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PREFACE

Military Technical Institute, the first and the largest military scientific-research institution in the
Republic of Serbia with over 70 years long tradition, has been traditionally organizing the OTEH
scientific conference, devoted to defense technologies. The Conference is supported by the Ministry
of Defense and it takes place every second year.

Its aim is to gather scientists and engineers, researchers and designers, manufactures and university
professors in order to exchange ideas and to develop new relationships.

The 10th International Scientific Conference OTEH 2022 is scheduled as follows: lecture on the
occasion of “Rudjer Boskovic”, given by Prof. Slobodan Ninkovic, PhD, and two plenary lectures:
“Artificaial Intelligence in Functiopn of Developing Innovation Products®, given by Prof. Miljan
Vucetic, PhD Eng, and “High Performance Multi-functional Panels for Extreme Loading Events*
given by prof. Constanga Rigueiro, PhD , as well as working sessions according to the Conference
topics.

The papers which will be presented at the Conference have been classified into the following topics:

— Aerodynamics and Flight Dynamics

— Aircraft

— Weapon Systems and Combat Vehicles

— Ammunition and Energetic Materials

— Integrated Sensor Systems and Robotic Systems

— Telecommunication and Information Systems

— Materials and Technologies

— Quality, Standardization, Metrology, Maintenance and Exploitation.

The Proceedings contain 103 reviewed papers which have been submitted by the authors from 13
different countries. I would also like to emphasize that we have 14 papers with authors from
abroad.The quality of papers accepted for publication achieved very high standard. I expect
stimulated discussion on many topics that will be presented online, during two days of the
Conference.

On behalf of the organizer I would like to thank all the authors and participants from abroad, as well
as from Serbia, for their contribution and efforts which made this Conference possible and
successful.

I would also like to thank the Ministry of Education, Science and Technological Development of
the Republic of Serbia for its financial support.

Finally, dear guests and participants of the Conference, I would like to wish you a pleasant and
successful work during the Conference. I am looking forward to see you again at the tenth
Conference in Belgrade. All the best and stay healthy.

Belgrade, October, 2022 Col. Miodrag Lisov PhD Eng
President of the Scientific Committee
OTEH 2022
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Abstract: The application of conductive layers on textiles is considered. Tapes or foils of conductive textile and thin
copper tape were used. The good and bad characteristics of textiles as a substrate and conductive tapes on textiles are
considered, especially during use. The method of cutting conductive tapes and transferring them to textiles by means of
a special self - adhesive tape is shown. An example made in the microwave technique, which is important due to high

frequencies, is also presented.
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1. INTRODUCTION

Electronic textile is increasingly used in modern
electronics [1-10]. The field developed very quickly and
acquired a large number of applications from ordinary life
to special medical controls. This substrate also has its
limitations, which are reflected in the variation of up to
10% of the values of parameters such as dielectric
constant and thickness [6].

In addition to the substrate, the use of conductive textiles
as metallization is very actual [8-13]. It lags behind pure
metal in conductivity but also has advantages. The
advantage over the pure metal layer is primarily in the
flexibility and mechanical resistance coupled with the use
of textiles [9-11]. Despite this, the use of self-adhesive
metal tapes, especially copper but also aluminum, are
very current. The biggest advantage over conductive
textiles is conductivity, but also easier bonding, especially
copper with soldering. Both self-adhesive conductive
textile and copper tape give the possibility of easy
removal of the conductive structure and installation of a
new one without damaging the substrate.

An important application of self-adhesive conductive
textile with conductive adhesive is the creation of a
multilayer structure of the conductive layer that increases
the conductivity [11] or electrically connects parts of the
structure [12-14].

One of the problems is the transfer of the formed
conductive structure to a given textile substrate, which is
a general issue with other bases as well. Complicated
sacrificial layers or etching and cutting on the textile base
itself are used, which is often demanding due to a possible

defect on the substrate. There is also the problem of large
areas, such as clothes, as well as curved surfaces where it
is impossible to easily cut.

The application of electronic textiles in defense
technology is also significant. It is at the forefront of new
technologies in the application of textiles in defense [15-
19]. Application for defense sector will hold nearly 45%
of the conductive textile market by 2031 [17].

The example application is on microwave structures, like
in [18,19] but can be also on lower frequencies. The
microwave structure is taken as an example as the most
demanding due to the high frequencies.

2. APLICATION

Grid conductive cloth tape, Xinst0402/12, Shenzhen Xinst
Technology Co., Ltd, total thickness (textile + conductive
glue) 120 um was used for conductive textiles with
conductive adhesive. The conductivity of a given textile
with a copper-nickel structure and polyester is about 10’
S/m (copper bulk is 58:10° S/m, layer usually takes
18-10° S/m). A photograph of the surface and its
photomicrograph is shown in Fig. 1. The disadvantage is
the presence of plastic that makes it difficult to common
soldering or bonding with silver epoxy paste.

The cutting was done by hand with a precision scalper
given in [12]. In Fig. 2 are photographs from [12] of a cut
structure on copper tape (copper 30 um + non-conductive
glue 30 pm) and of a cut structure on the given
conductive textile. There is a tendency to wrinkle the
copper tape while the conductive textile has remained flat.
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a) Self-adhesive transparent tape (Scotch Removable) is
glued to conductive textiles. Only supporting white paper
carrying conductive textiles can be seen.

b) The supporting white paper was removed and the
entire construction was glued to the substrate (felt). One
can see the glued conductive textile and the self-adhesive
transparent tape glued to it.

Figure 1. Photography and microscopic photography of
conductive textiles (Motic 100x) [12].

¢) Removed self-adhesive transparent tape (below) as a
sacrificial layer and only conductive textile remains on a

Figure 2. Copper tape and conductive textiles cut with a felt substrate.

precision scalper [12]. Figure 3. Using a special self-adhesive tape as a

Using a special self-adhesive tape (Scotch Removable), as sacrificial layer
a sacrificial layer, the conductive structure is transferred
to the textile. Fig. 3a, 3b and 3¢ show the procedures on
the example with one strip of the sacrificial layer.

In Fig.4. photos from above and below of the filter with
copper strip are given. You can see the use of short-circuited
edges using conductive textiles with conductive glue. The
use of short-circuiting at the edge is much closer to the
definition of short-circuited branches than the usual
conductive holes (via). Wrinkled copper surface can be seen.
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In Fig. 5 is a photograph of the structures with conductive One can see the use of shorting on the edge.
textiles from above using a short circuit at the edge. The
application of conductive textiles with conductive
adhesive can be seen here, similar to that in [11-14]. Even
the author's work [12] was published before [14]. Fig. 6

presents SMA connectors details above and below. For Wi
better soldering next to the connector is copper, which is .
partly covered with the conductive textiles.

Figure 6: SMA connectors details above and below.

For better soldering next to the connector is copper, which
is partly covered with the conductive textiles.

Both filters were made on a felt substrate with a thickness
of about 0.85 mm, & = 1.2 and tg (8) about 0.02. All
microstrip lines are taken to be 50 Q. Since it was cut by
hand, 3.5 mm was taken for the conductive textile and 4
mm for the copper strip. Stubs are 21.5 mm long.
Simulation is in Program Package WIPL-D Microwave
Pro v5.1 [20] for the metallized via holes. Models are in
Fig. 7 for the conductive textile and in Fig. 8 for the
copper tape. Corrections for the short-circuited edges
(shorting on the edge) were done according to simulation
and measurements. Simulated and measured S-parameters
are given in Fig. 9. There are still needs for full wave EM-

-

Figure 4. Structure with copper strip from above and

below. You can see the use of short-circuited edges using simulations.
conductive textiles with conductive glue. It can be seen that conductive textiles have higher losses,
which is logical. Without loses, the conductive textile
Wrinkled copper surface can be seen. would follow the copper tape filter.

Figure 5: Structure with conductive textiles from above.

Microstrip Tjunction 1 Microstrip T-junction2  Microstrip T-unction 3

(EM) (EM) (EM)
W1=35mm W1=35mm W1=3.5 mm
L1=9.5 mm L1=9.5mm L1=0.5 mm
W2=35mm W2=35mm W2=35mm
L2=20 mm L2=20 mm L2=20 mm
W3=35mm W3=35mm W3=3.5mm
L3=9.5 mm L3=9.5mm L3=9.5mm
PORT_1 o2
250 Ohm =
Microstrip Technology 1
Er=1.31
H=0.85 mm
Sigma=0.07 MS/m Microstrip Via 1 Microstrip Via 2 Microstrip Via 3
TgD=0.02 (EM) (EM) (EM)
T=0.120 mm Rvia=04mm Rvia=04mm  Rvia=0.4 mm
=] W=35mm  W=35mm  W=35mm

L=2 mm L=2 mm L=2 mm

Figure 7: Simulation model with the conductive textile (including conductive adhesive in the metallization).
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Microstrip Tjunction 1 Microstrip T-junction 2  Microstrip T-unction 3
(EM) (EM) (EM)
W1=4 mm Wi=4 mm W1=4 mm
L1=9.5 mm L1=05mm L1=9.5 mm
W2=4 mm W2=4 mm W2=4 mm
L2=19.5 mm L2=19.5 mm L2=19.5 mm
W3=4 mm W3=4 mm W3=4 mm
L3=95 mm L3=9.5mm L3=95 mm
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Figure 8: Simulation model with the copper tape (including nonconductive adhesive 2 x 0.030 mm).
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Figure 9. Simulation and measured S-parameters:
CT-conductive textile; Cu-copper tape.

5. CONCLUSION

The advantage of conductive textiles is the applicability
of electronics to clothes and other textile materials, while
making them functional for use.

The lack is a textile material as a substrate that does not
have a precisely defined thickness and dielectric constant.
Some problems can be with washing and friction. It is

also problem with connector bonding due to the nature of
the material (difficult bonding of textile conductor and
low resistance to high temperatures of textiles and glue).

The microwave structure is taken as an example as the
most demanding due to the high frequencies. The
branches are short-circuited with a conductive strip on the
edge (short-circuited edge) and not with conductive via.

The advantages over other techniques such as applying
conductive ink or paste and embroidery with conductive
thread are:

— By applying a special self-adhesive tape as a sacrificial
layer, it is possible to transfer the formed conductive
structure in the form of a self-adhesive conductive layer
to surfaces where etching or other invasive shaping
methods are difficult to perform.

— The definition of thickness of the conductive layer is
like in common electronic structures (better
simulations).

— The self-adhesive conductive structure allows removing
or even repairing the conductive layer and forming a
new one without damaging the substrate.
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