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ABSTRACT 

The use of jute fabrics is showing an increasing trend in textile, building and automobile sectors.  Electrical 

properties such as conductivity, resistance, di-electric constant, insulation, etc. are the essential factor for 

consideration for using jute fabrics in these sectors. For this reason, a study was carried out to find out the changes 

in electrical properties of woven and nonwoven jute fabrics at different input voltage. The electrical resistance of 

jute fabrics was measured by a digital impedance meter. Effects of input voltage, gauge length, and type of 

fabrics on electrical resistance were studied and analyzed. Experimental results indicated that the electrical 

resistance of woven and needle punched nonwoven jute fabrics decreased with the increase of input voltage and 

increased with the increase in gauge length. The highest value of electrical resistance in woven jute fabrics was 

394 Mohm/cm at 2 cm gauge length and 60 V of the input voltage. In nonwoven jute fabrics, the maximum 

electrical resistance was 257 M ohm/cm which was obtained at 2 cm gauge length and 60 V of electrical 

resistance. Woven jute fabric showed a higher value of resistance than nonwoven jute fabric for different 

voltages. It was also observed that the electrical resistance varied with the type of fabrics used in this study. 
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INTRODUCTION: 

Jute is a common natural fibre which is produced on a 

wide scale in the Indian sub-continent, especially 

Bangladesh and has a nominal effect on the environ- 

ment because of its biodegradable properties (Vilaseca 

et al., 2007). Many types of natural and plastic fibres 

are available in the world. Every natural fibre has strong 

properties (Cantero et al., 2003). As a result, jute fibre 

also has many advantages which are high mechanical 

and electrical properties, low cost, low weight, good 

thermal properties, enhanced energy recovery, bio- 

degradability and so on (Bullions et al., 2004; Mohanty 

et al., 2000). Jute is the cheapest lingo- cellulosic long 

vegetable- based fiber and is abundantly available in 

Bangladesh (Akter et al., 2020). It is traditionally used 

for making hessian clothes, ropes, gunny and shopping 

bags, floor mats, etc (Rahman et al., 2008).  
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Jute is a bast fibre of Tiliaceae family. Bangladesh is 

second jute producing country. Plant of jute takes 

nearly 120 days for growing to a height of 10-15 feet. 

The jute fibre comes from the stem and ribbon of the 

plant by separating through retting from the plant (Khan 

and Khan, 2015). Jute fibre has strong physical and 

chemical properties. Jute contains 61-65% of cellulose; 

13.6-20.40% of hemi-cellulose; 12-13% lignin (Hana- 

managouda et al., 2016); 0.2% of pectin; 0.5% of waxes 

(Komuraiah et al., 2014); 12.6% of moisture content 

(Hanamanagouda et al., 2016). The properties depend 

on the atmosphere and temperature of the region. 

Density and fibre length of jute fibres are 1.3-1.45 

g/cm
3
 and 0.8-6 mm (Shubhra et al., 2011). Tensile 

strength of jute fibre is 393-773 MPa (Narayan et al., 

2017) and Young’s Modulus is 13-26.5 GPa (Kabir et 

al., 2012). Different electrical properties like con- 

ductivity, resistance, resistivity power, insulating para- 

meter, etc. are important in many textile applications 

such as apparel, gloves and jackets for electrical work, 

building insulation, automobiles, aircraft and industrial 

process equipment and floor covering where high 

voltage machines are kept. Different textile materials 

are used as insulator for long time. Usually the 

conductive wire is wrapped with cotton or silk yarns for 

insulation (Sengupta and Sengupta, 2012).  
 

Synthetic materials are widely used as insulator rather 

than natural textile material for low cost. Use of jute 

fabric as insulator will minimize the heat that is 

generated during the current flow through electrical 

wire in high voltage. The amount of heat which is 

generated during current flow through jute fabrics in 

high voltage is an essential matter. The electrical resis- 

tance of an object is a measure of the problem to pass 

an electric current through that conductor. It determines 

the amount of current passing through the object for a 

given potential difference across the object accordance 

with Ohm’s law (I=V/R), where I=the current in 

ampere, V=the potential difference across the object in 

volts and R=the resistance in ohm. Different textile 

materials like cotton, silk yarns are usually used as 

insulator. But the use of textile materials fabricated 

from natural fibre has been reduced with the extensive 

use of synthetic polymers. It has reduced the total cost 

of insulation. On the other hand, the natural fibre jute 

has gained more attention because of its availability, 

low cost and also for eco-friendly uses. There is enough 

possibility of using jute fabrics as insulator.  
 

Two types of jute fabrics are used in this study: woven 

and needle punched non-woven jute fabrics for 

measuring the electrical properties. Weaving is the very 

common method of making fabrics and it has been used 

since ages to make different fabrics (Gupta et al., 2012). 

However, the fact is that threads or yarn goes through a 

process called weaving to be converted into a fabric. In 

weaving, two or more threads or yarns run in vertical to 

each other to make a pattern called warp and weft. 

Threads or yarns run up and down the length of the 

fabric in warp direction while weft threads run 

alongside the fabric and this weaving of the two threads 

creates a woven pattern which is called fabric. At first 

the weft threads go over the warp thread and then they 

go under the next warp thread (Khan et al., 2016). 

Needle punching is a method of bonding fibrous fleeces 

mechanically. In needle punching method, the fibers are 

mechanically twisted to produce a fabric by reci- 

procating hooked needles (felting needles) through a 

moving bat of fibers in a needle loom (Maity et al., 

2012). Many research works have been done on jute 

based needle-punched nonwoven which has been 

focused on the following broad areas of applications: 

(a) in geo-textile, (b) in agro textile, (c) use as 

reinforced material in composites, (d) reuse the waste of 

production in carpet industry (Maity et al., 2012).   

 

In the literature, there is very few information regarding 

the insulating properties of jute fabrics. Keeping this in 

mind, a study has been made to measure and analyze the 

electrical resistance of different jute fabrics in order to 

understand the effects of different input voltage or 

different gauge length or different types of fabrics. It 

will help to use jute fabrics in technical textiles where 

electrical resistance property is required during use.  

 

MATERIALS AND METHODS: 
 

Materials 

Woven and non-woven jute fabrics were used to 

measure electrical properties (Fig 1 and Fig 2). Woven 

jute fabric was collected from the Technology Wing of 

Bangladesh Jute Research Institute, Dhaka. The fabric 

is called plain jute fabric as it has the same ends and 
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picks per inch and the value is 13. The GSM value of 

woven jute fabric is 305 gm/m
2
. 10 lbs/spy yarn was 

used in both warp and weft direction. Non-woven jute 

fabric was collected from Janata Jute Mills Ltd., 

Narsingdi, Bangladesh. It was produced through needle 

punched process. Raw jute fibre was softened by using 

JBO oil and then processed in a breaker card.  
 

After that the breaker card sliver was fed to Dilo 

non-woven plant covering a roller and a clearer card to 

make needle-punched non-woven jute fabric. To 

complete the process a camel back cross-lapper and a 

needle loom were used. The GSM value of non-woven 

jute fabric was 400 gm/ m
2
.  

  

 

 

 

 

 

 

 

 
               

              

              Fig 1: Woven jute fabric.                               Fig 2: Non-woven jute fabric.  

 

Methods 

The experiment was performed by using Digital Impe- 

dance Meter. The Fig 3 shows the digital impedance 

meter. This meter is a digital format of LRC circuit. 

Samples are placed at fixed terminal of the meter and 

the expected results are shown on the screen. The 

resistance was measured by changing input voltage at 

first and collected respective results from the screen. 

Results for different gauge length of two fabrics were 

done by following the same procedure. At first woven 

jute fabric sample of 1.0 cm gauge length was placed 

on respective terminal. The sample was in series with a 

known resistance 10Mohm and was connected to a DC 

power supply. The voltage was changed from 60 to 100 

volts and corresponding current through the sample 

was measured.  
 

The current was taken after 10 seconds to measure 

resistance. These steps were repeated for woven non- 

woven jute fabrics of 1.0, 1.5 and 2.0 cm of gauge 

length. Experimental readings were taken to draw a V-I 

characteristics curve. The V-I characteristics of each 

slope were determined. This experiment was performed 

at room temperature (30°C).  

 

 

 

 

 

 

 

 

 
 

 

 

Fig 3: The Digital Impedance Meter. 

 
RESULTS AND DISCUSSION: 

Electrical resistance was measured for both woven and 

non-woven jute fabrics at different input voltages for 

different gauge length. Fig 4 shows the electrical 

resistance for the input voltage of 60 volts for different 

gauge length. From Fig 4(a), it was observed that at 60 

volts of input voltage, woven jute fabric had high 

resistivity than non-woven jute fabric. From Fig 4(b) 

and 4(c), it was also observed that with the increase of 

gauge length of jute fabric, electrical resistance incre- 
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ased for both woven and non-woven jute fabrics. The 

highest value of electrical resistance was found for 2 

cm of gauge length for both woven and non-woven jute 

fabrics. The difference of resistance between woven 

and non-woven jute fabrics increased with the higher 

value of gauge length.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 4: Electrical resistance at 60 volts for different gauge length (A, at gauge length 1 cm; B, at gauge length 1.5 

cm; and C, at gauge length 2 cm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 5: Electrical resistance at 80 volts for different gauge length (A, at gauge length 1 cm; B, at gauge length 1.5 cm; 

and C, at gauge length 2 cm). 
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For changing the gauge length from 1 to 1.5 cm, the rate 

of increase in resistance for woven jute fabric was 65.88 

% and for non-woven jute fabric was 15.41 %. And for 

the change of 1.5 to 2 cm of gauge length, the rates of 

increase were 12.57 and 25.42% for woven and non- 

woven jute fabrics, respectively. At 60 volts, a signi- 

ficant trend of increasing electrical resistance was 

observed for both types of fabrics with higher gauge 

length.  
 

From Fig 5(a), 5(b) and 5(c), it was observed that at 80 

volts of input voltage, the highest value of resistance 

was determined for 2 cm of gauge length for both types 

of fabrics. At 80 volts, the difference of resistance 

between woven and non-woven jute fabrics increased 

with the higher value of gauge length. This means, the 

higher difference was found for 2 cm of gauge length. 

For changing the gauge length from 1 to 1.5 cm, the rate 

of increase in resistance for woven jute fabric was 

60.97% and for non-woven jute fabric was 21.38%. 

And for the change of 1.5 to 2 cm of gauge length, the 

rates of increase were 24.91 and 16.32% for woven and 

non-woven jute fabrics, respectively.  
 

Fig 6 shows the relation between electrical resistance 

and gauge length at input voltage of 100 volts. From Fig 

6(a), 6(b) and 6(c), it was observed that for changing 

the gauge length from 1 to 1.5 cm, the rate of increase in 

resistance for woven jute fabric was 60.22% and for 

non-woven jute fabric was 45.90%. And for the change 

of 1.5 to 2 cm of gauge length, the rates of increase were 

23.76 and 9.55% for woven and non-woven jute fabrics, 

respectively.  
 

The change of resistance for different gauge lengths in 

different input voltages has been shown in Fig 7. 

Specific resistance increased with the increase in gauge 

length and it happened for both woven and nonwoven 

jute fabrics. From Fig 7(a), 7(b) and 7(c), it can be 

concluded that insulating property of fabric increased 

with the increase in length between two measuring 

jaws. The rate of change was not same for different 

gauge length.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 6: Electrical resistance at 100 volts for different gauge length (A, at gauge length 1 cm; B, at gauge length 1.5 

cm; and C, at gauge length 2 cm). 
 

The change rate was higher for 2 cm gauge length and 

lower for 1 cm. Therefore the non woven jute fabrics 

have shown different values at 1.5 cm of gauge length, 

whereas the woven jute fabric had nearest the same 

value as for other gauge length. Results showed that the 

resistance was highest for woven jute fabric and lowest 

for non-woven jute fabric. Woven fabric was designed 

with two sets of tight and twisted yarns which were 

arranged along the length and width in a systemic way. 

Once current was flowing through the length of the 

material of fabric, then the width portion was not 

directly taking part within the conductivity.  
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Fig 7(a): Comparative electrical 

resistance at different voltages in 

woven and nonwoven jute fabrics at 

gauge length 1 cm. 

Fig 7(b): Comparative electrical 

resistance at different voltages in 

woven and nonwoven jute fabrics at 

gauge length 1.5 cm. 

Fig 7(c): Comparative electrical 

resistance at different voltages in 

woven and nonwoven jute fabrics 

at gauge length 2 cm. 

 

For example if measurement was done in warp dire- 

ction, the current was not directly passing through the 

weft direction. On the other hand, needle punched non- 

woven fabric structure showed that all the fibres were 

arranged and interlinked in such a way that the width of 

fabric was not equally same. At higher voltages, the 

interfacial polarization was become less active with the 

rapidly changing electric field. This resulted to a 

decrease or constant value in resistivity. The void area 

between the fibres that created lower fabric density 

compared to woven fabric did not play much because of 

the inter-fibre contacts which acted as a whole in 

conduction of electricity. Probably this was the main 

reason for lower resistance of nonwoven fabric.  
 

CONCLUSION: 

In a word, the electrical resistance of woven and 

nonwoven jute fabrics decreases with the increase of 

input voltage. For non-conducting material resistance 

remain constant with the increase of voltage as current 

also increases with the increase of voltage. Resistance 

values increased with an increase in the gauge length 

for both jute fabrics. The non-woven jute fabric has 

lower resistance power than the woven jute fabric and 

the reason is the current is not passing proportionately 

through the fabrics and hence resistance decreases. 

There is always a direction which is not passing current 

through it in woven jute fabric. Breakdown of 

insulation is usually resulted for the significant fall at 

high voltages. It signifies that if we want to use non- 

woven and woven both jute fabrics as electrical pur- 

poses, we should take special care for using higher 

voltages. The resistance increases with the increase of 

gauge length of fabrics. It means that, the gauge length 

is more important matter of consideration for using 

woven and non-woven jute fabrics as insulator. Overall, 

the woven jute fabrics exhibited higher resistivity 

properties than the needle punched non woven jute 

fabrics.  
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