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Abstract: Conductive textiles play a key role in making highly specialized clothing. While clothing made of
conductive fabrics can experience mechanical stress during wearing, this paper presents a comparative study
of the deformation behaviour of two conductive fabrics (knitted and woven fabrics). Based on the physical and
mechanical tests and analysis, we calculated the anisotropy and Young modulus for both fabrics and also we
simulated their wearing behaviour of them using a pattern design software (PDS) from OPTITEX.

Both values were compared with the bending behaviour simulation on a human avatar using PDS-3D. The
map of the simulated bending stress reveals the high peaks at elbows, hips, knees, thoracic and armpit areas.
All the highest values obtained by simulation are lower than the calculated ones, which means that at
maximum stress the fabrics will not be damaged.
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1. INTRODUCTION

The field of conductive fabrics is rapidly evolving, and new research is being conducted to
explore the use of these specialized fabrics in creating specialized clothing with high comfort [1].
These materials can conduct electricity and can be used in a wide range of applications such as
wearable technology [2], smart textiles [3], electromagnetic shielding [4], and electronic devices [5].
Researchers are exploring new materials and techniques for incorporating conductive materials into
fabrics that are comfortable to wear for extended periods, and that can withstand stretching, bending,
and washing without losing their conductivity or other properties [6]. As these technologies continue
to evolve, we can expect to see more and more specialized clothing that takes advantage of the
benefits of conductive fabrics. Conductive fabrics are fabrics that have been specially designed to
conduct electricity, often using metallic fibers or coatings [7, 8].

Clothing made of conductive fabrics can experience mechanical stress during wearing,
which can impact the electrical properties of the fabric. The wearing behavior of conductive fabrics
depends on several factors, including the type of fibers or coatings used, the weave of the fabric, and
the intended application [9]. In general, conductive fabrics can be quite durable and resistant to wear
and tear, especially when compared to traditional fabrics. However, they can still experience some
wear over time, especially if they are subjected to frequent use or stress [10]. One potential issue
with conductive fabrics is that the conductive content can become damaged or degraded over time,
leading to a loss of conductivity or other performance issues. This can happen due to factors such as
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exposure to moisture, high temperatures, or mechanical stress [11]. To minimize wear and tear on
conductive fabrics, it is important to follow the manufacturer's guidelines for care and maintenance
[12, 13]. Understanding the mechanical behavior of conductive fabrics is important for designing
and engineering wearable electronics and smart textiles, where the fabrics are often subjected to a
range of mechanical deformations during use [14].

Thus, in this paper, the mechanical behavior of two textile structures is presented and
evaluated: a woven and a knitted structure, intended for professional underwear. Both structures
have conductive textile threads in their composition. For the accuracy of the results, the values of the
mechanical characteristics, obtained following the requests of the conductive textile materials, were
compared with the simulation results with the Pattern Design Software (PDS) from OPTITEX.

2. MATERIALS AND METHOD

For the experiments, two different types of conductive textile yarns, with linear resistance of
close values, were used, with the help of which two plain textile structures (woven and knitted
fabrics), through classic/conventional technologies within INCDTP Bucharest.

The SEM and EDS analyses of the wires were carried out on the Auriga model workstation
produced by Carl Zeiss SMT Germany FESEM FIB with field emission source with Gemini column
for the electron beam. The SESI secondary electron detector of the Everhart Thomley type with the
Faraday cup in the sample chamber was used at the acceleration voltage of 5 kV for sample
visualization and 10 kV for EDS spectroscopy, as well as the energy dispersive spectrometer model
X-MaxN with the acquisition software and Aztec processing.

The physical-mechanical characteristics of the analyzed textile structures highlighted:
breaking force (N) and elongation at break (%), tear resistance (N), resistance to deformation (kPa),
and deformation. Young's formula was applied to calculate the modulus of elasticity (N/cm?). With
these data, the anisotropy was calculated for the two structures.

For the simulation of the mechanical behaviour in dynamic conditions of the analyzed
conductive textile structures, Optitex PDS was used, a 3D design/modelling/simulation software of
personalized clothing items using human avatars and virtual models. Any change in the pattern size
table is automatically transferred to the 3D virtual model.

3. RESULTS AND DISCUSSIONS

Table 1 shows the main characteristics of the conductive yarns used to make textile
structures.

Aspects of the longitudinal sections of the yarns and the EDX diagrams highlight the main
compositional specific elements (see. Fig. 1).

Table 1: Conductive yarns characteristics

No. | Type of conductive yarn | Fineness, dtex | Apparent diameter, Linear electrical resistance, Q/m
um

1. | INNOX/PES (aWv) 200X2 273 220

2. | STATEX Ag/PES (bKt) | 296 228 200
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Fig. 1: SEM/EDX: a) STATEX Ag/PES yarn; b) INNOX/PES yar

The woven structure - aWv (Fig. 2) and the knitted structure - bKt (Fig. 3) were subjected to
mechanical tensile stresses, and the average values of the breaking force and elongation at break in
the two orthogonal directions were recorded.

ig.2: Woven fabric — aWv ( Fig. 3: Knitted fabric - bKt

In the case of aWv, the average breaking force in the weft direction is about 37% of the
average breaking force in the warp direction. In the case of bKt, the difference is smaller, the
average breaking force in the horizontal direction being only ~54% of that in the vertical direction.
The value of the average elongation at break, inversely proportional to the breaking force, in the case
of aWv, is ~45.7% of that in the direction of the beam, while in the case of bKt, the value in the
vertical direction is ~55% of that in the horizontal direction. It is found that the deformation
resistance values (KPa) of bKt are ~51% lower than those of aWv, with the relative deformation
values (mm) close (Table 2).

Table 2: Conductive woven and knitted fabrics.

Characteristics/Variant aWv bKt
Mass, g/m? 151 115
Length of metallic yarn, cm/10 cm 10,5 35
H 75 280
Density, nr./10cm v 40 (metallic yarn) 46 (metallic yarn)
50 (cotton yarn) 92 (cotton yarn)
. H 431,54 1665,81
Breaking strength, N v 234,40 610,16
. H 94,14 32,19
Elongation at break, % v 17164 14.88
Thickness, mm 0,44 0,96
Deformation resistance KPa 3031 566,35
mm 36,7 32,1
. H (Wa) 31,86 76,57
Tear resistance, N % 55,68 88.34
Water vapor permeability, % 29,9 21,5
Air permeability, I/m?/s 307 5241
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Fig. 5: Stretchihg behavior - bKt: a): vertical direction; b): horizontal direction

For the structures under analysis, the modulus of elasticity (Young's) was calculated as a
measure of the stiffness of a material that describes the relationship between stress and strain in the
material.

Table 3: Conductive woven and knitted fabrics

. Force, | L L 2 | Thickness, Young modulus )
Variants N cr(; cr; AL | A, cm cm /e offem Anisotropy
AWy H 200 20 [ 20,6 | 0,6 202 0,044 16,6 1733,5 0.83
Vv 100 20 [210] 10 201 0,044 20,0 2039,5 '
bKt H 80 20 [ 216|116 | 204,8 0,096 0,766 77,36 5 89
V 65 20 | 440 | 24 204,8 0,096 0,265 26,81 '

To visualize and confirm the degree of deformation of the aWv and bKt structures during
banding of the arms and legs, two comparative maps were selected: one map showing the simulated
deformation in the upper area (fig 6) and one in the lower area (fig. 7). In the case of both
structures, the simulation of mechanical stress during bending, on the avatar reveals areas of
maximum stress in certain anatomical topographic regions:

o the cervical and thoracic area, including elbows breasts, armpits, and shoulders (upper area)

(fig 6);

o the legs areas, including hips, knees, and calves (lower area) (fig. 7).

For a more accurate estimation of the stress behavior, the previously obtained values of
strength and elongation of the material and approximate values for bending and shearing stress,
which was estimated and selected from a proprietary database were used.

50



ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

d

9

Fig. 7: Mechanical stress lower are (red areas — maximum effort): a) aWv; b) bKt

It is estimated that in the lower body area, the stress at exertion is much higher than in the
upper area, according to figures 6 and 7. According to Figures 6 and 7, any variation in stress, during
wear, appears colored other than blue on the dressed avatar. The higher the stress, the closer the
colors of the respective areas are to orange. The maximum stress on the avatar map is colored in red.
While a piece of professional underwear equipment for military use is desired to be developed using
the two fabrics, both functionality, and comfort have to be high.

Comparing the upper and lower areas for both simulations shows that the widest red areas
are presented at lower areas for both textile fabrics. Comparing the two situations and lower areas,
higher stress was reported for the woven structure, which means an adjustment of the size in critical
areas has to be done. Anyway, the maximum values of the stress obtained by simulation are lower
than the calculated young modulus in both situations. In the case of aWv, the maximum stress
obtained by human avatar simulation is ~4 times lower than the calculated one, while in the case of
bKt, the maximum simulated stress is ~2 times lower.

5. CONCLUSIONS

The paper presents a comparative analysis of the wearing behavior of two textile
conductive fabrics, designed to be used for professional underwear use in the military area.
The physical and mechanical characteristics of the fabrics were used to calculate the
anisotropy and Young modulus. Both values were compared with the bending behavior
simulation on a human avatar using PDS 3D software. The map of the simulated bending
stress reveals the high peaks at elbows, hips, knees, thoracic, and armpit areas. All the
highest values obtained by simulation are lower than the calculated ones, which means that
at maximum stress the fabrics will not be damaged.
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