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Abstract: Electroconductive textiles can not be considered as homogenous structures, because fabrics consist of conductive 
and nonconductive yarns, interlaced to each other. Such distribution of yarns results in anisotropic current distribution, when 
voltage is applied. The aim of investigations was investigate current and temperature distributions in conductive textiles, which 
can be used in many applications, such as protective textiles, e-textiles, heating textiles etc. It was found that the Ohm's law is 
valid for such type of textiles and temperature increases increasing voltage applied. The amount of current passing through the 
conductive yarn depends mainly on the conductivity of it. The length of conductive yarn also influences values of current and 
temperature. It was concluded that current passes through yarns with silver coated filaments more homogeneously than in 
yarns with metal fibres, because of continuous coating. Also it was noticed, that there exists a maximum voltage which can be 
fed to the conductive yarns, without damaging it. 
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1. Introduction 

The application fields of conductive textiles have been 
spread out very widely in last few decades. Such fabrics can 
be used for medical and military applications, protective 
clothing, can be attributed to smart- or e-textiles [1]. The 
possibility to insert conductive yarns into textiles and do not 
influence comfort properties or flexibility of fabrics makes 
them particularly usable as parts of heating elements, 
conductors, sensors or electrodes. However, the application 
range of conductive textiles is notably limited, because 
conductive fabrics have much lower conductivity and 
thermal stability than metals [2, 3]. 

A woven fabric-based electrical circuit can be defined as a 
network of conducting and nonconducting orthogonal yarns 
that have been arranged and interlaced according to a given 
fabric design [4]. The conductive threads act as carriers of 
electrical signals in this network, transmitting signals from 
one point in the network to another (i.e., from the signal 
transmitters to the signal receivers), and are designed to 
follow a given electrical circuit. The nonconducting threads 

in such a fabric provide appropriate separation between the 
conductive threads [5]. 

Temperature control is one of the most important functions 
of clothes. Most of the heating elements use the principle of 
Joule’s heat, which is generated when an electric current is 
passed through a conductive material. All conductive 
materials are heating elements in principle. The temperature 
of heating materials depends on the thermal power given off 
the textile. Clothing heated with textiles ensures an 
appropriate temperature gradient between the body and the 
environment [6].  

Modeling of the current density in electroconductive 
textiles is a complicated problem, because such fabrics can 
not be considered as homogeneous structures with an 
isotropic current distribution. Every conductive textile can be 
treated as a combination of series and parallel connections of 
resistors that corresponds to the resistivity of fibres 
themselves and to the resistance between fibres that are 
interlaced. Netherless resistances will depend on numerous 
external factors, such as temperature, humidity, pressure or 
extension [7]. 

Metal, carbon, and optical fibers are the most well-known 
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textile conductive yarns. Conductive yarns that have lower 
linear resistance values are used to transmit electrical signals 
in an e-textile configuration. They can be directly woven, 
knitted, embroidered, or sewn into the fabrics for designing 
e-textile transmission lines; however, during production or 
usage, these yarns are subjected to high level of stress, 
friction, moisture, perspiration impacts, etc., which can lead 
to failure of the line in terms of resistivity and signal 
transmission [8]. There is no so many data about current 
distribution in conductive woven textiles, especially when 
conductive yarns were inserted at different intervals in warp 
direction. That is why the aim of the investigation was to 
examine the current and temperature distributions within 
conductive woven fabrics at different voltages applied. 

2. Materials and Methods 

Six conductive cotton/polyester (65:35)% woven fabrics 
with different conductive yarns and distances between them 
were manufactured for the investigation. The linear density 
of cotton/PES yarns was 15×2 tex, coefficients of densities: 
280 dm-1 of warp threads and 200 dm-1 of weft threads. The 
conductivity of fabrics was ensured by imparting yarns with 
silver coated filaments or yarns with metal fibres into fabric 
construction. These yarns were interwoven in to the fabrics at 
specified intervals in weft direction. The main characteristics 
of conductive yarns, inserted in investigated fabrics are 
presented in Table 1. 

Table 1. The detailed description of investigated conductive fabrics. 

Code of 
fabric 

Type of conductive yarn 
Linear density of 
conductive yarn, tex 

Distances between 
conductive yarns, mm 

Fabric density 

Mass per unite area, 
cm2 Warp, 

cm-1 
Weft, 
cm-1 Warp 

direction 
Weft 
direction 

S10 
32 PES filaments + 12 PES filaments coated 
with silver (twisting Z 300 m-1)  

17 - 10 25 23 168 

S15 
32 PES filaments + 12 PES filaments coated 
with silver (twisting Z 300 m-1)  

17 - 15 25 23 169 

M10 PES yarns with stainless steel fibres (80:20)% 20 - 10 25 23 169 

M15 PES yarns with stainless steel fibres (80:20)% 20 - 15 25 23 170 

M10+M10 
PES yarns with stainless steel fibres (80:20)% 
- used as warp and weft 

20 10 10 25 23 171 

S10+M10 

32 PES filaments + 12 PES filaments coated 
with silver (twisting Z 300 m-1) – used as 

warp; PES yarns with stainless steel fibres 
(80:20)% - used as weft 

17 – for warp 
20 – for weft 

10 10 25 23 170 

 

The density of fabrics was determined according to EN 
1049-2 standard, mass per unite area – EN 12127.  

The principal schemes of measuring set up used during 
research are presented in Figure 1a and Figure 1b. It is seen 
in Figure 1a, that the investigated fabrics, where conductive 
yarns were inserted only in one direction, were clamped 
between two aluminum clamps (1) of area 11 mm2. One 
conductive yarn was subjected between clamps during 
measurement of fabrics S10 and M10 and two conductive 
yarns were involved between clamps during measurements of 
fabrics S15 and M15. The distance between clamps during 
measurements was chosen as 10 cm and 20 cm.  

As it is seen from Figure 1b, the clamps were subjected in 
the fabrics M10+M10 and S10+M10 in such a way, that one 
clamp (1) was in contact to the conductive weft yarns, while 
the other clamp (1) – to the conductive warp yarn. So, the 
current was passing through the conductive yarns creating 
electrical network in the investigated fabric. The distance 
between the clamp and the contact point of conductive yarns 
in the fabric was chosen as 5 cm and only one conductive 
yarn was involved in clamps during investigation. For fabric 
M10+M10 it was chosen to carry out one more test, when the 
distance between the clap and the contact point was 10 cm 

and 2 conductive yarns were involved in the clamps. The 
loading force of the clamps (1) was 12 N, they were 
connected to the multimeter MASECH MAS 830L (MM), 
which measured the electrical current passing through the 
conductive yarn. Multimeter was connected to the voltage 
regulator (U,V). Alternating the voltage from 1.5 V till 12 V, 
the current was fed through the measuring set up and 
conductive yarn interwoven in to the investigated fabric. The 
temperature of the conductive yarn in fabrics S10, M10, S15 
and M15, and a temperature at a contact point of conductive 
yarns in fabrics M10+M10 and S10+M10 was measured with 
heat resistant thermocouple (type K) made of NiCr-Ni wires 
of 0.2 mm diameter connected to the temperature measuring 
device (TM) ALMEMO 2290-4 which has data processing 
and compiler systems. The temperature distribution in the 
fabric under investigation was monitored by infrared images, 
taken with FLIR SYSTEMS ThermaCAM infrared camera 
with technical data: spectral range from 7.5 µm to13 µm; 
detector type: Focal Plane Array (FPA), uncooled 
microbolometer 120×120 pixels; accuracy: ±2°C or 2% of 
reading; thermal sensitivity 0.20°C; detector image 
interpolated to 240×240 pixels; temperature ranges from –
10°C up to +350°C.  
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All investigations were carried out in ambient conditions: 
room temperature 18°C, humidity 30%. 

All measurements were taken 10 s after actuation of 
measurement set up at specified voltage. 10 s were choose, 
because according to the other literature sources the 
temperature rises first 5-10 s after the current was fed 
through the conductive yarns and then it becomes stable [9]. 

 

Figure 1a. The measuring set up used during research of fabrics with 

conductive yarn inserted in one direction. 

 

Figure 1b. The measuring set up used during research of fabrics with 

conductive grid. 

The values of resistance (R) were calculated using Ohm's 
law: 

R= U / I                (1) 

where: U – voltage, V; I – current, A. 
Whether or not a material obeys Ohm's law, its resistance 

also can be described in terms of its bulk resistivity. 

R= ρ l / A                  (2) 

where: ρ – bulk resistivity, Ω/m; l – length, m; A – area, cm2. 
Since the electrical resistance of the conductive yarn is due 

to the collision process in the conductive area, the 
temperature effect on the resistance of the conductive yarn 
can be expressed as: 

R= R0 (1+ α(Tt− T0))          (3) 

where: R0 – resistor of initial value, Ω; α – temperature 
coefficient; T0 – initial temperature, °C; Tt – heating 
temperature, °C. 

3. Results and Discussions 

Six conductive woven fabrics which could be can be 
attributed to e-textiles or can be adjusted as heating textiles. 
Also these fabrics can be used as materials for protective 
clothing against incendiary discharges or electromagnetic 
interferences (the results of investigations are presented in 
literature [10-14]. 

It was determined, that if the voltage is applied to all 
investigated conductive woven fabrics, the current will flow 
through conductive yarns, causing an increase of temperature. 
The current does not flow through the cotton/PES yarns, 
because they are highly isolators with high resistance value, 
but it flows through the conductive yarns despite their nature. 
The results received during the investigations for fabrics S10 
and M10, where two conductive yarns were subjected 
between clamps during measurements are presented in 
Figures 2 and 3, and results of fabrics S15 and M15, where 
one conductive yarn was subjected between clamps during 
measurements are presented in Figures 4 and 5. 

The results of woven fabrics, where conductive yarns were 
inserted in weft and warp direction by forming an electrical 
network, at the contact point (where conductive yarns crosses 
each other) is seen in Figures 6 and 7. 

 
Figure 2. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabrics S10 (dashed line) and M10 (straight line): the 

distance between clamps 10 cm, 2 conductive yarns stationed in the clamp. 
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Figure 3. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabrics S10 (dashed line) and M10 (straight line): the 

distance between clamps 20 cm, 2 conductive yarns stationed in the clamp. 

 
Figure 4. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabrics S15 (dashed line) and M15 (straight line): the 

distance between clamps 10 cm, 1 conductive yarn stationed in the clamp. 

 
Figure 5. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabrics S15 (dashed line) and M15 (straight line): the 

distance between clamps 20 cm, 1 conductive yarn stationed in the clamp. 
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Figure 6. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabric M10+M10: the distance between clamps and 

conductive yarns contact point 5 cm, 1 conductive yarn stationed in the clamp (dashed line), the distance between clamps and conductive yarns contact point 

10 cm, 2 conductive yarns stationed in the clamp (straight line). 

 
Figure 7. Temperature (black colour) and current (grey colour) dependence on applied voltage for fabric S10+M10: the distance between clamps and 

conductive yarns contact point 5 cm, 1 conductive yarn stationed in the clamp. 

As it is seen from test results, the Ohm's law is valid for all 
investigated fabrics, because there is a linear dependence 
between voltage-current-temperature data and because 
coefficients of determination are very high: varies from 
approximately 0.9 till 0.99. It was determined that when 
higher voltage is fed to the sample; higher current will be 
passing through the conductive yarn thus resulting in higher 
temperature. It was concluded that the maximum value of 
voltage, which could be fed to the conductive yarn without 
damaging it, exist e.g. if distance between clamps is 10 cm in 
fabrics with conductive yarn inserted only in one direction, 
the yarns burns down when more than 9 V voltage is fed to 
the yarns. The voltage of 12 V was possible to feed without 
any damage to the conductive yarn when the distance 
between clamps was increased till 20 cm. J. Banaszczyk in [7] 
and S. T. A Hamdami [6] also declared that although the 

conductive yarns obey the Ohm’s law, it is still a polymeric 
yarn that has a material break down point depending on the 
glass transition temperature. Either investigation have 
showed that the current passing through silver coated yarns is 
almost twice higher comparing to current passing in the 
PES/stainless steel yarns. This may be explained as the silver 
possesses the highest electrical conductivity (6.30×107 S/m) 
of any element and stainless steel is a steel alloy with a 
minimum of 10.5% chromium content by mass resulting in 
lower conductivity (1.45 × 106 S/m), because the chromium 
atoms disrupt the regular iron lattice and increase the chances 
of inelastic collisions with moving electrons. If the distance 
between clamps is 10 cm, higher current in textiles with 
silver coated filaments result in approximately twice higher 
temperature values at the same voltage, when comparing to 
textiles with metal fibres. In overall higher temperature 
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values of fabrics S10 and S15 were received comparing to 
values of fabrics M10 and M15. This was achieved because 
of high current passing through the yarn and because the 
specific heat capacity of silver is lower (234 Jkg-1K-1) than of 
stainless steel (510 Jkg-1K-1). It means that less amount of 
heat is required for silver than to stainless steel, to rise the 
temperature for one degree. Also it was noticed that more 
yarns stationed between clamps, the higher values of 
measured current is received. 

It is generally known that the length of sample [15] is 
dominant in the Ohm's law and experimental results proves 
that longer the conductive yarn measured, lower current is 
received at the same amount of voltage applied. Thus 
resulting in smaller temperature values (approximately 2.5-3 
times). Especially it is seen for fabrics with silver coated 
yarns. Also it is seen that when distance between clamps is 
20 cm, the temperatures in both types of investigated fabrics 
– with silver yarns and metal yarns, when the same amount 
of voltage was fed to the sample, are very similar and the 
number of conductive yarns in clamps does not influences 
temperature values very significantly.  

The highest current values were received for fabrics S10 
and M10, at the smallest measured distance between the 
clamps, when the voltage was fed through two yarns. When 
only one yarn was subjected to the clamps, the amount of 
current, for samples with different conductive yarns (with the 
same distances between conductive yarns in fabrics), passing 

through the samples were quite similar. It was noticed that 
the same dependences among current, voltage and 
temperature are valid not only in fabrics S10, S15 and M10, 
M15, but for fabrics M10+M10 and S10+M10 as well. 

Resistances of conductive yarns were calculated from 
measured current values using Ohm's law. Results are 
presented in Tables 2, 3 and 4. The resistance equation for 
materials also states that the electrical resistances depends on 
the resistivity, length and cross sectional area of measured 
sample (see equation 2). If we would accept that the cross 
sectional area of conductive yarns is totally round, then only 
resistivity and the length of investigated would be critical. A. 
Dhawan with coauthors in [5] investigated electro-conductive 
textiles with copper and steel yarns and he determined that 
resistance of both types of yarns depends on the length of 
conductive yarn measured. The resistivity depends on the 
nature of a conductor as well. It was proved by investigating 
fabrics with different conductive yarns at the same testing 
conditions. The influence of yarn length on resistance was 
determined by varying the distance between the clamps 
during measurements (see Tables 2, 3 and 4). Either it is 
generally known that the movements between the atoms in 
the conductor increases increasing sample temperature, thus 
resulting in current flow, it is stated that the resistance is also 
influenced by the temperature (see equation 3). The 
dependences of temperature on applied power were also 
investigated by G. De Mey and coauthors in [16]. 

Table 2. Resistance values of investigated samples, when two conductive yarns were subjected between clamps. 

Code of fabric Distance between clamps 
Resistance (R), Ω 

1.5 V 3 V 4.5 V 6 V 7.5 V 9 V 12 V 

S10 10 24.6 35.5 42.1 46.2 50 53 60 

M10 10 53.6 72.3 75 76.9 76.5 75 - 

S10 20 65.2 136.4 112.5 120 127.1 130.4 142.9 

M10 20 115.4 149.3 175.8 187.5 195.3 204.5 218.2 

Table 3. Resistance values of investigated samples, when one conductive yarn was subjected between clamps. 

Code of fabric Distance between clamps 
Resistance (R), Ω 

1.5 V 3 V 4.5 V 6 V 7.5 V 9 V 12 V 

S15 10 70.8 103.4 121 130.4 136.4 138.5 - 

M15 10 107.1 136.4 145.2 136.4 141.5 136.4 139.5 

S15 20 110.3 157.9 190.7 205.5 204.9 223.3 240 

M15 20 161.3 208.3 234.4 247.9 250 254.2 258.6 

Table 4. Resistance values of investigated samples at the contact point of conductive yarns. 

Code of fabric Distance between clamps 
Resistance (R), Ω 

1.5 V 3 V 4.5 V 6 V 7.5 V 9 V 12 V 

M10+M10 5 1.9×10-4 1.25×10-4 1.2×10-4 1.16×10-4 1.09×10-4 1.02×10-4 7.41×10-5 

M10+M10 10 3.75×104 1.38×105 2.84×105 4.08×105 5.63×105 1.08×106 - 

S10+M10 5 2.33×104 7.8×104 1.76×104 3.24×105 5.55×105 8.28×105 1.58×106 
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H. Sezgin with coauthors observed temperatures over the 

conductive yarns when e-textile transmission lines were 
subjected to different voltage values in paper [17]. He 
concluded that the voltage and linear resistance of conductive 
yarns have high effect on the temperature obtained over the 
e-textile samples, whereas the type of basis yarn has very 
small effect. Our investigations have showed that 
temperatures and current passing through the conductive 
yarns mostly depends on voltage and their conductivity. Also 
our results proved the rightness of H. Sezgin proposition that 
the temperature observed over the conductive yarns is 
directly proportional to the linear resistance of conductive 

yarns. 
Investigations with thermocamera have showed the heat 

distribution through conductive yarns and the intensity of the 
current flowing along those yarns. Also it was indicated that 
when the smaller amount of voltage is fed to the sample the 
image of conductive yarns is not very bright and increase in 
the voltage applied, increases the brightness of the 
thermoimage of conductive yarns. Especially it was seen for 
fabrics with silver coated yarns than in fabrics with stainless 
steel fibres, because of the higher values of current passing 
through conductive yarns (see Figures 8-12). 

 
a) 

 
b) 

Figure 8. Samples during measurements, at voltage of 4.5 V, distance between clamps 10 cm: a) fabric S10; b) fabric M10. 
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a) 

 

b) 

Figure 9. Samples during measurements, at voltage of 1.5 V, distance between clamps 10 cm: a) fabric S15; b) fabric M15. 

Also it was concluded from the thermoimages of conductive yarns, that the current spreads in silver coated yarns more 
homogenously than in yarns with metal fibres. The continuous silver coating on polyester filaments influenced the continual 
current spread thought the yarn and we received quite clear thermoimage of conductive yarn even at small voltage values. The 
space between stainless steel fibres in the conductive yarns of fabrics M10 and M15 was the reason why the thermoimage of 
such yarns shows uneven and discontinuous current flow (see Figure 9). 
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a) 

 

b) 

Figure 10. Samples during measurements, at voltage of 12 V, distance between clamps 20 cm: a) fabric S15; b) fabric M15. 

Investigating thermoimages of fabrics with conductive network, formed by conductive yarns interwoven in fabrics, it was 
noticed, that the current passes not only through the yarns which were positioned in clamps, but it spreads wider in through the 
conductive yarns, forming an electrical network of a quadrant form. Such phenomenon is clearly seen in Figure 11. 

Unfortunately, but thermoimage of S10+M10 fabric have not showed expected result (see Figure 12). The current flows only 
in horizontal lines: clamp-contact point-clamp. Similar results received J. Banaszczyk in paper [18] investigating 
electroconductive fabrics. 
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a) 

 

b) 

Figure 11. Sample M10+M10 during measurements, at voltage of 12 V: a) distance between clamps and contact point 5 cm, 1 conductive yarn stationed in the 

clamp; b) distance between clamps and contact point 10 cm, 2 conductive yarns stationed in the clamp. 
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Figure 12. Sample S10+M10 during measurements, at voltage of 4,5 V, distance between clamps and contact point 5 cm, 1 conductive yarn stationed in the clamp. 

4. Conclusions 

The current will pass through the conductive yarn, inserted 
in the fabric, if the voltage will be fed to the sample. There is 
a maximum value of voltage, which could be fed to the 
conductive textiles without damaging conductive yarn. Such 
amount depends on the length of the conductive yarn: longer 
yarn withstand higher voltage before burning down. The 
voltage of 9 V was the maximum securest value, which could 
be applied to all investigated fabrics without harm. 

It was determined that higher the voltage was fed to the 
textiles; higher current would pass through the conductive 
yarn, thus resulting in higher temperatures. The nature of 
conductive yarns also influenced tested parameters. 
Conductive yarns with silver coated filaments resulted in 
higher values of current than yarns with stainless steel fibres. 
Also it was concluded that a current passes through the silver 
coated yarns more homogeneously than in yarns with 
stainless steel fibres, especially it was seen at higher voltages. 
The current was dependant on the length of conductive yarn. 
According to Ohm's law higher values of current results in 
higher values of resistances. When length of the conductive 
yarn under test was 10 cm, the number of conductive yarns 
influenced temperature values, but when the length was 
increased till 20 cm, the temperature of all investigated 
samples, where conductive yarn was inserted in one direction, 
was received the same. 

Investigating fabrics with conductive network, which was 
formed by conductive yarns inserted in warp and weft 
directions, it was noted, that the current passes not only 
through the yarns which were positioned in the clamps, but it 
spreads wider, forming electrical network of the right 
quadrant form. 
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