimata dzes€Sanai ar
apgeérbu pamata izmanto dzes€josas sistémas ar dzesg€josa Skidruma plismu, ar gaisa pliasmu,
ar ledus vai zelejas pakete€m, ar agregatstavokli mainoSas vielas paketeém vai materialu
tehnologijas, kuras darbiba pamatojas uz iztvaikoSanas procesu. Parasti Sie izstradajumi ir
pieslégti stacionaram stravas avotam, tie ir smagi, ar 1slaicigu iedarbibu un nav regul&jama to
temperatiira. Ka intelektiskais termoregul&joSais tekstilmaterials pieminama drana ar
integrétam agregatstavokli maino$am mikrokapsulam, tomér ari §1 materiala darbibas

temperatiira ir ierobeZota un tam nepiemit specials dzeséSanas efekts.
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6. TERMOREGULEJOSS APGERBS AR IEVIETOTU PELTJE
ELEMENTU

Nemot véra apgerba siltuma komforta nozimi cilvéka darba sp&ju uzturéSana, pasaulé
veikto zinatnisko pétijumu rezultata ir tikuSi patentéti vairaki apgérbu prototipi, kuros
ievietotas sistémas ar Peltjé elementiem (Peltjé elements - elektrotermiskais parveidotajs, kas
uzrada temperatliras starpibu, caur elementu plastot stravai, vai, rodoties temperatiiras
starpibai, uzrada stravas plusmu, skat. 3. att.): sistémas ar vairakiem Peltj¢ elementiem; ar
siltummainu sisttmam; ar caurulvadu sisttmu dzes€josa Skidruma plismai; ar gaisa
kondicionieri. Katrai no $adam sisttmam ir mingtas arT norades uz paredzamiem trukumiem
apgérba valkasanas un KkopSanas procesa, pieméram, daudz detalu sarezgl sistémas
ievietoSanu apgerba, Skidras vielas var noplist, kustigam detalam lastot. Ir veikti arT p&tijumi
Peltje elementa integréSanai dranas struktiira, tomér pétjjumu rezultati praksé demonstré
neefektivu temperatiiras diferences radiSanu uz abam dranas virsmam. Sada drana efektivak

pilda energijas razosanas funkciju.

aukstI pus=

B

p-tipa - :
pusvaditijs == vadit3js

n—tipi | 5 Tog (vard)
PUSVACIEEs [ g0 et pde
{keramika) —

3. att. Peltj¢ elementa princips [avots: http://ixbtlabs.com/articles/peltiercoolers]

Lai izvairitos no sarezgitas konstrukcijas detalu lGSanas un dzes€josa Skidruma
noplasanas, izveidota mikroklimatu regul&josa apgérba koncepcija, kur siltuma aizvadiSanas
funkcija balstas uz siltuma vadiSanu cietvielas. Eksperimentu sérija lietoto materialu un
sensoru izvietojums, lai atrastu piemérotako cietvielas materialu siltuma aizvadi$anai no abam
Peltjé elementa virsmam, paradits 4. att. (,,Peltj¢ elements” apziméts ar ,,PE”).

Eksperimentu laika konstatets, ka metala stieplu dranas, ka ar1 poliestera audums ar
vara parklajumu nesp€j nodrosSinat efektivu siltuma aizvadiSanu, savukart 0,8 mm bieza vara

folija nodro$ina nepiecieSamo siltuma aizvadiSanas efektu pat 8 cm attaluma (skat. 1. tab.).
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a)

< PE dzesgjosajai

. PE metala drana

" PE Karstajai virsmai

pievienota vara folija

“virsmai pievienota f§

1. PE karsta puse

2. PE auksta puse

3.4 cm attdluma no PE
aukstas puses

4. 8 cm attiluma no PE
aukstas puses

4. att. Dzesgjosas sistémas koncepcija ar metala dranu siltuma aizvadisanai no Peltjé elementa (PE)
aukstas puses un vara foliju siltuma aizvadi$anai no siltas puses: a) sist€mas shematisks att€lojums;

b) sensoru izvietojums uz sistémas materialu siltumvaditsp&jas noteikSanai

1.tabula

Peltje elementam pievienotu metala materialu siltumvaditsp€jas salidzinajums (vides t° 22°C,

U=1,9 V un I=0,6 A; ilgums 20 ~ 30 min)

NF Metalu materiala raksturojums Max t° (C) pazeminasanas

Pk Dranas/sieta | Dranas blivums, ~ Stieplu attaluma no PE aukstas virsmas
materials (audi/skéri)/cm diametrs, mm 4cm 8cm

1. terauds 130/118 0,11/0,13 0° 0,5°

2. bronza 55/55 0,112/0,07 0° 1°

3. bronza 97/97 0,04/0,04 0° 1°

4. bronza 16/14 0,28/0,28 0° 2°

5. var$ 8/8 0,28/0,28 1,5° 0,5°

6. var$ 717 0,50/0,50 2° 0,5°

7. vara folija, 2 mm bieza 4° 2°

leprieks€jo eksperimentu rezultata izvirziti uzdevumi talakai pétniecibai:

1) Elektribu vadosa tikla integré$ana apgerba drana;

2) Apgerba prototipa ar integrétu/adaptétu dzes€joso sistemu darbibas efektivitates

parbaude imitetos fiziskas aktivitates un mikroklimata apstak]os.
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7. EKSPERIMENTU METODES

ElektrovadoSo pavedienu 1paSibu noteikSanai veikti sekojoSi eksperimenti
laboratorijas apstaklos:
v Pavedienu elektriskas pretestibas vienméribas koeficienta un elektriskas
pretestibas izmainu noteikSana stiepes ietekmé (pie slodzes 20 cN);
v' Elektriska sprieguma zudumu mérijumi pie 50 mA liela stravas stipruma;
v Eksperimenti elektrovado$o pavedienu piemérotibas $tSanai ka adatas vai/un
kugisa diegu noveértésanai;
v' Elektrovadosu pavedienu piemérotibas adiSanai ar rokas adammasinu
novértéSana un pavedienu elektriskas pretestibas izmainu noteikSana adijuma
stiepes ietekmé (slodze lidz 1000 g);
v" Elektrovadosu elementu — spiedslédza un rezistiva sildelementa - izgatavoSana;
v' MazgaSanas ietekmes uz elektrovadoSu pavedienu elektrovaditspéju (10
mazgasanas ciklos, saudziga rezima, 30 min) novértésana.
Kopuma visos eksperimentos izmantoti razotaju ,,Statex” un ,,Imbut” ar sudrabu
parklati multifilamentarie poliamida pavedieni ar dazadu linearo blivumu un strukttiru, un
razotaja ,,Tibtech” nertis€josa térauda multifilamentarie pavedieni un poliestera un térauda

Skiedru dzija (skat. 2. tab.).

2. tabula
Eksperimentos izmantotie pavedieni
Nr. p. Pavediena apziméjums E,ineﬁrais Pavediena struktiira Papildu apstrade
K. blivums (tex)
Neriiséjosa terauda multifilamentarie pavedieni
1. | Thermotech N-14 500 mazgrodots pavediens | PTFE impregn&jums
2. | Thermotech N-30 240 divkartigs, sketeréts pav. -
Ar sudrabu parklati multifilamentarie poliamida pavedieni
3. |Elitex | 234dtex/f34 23,4 mazgrodots pavediens | izolacijas parklajums
4. | Elitex HE 234dtex/f34 23,4 mazgrodots pavediens Stlegroé;\%;?gnﬂasugu
5. | Elitex 110dtex/f34 11,0 mazgrodots pavediens -
6. |Elitex 110dtex/f34x2 110x2 divkartigs, sketeréts pav. -
7. | Shieldex 235dtex/f34 23,5 mazgrodots pavediens -
8. | Shieldex 235dtex/f34x4 235x4 Cetrkartigs, Sketeréts pav. -
9. | Shieldex 110dtex/f34x2 11x2 divkartigs, sketeréts pav. -
10. |Shieldex 110dtex/f34 11 mazgrodots pavediens -
Teérauda (20%) un poliestera (80%) StapelSkiedru dzija
11. [Nm10/3 | 33,3 ’ triskartiga, Sketercta dzija -
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Izveidotas termoregulacijas sistémas darbiba un Peltjé elementa ar pievienotam vara
folijam siltuma aizvadiSanas efektivitate novértéta pec teorétiskas, prognozgjosas analizes un
cilvéka fiziskas aktivitates eksperimentos. Analizé nemts véra apgerbu izolacijas koeficients
un vielmainas koeficients vidéjas un smagas fiziskas slodzes apstaklos.

Lai parbauditu termoregulacijas sistémas darbibu fiziskas slodzes apstaklos, ir
planotas vairakas eksperimentu s€rijas ar sakotngji izgatavoto un vélak optimizéto apgérba
ievietoto termoregulacijas sistému. Eksperimenti veikti laboratorijas apstaklos atSkirigas gaisa
temperaturas (20-26° C), pie fikséta gaisa relativa mitruma (~60 %) un gaisa kustibas atruma
(>0,1 m/s).

Kopuma var nodalit 3 eksperimentu posmus:

1) Dzesgjosas sistemas darbibas efektivitates noteikSana un ietekmes novértéSana uz

kermena mikroklimata raditajiem (temperatiira, mitrums) 11 punktos (skat. 5. att.).

Sensoru izvietojums

1.- kakla zona

2.- plecs

3.- zem Peltje elementa

4.- 6 cm attaluma no Peltjé elementa
5.- 6 cm attaluma no Peltjé elementa
virziena uz leju

9. un 10. - mitruma sensori

11. - kontroles termistors

sistémas
kontroles
zona

sistémas
darbibas
zona

6.- uz Peltje elementa aukstas virsmas
7.- uz dzes€josas ,,radiatora” virsmas

« 6. auksts x 7.

JOCICICICICTT
* B. karsts

5. att. Sensoru izvietojuma shematisks attélojums uz apgerba pirmas kartas 1. eksperimentu sérija

2) Termoregulacijas sistémas ar Peltjé elementiem (2 un 4) noklata laukuma lieluma
ietekme uz mikroklimata raditajiem, kur sistémas darbibas un efektivitates noveértéSanai
mérfjumi veikti 15 punktos (sensoru izvietojumu skat. 6. att.). Mérijumi veikti mikroklimata
telpa zem apggrba 1. kartas, starp apgérba 1. kartu un kokvilnas kreklu un uz dzesgjosas Peltjé
elementu sist€tmas cilvéka mikroklimata parametru izmainu noteikSanai kermena miera

stavoklt un fiziskas aktivitates laika.
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T - krelds \+ veste ar mikroklimata
#)] kontroles sistému
\ |
DO @%“
sensoru punkti H
i
I
ﬂ 1*_2 virsjaka ar oderi
H— sildo$a radiatora virsma
Peltje elements izolacijas karta
« 6. auksts x 7. —— .
w —++— Peltje elements
* 8. karsts x 16. T -kreks =
x (siltums); x (mitrums) un x (Kontroles termistors) — starp | | apgarba 1. kirta dzes&jo3a radiatora
1. kartu un T-kreklu ivka &d virsma
X (siltums un mitrums) — uz adas cllvekaada
“.% - mitruma sensori
a) b)

6. att. Sensoru izvietojums apgerbu kartas 2. eksperimentu s€rija: a) pretskata; b) skérsgriezuma

3) Optimizétas sist€émas ar rekuperacijas funkciju (daléja energijas atgrieSana stravas

razoSanai) efektivitates noveértéSana fiziskas aktivitates laika (15 min skr&jiens, atrums 7

km/h, sensoru izvietojumu skat. 7. att.). Mérijjumi veikti mikroklimata telpa zem apgerba

pirmas kartas, starp apgérba pirmo kartu un termoreguléjoso apgérbu un uz dzesgjosas Peltjé

elementu sistémas cilvéka mikroklimata parametru izmainu noteikSanai kermena miera

stavoklT un fiziskas aktivitates laika, ka ar1 sistemas ietekmes uz cilvéka mikroklimatu

noveérteésanai.
@ Sensoru izvietojums
Temperatiiras sensori:
/X,l'l 1., 4. — PE auksta virsma
\ff,' 2., 3., 5. - PE sistémas silta puse
T e T ! FoTTTTTTTTT ! 6., 7., 8., 9. —uz krekla zem PE sistémas
AN ! : ! 10 — mugurpusé kakla apvida uz krekla
o . o=y 11., 12. — zem krekla zem PE
| xB  x7 | | x9:x1711
! PO 1 ! . T . .
N L NS Mitruma sensori:
I =-' L - ! 15. — zem krekla kakla apvidii
Zem PE 16., 17. — zem PE sistémas zem krekla
_ x1 x4
auksta puse m PE sistema m auksta puse
karsta puse x2 x3 x5 karsta puse

7. att. Sensoru izvietojuma sheéma
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8. PETIJUMU REZULTATI

Eksperimentali testjot pavedienus, lai apzinatu to ipaSibas, noteiktu piemérotibu

atsevisku elektrovadosSu elementu izgatavoSanai un noskaidrotu 1paSibu noturibu

ekspluatacija, var veikt sekojosu kopsavilkumu (skat. 3. tab.):

v’ Elektriska pretestiba viszemaka ir multifilamentarajam térauda pavedienam

Thermotech N-14 (13 ©/m), savukart ar sudrabu parklatajiem poliamida pavedieniem
viszemaka ta ir Elitex I 234 dtex/f34 (izol&ts) un Elitex 235 dtex/f34 (20 ~ 22 Q/m);

v Variaciju koeficients elektriskajai pretestibai viszemakais (vienmérigaka pretestiba
pavediena garuma briva stavokli) ir multifilamentarajam térauda pavedienam
Thermotech N-30 (0,13), Thermotech N-14 (0,98) un ar elastigu pavedienu
stiegrotajam ar sudrabu parklatajam poliamida pavedienam Elitex HE 234dtex/f34
(0,9);

v" Nostiepta pavediena elektriskas pretestibas izmainas nav konstatétas tikai
multifilamentarajiem té€rauda pavedieniem, pargjiem ta mainas individuali (8. att.);

v Sprieguma zudumi (pie 50 mA stravas) vismazakie ir ar sudrabu parklatajam Elitex
110 dtex/f34x2 pavedienam — 1,5 /20 cm (9. att.);

v Pieméroti $tSanai ar Sujmasinu ka kugiSa un adatas diegs ir Elitex 110 dtex/f34x2 un
Shieldex 110 dtex/f34x2 pavedieni, bet ka kugiSa diegs - lielaka dala ar sudrabu
parklatie poliamida pavedieni;

v Pieméroti adiSanai ir ar sudrabu parklatie poliamida pavedieni bez izolacijas un
poliamida dzija ar metala StapelSkiedram (piem&rota arT sensoru izgatavosanai).

50,00
45,00 ,
4500 40,28 40,68
25’,00 13, 2
20,00
15,00
10,00
5,00 .55 1,16
0,00 — vidéja pretestiba, Q/m
dﬁ,\» b‘\(‘) . ﬁ nostiepta pavediena vidéja pretestiba, Q/m
& \’\?’ ,{:)(" ) elektriskas pretestibas variaciju koeficients, %
SR :
\b‘& <<>§ <<>9 P
= N o
S S N\

8. att. Elektrovadosu pavedienu elektriskas pretestibas variaciju koeficients, vidgja elektriska

pretestiba briva un nostiepta stavoklt
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B pretestiba, Q/cm
M sprieguma (V) zudumi, pie stravas I=50 mA

1 1

=08 08 G

g 0,6 06 3

S 04 0,41 o

& 04 . Eonton - 04 @

S 0,2 02 §
O T T T O

Shieldex Elitex 110/34x2 Elitex 110/34 Thermotech N
235/34x4 30

9. att. Pavedienu sprieguma zudumi pie stravas stipruma 1=50 mA uz 20 cm pavediena garuma.

Ar sudrabu parklatais poliamida pavediens Elitex 110 dtex/f34x2 ir piem&rots gan
StSanai, gan adiSanai, ka arT uzrada optimalas elektriskas un ekspluatacijas 1pasibas, tade] tas
ir izmantots pamata elektrovadosu sistému integréSanai gaismu izstarojoSos te€rpos, ka ari

rezistiva sildelementa izgatavosanai (Skat. 10. att.).

tekstilelektrods
3-D drana
tekstilelektrods

Putu
poliuretans

zig-zag Suves klajums vai uzSita drana
a)

10. att. Elektrovadosa tekstilpavediena integréSana apgerba: a) §uts displejs un elementus savienojosi
celini; b) suts spiedslédzis; ¢) adits rezistivs sildelements
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Testeto elektrovadoSo pavedienu pasibu apkopojums

3.tabula

. Elektriska Variaciju Nostiepta pavediena sprieguma Piemérotiba | Piemérotiba .
Nr. Pavediena - . - L v s . Piemérotiba elementu
k| apzimeiums pretestiba, | koeficients | (ar 20 g) pretestibas zudumi pie Sasanai ar adiSanai ar izeatavosanai
- P ! Q/m (pretestibai) izmainas, % 1=50 mA, V/m Sujmasinu | adammasinu g
Neriis€josa terauda multifilamentarie pavedieni
1 Thermotech 13 0.98 0 ar papildu nav elektrovadosa josla,
" | N-14 ’ apdari piemérots sildelements
Thermotech v dalgji elektrovadosa josla,
2 N-30 28 S b 25 kugisa diegs piemgerots sildelements
Ar sudrabu parklati multifilamentarie poliamida pavedieni
Elitex | ar papildu nav .
3. 234dtex/f34 20 1,16 ()71 apdari piemérots elektrovadosa josla
4, 2Eégg)t(ex 134 22 3,22 ()14 kugisa diegs suts elektrods un josla
Elitex HE v g S elastiga elektrovados$a
5. 234dtex/f34 27 0,9 (+)30 kugisa diegs piemérots josla
Elitex v g . sits elektrods un josla,
6 110dtex/f34 34 234 (+)56 > kugisa diegs piemerots adits sildelements
Elitex i adatas un S sits elektrods un josla,
7 110dtex/f34x2 41 53 ()32 o kugisa diegs piemerots adits sildelements
Shieldex 1 Siits elektrods un josla,
8 235dtex/f34x4 40 2,34 ()5 3 kugisa diegs adits sildelements
g, | Shieldex -850 adatas un ieméErots
" | 110dtex/f34x2 kugisa diegs P
10. ﬂ‘(')‘é'fef(’;fg .5 | >2000 kugita diegs
Teérauda un poliestera StapelSkiedru dzija
11. | Nm10/3 > 1000 ar papildus piemérots adits stiepes sensors

apdari




Elektrovadosie mikroklimata regulacijas sisttmas komponenti ievietoti apgérba,
izmantojot integréSanas un adaptacijas metodes: komunikacijas panell integréti Suti
elektrovados$i celini (Sati ar elektrovadoSiem pavedieniem, skat. 13. att.) un spiedslédzi,
savukart elektronikas detalas: sist€émas kontroles bloks, litija jonu akumulatori, LCD displejs
ievietoti kabatas, bet Peltje eclementu sistéma - speciali Sita detala, kas apgerbam
pievienojama un nonemama (skat. 11. att.: 1 — akumulatori, 2 - elektronikas kontroles bloks, 3

- LCD displejs, 4 - Peltjé elementu ar siltumu aizvadoSajam folijam, 12. att.).

a) b)

12. att. Peltj elementu ievietoSana apgerba: a) Suta detala ar izolacijas kartu Peltjé elementu
ievieto$anai (izstrades procesa); b) apgérba ievietota Peltjé elementu sistéma

. 2 i . = '
! ‘
S x
'

Iz8uti spiedslédzu i LCD monitors

elektrodi

,,,,,, b S
i t
Displeja un $ttu L

IR 3. 4 celinu savienojumi e : : =

- T iy e L : arspiedpogam | _ | SGtielektr e et o e
Sutielektrovadosi | . o PIRCPOg § < ‘W\_S'A“.t' e'i::i':ivadOSI >
celini gt 00 1o e . ool ks

13. att. Komunikacijas panela detalu apstrade un elementu integréSana



Sistemas darbiba un Peltjé elementa ar pievienotam vara folijam siltuma aizvadiSanas
efektivitate ir novertéta péc teorétiskas, prognoz€josas analizes un eksperimentos cilvéka
fiziskas aktivitates procesa. Analizé nemts véra apgerbu izolacijas koeficients un vielmainas
koeficients atbilstosi vidéjai un smagai fiziskai slodzei. Analize lauj secinat, ka 20° C istabas
temperatira (gaisa relativais mitrums 60 %, gaisa kustibas atrums >0,1 m/s) ar Peltje
elementa sistému iesp&jams aizvadit 53 — 61 % siltumu, ko izdala kermenis fiziskas
aktivitates laika.

Lai parbauditu sistémas darbibu fiziskas slodzes apstaklos, ir veiktas eksperimentu
s€rijas ar sakotngji izgatavoto un vélak optimiz&to mikroklimatu regulgjoso sisttému. Kopuma
var iedalit 3 eksperimentu posmus:

1) Dzesejosas sistemas darbibas efektivitates noteik§ana un ietekmes uz
kermena mikroklimata raditajiem (temperatiiru, mitrumu) noveértesana.

Nemot véra cilvéka termoregulacijas principus, sviedru izdaliSanas intensitates un
temperatiiras zongjumu, atbilsto$i sastadits temperatiiras sensoru izvietojuma plans:
temperatiiras sensori (1. - 5.) izvietoti mugurdalas kreisaja pusé lapstinu rajona starp apgérba
pirmo kartu un dzesgjoSo apgérbu, kur paredzéta dzes€Sana ar Peltje elementu. Savukart
temperattiras sensors 11 kontroles parametru iegtiSanai novietots mugurdalas labaja pusg, kur
dzes€Sana nav paredzeta. Temperatiiras sensori 6 - 8 kalpo temperatiiras izmainu novero$anai
uz Peltjé elementa dzesgjosas sisteémas ar vara foliju radiatoriem (7. nod. 5. att.).

Merfjumu diagramma ar ieslégtu dzes€joso sistemu un divam fiziskajam aktivitatem
veérojams temperatiiras kritums visos meérjjumu punktos (iznemot kontroles pusi bez
dzesesanas un kakla rajonu) péc pirmas fiziskas aktivitates (skat. 14. att.), kas sasniedz savu
maksimumu otras aktivitates laika, kad dzes€josaja sistéma, reag€jot uz kermena

mikroklimata temperatiiras paaugstinasanos, notiek strauja temperatiiras pazeminasanas.

36
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14. att. Mérfjumu rezultati ar ieslégtu dzes€joso sisteému
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Eksperimenta rezultata tiek konstatéts negativs fakts: lielas temperattras diferences
del uz elementa virsmam vara folijas neaizvada pietickami atri elementa izdalito siltumu un
sist€éma parkarst. Tas norada uz nepiecieSamibu sistemas elektroniskai optimiz€Sanai.

2) Sistémas ar Peltjé elementu sistému (2 un 4 elementiem) noklata laukuma
lieluma ietekme uz mikroklimata raditajiem.

Eksperiments lauj secinat, ka temperattira ar 4 Peltjé elementiem uz sist€mas pieaug
straujak neka ar 2 Peltje elementiem gan uz karstas, gan dzes€josas Peltje elementu sistémas
virsmam (15. att. 6. temperatiiras sensors atrodas uz Peltjé elementa (PE) aukstas virsmas, bet
7. — uz dzesgjosas vara folijas; 8. — uz Peltjé elementa karstas virsmas un 16. — uz siltumu

aizvadosas vara folijas).

43 Fiziska slodze —h— \

temperatiira, C°
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15. att. M@érijumu rezultatu salidzinajums ar 2 un 4 Peltjé elementiem (PE)

Ar 2 Peltjé elementiem sisteéma péc skrieSanas un jakas nogérbsanas atdziest atrak lidz
zemakai temperatiirai, neka ar 4 elementiem. Kopuma eksperimentu rezultati liecina, ka ar
Peltje elementiem nosegta kermena laukuma palielinaSana negativi ietekmé sist€mas
ieslégSanas atrumu un darbibu, tapat ari Peltje elementu sist€éma apgriitina tdens tvaiku
aizvadiSanu.

3) Optimizétas sistemas (ar rekuperaciju — daléja energijas atgrieSana
stravas razosanai) efektivitates novértésana fiziskas aktivitates laika.

Dzesgjosas sist€émas efektivitate novertéta attieciba pret tadu pasSu apgérbu bez
elektrovadosas dzesgjosas sistemas ar Peltjé elementiem. Temperatiras mérjjumi salidzinati
atseviski pa sensoriem (Sensoru izvietojumu skat. 7. nod. 6. att.), nosakot starpibu starp
augstako temperatiiras kapumu meérjjumos bez dzes€josas sisttmas un atbilstoSiem
mérijumiem ar dzes€joso sisteému (skat. 16. att.). Dal&ja energijas atgrieSana stravas razoSanai

samazina siltuma izdaliSanos uz Peltjé elementa siltas virsmas un siltuma daudzumu, kadu
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nepiecieSams aizvadit ar vara folijam, neparkarsgjot sisttmu un nodrosinot nepiecieSamo

dzeséSanas efektu.

25 ¢
7. sensors
skriefana
w 15+
k) starpiba
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16. att. Temperatiiru salidzinaSanas pa sensoriem piemers

Kopuma vérojama vidgji 1,7° C temperatiiras starpiba Uz sensoriem skrieSanas laika,
savukart pec skrieSanas un ar dzes€josSo sist€tmu ta ir augstaka vidgji par 1,4° C, atSkiras
temperatliru starpibas arT abas mugurdalas pus@s: kreisaja puse ta ir aptuveni 2° C, savukart

labaja pusé tikai 0,7° C (skat. 17. att.).

Nr. Temperatiiras izmainas, °C
Sensora — —
p. skrieSanas péc
Nr. o .
k. laika skrieSanas
1. 6 -2 3
2. 7. -2,2 1
3. 8. -2 1,3
4. 9. -0,7 1
e ~~-- 5. 10. -3 1
¢ i . . 6. 11. -1 1
emp{fr.a uras llzmlf_mas 7. 12 08 14
SKriesanas laika ) videji 17 14

17. att. Temperatiiras starpibu atskiribas mérjjumu vietas

Optimizeta sistema fiziskas aktivitates laika sp€j efektivi nodroSinat temperatiiras
lidzsvaru kermena mikroklimata telpa Peltje elementa sist€mas apvidid, noverSot straujas
temperatiras izmaigas, un tikai péc fiziskam aktivitatém konstaté nelielu temperatiiras
pieaugumu. Lidz ar to, sisteémas darbiba kopuma noveértéjama ka efektiva fiziskas aktivitates
laika. Sistémas uzlaboSanai varétu veikt arT turpmakus pétijumus cita veida siltumu aizvadosa
materiala, ka ar1 Peltje elementus un radiatorus savienojo$a materiala vai savienojosas
tehnologijas izveido$anai, kas nodrosinatu efektivaku siltumvaditsp&ju neka lidzsingja sistéma

ar vara folijam un elektrovadosas limes savienojumu.
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SECINAJUMI UN REZULTATI

Veicot eksperimentus, ir apkopoti secinajumi un noveérojumi par vairaku veidu

elektrovadoSajiem pavedieniem, kurus izgatavojusi dazadi razotaji. Pavedieni atskiras péc to

struktiras (Sketeréti multifilamentarie, mazgrodoti un dzija), péc elektrovadosa materiala

(terauda filamenti vai StapelSkiedras un sudraba parklajums), péc papildu apstrades (izolacijas

parklajums (I), stiegrojums ar elastigu pavedienu (HE), impregnéjums ar PTFE). Kopuma

elektrovadoso pavedienu 1pasibas ir Sadas:

>

Neriis¢josa terauda multifilamentariem pavedieniem piemit zemaka elektriska
pretestiba salidzinajuma ar poliamida pavedieniem, kas parklati ar sudrabu. Tiem ir
mazaks elektriskas pretestibas variaciju koeficients briva stavokli, ka ari stiepes
rezultata tie faktiski nemaina elektrisko pretestibu. Tomér Sie pavedieni ir mazak
elastigi un nav pieméroti integréSanai apgérbu dranas struktiira.

Ar sudrabu parklati multifilamentarie poliamida pavedieni ir elastigi, lokani, péc
savam tehnologiskajam TpaSibam atbilstosi ,.klasisko” tekstilpavedienu ipasibam,
pieméroti integréSanai dranas struktiira $tsanas, adiSanas u.c. tekstila tehnologijas.
Stisanai ar $ujmasinu ir pieméeroti tikai 110 dtex/f34x2 sketerétie pavedieni.
Salidzinosi lielaka elektriska pretestiba un lielakais variaciju koeficients starp lidzigas
struktiras un materialu pavedieniem piemit Elitex 110 dtex/f34x2i Sketerétam
pavedienam. Neskatoties uz to, Sim pavedienam ir viszemakie sprieguma zudumi
(mérot pie 50 mA stravas) no analizé ietvertajiem pavedieniem un tas ir piemerots
dazadu elektrovadoSu elementu izgatavoSanai, ieskaitot aditu pretestibas sildelementu.
Mazgasanas procesa pavedieniem ar sudraba parklajumu pieaug elektriska pretestiba.
Acimredzot metalu dalinas berzes un mazgaSanas lidzekla iedarbibas rezultata
nomazgajas. Turpretim nerGis§josa t€rauda multifilamentarajiem pavedieniem
elektriska pretestiba mazgasanas rezultata pieaug tikai nedaudz.

Lai pasargatu ar sudrabu parklatos multifilamentaros pavedienus no negativas
mazgasanas iedarbibas, ka arT, lai pasargatu elektrovadoSos pavedienus no savstarpgjas
saskares un tiesas saskares ar cilvéka adu, tos iesp&jams parklat ar auduma, silikona
lenti vai limdranas strémeli, ka arT ieStt vil¢ tekstilizstradajuma izgatavos$anas procesa.
ElektrovadoSo pavedienu priekSrocibas attieciba pret stieplém vai smalkiem vadiem ir
iesp&ja tos integrét dranas struktiira, izmantojot dazadas tekstiltehnologijas, kas
nodro$ina dranas 1pasibu (pieméram, lokanibas, elastiguma) saglabasanu valkasanas

procesa.
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Ar izveidoto termoregulacijas apgérba prototipu kopuma veikti 20 eksperimenti ar
ieslégtu un izslégtu dzes€joSo viedapgerbu, un bez dzes€josa apgerba. Eksperimentos ar
izveidoto termoregulacijas apgerba sistému iesp&jams apkopot $adus svarigakos secinajumus:

» Temperatiira mikroklimata telpa meérijjumos ar 4 Peltjé elementiem uz sist€émas pieaug
straujak neka ar 2 Peltje elementiem gan uz karstas, gan dzes€josas Peltje elementu
sistémas virsmam. Tapat arT ar 2 Peltjé elementiem sistéma pec skrieSanas atdziest
atrak neka ar 4 elementiem.

» Peltje elementu skaits nozimigi neietekmé mitruma aizvadiSanas atrumu, bet ietekmé
temperatiiras paaugstinasanos mikroklimata telpa zem elementiem vara folijas gaisa
necaurlaidibas dg].

» Salidzinot apgérba ar optimiz&to sist€mu darbibu attieciba pret apgerbu bez sistémas,
var veérot, ka temperatiiras starpiba vid€ji pazeminas par 1,7° C skrieSanas laika
attieciba pret mérfjjumiem ar apgerbu bez sistémas, savukart péc skrieSanas ar
dzesg€joso sist€mu ta paaugstinas vidgji par 1,4° C.

Eksperimentos ar termoregul&josa apgérba prototipu iegiito datu analizes rezultata
konstatéts, ka kopuma tas atbilst viedapgérba koncepcijai, jo sistéma ievietotais temperatiiras
sensors nodroSina apgérba reakciju uz temperatiiras izmainam cilvéka mikroklimata telpa,
mainoties sistémas parametriem, un §is apgerbs biitu novertéjams ka aktivas termoregulacijas
apgerbs. Savukart eksperimentos ar apgérba prototipu ir nodemonstréta sistémas sp&ja noturét
temperatiiras lidzsvaru, nepielaujot straujus tas kapumus un kritumus fiziskas aktivitates laika.
Tapat ari izveidotais apgerba prototips ir salidzinosi viegls un piemérots valkasanai, ka ari
elektroniskas sist€mas ir €rtas lietosanai. Pirms apgérba mazgasanas un kopSanas Peltjé
elementa sistémas dala kopa ar detalu, kura ievietoti elementi, ir janonem.

Promocijas darba izveidota termoregulgjosa apgerba ar Peltjé elementiem koncepcija
var kalpot par pamatu ipaSuzdevumu apgerbu risinajumiem dzes€joSas funkcijas veikSanai.
Darba apkopotais pétijumu materials par elektrovadoSiem pavedieniem, to pielietojumu
iespgjam un 1pasibam, paredzams praktiskam pielietojumam ka studiju procesa RTU, ta ar1
turpmaka intelektisko tekstilmaterialu pétnieciba un izstradajumu izgatavoSana. Tapat arl
viedtekstiliju starpnozares terminu skaidrojumu apkopojums kalpos macibu un zinatniskas

petniecibas procesam.

32



INTRODUCTION

A high environmental temperature or long periods of physical load have a significant
influence on human body temperature, work effectiveness, health and the feeling of comfort.
Therefore it is important to ensure optimal body temperature. In high temperature conditions,
e.g. firemen work environment, military actions in desert zones, or in the sphere of activity of
motor race drivers there appear supplementary requirements for functions to be imparted to
clothing, e.g. easiness, light weight, mobility and the thermal comfort. The function of
thermoregulatory clothing for the most part as commercial products is known as retaining or
producing heat; cooling clothes are not so popular.

Currently textiles with electric and electronic systems represent some of the most
significant development tendencies in the textile industry. Nevertheless there are still only a
few companies manufacturing commercially available smart textiles with integrated
electronics. For the most part such product concepts are still in the stage of development
because joining of electronics and fabric and the adaption to consumer requirements as
concerns quality and convenience of use is problematic. On the market most often one can
find textiles which perform specific functions, e.g., heating, cooling with electric elements or
communication by means of mobile phone or the global positioning system, but the electronic
or electrical systems are not integrated in the fabric or adapted to the qualities of the fabric.

As one of the cooling system solutions integration of the Peltier element or thermo
electrical generator into clothing is possible. Such a solution — a prototype of the cooling
clothing — was developed before, but some drawbacks were found in it and its effectiveness
was not tested in operation. In order to study, improve and optimize the efficiency of the
system operation, it is planned to find out the options for integrating a conductive system into
clothing — making it more suitable for wear, to check the performance of the system during
physical activities with the body temperature rising and evaluate the correspondence of the
concept of thermoregulatory clothing prototype to the concept of “smart clothing”.
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Objective: To develop the prototype of clothing with integrated conductive system

controlling the microclimate.

Work objectives:

1) to summarize the concepts in smart textiles inter-sector and define the
significance of the sector for the development of textile industry in Latvia and
Europe;

2) to analyse the possibilities of integrating elements of conductive systems into
fabric and clothing;

3) to investigate experimentally the possibility to integrate conductive elements into
textiles;

4) to check the changes in individual conductive elements during simulated process
of wearing;

5) to analyse factors influencing human microclimate;

6) to investigate the possibility of controlling human microclimate by clothes;

7) to check experimentally the possibility to integrate the system elements into
thermoregulatory clothing;

8) to manufacture clothes controlling microclimate with cooling function;

9) to check and assess the functionality of clothing under conditions of physical load.

Research

In the present theses theoretical and experimental research methods have been used:

>

Summarizing and analysis of published and not published information sources —
publications of scientific research on innovations in textile sector, explanatory
documents on inter-sectorial terms and conceptions, publications on the possibility
of conductive system integration and clothing comfort, and analysis of factors
influencing the thermal process in solids, patents of thermoregulatory clothing with
Peltier elements and offers, norms and standards of companies producing
electroconductive yarns. The terms used in the field are summarized in a table.

Analysis of the physical problem question — theoretic prognostication of thermal
processes in the possible variations of cooling systems with Peltier element
according to the type and location of heat removing material, as well as analysis of
the system heat and moisture conductivity process and in the layers of clothing.

Theoretical prognostication and calculation of thermodynamic processes and heat
exchange between human and environment under conditions of certain physical

load.
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» Physiological analysis under laboratory conditions modelling interaction of ambient
microclimate and human, wearing thermoregulatory clothing and without it under
influence of physical load. The data have been processed and analysed using the
method of descriptive statistics.

» Materials research under laboratory conditions, modelling the influence of wearing
and care on fabrics/clothes: as a result of laundering and tension. The data of the
obtained results have been processed using the method of descriptive statistics and
summarized in tables.

Scientific importance

The sphere of smart textiles is a comparatively new inter-sector. The field terminology
has been made more precise only recently and recommended for standardization therefore the
summary of translations into Latvian and notional explanations in the field are a contribution
to the development of textile industry and material science.

The summarized data (results of theoretical analysis and experiments) on the
properties of conductive yarns allow for comparative suitability assessment of yarns having
specific structure, trade mark and different conductive components for manufacture of certain
elements of conductive circuit as well as prognosticate the changes in the yarn conductivity
under influence of specific factors of wearing and cleaning. In the information sources
published until now summarizing information on conductive threads inclusive of their most
important parameters and properties is not available.

The thermoregulatory clothing developed in the framework of the doctoral theses with
integrated/inserted conductive system, where the cooling function is performed by Peltier
element and a solid material — copper foil serving for heat removal presents a new type of
solution for the existing prototypes of clothing with Peltier elements and when compared with
the prototype concepts which have been found, do not contain movable parts and liquids and
is mobile and comparatively lightweight. For experiments simulating microclimate, an
alternative method was used, which is suitable for laboratory conditions and does not require
specific and expensive equipment.

Practical application

The summarized and analysed terms in the sector, overview of methods for integration
of conductive elements into clothing and summary on the types of conductive yarns and the
manufacturers as well as the summary of yarn properties and their suitability for use in certain
textile technologies envisages application in textiles manufacturing and commerce sectors as

well as in the study process of technical schools and higher learning institutions in the study
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subjects on innovations in textile materials. Besides it is possible to use the thermoregulatory

clothing prototype developed in the course of elaboration of the present thesis as basis for

manufacture of cooling clothes for specific situations of life and activities, e.g. for military

special task clothing, in medicine for patient thermoregulation or special tasks clothing which

should be worn irrespective of the weather conditions.

Approbation of the thesis

The research and experiments summarized in the doctoral thesis have been presented,

discussed and approved at several international conferences:

1.

Sahta 1., Baltipa 1., Blims J. The Garments With Integrated Microclimate Control
System. International interdisciplinary scientific conference ENERGY. Riga,
Latvija. 8.-10. October, 20009.

Sahta I, Baltina 1., Blims J. Viedapgerba dzesgjosas sistémas optimizesana. 50.
RTU starptautiska zinatniska konference, Riga: Latvija. 15. oktobris 2009.

Sahta 1., Baltina I., Blums J. Optimization of Smart Clothes System. International
Scientific Conference, Innovative solutions for sustainable development of textiles
industry. Oradea, Romania 28. — 29. May, 2010.

Sahta I., Baltina I., Blums J. Development of Microclimate Regulatory Clothes.
Inter-Academia 2010. The 9™ International Conference on Global Research and
Education. Riga. Latvia. 9. - 12. August, 2010.

Sahta I., Baltipa 1., Blims J. Cilvéka mikroklimata temperatiiras merfjumu
modelgjoSie eksperimenti. 5/. RTU starptautiskd zinatniska konference, Riga:
Latvija. 2010. gada 12. - 15. oktobris

Sahta I., Baltina I., Blums J., Jurkans V. Research of microclimate control system
integrated in the clothes. 4™ Aachen-Dresden International Textile Conference,
Dresden, Germany, 25.-26. November, 2010.

Sahta 1., Blums J., Baltina I., Jurkans V. Thermoregulatory System’s Integrated in
the Clothes Effect on the Human Microclimate. 11" World textile Conference Autex
2011. France, Mulhouse, 8.-10. June, 2011.

Sahta I., Baltina ., Bliims J. Cilvéka siltuma komfortu ietekm&josSo faktoru analize.
RTU 52. Starptautiska zinatniska konference, Riga, 2011. gada 13. — 15. oktobris.
Sahta 1., Baltina 1., Piice M. Tekstilnozares attistibas inovativi risinajumi.
Starptautiska zinatniska konference ,, Tautsaimniecibas attistibas problémas un

risingjumi”, Rézekne, Latvija, 2012. gada 19. aprilis
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10. Shahta 1., Baltina 1., Jurkans V., Blums J. Conductive Yarns Application
Potentialities for Smart Textile. 12" World Textile Conference AUTEX 2012
"Innovative Textile for High Future Demands", Croatia, Zadar, 13.-15. June, 2012.

11. Sahta |., Baltina I, Pice M. Testing of the Electrical System Components
Integrated in the Textiles. 6™ International Textile Clothing and Design Conference
"Magic World of Textiles" (ITC&DC), Croatia, Dubrovnik, 7.-10. October, 2012.

12. Sahta I., Baltina I, Leitane S. Incorporation of Light Emitting Diodes in the
Clothing. Riga Technical University 53 International Scientific Conference
dedicated to the 150th anniversary and The 1st Congress of Worl Engineers and
Riga Polytechnical Institute. Riga, 11.-12. October, 2012

13. Sahta L., Baltina I., Blims J., Jurkans V. The Control of Human Thermal Comfort
by the Smart Clothing. 4™ International Interdisciplinary Scientific Conference
"Society. Health. Welfare", Latvija, Riga, 22.-23. November, 2012

14. Sahta I., Baltina 1., Blims J., Jurkans V. Cilvéka mikroklimata regulésana ar
apgerbu. Latvijas Universitates 71. Zinatniska konference, Riga 2013. gada 22.
februart

15. Sahta I., Baltina I., Truskovska N., Blums J. & Deksnis E. Selection of Conductive
Yarns for Knitting of Electrical Heating Element. 6™ International Conference on
Computational Methods and Experiments in Materials Characterisation 2013,
Italia, Siena 4.-6. June, 2013

Publications

1. Baltina I, Sahta L., Blams J. Elektroniska vieda apgérba sastavdalas un tam
piemérotie materiali. RTU zinatniskie raksti. 9. sér., Materialzinatne. - 3. sgj.
(2008), 71.-81. Ipp.

2. Sahta L., Blams J., Baltina L. Viedap$érba dzeséjosds sistemas optimizéSana. RTU
zinatniskie raksti. 9. sér., Materialzinatne. - 4. s¢j. (2009), 25.-31. Ipp.*

3. Sahta L, Baltina 1., Blims J. Termoelektriska modula integrésanas iespéjas cilveka
mikroklimatu reguléjosos izstradajumos. Patentu apskats. RTU zinatniskie raksti.

9. sér., Materialzinatne. - 4. sgj. (2009), 16.-24. lpp.”

quoted: EBSCO HOST
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4. Sahta I., Baltina L, Blams J., Jurkans V. Research of Microclimate Control System
Integrated in the Clothes. 4™ Aachen-Dresden International Textile Conference,
Germany, Dresden, 25.-26. November, 2010. - pp 1-7.

5. Sahta 1., Baltipa L, Blams J. Optimization of Smart Clothes System. International
Scientific Conference "Innovative Solutions for Sustainable Development of
Textiles Industry”, Romania, Oradea, 28.-29. May, 2010. - pp 148-151."

6. Sahta L., Baltina I., Blums J., Jurkans V. Cilvéeka mikroklimata temperatiiras
merijumu  modeléjoSie  eksperimenti. RTU zinatniskie raksti. 9. sér.,
Materialzinatne. - 5. s¢j. (2010), 162.-167. Ipp.

7. Paraga M., Sahta L. Jeteikumi patérétdjiem alpinistu térpu iegadei. RTU zinatniskie
raksti. 9. sér., Materialzinatne. - 5. s§j. (2010), 168.-175. Ipp.

8. Sahta I., Baltipa 1., Blams J. Development of Microclimate Regulatory Clothes.
Advanced Materials Research. - 222. (2011) 193.-196. Ipp.”

9. Sahta I., Baltipa 1., Blams J. The Garment with Integrated Microclimate Control
System. Acoustic Space, Energy. - 8. (2011) pp 166-171.

10. Sahta L., Baltina 1., Blims J. Apgérba integréta mikroklimata kontroles sistéma.
Acoustic Space, Energy. - 8. (2011) 201.-206. Ipp.

11. Sahta L., Baltina 1., Leitane S., Pice M. Elektrovadosi tekstilpavedieni. RTU
zinatniskie raksti. 9. sér., Materidlzinatne. - 6. sgj. (2011), 115.-122. lpp.”

12. Sahta L., Blims J., Baltina 1., Jurkans V. Thermoregulatory System’s Integrated in
the Clothes Effect on the Human Microclimate. 150 Years of Research and
Innovation in Textile Science: Book of Proceedings, France, Mulhouse, 8.-10. June,
2011. - pp 856-860.

13. Sahta 1., Jurkans V., Baltina L., Blums J. Elektrovadosas sistemas integrésana
termoregulejosa apgérba. RTU zinatniskie raksti. 9. sér., Materialzinatne. - 7. sgj.
(2012), 50.-56. lpp.

14. Sahta 1., Baltipa 1., Blams J., Truskovska N. Conductive Yarns Application
Potentialities for Smart Textile. 12" World Textile Conference AUTEX 2012
"Innovative Textile for High Future Demands": Book of Proceedings, Croatia,
Zadara, 13.-15. June, 2012. - pp 587-592.

" quoted: Ulrich's Update — Periodicals Directory; Directory of Open Access Journals (DOAJ); SCIPIO
quoted: Scientific.Net; SCOPUS
quoted: EBSCO HOST
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15. Sahta I., Baltipa L., Piice M. Tekstilnozares attistibas inovativi risinajumi. Latgales
tautsaimniecibas pétijumi: socialo zinatgu Zurnals. - 1 (4). (2012) 329.-345. Ipp.”
16. Sahta I., Baltipa L., Pice M. Testing of the Electrical System Components
Integrated in the Textiles. 6™ International Textile Clothing and Design Conference
"Magic World of Textiles" (ITC&DC): Book of Proceedings, Croatia, Dubrovnik,

7.-10. October, 2012. - pp 430-435."

Accepted for publication

v' Sahta L, Baltina L., Blims J., Jurkans V. The Control of Human Thermal Comfort by
the Smart Clothing. SHS Web of Conferences. Vol. 3 (2013) ,,4th International
Interdisciplinary Scientific Conference "Society. Health. Welfare”. 12 Ipp.”

v' Sahta I., Baltina I., Truskovska N., Blums J.& Deksnis E. Selection of Conductive
Yarns for Knitting of Electrical Heating Element. HPSM 2014 Conference
Proceedings. Wessex Institute of Technologies. 2014. g. 12 lpp.”

v' Truskovska N., Sahta I., Baltina 1., Blims J. Elektrovadosu pavedienu integrésana
adijuma.RTU zinatniskie raksti. 9. s€r., Materialzinatne. - 8. s¢j. (2013), 8 Ipp.

v Jurkans V., Blums J., Sahta I. Advanced Power Management for Peltier Cooler.
Proceedings of RTU 54" International Scientific Conference. 14. — 16. October, 2013.

-5 pp.

The theoretical and practical elaboration foreruns are introduced into the study process
of RTU Institute of Technology and Design of Textile Materials (TTDI) in the subject
“Progressive Textile Materials” for Clothing and in the textile technology master degree

studies.

" quoted: Index Copernicus scientific publications
quoted: Conference Proceedings Citation Index-Science (CPCI-S)
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1. TEXTILE SECTOR DEVELOPMENT TENDENCIES

At the time when the traditional manufacture of textiles, clothes and footwear is
moving to the Asian part of the continent, where there is the textile power — China which is
the largest exporter of clothing in the world, a necessity arises for new solutions and
development of new manufacturing strategy in Europe inclusive of Latvia. It is also pointed
out by the European Economic and Social Committee in its reports especially drawing
attention to the importance of the “non-traditional” sector development.

The companies which have found a specific niche or have changed the course to the
manufacture of technical textiles and innovations are working effectively. Textiles with
integrated electroconductive systems present a field of research, uniting innovations in textile
sector and electronics as well as in electronics and electrical engineering and opens up a new
scope of opportunities of research and manufacture in the textiles sector. As the field is new
and just slightly acquired it is necessary to analyse the smart textiles potential market and
application possibilities, manufacturing and materials costs and the possible problems in the
manufacturing process, also the pollution of nature and environment in the process of use and
after that and the potential threat to the health of living beings have to be foreseen.

In Europe a unified strategy is developed based on innovations in the manufacturing
processes and materials, innovative techniques, considering as prospective the micro-, small
and medium companies and also supporting the young scientists and progressive research
directions. Generally the European strategy for ensuring the stability and development of
textile industry may be sub-divided according the following tendencies:

v"development of innovative manufacturing technologies,

v manufacture of textiles of a new kind or manufacture of smart textiles,

v development of technical textiles and research into new types of application,

v" support for micro-, small and medium companies,

v' coordinated cooperation among EU member countries and the European
Committee,

v" support for the young scientists and progressive research directions.

Latvia is of little importance among the European countries as concerns innovation in
textiles. This niche is free in Latvia and in parallel to the textile industry strategy in the
country, which is mostly based on development of natural fibres, also opens possibilities for
the creative potential and new inventions in accordance with the strategy set forth by EU for

textile industry in the direction of innovations.
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2. SMART TEXTILES

Prof. Steve Mann may be considered the father of research in smart textiles who gave
a special contribution in the research of the field already in the 80-ties. At first electronics
were attached to the clothes or accessories, they were heavy, bulky and robust. Along with
decreasing of the size of electronics in the course of time there appeared a possibility to
integrate them into clothing and the fabric structure.

The concept of smart textiles includes both importance of the smart textile system and
the smart textile materials, indicating the ability of the product to detect and react to some
change in the environment or parameters. At the same time for manufacturing of smart
textiles functional textiles often serve as a base. Explanations of implied concepts are as
follows:

» Functional textile — textile material, to which functions are imparted by means of
material, composition, structure and/or processing.

» Smart textile material or intelligent textile material — functional textile material
interacting with the environment actively, i.e. reacts or adapts to the changes in
environment.

» Smart textile system — textile system demonstrating a pre-planned/ prognosticated and
applicable reaction to the changes in some environment factor or to an external signal.
In literature smart textiles are subdivided into notional intellect levels namely, their

ability to react to external impulses:

» passive (e.g., optical fibres and conductive yarns are integrated into fabric, which do
not perform any functions without any auxiliary influence, e.g. current flow),

» active (e.g., substances which change their state of aggregation, integrated into the
textile fabric; fabrics with integrated sensors etc. reacting to climate changes or some
physical factors by changing their properties or parameters),

» special or ultra-active (e.g., ability to preserve the clothing comfort level at extreme
changes in environmental conditions; electronics elements included in the structure of
the fabric acting in a similar way as artificial intelligence, in the particular case the
textile is able to conditionally “assess” the situation and change certain parameters or
properties accordingly).

The smart textiles field of application is wide and sectors are multiple, from visual

effect for entertaining to performance of complex functions in health service and safety under
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extreme conditions. On the whole the textiles according to their functions and their stage of
readiness for manufacture may be divided as follows:

» Ready for manufacture. They include textiles with improved or optimized properties,
e.g. waterproof and windproof fabrics; air and steam penetrable materials; fabrics with
improved strength: fade resistance, tear strength, thermal resistance. Include also
functional textile materials, e.g. scent spreading and odour controlling; reflecting
fabrics and materials with protection against UV or electromagnetic radiation; fabrics
with improved wearing comfort; smart thermoregulatory textile materials, e.g., with
PCM capsules.

> In the stage of development. They include functional or smart textile materials from
new kinds of fibres and smart textile systems with electronic auxiliary functions.

As concerns the requirements to be envisaged for smart textile materials the following
properties should be named: performance, reliability, durability and information on the
product and/or environment aspect. The most problematic and still completely unexplored
spheres in the manufacture of smart textiles are ecological problems, both in the process of
wearing, e.g., the negative impact of electromagnetic field radiation on living beings or waste
water pollution and also recycling of the products after the period of use (electronics hazard
for the environment, increase of waste etc.).

The Standard CEN/TR 16298:2011 provides: “Smart textiles and textile systems
should comply with the requirements stipulated for similar “non-intelligent” materials and
systems and additionally also specific requirements related to their specific functions.
Requirement assessment of should be made under conditions characteristic for the intended
use, the method shall be adequate, repeatable and comparable and available on market.
Corresponding European and national regulations shall be included as well as the approved
standards.” The smart textiles shall envisage at least one of the aspects mentioned in the
standard: performance, reliability, durability and information on the product and/or

environment aspect.
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3. ELECTROCONDUCTIVE SYSTEM INTEGRATION INTO
TEXTILES

For integration of electroconductive elements in textiles mostly 3 methods are used:
integration into the structure of the fabric; adaptation of electronic elements to be inserted in
the clothing pockets, in sewn tunnels; combination or integration of the elements into the
fabric structure at the fibre level. Each of these methods has its advantages and drawbacks:
the integration method provides a better wearing comfort and fabric properties, but the
adaptation method permits element change, repair and recycling of clothing after the phase of
use.

Depending on their properties the conductive materials used in practice may be
integrated into the structure of the textile as well as in its surface (see fig. 1). For example
cable type products provide for a good and uniform current, but they are not suitable for
integration into the fabric structure, while thin metal wires or monofilaments are used also in
the research for integration into the fabric, but one of the most suitable materials for
manufacture of conductive traces as well as conductive elements is electroconductive yarns as
they are suitable for integration into fabrics using different textile technologies. Nevertheless
it should be noted that such yarns usually have higher electrical resistance than metal wires,
and as a result the commercially obtainable electroconductive yarns are more suitable for

power systems with a low power input.

Electric circuit

"wire"
/ \
Can be integrated Cannot be integrated
into textile into textile
Conductive textile Conductive Cable-type
yarn substance Wire products

Fig. 1. Ways of replacing “wire” in smart textiles

Insulation of conductive textile traces and fabrics shall be adapted to the intended
functions of the conductive material, e.g., fabrics which are intended for shielding the
electromagnetic field are not insulated, while when intended for protection of connecting
traces of conductive elements from environmental influence — moisture, friction — and from

mutual contact of traces and contact with the body they should be insulated.
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4. CONDUCTIVE YARNS

Conductive yarns are manufactured using similar methods as “conventional” textile
yarns (see fig. 2.), imparting conductive properties by winding, twisting or core covering
chemical or natural fibre threads with an electroconductive yarn or a metal wire, coating
polymer filaments with metal particles or adding metal particles to the polymer mass

envisaged for production of filaments.

Conductive yarns

Monofilament Multifilament Spun yarn
Conductive Conductive Conductive and Conductive staple Conductive and
filament filaments “conventional” filaments fibers “conventional” fibers
—

Twisted, wound, core covered etc.

Fig. 2. Electroconductive yarn division by their structure
Metal, conductive polymer or carbon fibres are used as the conductive component.
More often polyamide yarns coated with silver and steal multifilamentary yarns are
commercially available. As yarn insulation insulating coatings or sewed on cover of fusible
interlinings, fabric strips or silicon tapes etc. are used, which protect the yarn from friction
during laundering as well. The material, its quality, quantity, yarn structure, linear density and
other quality and quantity parameters of yarns determine their properties, conductivity and

options of use.
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5. MICROCLIMATE CONTROL BY CLOTHING

Comfort of clothing for a person is defined both by the subjective psychological
perception and the physiological factors and it is difficult to define all the influencing factors.

High air humidity facilitates human heat elimination as the sweat does not evaporate
from man’s skin. In working environment the heat level is usually established according to
the table of wet-bulb globe temperature index (WBGT). Conditions of physical activity, high
environmental temperature and high relative air humidity may have a negative influence on
man’s physical and mental health. Types of body cooling may be subdivided into convective
cooling (as a result of movements of cold air) and cooling as a result of steam emission
(evaporation in dry and warm air).

Comfort of clothing is usually described by the metabolic rate (Met), clothing thermal
insulation coefficient (Clo). Clothing comfort is basically assessed by the air temperature
between the first and the second layer of clothing and air specific humidity under clothing. It
is assessed during physical activity. In clothing research the following stages may be
distinguished: Physical problem questions analysis (theoretic analysis of the fabric); analysis
of biophysical elements analysis (prognostic modelling); “legalization” of physiological
research of humans (climate cameras, mannequins, prototype of clothing); monitored field
experiments (under corresponding actual conditions); consumption research (test sale).

In passive climate control by clothing the structure of fibres and the fabric is of
importance, but in active thermoregulation — capacity of the material to react to the changes in
environmental temperature providing temperature balance near the body. For cooling of
microclimate by clothing basically cooling systems are used: with flow of cooling liquid, with
air flow, with ice or gel packages, with packages filled with substance changing its state of
aggregation or with material technology the functioning of which is based on the process of
evaporation. Usually these products are connected to a stationary source of voltage, they are
heavy with short-term effect and their temperature cannot be regulated. As an example of
smart thermoregulatory textile a fabric with integrated microcapsules, which are changing the
aggregative state, may be mentioned, still also the operating temperature of the material is

limited and it does not have a specific cooling effect.
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6. TERMOREGULATORY CLOTHING WITH INSERTED
PELTIER ELEMENT

Taking into consideration the importance of the comfort of warmth in sustaining
person’s capacity to work, as a result of scientific research carried out in the world several
prototypes of clothing have been patented, where systems with Peltier elements (Peltier
element - electrothermal converter, which by the current flowing through it, creates a
temperature difference or by the temperature difference causes a current flow, see fig. 3) have
been inserted: systems with several Peltier elements; with heat exchanger systems; with
piping system for flow of cooling liquid; with air conditioner. For each system remarks are
given pointing out drawbacks to be expected in the process of wearing and cleaning the
clothes, e.g. having many details make insertion of the system into clothing complex, liquid
substances may leak when moving parts get broken. Research has been done also to integrate
Peltier elements into the fabric structure, but the research results in practice demonstrate
creating non-effective temperature difference on both the fabric surfaces.

cold side

sermiconductor 0 7
of p-type 4 I
sermiconductorf
of n-type  isalator
(CEeramics)

Fig. 3. The principle of Peltier element [source: http://ixbtlabs.com/articles/peltiercoolers]

To avoid the possibility that parts of a complex structure may break and the cooling
liquid leak, a concept of clothing controlling the microclimate is set forth where the heat
transfer function is based on thermal conductivity of solids. A series of experiments have been
made to find the most suitable solid material for heat transfer from both the surfaces of Peltier
element (the used materials and the sensors locations showed in fig. 4., where the "Peltier
element” lettered "PE").

It has been found during the experiments that fabrics of metal wires as well polyester
fabric with copper coating cannot ensure effective heat transfer, but 0.8 mm thick copper foil

can ensure the necessary heat transfer effect even at a distance of 8 cm (see table 1.).
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a)

N\

a copper foil attached to the

hot surface of PE

<_a metal fabric
attached to the cold &
. pE surface of PE

1. the hot surface of PE
2. the cold surface of PE
3. distance of 4 cm from PE

4, distance of 8 cm from PE

Fig. 4. The concept of cooling system with a metal fabric to remove heat from the Peltier element (PE)
cold side and the copper foil to remove heat from the warm side: a) scheme of the system; b) sensors
location on the system to determine the thermal conductivity of materials

Table 1

Comparison of thermal conductivity of metals connected to Peltier element (ambient T°
22 °C, U=1.9 V and I=0.6 A; duration 20 ~ 30 min)

Metal material characteristics Max t° (C) decrease at a distance

I,tley Fabric/mesh | Fabric density, Wire dia, mm from PE cold surfaces

material warp/weft number 4cm 8cm

1. | steel 130/118 0.11/0.13 0° 0.5°
2. | bronze 55/55 0.112/0.07 0° 1°
3. | bronze 97/97 0.04/0.04 0° 1°
4. | bronze 16/14 0.28/0.28 0° 2°

5. | copper 8/8 0.28/0.28 1.5° 0.5°

6. | copper 717 0.50/0.50 2° 0.5°
7. copper foil, 2 mm thick 4° 2°

As a result of the prior experiments the following tasks have been set forth:

1) Integration of electroconductive net into the clothing fabric;

2) Test of the operating efficiency of clothing prototype with integrated/adapted

cooling system under simulated conditions of physical activity and microclimate.
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7. EXPERIMENT METHODS

The following experiments have been made to determine the properties of
electroconductive yarns under laboratory conditions:

v Determination of filament electrical resistance uniformity coefficient and changes

in electrical resistance under influence of tension (at 20 cN load);

v" Measurements of yarn voltage loss at 50 mA current;

v Experiments to assess the yarn suitability for sewing, when using as needle thread

and shuttle thread;

v' Suitability of conductive yarns for knitting using manual knitting machine and

changes in the yarn electrical resistance in the knitting under tension (load up to
1000 g);

v" Manufacture of electroconductive elements — a finger push switch and resistive

heating element;

v Influence of laundering on the conductivity of electroconductive filaments (10

washing cycles, washing for delicates, 30 min).

Generally multifilamentary polyamide yarn by manufacturers Statex and Imbut, coated
with silver having different linear density and structure, a yarn with insulating coating and
yarn core covered with elastic yarn, and the stainless steel mulifilamentary yarns by the
manufacturer Tibtech and polyester and steel fibre spun yarns were used in all the
experiments (see table 2).

The operation of the created thermoregulatory system and heat conduction efficiency
of the Peltier element with incorporated copper foils has been assessed after theoretic and
prognosticating analysis and in the experiments under conditions of human physical activity.
In the analysis the clothing insulation coefficient and metabolic rate under conditions of
medium and heavy physical load have been taken into account.

To check the work of thermoregulatory system under conditions of physical load
several series of experiments are planned with the initially created and later optimized
thermoregulatory system incorporated in clothing. The experiments were made under
laboratory conditions at different air temperatures, relative air humidity ~60 %, rate of air

movement >0.1 m/s.
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In the experiments used yarns

Table 2

N:('.p' Yarn type derl;sli?jazzex) Yarn structure ﬁfo(il:s;)innﬂ
Multifilament stainless steel yarns
Thermotech N-14 500 low twisted yarn PTFE impregnated
Thermotech N-30 240 2-plied, twisted yarn -
Silver coated multifilament polyamide yarns
3. |Elitex | 234dtex/f34 23.4 low twisted yarn insulating coating
4. |Elitex HE 234dtex/f34 23.4 low twisted yarn core covered with
elastic yarn
5. | Elitex 110dtex/f34 11.0 low twisted yarn -
6. |Elitex 110dtex/f34x2 11.0x2 2-plied, twisted yarn -
7. | Shieldex 235dtex/f34 235 low twisted yarn -
8. | Shieldex 235dtex/f34x4 23.5x4 4-plied, twisted yarn -
9. | Shieldex 110dtex/f34x2 11x2 2-plied, twisted yarn -
10. |Shieldex 110dtex/f34 11 low twisted yarn -
809% polyester + 20% stainless steel spun yarn
11. |Nm10/3 33.3 3-plied, spun yarn -

In general 3 experiment stages may be identified:

1) Determination of the operation efficiency of the cooling system and assessment of
its influence on body microclimate parameters (temperature, humidity). The measurements in

11 points on the first layer of clothing are performed (see fig. 5.).
Sensors location

1.- the neck area

2.- the shoulder

3.- under the Peltier element

4.- distance of 6 cm from Peltier element
5.- distance of 6 cm from Peltier element
downwards

9. and 10. - moisture (resistance) sensors
11. - control termistor

Control
area of
system

Operation
area of
system

6.- on the cold side of Peltier element
7.- on the cooling copper foil

.. 6. cold % 7.

SOOI

% 8.
hot

Fig. 5. Sensors location on the first layer of clothing system during the 1% part of experiments

2) Influence of the size of thermoregulatory system area covered with Peltier elements

(2 and 4) on microclimate indices, measurements in 15 points to assess the efficiency of the
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system (see fig. 6). To observe the changes of body parameters at rest and during physical

activity the measurements of human microclimate are performed under the first layer of

clothing, between the first layer and a cotton shirt, and on the Peltier element cooling system.

" T-shirt

Peltier element

. 6. cold x 7.

ST

8. x 16.

hot

X (temperature), x (moisture) and x (control sensor) — between
1. layer and T-shirt
X (temperature and moisture) — on the skin

\+ The vest with
2 microclimate control

\ ! system
|

DO IGO0
Sensors points

&

ML

Jacket with a lining

Copper foil of warm
side

Isolation layer
Peltier element

T-shirt Ml
1. layer of Copper foil of cool
clothing side
Skin

a)

b)

Fig. 6. Sensors location in clothing layers during the 2" part of experiments: a) front view; b) cross

section

3) Assessment of the optimized system (with the recuperation function — partial

recovery of energy for generation of current) during physical activity (15 min run, speed

7 km/h). To observe the changes of body parameters at rest and during physical activity, as

well as to assess the system effect on the human microclimate the measurements of human

microclimate are performed under the first layer of clothing, between the first layer and

cooling system, and on the Peltier element cooling system (see fig. 7).

/\_/\ Sensors location
— Temperature sensors:
15 1., 4. — cold side of PE
___________ A, 2., 3., 5. - hot side of PE system
| .-x8 L ! 6., 7., 8., 9. —on the shirt under PE
: (X”{,‘ L ! 10 — back side, neck area
AT S B X9 ix17) ! 11., 12. — under the shirt and PE
L Ly b T
! et v et ! Moisture sensors:
"""" =" AN 15. — under the shirt in the neck area
under PE 16., 17. — under PE and shirt
x1 x4
cold side B PE system cold side
hot side x2 x3 m hot side

Fig. 7. Sensors location during the 3™ part of experiments
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8. RESEARCH RESULTS

Experimentally testing the yarns to determine their suitability as to their properties and

for manufacture of particular electroconductive elements and also the stability of the
properties in use summary can be made as follows (see Table 3):

50,00
45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00
5,00
0,00

24 2030 21,72 26,90 28,00 37,
g 28,
13, - |
s
.55 1,16 ; s
= & 4 “

v Multifilamentary steel yarn Thermotech N-14 has the lowest electric resistance

(13 ©/m), but of the polyamide yarns coated with silver it is the lowest for Elitex |
234 dtex/f34 (insulated) and Elitex 235 dtex/f34 (20 ~ 22 Q/m);

The multifilamentary steel yarn Thermotech N-30 (0,13) and Thermotech N-14
(0.98) as well as the core covered with elastic yarn and silver coated polyamide
yarn Elitex HE 234 dtex/f34 (0.9) have the lowest variation coefficient of electric
resistance (the most uniform resistance over the yarn length);

Changes in electric resistance of a tensioned yarn have not been found only in
multifilamentary steel yarns, in others it changes individually (see fig. 8);

Voltage loss (at 50 mA current) is lowest for the silver coated Elitex 110
dtex/f34x2-ply yarn — 1.5 /20 cm (see fig. 9);

Suitability for sewing with sewing machine: as shuttle thread and needle thread
Elitex 110 dtex/f34x2-ply and Shieldex 110 dtex/f34x2-ply yarns, but as shuttle
thread — most part of the silver coated polyamide yarns;

Silver coated polyamide yarns without insulation and spun yarn with polyamide

and metal staple fibres (suitable for manufacture of sensors as well) are suitable
for knitting.

52,6

34,6 34,12 40,68

average resistance, Q/m

\(”b‘ K o . 24 ﬁ average resistance of a tensioned yarn, Q/m
™ K
5 ,{3,‘9\ oD & variation coefficient of electrical resistance, %
& > & > '
N Q) w* v
< o %) o
D > % >
S N & 05 N
% & & o
& &
B >

Fig. 8. Average resistance of conductive yarns (in free state), average resistance of a tensioned yarn

(20 g load) and the variation coefficient of electrical resistance
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£ resistance, Q/cm
B voltage losses (V) at current 1I=50 mA

1 1

> 08 0,8 i

§3°'6 04 N 04 06 g

504 - 04 7

>0.2 02
0 . . 0

Shieldex Elitex 110/34x2 Elitex 110/34 Thermotech N
235/34x4 30

Fig. 9. Voltage losses (V) of conductive yarns (20 cm long) at the current =50 mA

For integration of electroconductive systems in light emitting clothes as well as for
manufacture of resistive heating element basically Elitex 110 dtex/f34x2-ply silver coated

polyamide yarn was used. This yarn is suitable both for sewing and knitting, as well as it

demonstrates optimal electrical and operating properties (see fig. 10).

textile electrode
3-D fabric
textile electrode

l
3-D fabric

layer of zig-zag stich or fabric sewn on

b) | b)

W?

AR RS

Fig. 10. Integration of electrically conductive yarn into clothing: a) sewn display and traces
connecting conductive elements; b) sewn push switch; c¢) knitted resistive heating element
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Summary of the tested electroconductive yarns

Table 3

Thread Electrical Variation Resistance changes Voltage loss Suitability Suitability Suitability for element
No. descrintion resistance, coefficient of tensioned yarn At 1=50 mA, for sewing for machine manﬁfacture
P Q/m (resistance) (209), % V/im machine knitting
Stainless steel multifilamentary yarns
Thermotech . Additional . Conductive trace,
1. N-14 13 0.98 0 Not determined finish Not suitable heating element
Thermotech Shuttle Suitable Conductive trace,
2 N-30 28 B . 2:5 thread partly heating element
Silver coated multifilamentary polyamide yarns
Elitex | . Additional . .
3. 234dtex/f34 20 1.16 ()71 Not determined finish Not suitable Conductive trace
Elitex . Shuttle Not Sewn electrode and
4 235dtex/f34 = 3.22 (-)14 Not determined thread determined trace
Elitex HE . Shuttle . Elastic
S 234dtex/f34 27 o (+)30 Not determined thread Suitable electroconductive trace
Elitex Shuttle . Sewn electrode, trace,
6 110dtex/f34 34 2:34 (+)56 ° thread Sl knit heating element
. Needle and
Elitex . Sewn electrode, trace,
[ 110dtex/f34x2 4l 53 ()32 Lo2 ez Sl knit heating element
thread
Shieldex Shuttle Not Sewn electrode, trace,
8 235dtex/f34x4 40 2:34 ()5 3 thread determined knit heating element
Shieldex Not Needle and
9. ~ 850 . Not determined Not determined shuttle Suitable Not determined
110dtex/f34x2 determined thread
Shieldex Not oy . Shuttle Not .
10. 110dtex/f34 Z > 2000 determined Not determined Not determined thread determined Not determined
Steel and polyester staple fibre spun yarn
11. | Nm10/3 > 1000 NOt. Not determined Not determined Addlfuonal Suitable Knit tension sensor
determined trim




Electroconductive components of the microclimate control system incorporated in
clothes, using the methods of integration and adaption: sewn conductive tracks integrated into
communication panel (sewn with electroconductive thread, see fig. 13) and a finger push
switch, and electronic parts: system control unit, lithium ion batteries, LCD display are
inserted in the pockets, but the Peltier element system — in a special sewn detail which can be
attached and taken off (see fig. 11, 1 — batteries, 2 - electronic control unit, 3 - LCD display, 4

- Peltier elements with heat transfer foils, fig. 12).

a) b)
Fig. 12. Incorporation of Peltier elements into the clothing: a) sewn detail with an insulating layer for
insertion of Peltier element; b) the system of Peltier elements incorporated into the vest

| Embroidered LCD monitor
E ¥ push switch :
g ;

AP L g B
& © @ i &1
® W & Display and sewn A o

— i 1 traces connections with i
Sewnelectro- | i metal snap-fasteners 6‘ ___ Sewn electro- 9 :
conductive traces j > : = conductive traces e

Fig. 13. Processing of communication panel parts and elements integration
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The work of the system and heat transfer efficiency of Peltier element with attached
foils is assessed according theoretic, prognosticating analysis and by experiments under
conditions of human physical activity. In the analysis the clothing insulation coefficient and
metabolism rate under conditions of heavy physical load have been taken into account. The
analysis allows concluding that under particular conditions (room temperature of 20° C, 60 %
air humidity and air velocity of >0.1 m/s) with the Peltier element system it would be possible
to transfer 53 — 61 % of superfluous heat produced by the body during physical activity.

In order to check the system operation under conditions of physical load a series of
experiments have been made with the initially created and later optimized thermoregulatory
system. In general the experiments may be subdivided into 3 stages:

1) Determination of cooling system operation efficiency and assessment of its
effect on body microclimate indices (temperature, humidity).

The location plan of temperature sensors has been elaborated taking into account
thermoregulation principles of humans, zoning of perspiration intensity and temperature
accordingly: temperature sensors 1 - 5 are located in the back left part in the shoulder-blade
area between the first layer of clothes and the cooling clothing where cooling with Peltier
element is envisaged. To obtain control parameters the temperature sensor 11 is located in the
back right part, where cooling is not envisaged. The temperature sensors 6 - 8 serve for
monitoring of temperature changes on the Peltier element cooling system with copper foil
radiators (see chapter 7, fig. 5).

In the measurements diagram — with a switched on cooling system and two physical
activities — temperature decrease can be observed in all the measurement points after the first
physical activity (see fig. 14), which reaches its maximum during the second activity at the
time when a rapid temperature decrease happens in the cooling system in response to increase

of the body microclimate temperature.

36
1 system switched on physical activity ‘ ‘ physical activity | | system switched off
I n 1 [ -
35 .. R | control termistor | | _sensor in the neck area
- = . BT
o == : A R———
.34 = N~ _ | | A ——
2] . SN e m— 7‘ o e — e a ——
— s - i\ S 53 - . — p— & ™
3 ----- "--\ AR O L L "-h"’.'-"l-- ssesssses oMY N oo > o -
g - \¥V” s .= 7 \/_7
o LY = p g
g 32 \ AN i ot / o e P i
[ 7 o =
=1 . ”~
A7
31 \ V’
30 T T T T
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
NS W 00D NS WD O NS W0 DN S W00 D N S WO ST WD NS W00 DN T W o o oW
HHHHH NN N NN M N e N M S S ST S S N W n W W WD W w WO M~ P~ P~ M M~ 00000000
time, s
sensorl essese sensor2 =— sensor3 ----sensord — — -sensor5 sensor 7 — - sensor 11

Fig. 14. Measurements with switched on cooling system and physical activities
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As a result of the experiment a negative fact is found: due to the high temperature
difference on the element surfaces the copper foils cannot transfer the heat produced by the
element fast enough and the system overheats. It indicates the necessity of electronic
optimization of the system.

2) Influence of the area covered by the system with Peltier element system
(elements 2 and 4) on the microclimate indices.

The experiment allows to conclude that the temperature using 4 Peltier elements on
the system increases more rapidly than with 2 Peltier elements, both on the hot and on the
cooling surfaces of the Peltier element system (see fig. 15, temperature sensor 6 is located on
the cold surface of Peltier element, and sensor 7 — on the cooling copper foil; sensor 8 — on

the Peltier element hot surface and sensor 16 — on the heat transferring copper foil).

45 - i —

e Phvsical load -

43 o / o e ————r \\

42 -

s TN O\

: 7 B remm———
38 2 \ \

temperature, C*

-— se.6;2PE — se.7;2PE -— se.8;2PE — se. 1l6; 2 PE

se. 6; 4 PE

se.7; 4 PE

se. 8; 4 PE

se. 16; 4 PE

Fig. 15. The measurements with 2 and 4 Peltier coolers results comparison

After running and taking the jacket off the system with 2 Peltier elements is cooling
faster acquiring lower temperature than with 4 elements. In general the experiment results are
indicative of the fact that increasing of the body area covered with Peltier elements have a
negative effect on the system response to switching on and operation, likewise the Peltier
element system makes transfer of water vapours difficult.

3) Assessment of the optimized system (with recuperation — partial energy
recovery for generation of current) efficiency during physical activity.

The efficiency of the cooling system has been assessed in comparison with the same
clothes without the electroconducting cooling system with Peltier elements. The temperature
measurement results are compared separately for each sensor (sensors location see chapter 7,
fig. 7) finding the difference between the highest temperature increase points in measurements
without the cooling system and the measurements at the respective points with the cooling

system (see fig. 16).
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Partial return of energy for current generation reduces the heat emission from heated
surface of the Peltier element and the amount of heat that is necessary to drain with the help

of a copper foil to do not overheat the system and provide the necessary cooling effect.

i sensor 7

running

difference /'—»v\

1201 13

temperature, C
[=1
=
]
]

time, 5

— with system — without system

Fig.16. Example of temperature comparison at respective sensors

In general average temperature difference of the sensors during running is 1.7 °C, but
after running the temperature difference changes and with the cooling system it is higher in
average by 1.4° C, the temperature difference varies also over both halves of the back part: on

the left it is approximately 2° C, but on right only 0.7° C (see fig. 17).

Temperature changes, °C
Item | No. of -
during the after the
No. sensor . .
running running
1. 6 -2 3
2. 7. -2.2 1
. e 3. 8. -2 1.3
(-2} -2,2 t0,7; nl 07 !
5, 10. -3 1
. 6. 11. -1 1
Temperattrl]Jre chapges during = o o T2
€ running 8. average -1.7 1.4

Fig. 17. The temperature differences on measurement locations

During physical activity the optimized system can ensure the temperature balance in
the system area, preventing extreme temperature changes and only after physical activities a
slight temperature increase is found. Thus in general the work of the system can be assesses as
effective during physical activities. In order to improve the system further research should be
carried out of another type of the heat transfer material, as well as the material connecting the
Peltier elements and the radiator or the connecting technologies that would provide more
effective heat conduction as compared with the current system with the copper foils and
conductive glue connection.
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CONCLUSIONS AND RESULTS

Upon making experiments conclusions and observations have been summarized

regarding several kinds of electroconductive yarns made by different manufacturers. The

yarns differ by their structure (multifilamentary twisted, slightly twisted and twisted yarn), by

the conductive material (steel filaments for staple fibre and silver coating), by additional

processing (insulation cover (), core covered with elastic yarn (HE), impregnation with

PTFE). In general electroconductive yarn properties are as described below:

>

Stainless steel multifilamentary yarns have lower electric resistance than polyamide yarns
coated with silver; they have a lower coefficient of variation (of electrical resistance) and
their electrical resistance actually does not change as a result of tension. Nevertheless
these yarns are less elastic and are not suitable for integration into the structure of fabrics
applicable for manufacture of clothing.

Silver coated multifilamentary polyamide yarns are elastic, flexible and in respect of their
textile properties correspond to the “conventional” textile yarns. They are suitable for
integration into the fabric structure by sewing and knitting. For use with a sewing
machine suitable are only 110 dtex/f34x2-ply twisted yarns.

Elitex 110dtex/f34x2-ply twisted yarn has a comparatively higher electric resistance and
the biggest coefficient of variations among yarns having similar structure and materials.
Nevertheless this yarn has the lowest voltage loss (measured at 50 mA current) of the
measured yarns, and it is suitable for manufacture of conductive elements including,
knitted electric resistance heating element.

During laundering the electric resistance of silver coated yarns increases. It is obvious
that metal particles wash off under influence of friction and detergent. But the electric
resistance of stainless steel multifilamentary yarns increases only a little as a result of
laundering.

In order to protect the silver coated multifilamentary yarns from the negative influence of
laundering as well as to protect the conductive yarns against mutual contact and contact
with human skin it is possible to cover them with a strip of fabric, silicone tape or a strip
of adhesive fabric as well as sow into a seam during manufacturing process of the textile.
Advantage of electroconductive yarns as compared with wires or thin wires is the
possibility to integrate them into the fabric structure using different textile technologies
ensuring retaining of the fabric properties (e.g. flexibility elasticity) in the process of

wearing.
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Overall 20 experiments have been made with the developed thermoregulatory clothing
prototype both with the cooling garment in switched on and switched off mode, with and
without it. In experiments with the developed thermoregulatory clothing system the most
important conclusions can be summarized:

» During experiments it was observed that the temperature in the microclimate spaces in
the measurements with 4 Peltier elements on the system rises more rapidly than with 2
Peltier elements, both on the hot and cooling surfaces of the Peltier element system. Also
the system with 2 Peltier elements cools faster after running than the one with 4 elements.

» The number of Peltier elements has no significant influence on the rate of humidity
transfer, but it influences the temperature increase in the microclimate space under the
elements due to lack of movement through the copper foil.

» Upon comparison of the work of the clothing with the optimized system against the
clothing without the system it can be observed that the temperature difference on the
average is lower by 1.7° C during running as compared to the measurements with the
clothing without the system, while with the cooling system after running it increases on
the average by 1.4° C.

Upon analysing the obtained dates of experiments and the thermoregulatory clothing
prototype developed as a result of the work conclusions must be drawn that on the whole it
corresponds to the concept of smart clothing, because the temperature sensor incorporated in
the system provides for the clothing response to the temperature changes in the human
microclimate space changing the system parameters and this system should be evaluated as an
active thermoregulatory clothing. At the same time the experiments with the clothing
prototype have demonstrated the ability of the system to sustain the temperature balance
preventing extreme increase or decrease during physical activity. The developed clothing
prototype is comparatively light, suitable for wearing and for convenient use of the electronic
system. Before laundering and cleaning of the garment the system part with the Peltier
element together with the detail where the elements are inserted should be taken off.

The concept of thermoregulatory clothing with Peltier elements elaborated in the
doctoral theses may serve as basis for solutions of special tasks clothing to provide cooling
functions. The research material summarized in the thesis on conductive yarns, possibilities of
their application and properties is envisaged for practical application in the study process in
RTU as well as for further research in smart textile materials and product manufacture. In the
same time the summary of smart textiles inter-sectorial terms explanations will serve for the

study and research process.
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