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Abstract
In recent years, electrically conductive fabrics have been widely used in many fields such 
as medicine, sensors, sport, electrostatic discharge, electromagnetic interference (EMI) 
shielding and military applications. This study examines the effects of weft yarn types and 
weave types on the surface electrical resistivity and vertical electrical resistances of metal/
cotton electrically conductive woven fabrics. Fabrics were produced using four different 
types of stainless steel/cotton weft yarns. Effects of weave type and weft yarn type on the 
electrical resistances of the fabrics were examined using analysis of variance (ANOVA). 
It was concluded that the weft yarn type and weave type significantly affect the surface 
electrical resistivity and vertical electrical resistance of the fabrics at a significance level 
of 0.05. 

Key words: metal fabric, steel yarn, surface electrical resistivity, vertical electrical resis-
tance.

ers have reported that surface electrical 
resistance depends on both the material 
and the geometry of  electrodes used in 
the measurement [18].

A review of the literature revealed that 
previous studies mainly concentrated 
on electrical resistance properties of 
coated fabrics with conductive polymers. 
Enough studies about the effect of fabric 
parameters on the electrical resistivity 
properties of metal fabrics could not be 
found. The objective of this study wasto 
investigate the effect of weave types and 
weft yarn types on the surface electrical 
resistivity and vertical electrical resist-
ances of conductive metal fabrics. 

n Materials and methods
Material
One type of warp yarn (14.76×2 tex PES/
Vis+4.44 tex elastane) and four different 
types of weft yarns, including stainless 
steel, were used in the fabrics. Two dif-
ferent metal yarn diameters were used in 
the weft yarns: 316L stainless steel yarns 
of 50 and 35 mm. The steel yarns were 
plied with cotton yarns. The fabrics were 
produced with a Somet gripper weaving 
machine. Figure 1 shows SEM images of 
the weft yarns used in the study, and the 
basic characteristics of the fabrics are giv-
en in Table 1. For weft yarn types, subin-
dex references 1 to 4 were used, the codes 
of which are presented in Table 1, and 
are also used in Figure 1, Figures 3 - 5,  
Tables 6 and  9.

Method
There are three types of electrical resist-
ance: linear, surface and vertical electri-
cal resistances [19]. The surface resistiv-
ity and vertical electrical resistances of 

aluminium and silver, as well as intrin-
sically conductive polymers, or metal-
lic fillers or coatings incorporated in the 
yarn manufactured [4, 5]. Input and out-
put devices, sensors, and power supplies 
are integrated into the fabrics by applica-
tion or weaving [6].

In this study, yarn containing metal, one 
of the methods of producing conductive 
fabrics, is used. Conductive yarns are 
produced from metal fibres that have high 
electrical conductivity, such as stainless 
steel and copper [2, 3]. They are pro-
duced by mixing metal fibres with chem-
ical, cotton and viscose fibres [4]; these 
increase the electrical conductivity of 
the fabric, thus eliminating electrostatic 
charges [5] and preventing static loading 
on the fabric [6].  Electrical properties of 
fabrics vary with the core material and 
diameter of the fibre [12]. Fabrics made 
from different fibre materials show dif-
ferent values of electrical resistance due 
to varying water absorption mechanisms 
and  fibre specific areas [13]. 

Many researchers have worked on the 
electrical conductivity properties of con-
ductive polymer coated fabrics [14-17]. 
Electrical conductivity is increased by 
raising the concentration of the organic 
polymer [17]. The structure of fabrics 
affects their electrical conductivity. The 
weave type and weft densities of fabrics 
coated with conductive polymer affect 
their surface resistivity, for example in-
creased weft densities reduce the surface 
resistivities of fabrics. Moreover the 
surface resistivity of fabrics increase si-
multaneously with the number of warp 
and weft intersections [14]. Also the fi-
bre type affects  the surface resistivity of 
fabrics produced [15]. Some research-

n Introduction
Conductive textile materials play a major 
role in the production of industrial prod-
ucts such as electromagnetic protection, 
prevention of dust and bacteria, static un-
loading, and sensors [1]. 

Conventional textile fabrics are poor 
electrical conductors [2]. There are many 
methods for imparting electrical conduc-
tivity to a textile fibre, yarn or fabric. 
The method used is determined by the 
specific requirements of the end product 
[3].  Some of the methods to obtain con-
ductive fabrics are the use of fibres and 
yarns made from metals of steel, copper, 
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Statistical analysis
Two-factor analysis of variance (ANO-
VA) wasused to determine the relation-

metal/cotton fabrics were measured in 
the study. A Megger MIT520 Megohm-
meter Insulation Resistance Tester was 
used to measure surface and volume 
electrical resistances (Figure 2).

Surface resistivity was calculated accord-
ing to Standard TS EN 1149-1 [20]. Ver-
tical electrical resistances of the fabrics 
were measured according to the TS EN 
1149-2 standard [20]. Tests were con-
ducted after the samples had been con-
ditioned for 24 hours, as specified in the 
standard (23 ± 1 °C, 25 ± 5% relative 
humidity). Surface electrical resistance 
measurements were repeated at five dif-
ferent positions on the test sample, and 
the geometric mean of the results was 
calculated. Equations 1 and 2 were used 
in the calculations. The value of the five 
measurements was calculated according 
to Equations 1 , and then their geometric 
mean was determined [20].

ρ is the surface resistivity calculated in 
Ω, R the resistance measured in Ω, k the 
geometric factor of the electrode, (for 
the electrode used in the test, this factor 
equals k = 19.8) in Equations 1, and  the 
k factor is calculated using Equations 2.

ρ = k × R                  (1)

r1 is the inner electrode diameter;  
r1 = 25.2 mm and r2 is the outer electrode 
diameter; r2 = 34.6 mm in Equations 2.

                   (2)

Vertical electrical resistance measure-
ments were repeated at four different 

positions on four test samples, and the 
arithmetic mean of the measurements 
was calculated [21]. 

Table 1. Weave types of fabrics and weft yarns.

Yarn code Weft yarn linear 
density, tex

Warp yarn linear 
density, tex

Diameter of 
stainless steel, 

mm
Weave pattern Weave 

code
Surface 

mass, g/m2
Density (weft × warp), 

yarns/cm

Y1
9.83 × 2

33.9

50

Basket 3/3

B 3/3

401.39

28 × 33

Y2

35

400.19

Y3 9.83 404.44

Y4 7.38 ×2 409.77

Y1
9.83×2

50

Twill 2/1

T 2/1

332.61

Y2

35

317.32

Y3 9.83 317.19

Y4 7.38 ×2 312.94

Y1 9.83×2
50

Twill 3/3 horizontal

T 3/3 H

437.10
Y2

35
421.68

Y3 9.83 447.67
Y4 7.38 ×2 452.96

Figure 1. Weft yarns used in the study.

Figure 2. Digital Ohmmeter (a) and electrodes (b).

a)
b)

Y1 Y2

Y3 Y4
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ship between independent and dependent 
variables. Tukey’s HSD ( Honestly Sig-
nificant Differences) post-hoc test was 
performed after the ANOVA test was 
completed in order to determine which 
groups differ from each other. A 0.05 

level of significance was used in the sta-
tistical analysis. 

A description of the statistical terms used 
in the tables is provided in Table 2,  de-
pendent and independent variables are 
given in Table 3.

n Results and discussions
Surface electrical resistivity
Surface resistivity results calculated ac-
cording to Equation 1 are shown in 
Figure 3; ANOVA results are given in 
Table 4, and SEM images of the fabrics 
woven with Y1 weft yarn in three differ-
ent weave types are shown in Figure 4.

Surface resistivities of the fabrics varied 
according to the weave type and weft 
metal yarn type, and the surface electri-
cal resistivity of T 3/3 H is found to be 
higher than for the other weave types 
(Figure 3). According to Figure 4, metal 
yarns are barely visible on the fabric sur-
face of T 3/3 H, but are more visible in 
B 3/3 and T 2/1, which indicates that the 
measurement electrodes have less contact 
with the metal yarns in T 3/3 H, resulting 
in higher electrical resistivity measured. 
According to data in the literature, sur-
face resistivity increases simultaneously 
with the number of warp and weft inter-
sections [14]. The findings of the present 
study support this finding. Although the 
thicknesses of  Y1 and Y2 yarn are the 
same, the metal yarn diameter in Y1 is 
thicker than that in Y2 (Table 1). And 
the cross-sectional area of Y1 is higher 
than that of Y2. For this reason, surface 
resistivities of  woven fabrics produced 
using weft yarn Y1 are expected to be 
lower than those of fabrics  produced  us-
ing weft yarn Y2, because the resistance 
of any material is inversely proportional 
to its cross-sectional area [26, 27]. The 
result expected is seen only for weave 
type T 3/3 H (Figure 3). The thickness 
of Y2 is higher than Y3 because Y2 is 
double ply yarn while Y3 is single ply . 
The metal yarn diameter in Y2 and Y3 are 
same (Table 1). Surface resistivities of 
woven fabrics  produced  using weft yarn 
Y2 are expected to be lower  than those 
of fabrics  produced  using Y3 weft yarn.  
The result expected is seen for the B 3/3 
and T 2/2 weave types (Figure 3). The 
Y2 and Y4 weft yarns are both ply, with 
the thickness of Y2 being higher than that 
of Y4 and the metal yarn diameters in Y2 
and Y4 being the same (Table 1). Surface 
resistivities of woven fabrics produced  
using weft yarn Y2 are expected to be 
lower than those of fabrics produced us-
ing weft yarn Y4. The result expected is 
seen for all of the weave types (Figure 3). 
As result of these, the settlement shape of 
the metal yarn in the fabric structure is 
thought to be as important as weft yarn 
thicknesses, metal yarn diameters in the 
weft yarns and also weave types. It is 

Table 2. Descriptions of the statistical terms.

Statistical term Description

p-value

The term p-value is the probability that the results of the study are only due to chance. 
If the p-value is less than 0.05, it is considered statistically significant, and if the 
p-value is greater than 0.05, it is considered  statistically not significant [22]. If the 
p-value of a variable is greater than 0.05, then the variable can be removed from the 
model.

R-squared

The term R-squared is the coefficient of determination. It expresses how much of 
the variance of the dependent variable measurements is explained by independent 
variables of the model [23]. Values of R-squared are between 0-1. A value of 0 
indicates that the regression is not existent while a value of 1 shows an excellent 
linear relationship [24].

F value

The term F value, which is a statistic, is given in F-tables for different probability 
levels. If the F-value calculated in the Anova is greater than the value in the F- tables, 
the independent factor or interactions are expected to be significant at that probability 
or confidence limit [25].

Pure error The pure error is that between observations (experiments) taken in the same 
treatment.

Mean Difference The term  is the mean difference between the group means

Table 3. Dependent and independent variables.

Dependent variable Independent variable
SR (Surface electrical resistivity) YT (Yarn type)
VR (Vertical electrical resistance) WT (Weave type)

Figure 3. Surface resistivity of the fabrics.

Table 4. Results of surface resistivity (ANOVA).

Source F value p-value
(Significance) % contribution

Model 4620 < 0.0001 Significant
YT 1770 < 0.0001 8.02
WT 17240 < 0.0001 67.79
YTWT 2044 < 0.0001 24.11
Pure error 0.08
R-squared               0.9992

Fabric (weft yarn - weave pattern)
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thought that the values of surface resis-
tivity increased while increasing the dis-
tances between conductive metal yarns 
and when increasing the distances be-
tween electrodes and metal yarns.

The F-value of the model is 4620, which 
means that the model is significant. There 
is only a 0.01% chance that a “Model 
F-value” this large could occur due to 
noise. Values of p-value less than 0.05 
indicate that the model terms are sig-
nificant. In this case YT, WT, YTWT are 
significant model terms. The two-way 
ANOVA shows that YT, WT and YT-WT  
interactions have a statistically sig-
nificant effect on the surface resistivity  
(p < 0.0001). Weave type has the great-
est effect on surface resistivity (67.79%). 
The R-squared value of the model is 
0.9992. In this case, the terms in the mod-
el can explain the model approximately 
99 % (Table 4).

The significance values of YT and WT 
are both less than 0.05, which shows that 
the terms are significant for the model. 
However, these results do not tell us 
which weave types or/and yarn types are 
responsible for the difference. Tukey’s 
HSD (Honestly Significant Differences) 
post-hoc test was used in order to de-
termine which groups differ from each 
other. At the end of the Tukey’s HSD test 
for weave types, a significant difference 
was not observed between weave types 
B 3/3 and T 2/1 (p = 0.997). However,  
T 3/3 H is significantly different  
(p < 0.001) from types B 3/3 and T 2/1 
(Table 5). As a result of the Tukey’s HSD 
test for yarn types, a statistically signifi-
cant difference was not found between 
the weft yarns (Table 6).

Vertical electrical resistance
Vertical resistance results of the fabrics 
are shown in Figure 5, and ANOVA 
results are given in Table 7. Table 8 in-
dicates the Tukey’s HSD test for weave 

types and Table 9 indicates the Tukey’s 
HSD test for yarn types.

Vertical resistances of the fabrics varied 
according to  weave type.  The vertical 
resistance of T 3/3 H is found to be high-
er than the other weave types, as seen in 
Figure 5, which may be caused by the 
long floats of weft yarns in  T 3/3 H. The 
slipping and displacement of the weft 
yarns may have occurred in the T3/3 H 
weave type. The vertical resistance may 
have increased with the decrease in dis-
tances between metal/cotton weft yarns.

Although the thicknesses of the Y1 and 
Y2 yarn are the same, the metal yarn 
diameter in Y1 is thicker than the metal 
yarn diameter in Y2 (Table 1). And the 
cross-sectional area of Y1 is higher than 

that of Y2. For this reason, vertical resist-
ances of the woven fabrics  produced  us-
ing weft yarn Y1 is expected to be lower 
than the surface resistivities of  fabrics 
produced  using weft yarn Y2. The result 
is expected seen for weave types T 2/1 
and T 3/3 H (Figure 5). The thickness of 
Y2 is higher than that of Y3 because Y2 
is double ply yarn while Y3 is single ply. 
The metal yarn diameter in Y2 and Y3 is 
the same (Table 1). The vertical resist-
ances of  woven fabrics  produced using 
weft yarn Y2 is expected to be lower than 
the surface vertical resistances of  fabrics 
produced using weft yarn Y3. The result 
expected is seen for all of the weave 
types (Figure 5). Weft yarns Y2 and Y4 
are both double ply yarns, with the thick-
ness of  Y2 being higher than that of Y4 
and the metal yarn diameters in Y2 and 

Table 5. Tukey’s HSD test for weave types (Surface electrical resistivity); *The mean 
difference is significant at the 0.05 level.

(I) weave type (J) weave 
type

Mean difference 
(I - J)

p-value
(Significance)

Tukey’s HSD

B 3/3
T 2/1 -41.45 0.997

T 3/3 H -5524.21* <0.001

T 2/1
B 3/3 41.45 0.997

T 3/3 H -5482.76* <0.001

T 3/3 H
B 3/3 5524.21* <0.001

T 2/1 5482.76* <0.001

Table 6. Tukey’s HSD test for yarn types (Surface electrical resistivity); *The mean 
difference is significant at the 0.05 level.

(I) yarn type (J) yarn type Mean difference
(I - J)

p-value
(Significance)

Tukey’s HSD

Y1

Y2 -1692.04 0.427
Y3 -1327.84 0.630
Y4 706.24 0.919

Y2

Y1 1692.04 0.427
Y3 364.20 0.988
Y4 2398.28 0.145

Y3

Y1 1327.84 0.630
Y2 -364.20 0.988
Y4 2034.08 0.267

Y4

Y1 -706.24 0.919
Y2 -2398.28 0.145
Y3 -2034.08 0.267

Figure 4. Surface images of the fabrics (weft yarn: Y1); a) B 3/3, b) T 2/1, c) T 3/3H .

a) b) c)
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is only a 0.01% chance that a “Model  
F-value” this large could occur due to 
noise. Values of p-value less than 0.05 
indicate that the model terms are sig-
nificant. In this case YT, WT, YTWT are 
significant model terms. The R-Squared 
value of the model is 0.9993. In this case, 
the terms in the model can explain the 
model approximately 99 % (Table 7).

The two-way ANOVA results showed 
that the YT, WT and YT-WT interactions 
have a statistically significant effect on 
vertical resistance (p < 0.0001). How-
ever, weave type has the greatest effect 
on vertical resistance - 52.59% (Table 7). 

The significance values of YT and WT 
are both less than 0.05, which shows that 
the terms are significant for the model. 
However, these results do not tell us 
which weave types and/or yarn types are 
responsible for the difference. Tukey’s 
HSD (Honestly Significant Differences) 
post-hoc test was used in order to de-
termine which groups differ from each 
other. As a result of the Tukey’s HSD test 
for weave types, a statistically significant 
difference was observed between weave 
types B 3/3, T 2/1 and T 3/3 H (p<0.05) 
(Table 8). As a result of the Tukey’s HSD 
test for yarn types, a statistically signifi-
cant difference wasfound between the Y1 
& Y3 and Y2 & Y3 weft yarns (Table 9).

n Conclusion
As a result of the present study, weave 
type and weft yarn type are determined 
to be significant factors affecting the sur-
face electrical resistivities and vertical 
electrical resistances of conductive fab-
rics, with the most significant factor be-
ing weave type.

It may be indicated that the settlement 
shape of the metal yarn in the fabric 
structure is thought to be as important 
as weft yarn thicknesses, metal yarn di-
ameters in the weft yarns and also weave 
type. 

It is concluded that the distance between 
the electrode and  metal yarns is very 
important. The values of surface resis-
tivity and vertical resistance increase 
while increasing the distances between 
conductive metal yarns. Moreover the 
values also increase when increasing the 
distances between electrodes and metal 
yarns. The slipping and displacement of 
the conductive metal yarns may have in-

Figure 5. Vertical resistance of the fabrics.

Table 7. Analysis of variance (ANOVA) test results of vertical resistance.

Source F value p-value % contribution
Model 5451 < 0.0001 Significant
YT 2931 < 0.0001   9.46
WT 15780 < 0.0001 52.59
YT WT 3789 < 0.0001 37.89
Pure error   0.06
R-squared              0.9993

Table 8. Tukey’s HSD test for weave types (Vertical resistance); *The mean difference is 
significant at the 0.05 level.

(I) weave type (J) weave type Mean difference (I - J) p-value (significance)

Tukey’s HSD

B 3/3
T 2/1 -50.15* 0.029

T 3/3 H -154.85* 0.000

T 2/1
B 3/3 50.15* 0.029

T 3/3 H -104.70* 0.000

T 3/3 H
B 3/3 154.85* 0.000
T 2/1 104.70* 0.000

Table 9. Tukey’s HSD test for yarn types (Vertical resistance); *The mean difference is 
significant at the 0.05 level

(I) yarn type (J) yarn type Mean difference (I - J) p-value (significance)
Tukey’s HSD

Y1

Y2 12.73 0.974
Y3 -80.47* 0.047
Y4 -19.33 0.918

Y2

Y1 -12.73 0.974
Y3 -93.20* 0.016
Y4 -32.07 0.712

Y3

Y1 80.47* 0.047
Y2 93.20* 0.016
Y4 61.13 0.189

Y4

Y1 19.33 0.918
Y2 32.07 0.712
Y3 -61.13 0.189

Y4 being the same (Table 1). The verti-
cal resistances of  woven fabrics  pro-
duced  using weft yarn Y2 is expected to 
be lower than those of  fabrics produced  
using weft yarn Y4.  The result expected 

is seen only for weave type T 3/3 H (Fig-
ure 5).

The F-value of the model is 5451, which 
means that the model is significant. There 

Fabric (weft yarn - weave pattern)
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fluenced the results of electrical measure-
ment.
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