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ABSTRACT
In addition to the advancement in electronic textiles, the demand of the electrically conductive textiles is rapidly growing
up. The innovative technological core of the system is based on the integration of conductive yarns, giving rise to fabric
sensors, electrodes and connections. In this paper selected conductive yarn has been prepared with necessary
characteristics using twisting machine and woven into fabric. This paper reports the electrical and mechanical analysis
of conductive yarns and fabric structures.
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1. INTRODUCTION
Textiles and clothing products are one of the ultimate consumer products for the survival of human being.
Besides the main purposes of covering and protection, the textile and clothing products gains emphasis on
high quality in daily life with the label  of ‘Smart’. The progress from classical form towards functional,
technical and smart textile products is intimately married with other engineering, scientific and design sectors
resulting in new breed of functional and smart technologies(1).

‘Intelligent’ or ‘smart’ textiles gain surging global interest and represents the new generation of fibres, yarns,
fabrics and articles produced from them. It is defined as the innovative manufacturing of fabric and clothing
that is integrated with electronic and digital equipments as such or through transmission lines like metal yarns,
conductive wires as yarns, etc. ‘Intelligent’ or ‘smart’ textiles provides the ability for textile materials to sense
stimuli from the environment, then react and respond to the circumstances in a controlled or predicted manner,
that can be delivered in electrical, thermal, magnetic, chemical or other origin(2)(3).

The design and development of smart fabrics and wearable electronics for healthcare monitoring,
signal transferring, safety and so on has garnered more attention in the scientific community and the textile
industry during the past years(4). Conductive fabrics have achieved great attention in the field of monitoring,
data transferring in cloths, acting as sensors, electromagnetic shielding, etc. In Electro- textile applications,
conductive yarns are already woven or knitted into experimental medical patient apparel such as healthcare
jackets and vest that act as conductive path  in transmitting vital signs to healthcare personnel through
Electronic device(5). Military textiles and law enforcement uniforms benefited by body armors equipped with
built in sensors, electronic and computing device for monitoring soldiers vital signs and reporting wound
location when they are in battle field(6).

Although a few studies was reported on an electromechanical analysis of conductive yarn and textile based
electronic circuits, this paper is based on experimental investigation of electrical and mechanical properties of
conductive yarn integrated fabric for future development of Wearable electronic garment.
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2. DEVELOPMENT OF CONDUCTIVE YARN INTEGRATED FABRIC
Textiles and Apparel are considered as the second skin for Human and by implementing advanced technology
in it, the researchers it into our intimate space. By this connection, we are not just carrying the technology like
an I-phone or music player or a laptop, but wearing it constantly. A lot of researchers are doing many
scientific studies in developing new solutions, ideas and quality products with the emerging demand of
electronic textiles in various phases of life(7). Researchers agree that creating genuinely interactive electronic
textiles is technically possible and all types of electrically conductive yarns (eg: metal wires, optical fibres,
conductive polymers) are possible to integrate into textile structure for supplying interconnection. One or
more strands of electrically conductive yarns can be integrated into textile fabric by any of the fabrication
method (knitting, weaving, stitching, embroidery) to form textile transmission line (interconnect) between the
components of smart textiles in wearable electronic technology (8).

Successful integration of conductive yarn creates reliable conductive traces on the fabric for maintaining
conductivity. The most common and easiest way to integrate conductive yarn into the textile is to weave it
along with one of the warp or weft yarns (9). In this research, the integration of commercially available
conductive yarns by weaving to transmit signals from sensors to processing unit of electronic device is done.

3. METHODOLOGY
3.1. Materials:

The materials prepared for this research study are woven conductive fabric with conductive yarns.
The conductive yarns selected to weave are commercially available copper, aluminum and silver threads.
These types of conductors are based on ohmic response that always follows Ohm’s Law. The selected
conductive yarns are first twisted with cotton yarns each separately by automatic twisting machine to avoid
friction and breaking during weaving. The twisted yarns are then embedded or integrated into weave
construction in warp direction with suitable distance variation. The pattern of construction is plain weave and
nine combinations of conductive woven fabrics are made using each conductive yarns namely copper,
aluminum and silver thread.

3.2. Mechanical analysis of conductive yarn
Annealing test method for wires is normally carried out to determine the elongation properties of annealed
copper, aluminum for welding cables and solid conductors of electric power cables. The current carrier
conductors of power cable is subjected to twist and bend during laying and installation hence it should be
flexible enough to take any desired bending and twisting without breaking and cracking. Annealing test for
conductors were performed to confirm the durability of conductive wire during twisting and bending.

Figure-I
A specimen of conductive yarn is taken and its Gauge Length is calculated. Original length of specified
portion of the test specimen over which strain or change of length is measured to determine gauge length. The
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total length of the specimen should be its gauge length plus the lengths at two ends which are used for holding
the specimen by tensile test machine holder grips. The Tensile Testing Machine(figure-I) used for testing
elongation is an Automatic one, having capacity to fulfill the requirement of this test and the rate of separation
of jaws as specified. The grips shall be such as to firmly hold the test specimen. This apparatus requires a
Plane Faced Micrometer with scale division at least 0.01 mm , a measuring scale with least scale division 1
mm and only specimen of test material is required for performing this test. Moreover the specimen is not
required to pre conditioned before test.

The test specimen is fixed between two heads of the machine by grips, tensile stress is applied gradually and
uniformly that means the gap between the grips is increased gradually and uniformly till the specimen
conductor having an original gauge length of 250mm gets fractured. The rate of elongation of specimen i.e.
rate of increase of gap between grips of the machine should not be more than 100 mm per minute. The
elongation is measured on the gauge length after the fractured ends have been fitted together, the
determination shall be valid irrespective of the position of the fracture, if the specified value is reached. If the
value is not reached, the determination shall be valid only if the fracture occurs between the gauge marks and
not closer than 25 mm to either mark. The elongation is expressed as a percentage of the original specimen
gauge length is calculated by

Elongation %= L/L1 x 100

Where, L = elongation, and L1 = original gauge length.

3.3. Electrical analysis of conductive yarns
This test is used to determine the DC resistance of copper or aluminum conductors. Resistance of a

conductor tells us how easily a conductor allows the flow of current through it. Higher the resistance, lesser
the current will flow though the conductor. Resistance of a conductor is influenced by conductor dimension
and construction, conditions like, temperature and resistivity. It is normally expressed as ohms per km. This
test will make use of either Kelvin Double Bridge with accuracy of 0.2 percent or Wheatstone Bridge with
accuracy of 0.5 percent.

Figure-II Resistance Measurement setup
The test specimen is connected to the resistance measuring bridge shown in figure-II. Adequate care

is to be taken in this connection to minimize Contact resistance. The resistance of the test specimen is
measured and the ambient temperature recorded. The measured resistance is converted to the standard
temperature and standard length. The value of resistance R shall be calculated from observed resistance at a
particular temperature as indicated below:
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R = (Rt x k)/L x 1000 Ώ/km at 20°C
Where,
Rt = Observed Resistance

K = Temperature correction factor

L = Length of specimen in m.

3.4. Electro-mechanical analysis of conductive textile fabric
Surface resistivity is defined as the electrical resistance of the surface of an insulator material. It is

measured from electrode to electrode along the surface of the insulator sample. Since the surface length is
fixed, the measurement is independent of the physical dimensions (i.e., thickness and diameter) of the
insulator sample. Insulation resistance quality of an electrical system degrades with time, environment
condition i.e. temperature, humidity, moisture and dust particles. It also get impacted negatively due to the
presence of electrical and mechanical stress, so it’s become very necessary to check the IR (Insulation
resistance) of equipment at a constant regular interval to avoid any measure fatal or electrical shock. The
Megger MIT1020/2 is a microprocessor controlled 10 kV insulation tester shown in Figure- III offering
measurement capability of up to 35 TΩ. The instrument performs automatic tests and has data storage and
data retrieval facilities.

The test specimen is connected to the insulation resistance measuring equipment and the conductor is
connected to the high voltage terminal and the screen/armor. The insulation resistance of the test specimen is
measured after electrification has continued in a regular manner for one min. The ambient temperature is
recorded when the test is performed at ambient temperature. The apparatus shall be checked by comparing the
values with standard resistance before taking every set of reading. The volume resistivity and insulation
resistance constant is calculated from the measured insulation resistance value and expressed in KΏ.

Figure-III

4. RESULTS AND DISCUSSION
In order to study the properties of conductive yarns and woven fabric, the physical tests were conducted and
the results are given below. The woven conductive fabrics consist of conductive yarn namely copper,
aluminum and silver each separately interlaced with cotton yarn. Electrical resistance of conductive yarns and
surface resistance of the woven fabric determine the resistance of the woven conductive fabric with human
skin (10).

4.1. Thickness of conductive yarns
The yarn thickness of the conductive yarns selected for the study was calculated using thickness gauge and
tabulated in Table I.
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Table I- Thickness of conductive yarns

S.No Conductive Yarn Thickness

1 Copper wire 0.11 to 0.12 mm

2 Aluminum wire 0.332 to 0.353mm

3 Silver zari thread 0.08 to 0.09 mm

From the above table, it is clear that the thickness of aluminum is high with the range of 0.332 to 0.353mm
followed by copper and silver having 0.11 to 0.12mm and 0.08 to 0.09mm respectively. Hence it could be
concluded that aluminum yarns were thicker when compared to other selected yarns.

4.2. Mechanical analysis of conductive yarns
The elongation of the conductive yarn is the important aspect in mechanical analysis which was recorded for
each yarn separately by calculating fractured length with standard length. The elongation percentages of
conductive yarns are also calculated and the results are shown in Table-II.

Table II- Elongation of Conductive yarns
S.No Conductive Yarn Elongation(Mean value) Elongation(%)

1 Copper wire 6.01 cm 20

2 Aluminum wire 6.6 cm 22

3 Silver zari thread 5.4 cm 18

From the above table, it is found that the elongation length of aluminum was 6.6 cm mean which ranks first
where as the copper and silver follows with 6.01 cm and 5.4cm respectively.

From the table II, it is clear that the aluminum had maximum elongation percentage of 22%, followed by
copper and silver as 20% and 18% respectively. Hence it is resulted in that the aluminum had high elongation
when compared with other selected yarns.

4.3. Electrical analysis of conductive yarns
Electrical resistance is the property of the material by which it opposes the flow of current through it.
Electrical resistance of conductive yarns was found and shown in Table-III.

Table III- Electrical analysis of conductive yarns

S.No Name of the test Copper wire Aluminum wire Silver zari thread

1 Electrical Resistance 1719.2 mΏ/Mtr 376.4 mΏ/Mtr negligible

It is noticeable from the above table that the electrical resistance of silver was negligible so that the electrical
conductivity is high when compared with copper and aluminum with the resistance of 376.4 mΏ/Mtr and
1719.2 mΏ/Mtr accordingly.
Therefore, the three conductive yarns were ranked in order for electrical resistance as silver, aluminum,
copper respectively and are suitable for wearable electronics as transmission lines.

4.4. Electro-mechanical analysis of conductive textile fabric
A dependence of width-related surface resistance of all conductive fabrics are measured and shown in Table-
III.
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Table III- Surface resistance of conductive fabrics

S.No Name of the test Copper Aluminum Silver

1 Surface Resistance

Weaving width: 1.2 cm 34.3 KΏ 47 MΏ 14.5 KΏ
Weaving width: 2.2 cm 54.7 KΏ 495 MΏ 17 KΏ
Weaving width: 5.2 cm 189 KΏ 576 MΏ 17 KΏ

From the above table, it is clear that the aluminum interlaced conductive fabric is high in surface resistance
when comparing all conductive fabrics followed by copper and silver. It is also evident from the above table
that the surface resistance is increasing with increased weaving width of conductive yarn in the fabric.

5. CONCLUSION
By the above study of comparing the mechanical and electrical analysis of conductive yarns, it is clear from
the results that copper had medium thickness, average elongation and uniform surface resistance. This
indicates that the copper interlaced conductive fabric shows good result in the aspects of comfort, accuracy
and safety. Adding to it, with the demand of developments in new wearable sensing systems, the copper
interlaced conductive fabric is suitable for further wearable electronic design.

References
1. Sema Palamutcu and Imren Goren. Functional textile preferences of elderly people. In Mediterranean journal of social

sciences, Vol 6,No 2, April 2015, pp 279-285
2. Baurley, S., Interactive and experimental design in smart textile products and application. In Personal and Ubiquitous

computing, Vol 8, No 3-4, 2004, pp 274-281
3. Langenhove, L.V., and Hertleer, C., Smart Clothing: A new life. In International journal of clothing science and

technology, Vol 16, 2004, pp 63-72
4. Alexandros Pantelopoulos and Nikolas, G.B., A Survey on wearable based systems for health monitoring and

prognosis. In IEEE proceeding of Transactions on systems, man and cybernetics-part c, Vol 40, No 1, January 2010
5. Electrical conductivity in textiles: www.nasa.gov/vision/earth/technologies/electric_textile.
6. El-Navashy, R.F., Saad,M.A and Turkey,G.M. Integration of conductive yarns into fabric by stitching. In Journal of

American science, Vol 8, No 3, 2012, pp 213-217
7. Shyam Barhanpurkar, Ajay Joshi and Ayush Kumar, Smart technology used for smart textile manufacturing. In IEEE

conference proceedings, December 2015.
8. Xiaoming Tao and Hendrik Rogier, Handbook of Smart Textiles, Springer, Singapore, 2015.
9. Matteo Stoppa and Alessandro Chiolerio, Wearable Electronics and Smart Textiles: A Critical Review. In Sensors,

Vol 14, 2014, pp 11957-11992
10. Veronika, T., Kveta, M., Jiri, M. Electromechanical analysis  of textile structures designed for wearable sensors. In

IEEE conference proceedings, December 2014


