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A RESEARCH ABOUT PRODUCTION METHODS AND PROPERTIES OF 

CONDUCTIVE YARNS 

 

ABSTRACT 

 

 

Of late of years human needs, which are increased quickly, demand technological 

applications of textile products more than classical textile products. This condition 

causes that alternative textile products come out to provide a great deal investigation 

and development. Electronic textile products, because of their wide application areas 

with could answer these searches, production methods have been common. 

Nowadays, in first instance, having a purpose which impending military and 

medicine areas, industry with space labours and protection, heating, defence, 

medicine, communication, calculation, otomation,  textile products have taken part in 

daily life. In production and improvement these products have been used diffirent 

techniques. One of them, production of yarns which have containing metallic wire 

and acquiring fabric surface in this area. 

 

In this study, it is aim that to produce cotton and polyacrylic yarns which are 

containing copper and stainless steel wire. Throughout production, operating 

different production methods, machine drawing calibrations, raw material ratios and 

wire fineness, and obtained yarns phycsical properties which are fineness, strenght, 

hairness are analyzed. With having studies, in future, have been evaluated product 

(yarn containig a metal wire) and production methods which could use in production 

electronic textiles and have presented problems with during production phase and 

solution suggestion to these cases. 

 

Keywords: Conductive yarns, metallic wires, electronic textiles, yarn production 

methods 
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1.1 Genel B  

  

ur

 

 

 

gereksinimleri yerine getirmektedir (Vassiliadis, Provatidis, Prekas, Rangussi, 2005). 

ygu

 (Aniolczyk,  Koprowska, Mamrot, Lichawska, 2004). Askeri 

giysilerde, iletken malzemeler tekstil mal

 

. 
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 tekstiller (karma  (Anderson 

ve Seyam, 2002; Maclaga ve Fisher, 2001). 

 

 

 

eren iplik 

  iki tip metal ile 

numar gibi fiziksel 

  

 

 

 



 

 

3 

 

  

 

 

 

 

teknolojik olan

tekstillerin uygulama alanlar  . 

 

  

  

 Clothtech: Giysi ve ayak giyecekleri 

  

  

  

  

 Packtech: Paketleme 

  

 Mobi  

  

 Sporttech: Spor ve serbest zaman 

 

 

 gibi bir  (Mecit ve 

. 
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. 

 

 t

 . 

 

rme, filtrasyon, drenaj ve bariyer 

 

 

teknik tekstillerin mobilyalar, yataklar, vatkalar, 

 

(Mecit v . 

 

. 

 

eri gibi 

 . 

 

paketleme ve ambalaj sanayiin

 . 

 

ed

 (  . 
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iltreler bu alana girmektedir 

. 

 

Protech 

 ekipmanlardan 

. 

 

e serbest zaman giysileri, alet ve 

 . 

 

2.2  

 

 

Ak ll  tekstiller; tekstil teknolojisi ve sentetik elyaflardaki geli melerle birlikte 

malzeme bilimi, tasar i, t p gibi disiplinler 

aras  . Ba lang p alan , bebekler, 

ya l ilerle askeriye ve uzay yolcular  

yan ak ll  r giyim 

lam t r. Gelecekte de ak ll  

tekstillerin de  

olu turaca  . 

 

r giyim konular malar yapan Hohenstein 

Ara t ll  tekstilleri 5 alanda gruplayan ve s n fland ran bir sistem 

olu turmu tur. 

Transfer Sistemleri (Transfer Systems): 

tirilmi  

bas nca ve s ca a maruz kald nda belirli aktif maddeler yaymaktad rlar. T bbi 

alandaki te his uygulamalar nda sporcular n doping kontrollerinin yap lmas nda 
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kullan lar insan tenindeki ifrazatlar  

emmekte ve bunlar  t bbi olarak de erlendirmektedir.  

Adapte Olabilen Sistemler (Adaptive Systems): Adapte olabilen sistemler 

kendili inden i en artlara adapte olmaktad r. Bunlar nem, 

k ve s  de i s  

de i ikliklerine kendili

teknolojiye dayal  malzemeler ilk olarak, astronotlar  a r  so uk ve kavurucu 

s cakl klar aras ndaki s  de i

ve eldivenlerinde kullan lm t  zaman 

 lmaktad r. talyan Corpe Nove 

firmas  s  salan ve uzayan bir elbise 

geli tirmi tir. 

Ak ll  Giysiler (Smart Clothing):  giysilere 

entegre eden tekstil temelli bilgi ve ileti iyen 

ki inin kalp at , nefes al , nab cakl n n izlenmesi gibi 30 

hayati de i keni 24 saat boyunca izleyebilen, gerekli durumlarda kablosuz ileti im 

a yla gerekli ki ileri an nd

 zamanda her y l binlerce uyuyan bebe

in soluk almas  

durdu unda, kalp at m say s s s nda beklenmedik bir de i iklik 

oldu i iklikleri ki isel 

dijital yard mc lar (PDA) veya ki isel bilgisayarlara aktarmaktad r. 

Aktar c  Sistemler (Transponder Systems): Bu guruptaki ak ll  tekstiller, lazer 

kodlar  veya radyo frekans alanlar  kullan i de i tirilebilen veya 

 d in, bir kuma a 

bilgi entegre edilebilmekte ve bilgi tekstil zinciri boyunca muhafaza edilerek haz r 

m na sunulabilmektedir. 

Mikroteknoloji ve Nanoteknoloji: Mikroteknoloji ve nanoteknoloji 

kullan larak tekstil ve elektronik daha fazla birle

k bir lerine 

entegre edilmektedirler (Emek, 2004). 
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  tekstiller, 

  materyallerden (SMM) elde  tekstiller, 

  tekstiller, 

 Elektronik / iletken tekstillerden, elyaflardan elde edilen ak ll  tekstiller, 

 Di er ak ll  kuma lar, t  (Norstebo, 2004). 

 

2.2.2   

  temasa, dokunulmaya kar

duyarl kuma lar , nemi alg layan kuma lar, e ilmeye, burulmaya kar

duyarl tekstiller  elektro- ya kar

duyarl

ba l olarak renk de i tiren ak ll  
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         (Eleksen, 2007) (www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html, 2007) 

 

ve seyahat eden 

 

 



9 

 

 

     

 

               

                            

 

2.3  

elektronik ve bilgisayar bilimler
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ile

Volta, Oersted, Ampere, Ohm, Seebeck, Faraday, Henry, Maxwell, Thomson, Tesla 

Hummel, 2000) 

 

(Hummel, 2000) : 

  

IRV  

 

R elektriksel direnci (ohm, ), I A), 

V   volt, V ) ifade etmektedir. 

 

J  

AIJ /  

 

J /A cm
2
),  iletkenlik ( /1  cm) ve  

elektrik alan kuvvetini ( /V cm) belirtmektedir. 

ve SI  birim sisteminde metredeki siemens ( S m
-1

) olarak da ifade edilir. Ohm 

t  
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                  (Electrical Properties  

                                  of Materials, n.d) 

 

la ise 

 

 

R l S

 

 

SlR /  dir. Burada Kl /  SKlR / ohm

fade edilebilir. 

 R :  

 l  :  

 S :  

 K : i (m/  
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(Megep, 2006). 

 

2.3.2 Ele  

incelenmektedir (Clevertex, n.d). 

 

2.3.2.1 ifler 

 

(Clevertex, n.d). 

 

 

 (Mac, 

Houis, Gries, 2004). 

 

m (bundle-drawing)  

 - 
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        - Drawing  (Bekaert,2006) 

 

le 25 mikron 

plarda lifler elde edilmektedir (Bakaert, 2006 - Mac, 

Houis, Gries, 2004). 

 

 

 

e
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dir. Matriks malzemenin temizlenmesinden sonra 

 2006). 

 

bir matriks malzeme ile kaplanarak birbirinden ay

 (De Bondt, ve Decrop, 2007). 

 

 . 

-  olarak 

 . Bundle-drawing i

 

nce rt, 2006). 
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                                               (Bekaert,2006) 

 

 

                 aert,2006). (a)  

                  T  

                  

 

Metal eriy  

yerine mektedir. 

 

am iplikler formuna 

gelmektedir (Clevertex, n.d). 
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  (Clevertex, n.d). 

 

Elektrik ileten metal liflerin av  . 

(Clevertex, n.d). 

 

2.3.2.2  

 

 

 

2.3.2.2.1 . 

Kim ve 

Koncar, 2006). 

 

(10
-6

 ohm cm-10
-1

 ohm cm). Genellikle antistatik performans 
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liflerde uygulanabilmektedir (Anderson ve Seyam, 2002). 

 yol 

 (Meoli ve May-Plumlee, 2002). 

 

2.3.2.2.2 . Galvanik kaplama 

(10
4
 ohm 

cm den fazla). Fakat galvanik kaplamada iletkenlik sadece alt tabakaya 

 

 (Anderson ve Seyam, 2002). 

 

an 

n 

ama 

 

olmakta  (Gimpel, Hring, Muller, Neudeck ve , n.d). 
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         elektrokimyasal 

         galvanik   

         (Gimpel, Hring, Muller, Neudeck ve , n.d) 

 

2.3.2.2.3 . 

 (10
5
 

ohm cm-10
6
 

ine 

Shen, 1998; Anderson ve Seyam, 2002). 

 

2.3.2.2.4 . 

4
 ohm cm) sahip metalik kaplama lifleri 

  

 

enlik 

(Aniolczyk, Koprowska, Mamrot ve Lichawaska, 2004). 
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2.3.2.2.5 . Tekstil malzemeleri, 

polimerler veya b  (Anderson ve 

Seyam, 2002; Xue, Tao, Leung ve Zhang, 2005). 

 (Knittel ve Schollmeyer, 2009). 

kullanarak poli  (Perepelkin, 20

merizasyonu 

pir

Polietilentereftalat (PET

 

liflerin iletkenlikleri, homojenlik problemleri ve iletken materyallerin agregasyonu 

  ile polianilin 
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Kim, Koncar, Devaux, Dufour ve Viallier, 2004). 

 

 

           (Kim., Koncar, Devaux, Dufour ve 

                 Viallier, 2004) 

 

2.3.2.2.6 . 

 

ve bunlar bilinen tekstil imalat sistemlerinde 

  (Perepelkin, 2001). 

-

nesini karbondan 

 iletken lifler elde 

edilebilir (Xue, Tao, Leung ve Zhang, 2005). 

 

 (Anderson ve Seyam, 2002). 

, 

-3 
ile 10

-5
 Ohm.

triksel 
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de, suni deri 

en 

 

(Perepelkin, 2001). 

 

kaplanabilen y  (Perepelkin, 2001). Bu lifler 

ir. 

kompozit lifte ) iletkenlik onlarca k  
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(Xue, Park, Tao, Chen 

ve Cheng, 2007). 

 

  

 

   (Xue, Park, Tao, Chen ve Cheng, 2007) 

 

/cm) (elektriksel 

-pamuk 

2

-

multifilame

3
-10

9

3
 

5
 /cm olarak anti-

9

. 
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K

  

 

Tekstillerin nikel veya b

 (Vaskelis, 1991; Liu, Chang, Li, Huck ve Zheng, 2010). 

etmektedir (Smith, 1988; Sen ve Damewood, 2001). le kaplama 

getirmekte

) ve maliyeti 

 (Sen ve Damewood, 2001; Siefert, 1993). 

 

 (Anderson ve Seyam, 

 (Hummel, 
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t 

. 

 

 

.  Elde 

me

 

 

2.3.3.1  

r (Goswami, Martindale ve Scardino, 1977). 

mukavemetli kes (Adanur, 1995). Ring iplik 

kil 2.11) (Goswami, Martindale ve Scardino, 1977). 
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gerekmektedir (Anderson ve Seyam, 2002). 

1999). 

 

    

                                  Scardino, 1977) 

 

2.3.3.2  

 (Post, Orth, Russo ve Gershenfeld, 

2000; Orth ve Post, 1997). 

a daha fazla 

erden daha iyi 
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(Lous ve Salaun, 1986). 

              

      6) 

 

 

 

 (Lous ve Salaun, 1986). 

 

 

          

 i  (Lous ve Salaun, 1986) 
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2.3.3.3 Bikomponene  

 

husustur . 

borusuna dahi -manto bikomponent iplikler 

2.14)  

 duruma 

ektedir (Goswami, Martindale ve Scardino, 1977). 

 

 

       -  

                                             

                                            (Goswami, Martindale ve Scardino, 1977). 
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                                 (Goswami, Martindale ve Scardino, 1977). 

 

elektriksel iletken karbon tozu veya sentetik polimerler eklenmektedir (Noyes data 

corporation, 1980). 

t iplik 

(Holme, McIntry ve Shen, 1998). 

 

 

olarak bi (Adanur, 1995). 

 

, esnek metali

(Seyam ve Anderson, 2002). 

 

 

    

                                               (Chr. Dalsgaard Project Development  

                                               ApS) 
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2.3.3.5. Kompozit iplikler 

Elektriksel iletken kompozit ipl

ile yer d  (Seyam ve Anderson, 2002). 

 

2.3.3.6  

filament ve sta

iletken iplik  (Goswami, Martindale ve Scardino, 1977). 

 

 

e 

edilmektedir. 

 (Clevertex, 

n.d). 

 

 (Jakob Schlaepfer; Braddock 

99). 
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 yime uygun ve 

(Clevertex, n.d). 

 

  

 

 

 

                            

   (Cottet, Gryzb, Kirstein, Troester, 2003) 
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2.3.4.2 Elektriksiz Kaplama 

 (Vaskelis, 1991). 

( Holme, McIntry ve Shen, 1998). 

Elektriksiz kaplama, k

avantajlara sahip bir 

 (Vaskelis, 1991). 

 

 

uygulanmak

 (Vaskelis, 1991). 

e bir tabaka haline gelmektedir (Siefert,  1993). 

 

(Smith, 1988). 

 

kompozit kum  (Smith, 1988). 
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2.3.4.   

(Smith, 1988). 

 

pencereyi kaplayarak enerjiyi muhafaza etme 

ticari uygulamalar da 

mevcuttur (Smith, 1988). 

 

2.3.4.5 Metal Kullanarak Klas  

- 

adezyon 

i 

(Smith, 1988). 

 

2.3.4.6  

polimerler ilk olarak (Moulton ve Smith, 1998). 

rlere 

iksel iletkenlik vermektedirler (Jolly, Petrescu, Thieblemont, Marechal 

ve Menneteau, 1994). 
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erler ile 

 kurul

(Kuhn ve Andrew, 1998). 

 

 

 

 

Bramley (1966), pate

de s

  (Bramley, 1966). 

 

 



34 

 

 

fila  (Watson, 1999). 

 tekstil 

 2.19).  

, 1999).  

 

             

  ve iletken  

                                                      

                                                     (Chiou, Chiu, Liu ve Wu, 1999) 

 

  

makinesinde
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 2001). 

 

 

          -1, 1-3,  

                                 1-5 -2, 1-4: kesikli paslanmaz 

                                   

                                 tamburu,  

                                  

                                  

 

-otomatik dokuma 

manyetik 
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viskon kull  nazaran 

Cheng, K.B, Cheng, T.W, Lee, 

Ueng ve Hsing, 2003). 

 Lin ve Lou (2003) yeni bir rotor 

 

 % 3.65

Malzemelerin koruma verimi, 30  

. 

 

 

 

  

 

u 

 , viskon ve 
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elde e ve statik 

. 

 

 

                                              

                                              

                                              

                                             ram (Lou, 2005) 

 

            

(Lou, 2005) 

 



38 

 

 

 

 

(Rattfalt ve Linden, 2007). 

 

 

     

                                        alttaki 3) (Rattfalt ve Linden, 2007) 

 

Chen ve arka

  ile 

makine, iletken hibrit iplikler kullanarak iletken dokuma-
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-  

M

(Chen, Lin ve Lee, 2008). 

 

 

 

 

 

     -  

                                                  (Chen, Lin ve Lee, 2008) 

 

-

-3 friksiyon 

sistemi  

, 



40 

 

 

28 M  

  (Ramachandran ve Vigneswaran, 2009). 

 

               

          .  

           

 

Perumalraj ve Dasaradan (20

elekt (20

Dasaradan, 2009a). 

 

 

kaplama, lifleri iletken dolgu maddeleri ile doldurma ve karbonizasyon gibi 

lir. Orth ve Post 
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gerilme ve uzama 

iletken metal tellerin dikileb

 (Orth ve Post, 1997). 

 

 

 kil 2.27) 

(Linz, Kallmayer, Aschenbrenner ve Reichl, 2005). 

 

 



42 

 

 

           

        

                v  

                Reichl, 2005) 

 

lik, konfor (termal 

. 
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Da   

-

 

(Dall'Acqua, Tonin, Peila, Ferrero ve Catellani, 2004). 

 

 

a ve renk 

iplikler, Ne 0,85 fiti



44 

 

 

(

. 

 

Perumalraj ve Dasaradhan 

-

-  

 

(Perumalraj ve Darasadhan, 2009b). 

 

mesi konusuna 

 

 

(Vassiliadis, Provatidis, Prekas, Rangussi, 2005) 

Elektroniklerin tekstillere modifiye 

. 



45 

 

 

 

 EKG (elektrokardiyografi) 

Koprowska, Mamrot, Lichawska, 

ayesinde 

f

verilebilir (Anderson ve Seyam, 2002). 

 

 

 olabilmelidir. 

. 
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            aktarabilen  (Textronics, 2006) 

 

paneli olan, metalik tekstil ya   

(Kayacan ve Bulgun, 

2008). 



47 

 

 

 

    

                                             

 

nek 

 

(Varnaite, 2010). 

 

 

 



48 

 

 

 2.30) Elektromanyetik radyasyondan 

(

2007). 

 

                      

                    (a- -  

               b- -  

                    c- -  

                    d- -  

                    e-  

 

teknoloji 

malara dair bilimsel ve 
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               ( Hertleer, 2008; www.spacefellowship.com,2009) 

 

     

. 

 



50 

 

 

Salonen, Sydanheimo,  

-

 32) 

anten (Salonen, Sydanheimo,  Keskilammi ve Kivikoski, 

1999). 

 

                                        

                                        

                                       (Salonen, Sydanheimo,  Keskilammi ve Kivikoski, 1999) 

 

0,0004 

- F antena (Fle  

(Salonen, Sydanheimo,  Keskilammi ve Kivikoski, 1999). 

 

                                                  

                                                  

                                                 Keskilammi ve Kivikoski, 1999) 
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k

 

 

erilebilen, ara 

  

rin tespiti 

 (SOFTswitch Ltd, 2006). 

 

 

         

                                           (SOFTswitch Ltd, 2006) 

 

  

 

 (Eleksen Ltd, 2006). 
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2.35  

 

 Su 

 

2.36)

 

 

 (Meoli, 

2002; De Vries ve Traldi,2000). 
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      (Meoli, 2002; De Vries ve Traldi,2000) 

 

(Consultancy Goose Design, 2006). 

 

      

                                     (a)                                                (b)                                           (c) 

            (a);  

     omuzda fotovolta   (c) (Consultancy Goose Design, 2006) 

 

Foster-Miller 

 

(Foster-Miller, 2006). 
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             -  

        

              Foster-Miller, 2006) 

 

-undershirt 

ektrik 

. 

 

                    

      -  2006) 

 

 

etik 
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-

 

-

(Adidas, 2006). 

 

            

 
         

                bilgileri  
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MATERYAL VE METOT 

 

 iplik makinesinde pamuk fitili, fantezi ve katlama makinelerinde 

 (0,04mm, 0,05mm, 0,1mm) ve paslanmaz (0,035mm, 0,05mm) teller 

im 

 

lik 

 

 

 

3.1 Materyal 

Materyal olarak, %100 pamuk ve %100 poliakrilik 

Pamuk iplikler kulla

Poliakrilik iplikler  

 

3.1.1 Tekstil Lifleri 

 hammadde ola  

 (Tablo 3.1) 
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UHML 

(mm) 

(Elyaf 

 

UI 

 

Mukavemet 

(gr/tex) 

Uzama 

(%) 

(Mikroner) 

Lif 

 

28,94 82,4 29,3 6,3 4,44 1243 

 

              

                                Ne 0,60 ve Ne  

 

lik lifleri Nm 0.80 fitil 

 

 

                                                i 
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3.1.2 Metal Teller 

ler Tablo 

3.2 de  

 

            

Telin Cinsi   

 

 

0,035mm Nm 131 

0,05mm Nm 64 

 

 

0,04mm Nm 101 

0,05mm Nm 64 

0,1mm Nm 16 

 

3.1.2.1 P  

mez 

2
/m elektriksel dirence sahip 

 

ir. 

de 

 (Fuesers Garne, bt). 
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Fuesers Garne, bt) 

Fiziksel 

             

Tellerin 

 

 

Uygulanan Gerilme 

Kuvveti 

Rp (N/mm
2
) 

Elastikiyet 

limiti 

Rp (N/mm
2
) 

Kopma 

 

(%) 

 

1000 1100 

 

550 700 

 

22 

ik tel 

720 880 350 500 30 

 

         

    3.     

    (http://www.globaltextiles.com/manufacturers/offer-002007-2/Functional-Yarn.html,    

     http://www.bombayharbor.com/Product/30667/Stainless_Steel_Wire.html) 

 

3.1.2.2  

4 standart

  

ki iletkenlik 

Tablo 3.4 (Santel Emaye, bt). 
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         Fiziksel 

           

Tellerin 

 

Oda 

 

Uygulanan 

Gerilim(Volt) 

Elektrik 

Direnci 

  

Kopma 

 

(%) 

Delinme 

Gerilimi 

(Oda 

 

 

250 

 

13,41 

 

18 1000 

 

300 8,54 21 1300 

0,1

 

500 4,23 42 1800 

 

        

 (Global Professional Textile Market,  

(n.d),  Wenzhou J&D Electrical Industrial Co.,Ltd. (n.d)) 

 

3.2 Metot 

 

i
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3.2.1  

 

3.2.1.1 Klasik  

Ring iplik makinesinin 

-bilezik-k .  

 

-

plik makinesinde sadece pamuk ile 

 sarma prensibi 

). 

 

 )  ile 

. Klasik ring iplik makinesinde 
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 ) 
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imum modifikasyonunun 

metlerinin daha 

). 

 

  

 

 

          .8  
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3.2.1.2 Fantezi  

renk  

(Meadwell, 

. 

 

 

) an, 2010).  

 

 

        fantezi (Gong, Wright, 2002) ve  

       (Lawrence, 2003) 
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m fantezi 

 iplik makinesinde Nm 0.80 

 

ipli i ile  ipli ini, ikincinin h z  yla farkl  

h lay c  bile

uygulayarak sa lamla t   

, metal tel, 

 

 

 

 

Fantezi 

klasik ring iplik makinesindeki gibi ek 

 

 0). 
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       Metal tellerin fantezi  

 

3.2.1.3  

 

l 3.11). 

kazand

2008; Lord, 2003). 
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    il 3.11   

 

Katlama makinesinde ) 

ir. Bu 

  

 

 ). Katlama makinesinde  %100 poliakrilik 

i
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3.6 ve 3.7de  

 



69 

 

 

  

kodu (Ne) 

Tel Cinsi 

(mm) 

Ana 

 

(m/dk) 

Fitilin 

Cinsi  

A Ne0,60 %100 Pamuk 

 

- 21,5 Pamuk - 

A1 Ne 0.60 Paslanmaz 

el 

0,035 mm 21,5 Pamuk Sarma 

 

A2 Ne 0.60 Paslanmaz 

 

0,05 mm 21,5 Pamuk Sarma 

 

A3 Ne 0.60  0,04 mm 21,5 Pamuk Sarma 

 

A4 Ne 0.60  0,05 mm 21,5 Pamuk Sarma 

 

B Ne 0,85 %100 Pamuk 

 

- 21,5 Pamuk - 

B1 Ne 0.85 Paslanmaz 

 

0,035 mm 21,5 Pamuk Sarma 

 

B2 Ne 0.85 Paslanmaz 

 

0,05 mm 21,5 Pamuk Sarma 

 

B3 Ne 0.85  0,04 mm 21,5 Pamuk Sarma 

 

B4 Ne 0.85  0,05 mm 21,5 Pamuk Sarma 

 

C 

 

 

Ne0,60 

 

%100 Pamuk 

 

- 29,5 Pamuk - 

 

C1 

 

Ne 0.60 

 

 

Paslanmaz 

 

 

0,035mm 

 

29,5 

 

Pamuk 

 

Sarma 

 

C2 Ne 0,60 Paslanmaz 

 

0,05mm 29,5 Pamuk Sarma 

 

C3 Ne 0,60  0,04mm 29,5 Pamuk Sarma 

 

C4 Ne 0,60  0,05mm 29,5 Pamuk Sarma 

 

D 

 

 

Ne0,85 

 

%100 Pamuk 

 

- 29,5 Pamuk - 

D1 Ne 0,85 Paslanmaz 

 

 

0,035mm 

 

29,5 

 

Pamuk 

Sarma 

 

D2 Ne 0,85 Paslanmaz 

 

0,05mm 29,5 Pamuk Sarma 

 

D3 Ne 0,85  0,04mm 29,5 Pamuk Sarma 

 

D4 Ne 0,85  0,05mm 29,5 Pamuk Sarma 
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kodu 

Fitil 

 

Tel Cinsi 

(mm) 

Ana 

 

(m/dk) 

Fitilin 

Cinsi  

E1 Nm 0,80 Paslanmaz 

 

0.05mm 6,31 Akrilik Sarma 

 

E2 Nm 0,80 Paslanmaz 

 

0.05mm 6,31 Akrilik 

 

F1 Nm 0,80  0.04mm 6,31 Akrilik Sarma 

 

F2 Nm 0,80  0.04mm 6,31 Akrilik 

 

G1 Nm 0,80  0.05mm 6,31 Akrilik Sarma 

 

G2 Nm 0,80  0.05mm 6,31 Akrilik 

 

H1 Nm 0,80  0.1mm 6,31 Akrilik Sarma 

 

H2 Nm 0,80  0.1mm 6,31 Akrilik 

 

 

      

kodu 

Fitil 

 

Tel cinsi 

(mm) 

 

(m/dk) 

Fitilin 

Cinsi  

I1 Nm 0,80 Paslanmaz 

 

0.05mm 300 Akrilik Katlama 

I2 Nm 0,80  0.05mm 300 Akrilik Katlama 

 

 

 

ntemleri 

 , , 

e 
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3.2.2.1  

- - -  

 

3.2.2.2  

M

 )  

olursa; 

 

, 

bilinme

 (Okur, 2002). 

 

 

                                                        Zwick Roell Z010 

                                                       mukavemet  
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3.2.2.3  

) ile 

ilim 5 c

 

 

       

 

3.2.2.4  

-

) 

 

             

             il 3.18 -  
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3.2.2.5  

mikroskop ) . 

 

 

                                                  

 

3.2.3  

- -

yacak matematiksel 

2
2

3
) varyans 

analizleri ve t-testi (Hicks, 2008) varyans tekniklerinin uygulanmas  

 

 (Ne 0,60-Ne 0,85 fitil), paslanmaz 

 (0,035mm  (0,04mm 0,05mm) tellerin incelikleri ve makine 

 (21,5m/dk  

 (2
3

-

besleme)  (0,04mm

0,05mm  
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-testi, 

 (0,04mm 0,05mm

-  dikkate 

-  

 

13.0 

- varyans analizleri 

(

normal  

 

 t-testi  

 

Yij= j+ ij 

 

Yij  

 

j  

ij) = etkenini  

  

 

a: 

 

  

Yijk = i + j+ ij + ij) 
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Yijk = Birinci ( etkenin 

Her  

i  

j  

ij =  ve  

ij) = ve etkenlerini

 

 

Ho1: i  

Ha1: En az bir i  

 

Ho2: j  

Ha2: En az bir j  

 

Ho3: ij  

Ha3: En az bir ij  

  

Yijkm = i + j+ ij k +  ik +  jk + ijk + m ijk) 

 

Yijkm = Birinci ( ) etkenin i'inci, ikinci (

 

 

i = Birinci etk  

j   

k   

ij = ve  
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 ik = nin etkisi 

 jk =   

ijk = ,   

m ijk) = ,  

 

 

Ho1: i  

Ha1: En az bir i  

 

Ho2: j  

Ha2: En az bir j  

 

Ho3: ij  

Ha3: En az bir ij  

 

k  

k  

 

Ho5: ik  

Ha5: En az bir ik  

 

Ho6: ik  

Ha6: En az bir ik  

 

Ho7: ijk  

Ha7: En az bir ijk  
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4.1  

 

4.1.1  

 

Klasik ring iplik maki

 

 

4.1.1.1 Meta   

R

edilen ortalama de

 

 

                            Tablo 4.1  ring iplik makinesinde  

                            kodla  

 

 

 

 

A Ne 15 B Ne 25 

A1 Ne 12 B1 Ne 18 

A2 Ne 10 B2 Ne 14 

A3 Ne 11 B3 Ne 16 

A4 Ne 10 B4 Ne 14 
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                            m nesinde  

                             

 

 

 

 

C Ne 20 D Ne 30 

C1 Ne 16 D1 Ne 21 

C2 Ne 13 D2 Ne 16 

C3 Ne 14 D3 Ne 19 

C4 Ne 13 D4 Ne 16 

 

4.1.1.2 Meta    

 

 
                 Tablo 4.  

                 ipliklerin  

Kodu 

Kopma 

 

Kopma 

(%) 

Kopma 

-Rkm 

(kgf*Nm) 

Gerilme 

(N/tex) 

A 6,11 6,73 15,8 0,155 

A1 7,35 5,67 15,2 0,149 

A2 7,12 6,20 12,3 0,120 

A3 7,70 6,20 14,6 0,143 

A4 7,06 5,69 12,2 0,119 

B 3,07 4,46 13,2 0,129 

B1 3,87 4,86 12 0,117 

B2 4,70 4,84 11,3 0,111 

B3 3,51 4,13 9,7 0,095 

B4 4,43 4,42 10,7 0,105 
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Tablo 4.4 

 

Kodu 

Kopma 

 

(N) 

Kopma 

 

(%) 

-

Rkm 

(kgf* Nm) 

(N/tex) 

C 4,13 5,49 14,2 0,139 

C1 5,17 5,35 14,2 0,140 

C2 5,22 4,42 11,7 0,114 

C3 4,33 4,65 10,4 0,102 

C4 5,26 5,76 11,8 0,115 

D 1,98 3,91 10,2 0,100 

D1 3,41 3,81 12,3 0,121 

D2 4,25 4,60 11,7 0,115 

D3 2,92 3,90 9,5 0,093 

D4 2,79 3,57 7,71 0,075 

 

     4.1.1.3.   

 

 

                     

                     

 Zweigle (1mm) Zweigle (2mm) Zweigle (S3) 

A 8877 2860 3170 

A1 12560 1632 519 

A2 5783 876 336 

A3 13014 1820 519 

A4 14972 2797 1537 

B 6996 1482 526 

B1 6869 1624 714 

B2   

B3 8070 899 165 

B4 14317 2363 661 
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 Zweigle (1mm) Zweigle (2mm) Zweigle (S3) 

C 7612 1233 459 

C1 5583 1266 971 

C2   

C3 7703 1221 481 

C4 7148 1574 961 

D 6996 1782 842 

D1 5084 1049 338 

D2 10402 3074 1130 

D3 3967 631 196 

D4 8638 2914 2288 

 

4.1.1.4.  

elik tel ile 

-5
 

-5
 

-

B1-C1- -B2-

C2-  

 

4.1.1.5.   

. 
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              Ne  

              - -  

               

 

    

    

              inde Ne  

              - -  
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              Ne  

              - - ren ipliklerin streomikroskopta x 22  

               

 

    

    

              Ne 0,85  

              - -  
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              Ne 0,85 fitil ile (B-D) ve Ne 0,60 fitil ile (A-C) elde edilen %100 pamuk 

               

 

4.1.2 Metal Tel  

Fantezi Ne 

 

 

4.1.2.1  
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                        Tablo 4.7 Fantezi  

                        poliakrilik ipliklerin  

u    

E1 Nm 11 G2 Nm 12 

E2 Nm 12 H1 Nm 6 

F1 Nm 12 H2 Nm 7 

F2 Nm 13 I1 Nm 13 

G1 Nm 11 I2 Nm 13 

 

4.1.2.2   

  veriler 

 

 

                 Tablo 4.8 Fantezi ve Katlama iplik  metal poliakrilik 

                 iplikerin  

Kodu 

Kopma 

 

Kopma 

(%) 

Kopma 

-Rkm 

(kgf*Nm) 

Gerilme 

(N/tex) 

E1 10,58 11,43 11,8 0,116 

E2 9,73 17,77 11,9 0,116 

F1 11,27 16,52 13,7 0,135 

F2 5,89 11,79 7,80 0,076 

G1 11,33 18,88 12,7 0,124 

G2 5,58 12,06 6,8 0,066 

H1 11,62 12,97 7,1 0,069 

H2 9,14 14,48 6,5 0,063 

I1 9,83 12,67 13 0,127 

I2 9,49 14,05 12,5 0,123 
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4.1.2.3  

Uster Zweigle Hairness T

tabloda   

 
        Tablo 4.9  poliakrilik iplikerin  

        de  

 Zweigle (1mm) Zweigle (2mm) Zweigle (S3) 

E1 11379 3604 3310 

E2 10687 7593 11236 

F1 10233 3093 2636 

F2 10897 12056 18308 

G1 10991 3337 2962 

G2 10643 12345 19601 

H1 11542 3462 2491 

H2 11448 5748 8263 

I1 10448 3597 3156 

I2 8036 2193 1649 

 

4.1.2.4.   

-5
 

-

verilerek poliakrilik fitilin 

 

 

Katla
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4.1.2.5  

. 

 

     

   
 

    

    

                Fant  ipliklerin 
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               tel  poliakrilik ipliklerin  

              

 

4.2  

 

4.2.1  Pamuk   

Metal pamuk 

 13.0 

 

 

4.2.1.1 Metal  Pamuk 

 

4.9 Metal 

pamuk iplikler 

 tel incelikleri ile 
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          Ne 0,60 fitil ve Ne 0,85 fitil  

           

 

 

 

          Ne 0,60 fitil ve Ne 0,85 fitil  

           

 

13.0 

-B1-C1-D1-A2-B2-C2- -

B3-C3-D3-A4-B4-C4-  
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Tablo 4.10  ma  

(A1- B1-C1-D1-A2-B2- C2-  

 

 

 (Tablo 4.10), paslan

 

 

Tablo 4.11  -B3-C3-D3-A4-B4-

C4-  
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         Tablo 4.12 -B-C-  

          

 

 

 inin tekli 

 

 

4.2.1.2  

 

ipliklerinin ve metal pamuk 
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          Ne 0,60 fitil ve Ne 0,85 fitil 

            

 

 

    Ne 0,60 fitil ve Ne 0,85 fitil  

             

           

 



92 

 

 

  

 

 

 

 

       Ne 0,60 fitil ve Ne 0,85 fitil ile  

        

 

 

       Ne 0,60 fitil ve Ne 0,85 fitil ile  
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 13.0 

kopma  

 

      Tablo 4.13 Pamu -B1-C1-D1- 

      A2-B2-C2-  

 

 

re (Tablo 4.13), 

v
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Tablo 4.14 -B3-C3-D3-A4-B4-

C4-D4)   

 

 

 (Tablo 4.14)
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Tablo 4.15 -B1-C1-

D1-A2-B2-C2-D2) iplik kopma   

 

 

 (Tablo 4.15), 

 

amuk 

 

imlerinin kopma  

 

kopma 
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  Tablo 4.16 -B3-C3-D3-A4-B4- 

  C4-D4) iplik kopma   

 

 

 (Tablo 4.16)

de kopma  

  

 

 

       Ne 0,60  

      fitil ve Ne lerin mukavemet 
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Ne 

0,60 fitil ve Ne 

gerilme (tenac  

 

 

 

 

 

  

durumun, pamuk iplikleri i

 

 

Tablo 4.17 -B-C-

iplik  
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 (Tablo 4.17)

  

 

     Tablo 4.18 -B-C-  

     kopma  etkisinin ANOVA tablosu 

 

 

 (Tablo 4.18), 

%100 pamuk ipliklerinin iplik kopma  

 

 

4.2.1.3 Metal  
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 Ne 0,60 ve Ne 

0,85 fitil 

 

 

 

             Ne 0,60 ve  

            Ne 0,85   

            i 
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       Tablo 4.19 -B1-C1-D1-A2-D2) iplik 

        

 

 

 (Tablo 4.19)

 

 

Tablo 4.20 l ipliklerin (A3-B3-C3-D3-

A4-B4-C4-  
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 (Tablo 4.20)

 

 

 

             

Ne 0,60 ve Ne 
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          Tablo 4.21 -B-C-  

           

 

 

 (Tablo 4.21)

 

 

4.2.2 n 

 

Metal tel poliakrilik 

 13.0 

varyans analizi (ANOVA) ve t- dirme 

-

kul -

-  

 

4.2.2.1 Metal Tel Poliakrilik 

 

metal tel poliakrilik 
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. 

 

 poliakrilik iplik 
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Uygulanan t-

 (E1-

 

 

     Tablo 4.22 -F2-G1-G2-H1-H2) numara 

      

 

 

 (Tablo 4.22)

iplik num

 

 

- - 
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t-

 

 

4.2.2.2 Metal Tel Poliakrilik 

 

Metal tel poliakrilik 

 

  

ipliklerin kopma 
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        ve  

 

 Elde  

 

 

 

Uygulanan t-   

-E2), kull

 

 

   Tablo 4.23 -F2-G1-G2-H1-  
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 (Tablo 4.23)

risindeyken iplik kopma 

 

 

- - 

 t-

 

 

Uygulanan t- metal 

iplikler (E1-  

 

 

     Tablo 4.24 -F2-G1-G2-H1-H2) kopma 

       

 

 

 (Tablo 4.24)

 

 

 

- - 

-

el 
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cinslerinin, iplik  

 

 

4.2.2.3 Metal Poliakrilik 

 

 

ha 

ipliklerde, 

 

 

 

            

           

 

Uygulanan t-

iplikler (E1-
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      Tablo 4.25 -F2-G1-G2-H1-  

       

 

 

 (Tablo 4.25)

 

 

-I2) uygulanan t- 

-

tes
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Pamuk 

 

 

daha ince 

 

zorl  
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(Anderson ve Seyam, 2002). 

 

 

-

 

 

 

 

a, 
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, hem 

benzer  

  

 

 

 

 

  n 

teller ile 

 

Tez dahilinde pamuk ve 
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114 

 

 

KAYNAKLAR 

 

Adanur, S.  (1995).  Manufacture of Continuous Filament Yarns, Wellington  

Sears Handbook of Industrial Textiles Technomic Publishing Company, Inc.   

Lancaster Pennsylvania.  

 

Adidas 1  , (2006). 13 2011.                                                                  

http://www.adidas.com/campaigns/adidas_1/content/index.asp?strCountry_adidas

com=nl&strBrand_adidascom=performance. 

 

it, A. & Sa (2009).  , 2009. 

 

Anderson, K. & Seyam, A.  (2002). The Road To True Wearable Electronics,     

Journal of Textile and apparel, technology and management, Volume 2, Issue 2, 

Spring 2002. 

 

Aniolczyk, H. Koprowska, J. Mamrot, P. & Lichawska, J. (2004). Application of 

Electrically Conductive Textiles as Electromagnetic Shields in Physiotherapy, 

Fibres  & Textiles in Eastern Europe, 12, 4 (48), 47 50. 

 

Aydogmus, Y. & Behery, H.M. (1999). Spinning Limits of the Friction Spinning 

System (DREF-III), Textile Res. J, 69, 12, 925 930. 

 

Bozkurt, Y. (2010). Tekstil Teknolojileri 

Elektronik Dergisi, 

stiller, Cilt 4, No:2, 2010 (43 58) 

 

Bekaert Fibre Technologies. (2006). 20 Mart 2011. http://www.bekaert.com/. 

 

Techno textiles  Revolutionary Fabrics 

for Fashion and Design, Thames and Hudson. 

 



115 

 

 

Bramley, A. (1966). Electrically Conducting Rope, United States Patent 3291897. 

 

Chen, H.C. Lin, J.H. & Lee, K.C. (2008). Electromagnetic Shielding Effectiveness of 

Copper/Stainless Steel/Polyamide Fiber, Journal of Reinforced Plastics and 

Composites, 27, 187. 

 

Cheng, K.B. Cheng, T.W. Lee, K.C. Ueng, T.H. & Hsing, W. H. (2003). Composites 

Part A: Applied Science and Manufacturing, Effects of Yarn Constitutions And 

Fabric Specifications On Electrical Properties of Hybrid Woven Fabrics, 34, 10, 

971 978. 

 

Chiou, H.-H. Chiu, S.F. Liu, J.-K. & Wu, C.-C. (1999). Conducting Yarn, United 

States Patent 5881547. 

 

Chr. Dalsgaard Project Development ApS. (2006). 12 Mart 2011, http://www.chr-

dalsgaard.dk/. 

 

Clevertex, (b.t). 5 Temmuz 2010, Report on ent Textiles. State of Art. 

 

Consultancy Goose Design. Ocak, PDD Illum Project, 

http://www.gooseuk.com/. 

 

 

 

Cottet, D. Grzyb, J. Kirstein, T. & Troester, G. (b.t). Electrical Characterization of 

Textile Transmission Lines, IEEE Transactions on Advanced Packaging, Volume 

26, Number 2, May 2003. 

 

  likler, Tekstil 

Teknolojileri Elektronik Dergisi, Cilt: 4, No: 2, 2010 (65 78). 

 



116 

 

 

Dall'Acqua, L. Tonin. C. Peila. R. Ferrero F. & Catellani, M. (2004). Performances 

and Properties of Intrinsic Conductive Cellulose Polypyrrole Textiles, 146, 2, 

213 221 

 

De Bondt, S. & Decrop, J. (2007). Bundle Drawn Stainless Steel Fibers, United 

States Patent 7166174 

 

Devaux, E. Koncar, V. Kim, B. Campagne, C. Roux, C. Rochery, M. & Saihi, D. 

(2007). The Institute of Measurement and Control, Processing and 

Characterization Of Conductive Yarns By Coating Or Bulk Treatment For Smart 

Textile Applications, 29, 3 4, 355 376. 

 

De Vries E. & Traldi L.  Philips researches into a marriage of 

electronics and clothing, 

http://www.research.philips.com/pressmedia/releases/99080. 

 

Electrical Properties Of Materials, (n.d)

http://smse.sjtu.edu.cn/mintro/downloads/jpkc/lecture-5-1.pdf. 

 

Eleksen Ltd. (2006). 11 Mart 2011. http://www.eleksen.com. 

 

Emek, A. (2004). 

mkanlar , T.C. Ba bakanl k D arl , hracat Geli

Merkezi, Ankara. 

 

 nde Nano-Teknoloji 

 

27, Gaziantep 

 

Fengtai Hardware Mesh Co. Ltd  Products. (n.d). 5 Nisan2011. 

http://www.bombayharbor.com/Product/30667/Stainless_Steel_Wire.html 

 



117 

 

 

Foster-Miller. (2006). 15 Haziran 2010. Project Example: Wearable antennas, 

http://www.fostermiller.com/projectexamples/t_advanced_materials/wearable_ant

ennas.html. 

 

Fuesers Garne. (n.d). 18 Nisan 2011, http://www.fuesers.de/. 

 

Fugetsu, B. Akiba, E. Hachiya. M. & Endo, M. (2009). The Production of Soft, 

Durable, and Electrically Conductive Polyester Multifilament Yarns By Dye-

Printing Them With Carbon Nanotubes, Carbon, 47, 527 544. 

 

, H, Neudeck, A. &  W. (n.d). Textile-

-

Vogtland E.V.Zeulenrodaer Str. 42, D 07973 Greiz, Germany 

 

Global Professional Textile Market, (n.d). 21 Nisan 2011, 

http://www.globaltextiles.com/manufacturers/offer-002007-2/Functional-

Yarn.html. 

 

Gong, R.H. & The Textile Institue, Woodhead 

Publishing, England. 

 

Goswami, B.C. Martindale, J.G. & Scardino, F.L. (1977). Textile Yarns Technology, 

Structure and Application, Wiley-Interscience Publication. 

 

Hicks, C. (2008).  , (Muluk, Z. Kurt, S. 

. 

 

Holme, I. McIntry. J.E. & Shen Z.J. (1998). Electrostatic Charging of Textiles, The 

Textile Institute Ed J.M. Layton Vo. 

 

Hummel, R.E. (2000). Electronic Properties Of Materials, Spring-Verlag, 3rd 

edition. 



118 

 

 

Holvoet, J. & Verstraeten, S. (2006). Bundle Drawn Metal Fiber with Three Layers, 

WO/2006/120045. 

 

, Doktora 

Te  

 

,(n.d). 8 Nisan 2011, http://www.jakob-schlaepfer.ch. 

 

Jolly, R. Petrescu, C. Thieblemont J.C, Marechal J.C. & Menneteau. F.D (1994).  

Heating Panels For Accomodation Obtained From Textiles Made Electrically 

Conductive By Polypyrole Deposit,  Journal of Coated Fabrics Vol 23. 

 

Kayacan, O. & Bulgun, E,Y. (2008).  

Doktor

. 

 

Kaynak, A. Najar, S.S. & Foitzik, R.C.(2008). Conducting Nylon, Cotton And Wool 

Yarns By Continuous Vapor Polymerization of Pyrrole, Synthetic Metals, 158, 1

2, 1 5. 

 

 

67. 

 

Kim, B. & Koncar, V.  (2006). Electrical, Morphological And Electromechanical 

Properties Of Conductive Polymer Fibres (Yarns) in Intelligent Textiles and 

Clothing, H. R. Mattila (editor), 308 323. 

 

Kim, B. Koncar, V. Devaux, E. Dufour, C. & Viallier, P. (2004). Electrical and 

Morphological Properties of PP and PET Conductive Polymer Fibers, Synthetic 

Metals, 146, 2, 167 174. 



119 

 

 

Knittel, D. & Schollmeyer, E. (2009). Electrically high-conductive textiles, Synthetic 

Metals, 159, 14, 1433 1437. 

 

an, K. Hagemann, O. Alstrup, J. Nielsen, T.D.  

Fyenbo, J.  Larsen, K. & Kristensen, J.  (2009). A complete process for production 

of flexible large area polymer solar cells entirely using screen printing, first 

public demonstration, Sol. Energy Mater. Sol. Cells, 93, 422 441. 

 

Kuhn, H. & Andrew, C. (1998). Electrically Conducting Textiles, Handbook of 

Conducting Polymers Ed. Terje Skotheim, and Ronald Elsenbaumer, and John 

Reynolds 2
nd

 ed. 

  

Langenhove, L. V. & Hertleer, C. (n.d), 12 Temmuz 2010. Clothing: a New Life, 

http://www.iafnet.com/files/iaf_03_presentations/Smart%20Clothing%20a%20ne

w%20life.pdf. 

 

Lawrence, C.A. (2003). Fundamentals Of Spun Yarn Technology, Crc Pres Llc, Usa. 

 

Lin, J.H.& Lou, C.W. (2003). Commingled Yarn Electrical Properties of Laminates 

Made from a New Fabric with PP/Stainless Steel, Textile Research Journal 73, 

322 326. 

 

Linz, T. Kallmayer, C. Aschenbrenner, R. & Reichl, H. (2005). Embroidering 

Electrical Interconnects with Conductive Yarn for The Integration of Flexible 

Electronic Modules into Fabric, Computer Society, Proceedings of the 2005 Ninth 

. 

 

Liu, X. Chang, H. Li, Y. Huck, W.T.S. & Zheng, Z. (2010). Polyelectrolyte-Bridged 

Metal/Cotton Hierarchical Structures for Highly Durable Conductive Yarns, ACS 

Appl. Mater. Interfaces, 2, 2, 529 535. 

 

Lord, P.R. (2003). Handbook of Yarn Production, The Textile Institute, CRC Press, 

ISBN 0 8493- 1781 9, ABD. 



120 

 

 

Lou, C.-W. (2005). Process of Complex Core Spun Yarn Containing a Metal Wire, 

Textile Research Journal, 75, 6, 466 473. 

 

Louis, G. & Salaun. H. L. -Wrapped Yarn,  Textile 

Research Journal, March, USDA, ARS, Southern Regional Research Center 

 

LP Industry (Zhengzhou) Co. Ltd. (n.d), 4 Nisan 2011. 

http://www.aliexpress.com/product-gs/302505731-Motor-Winding-Wire-

Enameled-Copper-Wire-0-04-2-0mm--wholesalers.html. 

 

Mac, T. Houis, S. & Technical 

Textiles, Volume 47, March. 

 

Maclaga, B & Fisher, W.K. (2001). Static Dissipation Mechanism in Carpets 

Containing Conductive Fibers, Textile Research Journal, 71, 4, 281 286. 

 

Matt, Textile antenna promises futuristic communications, space fellowship, (n.d). 28 

 2009, http://spacefellowship.com/news/art13725/textile-antenna-promises-

futuristic-communications.html. 

 

Meadwell, E.S. (2004). An Exploration of Fancy Yarn Creation, Master Thesis, 

North Carolina State University, USA. 

 

Mecit, D. Ilgaz, S. Du  . Tekstil 

ve Konfeksiyon Dergisi . 

 

Meoli, D. (2002). Interactive Electronic Textiles: Technologies, Applications, 

Opportunities, And Market Potential, Masterthesis, North Carolina State 

University, Rayleigh. 

 



121 

 

 

Meoli, D. & May-Plumlee, T.  (2002).  Interactive Electronic Textile Development: 

A Review Of Technologies, Department Of Textile And Apparel, Technology And 

Management. North Caroline University. 

 

Elektrik-

Elektronik Projesi, . 

 

Miles, L. (1994). Textile Printing (2nd ed.), Bradford, West Yorkshire, England: 

Society of Dyers and Colorists. 

 

Moulton, Jeff & Smith, Paul. (1998). Processing Technologies of Oriented 

Electrically Conductive Polymers, Handbook of Conducting Polymers, Ed Terje 

Skotheim, and Ronald Elsenbaumer, and John Reynolds 2
nd

 Ed   

 

Noyes Data Corporation. (1980).  Spinning, Extruding and Processing Of a Fiber,  

Park Ridge, NJ, USA Ed. J.S. Robinson  

 

Norstebo, C.A. (2004). Intelligent Textiles, Soft Products. Norwegian University of 

Science and Technology, Department of Product Design NTNU, Norway. 

 

Okur, A. (2002). Tekstil Materyallerinde Mukavemet Testleri 

. 

 

Optical Camouflage. (2007), 19 Nisan 2011. http://www.star.t.u-

tokyo.ac.jp/projects/MEDIA/xv/oc-j.html. 

 

Orth, M. & Post, E.R. (1997). Smart Fabric, or Washable Computing, Digest of 

Papers of the First IEEE International Symposium on Wearable Computers, 10, 

13, 167 168. 

 



122 

 

 

 Tutak, M. (2010). Color and Whiteness 

Properties of Fabrics Knitted from Different Hybrid Core-Spun Yarns Containing 

Metal Wire, Fibers and Polymers 2010, Vol.11, No.7, 1067 1074. 

 

Perepelkin, K.E. (2001). Chemical Fibers with Specific Properties for Industrial 

Application and Personnel Protection, Journal of Industrial Textiles, 31, 2, 87

102. 

 

Perumalraj, R. & Dasaradan B.S. (2009) (a). Electromagnetic Shielding 

Effectiveness Of Copper Core Yarn Knitted Fabrics, Indian Journal of Fibre & 

Textile Research, 34, 149 154. 

 

Perumalraj, R. & Dasaradhan, B.S. (2009) (b). Tensile Properties of Copper Core 

Yarns, Journal of Textile and Apparel, Technology and Management, Volume 6, 

Issue 2. 

 

Piler, Dipl & Ing. Bohumil. (1973). Bulked Yarns, Translated by Olga Steinerova, 

English edition published by SNTL.  

 

Post, E.R. Orth, M. Russo, P.R. & Gershenfeld, N. (2000). E-broidery: Design and 

Fabrication of Textile-Based Computing, IBM Systems Journal, 39, 3 & 4.  

 

Projects, (n.d). 24 Haziran 2010, 

     http://www.ch.ic.ac.uk/local/projects/nagar/conductivities4.JPG 

 

Rais, M..  Soh, J.  Malek, F.  Ahmad, S.  Hashim, M. & Hall, S.  (2009). A Rewiev 

of Wearable Antennas, Loughborough Antennas & Propagation Conference, 16

17 November 2009. 

 

Ramachandran, T. & Vigneswaran, C. (2009). Design and Development of Copper 

Core Conductive Fabrics for Smart Textiles, Journal of Industrial Textiles, 39, 81. 

 



123 

 

 

Rattfalt, L. & Linden, M. (2007). Electrical Properties of Textile Electrodes, 

Proceedings of the 29
th

 Annual International Conference of the IEEE EMBS, 

5735 5738 

 

Rehnby, W. Gustafsson, M. ve Skrifvars, M. Coating of Textile Fabrics with 

Conductive Polymers for Smart Textile Applications, 

http://bada.hb.se/bitstream/2320/4110/2/RehnbyGustafssonSkrifvarsAmbience08.

pdf. 

 

Roh J.-S. Chi, Y.-S.  Kang, T.J. & Nam, S.-W.  (2008). Electromagnetic Shielding 

Effectiveness of Multifunctional Metal Composite Fabrics, Textile Research 

Journal, 78, 9, 825 835. 

 

Salonen, P. Sydanheimo, L. Keskilammi, M. & Kivikoski, M. (1999). A small planar 

inverted-F antenna for wearable applications, ISWC '99 Proceedings of the 3rd 

IEEE International Symposium on Wearable Computers, 1999. 

 

Sen, A. K. & Damewood, J. (2001). Coated Textiles: Principles and Applications, 

CRC Press. 

 

Shim, B.S. Chen, W. Doty, C. Xu, C. & Kotov, N.A.  (2008). Smart Electronic Yarns 

and Wearable Fabrics for Human Biomonitoring made by Carbon Nanotube 

Coating with Polyelectrolytes, Nano Lett. 8, 12, 4151 4157 

 

Siefert, W. (1993). Anodic Arc Evaporation - A New Vacuum  Coating Technique 

for Textiles and Films, Journal of Coated Fabrics, 23, 7, 30 33  

 

Smith, William. (1988).  Metallized Fabrics-Techniques and Applications, Journal of 

Coated Fabrics Vol 17 Industrial Textile Associates Greer, SC 29651 

 

SOFTswitch Ltd. , http://www.softswitch.co.uk/. 

 



124 

 

 

ler 659 668. 

 

Su, C.I. & Chern, J.T. (2004). Effect of Stainless Steel-containing Fabrics on 

Electromagnetic Shielding Effectiveness, Textile Res. J. 74, 1, 51 54. 

 

Textronics Inc. (2006). 2 Mart 2011, NuMetrex heart sensing sports bra, 

http://www.numetrex.com/. 

 

Ueng, T.H. & Cheng, K.B. (2001). Friction Core-Spun Yarns For Electrical 

Properties Of Woven Fabrics, Composites Part A: Applied Science and 

Manufacturing, 32, 10, 1491 1496 

 

, Ulu

 

 

Varnaite, S. (2010). The Use of Conductive Yarns in Woven Fabrics for Protection 

Aganist Electrostatic Field, Materials Science, Vol 16, No.2. 

 

Vaskelis, A. (1991). Electroless Plating, Coatings Technology Handbook, Marcel 

Dekker, Inc. New York,187 200. 

 

Vassiliadis, S. Provatidis, C. Prekas, C. & Rangussi, M. (2005).Novel Fabrics with 

Conductive Fibres, Intelligent Textile Structures- Application, Production & 

Testing International Workshop, Greece 

 

Vaskelis, S, (1991). Electroless Plating, Coatings Technology Handbook Ed. Satas, 

D. Marcel Dekker, Inc. 

 

warmX GmbH. (2006). 12 Ocak 2011, http://www.warmx.de/. 

 

Watson, D.L. (1999). Electrically Conductive Yarn, United States Patent 5927060. 



125 

 

 

Wearable Electronics. (2010),  01.07.2010, 

http://www.saphotonics.com/technology/wearable_electronics.html.  

 

Wenzhou J&D Electrical Industrial Co.,Ltd. (n.d). 

http://www.tradekorea.com/products/0925/1/motor.html. 

 

Xue, P. Park, K.H. Tao, 
 
X.M. Chen, W. ve Cheng, X.Y. (2007).  Electrically 

conductive yarns based on PVA/carbon nanotubes, Composite Structures, 78, 2, 

271 277. 

 

Xue, P. Tao, X.M. Leung, M, Y. ve Zhang, H. (2005). Electromechanical Properties 

of Conductive Fibres, Yarns and Fabrics, in Wearable Electronics and Photonics, 

Woodhead Textiles Series, No. 46, 81 104. 

 

 Tekstil Teknolojileri Elektronik Dergisi, 2008 (2) 1 -

16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


