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Abstract. In 2018, the first group of teachers and students
from Vasil Levski National University conducted
experiments on laser marking in Rezekne Academy Of
Technology, Latvia. Since then, joint research has been
increasing every year and better results have been achieved
not only in the field of laser technologies, but also in other
areas of joint interest. A pilot study group is even being
formed in a master's program in laser technology. As a result,
the interest in laser technologies and in Latvia at Vasil Levski
National University increased significantly. Research has
been done on the impact of the exchange between the two
institutions on the learners and their motivation to learn.
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I. INTRODUCTION

Joint research in the field of laser technologies between
the Rezekne Academy of Technology, as a leading partner,
and the National Military University "Vasyl Levski" has
been starting since 2018. The partnership between
educational institutions is even older, with the first
cooperation framework agreements and Erasmus contracts
being signed more than 10 years ago. Over the years, the
former rector of the Rezekne Academy of Technology,
Prof. Edmunds Teirumnieks, and the dean of the Faculty of
Engineering, Erika Teirumnieka, have visited the military
university many times, Prof. Lubomir Lazov has also
visited the university and delivered public lectures to the
academic staff. The National Military University was also
attended by trainees from the Academy in Rezekne.

Teachers and students from the educational institution
from Bulgaria have also repeatedly visited the Latvian
university. During practicals, students from the National
University under the guidance of Prof. Lazov carried out
research and data processing from experimental and
theoretical studies of various materials at the laser center in
Rezekne.

Teachers and students from both universities
participated in scientific conferences held in the partner
country. Representatives of our educational institution
from Veliko Tarnovo and Shumen are regular participants
in the conference in Rezekne. Professor Lazov has
delivered more than 6 plenary reports at conferences in
Veliko Tarnovo and Shumen. Students from the Academy
in Rezekne also regularly participate in conferences in
Veliko Tarnovo. This contributes to closer ties between the
two universities, exchange of information and students, and
enrichment of the institutions.

II. MATERIALS AND METHODS

In 2018, a group of 5 cadets and students and 2 teachers
led by me conducted the first research at the laser center in
Rezekne. The group was part of project no and a two-week
mobility was carried out. During the visit to the laser center
at the Academy, a rich program of research and analysis of
the obtained results was carried out. During this half-month
period, laser marking, laser cutting and finding the optimal
values of the laser beam to perform these activities were
carried out. The experiments were performed with a CO,
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laser on plexiglass, textile and felt. In the study, colorless
plexiglass with different sample thicknesses, 4 types of
textiles and 2 types of felt were used. As a result of the
conducted experiments, the optimal parameters of the laser
beam for marking on the samples were found, and the
minimum values of the beam power and its speed were
determined for performing quality cutting on the samples.
Based on the research on plexiglass, we reached the
following conclusions. When the laser beam power is
constant (10 W, 20 W, 30 W, 40 W or 50 W), as the beam
speed increases from 5 mm/s to 30 mm/s, the measured
effective perforation depth decreases. The maximum
effective perforation depth is 8.324 mm for 50 W and a
speed of 5 mm/s. The minimum effective perforation depth
is 0.188 mm for 10 W and a speed of 30 mm/s.
Furthermore, as the linear energy density decreases, the
perforation depth of the efficiency also decreases [1], [2].

Laser marking and cutting can be used for artistic
decoration and unique design on any surface of textile
products in the fashion industry [3].

Marking, engraving and cutting can be successfully
applied to all textile materials and leather materials. The
choice of laser process is determined by the desired end
result.

III. RESULTS AND DISCUSSION

Marking and engraving on fabric with a composition of
65/35% CO / polyester + 3% determined according to EN
ISO 1833 quantitative chemical standard with a CO» laser
was investigated and analyzed. For this purpose, an
experimental methodology has been developed, which
consists of the following [4]:

A matrix of 9 squares with 1x1 cm is created. The
power of the laser beam is in the range of 2x26W, and its
speed is in the range of 100x350 mm/s. After the
experiments conducted and the analysis done, we came to
the conclusion that a good cutting of the material is
obtained with the following parameters: a constant power
of 26 watts and a speed in the range of 100-200 mm/s, with
linear energy densities of 0.26, 0.17 and 0 respectively .13
J/mm [5].

A quality mark is obtained in the range of LED values
5%102 x 3.8*10 J/mm for a power of 10 W, where the
speed varies in the range 200-260 mm/s. The remaining
highlight areas have a slight contrast that is between 5%
and 10%.

The felt can be used in different directions and spheres.
Most often, useful household products are made from this
material, for example, for sealing in various branches of
industry - mechanical engineering, paper-pulp industry,
also as an insulating material, for polishing, etc. Often felt
also serves as upholstery on various surfaces. After doing
research, we found that a major factor in the difference in
laser cutting of white and red felt is the difference in the
color of the material. Another factor is its thickness — which
for the white felt is 0.63mm and for the red felt is 0.67mm.
Quality cutting of the material is obtained with the
following parameters: for white and red felt - constant
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power 26 W (9%) and speed in the range 100, 150 and 200
mm/s and LEDs are 0.26 J/mm , 0.17 J /mm 0.13 J/mm [6].

The obtained results were reported at the conference in
Rezekne in 2019 and at the conference of the Scientific and
Technical Unions in Borovets, Bulgaria.

In the summer of 2019, part of the group continued their
research in Erasmus summer mobility at the Academy of
Technology in Rezekne for 2 or 3 months. The obtained
results were consolidated and the range of research was
expanded. Few studies were conducted in the winter of
2020 due to the onset of the Covid epidemic. This did not
allow us to conduct full-fledged research throughout 2020

(71, [8].

In 2021, the next group of trainees from Vasil Levski
National University expanded the research, which was
already carried out on metal plates and attention was paid
to chrome-nickel alloys. For this purpose, an AISI 304
color palette consisting of fifteen colors was developed and
executed. After the practical experiments, the dependence
of the obtained colors on the various parameters of the laser
processing was analyzed. The resulting colors were then
tested using optical, scanning electron and atomic force
microscopy, and the configuration of the oxide films was
determined by Raman spectroscopy. The resulting colors
are of appropriate uniformity, brightness and cover almost
all spectral zones, and the resulting colors are of many
times better quality than other metallic bases. A color
standardization and palette repeatability test was also
performed by evaluating the reflectance spectra of the
formed colors. The color palette demonstrated high
repeatability for all but one particular color. In parallel, the
stability of the color markings was studied in terms of
environmental, mechanical and chemical resistance. The
resulting colors show high resistance to most
environmental conditions; however, exposure to very high
temperatures and extreme humidity (100 °C, 90%) and to
low temperatures and extreme humidity (-40 °C, 90%)
results in degradation of several colors. Colored brands
show high hardness and excellent mechanical resistance to
external influences and exceptional resistance to various
chemicals, except for acid solutions and salts [9].

The result shows that with increasing power the colors
do not change significantly and only the parametric
window moves to higher values of the scan rate for each
color. Given that greater performance can be obtained at
higher intensities, the next step was to investigate the
dependence of color on scan rate with a maximum
continuous power of 20 W available at the same parameters
of frequency, hatch spacing and duration of the impulse.
Initially, the scanning speed was changed from 450 to 850
mm/s with a step of 10 mm/s, and then from 50 to 150 mm/s
with the same step.

The test result revealed that specific colors such as light
pink, aquamarine or bright purple can be obtained with
higher frequency modes. At f=1000 kHz, only silver colors
are formed for the entire scan rate range; hence, the
parametric color window could not be produced at the
mentioned frequency, although it could be assimilated into
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a final palette to produce white or silver due to its fast
production speed [10].

The experiment to study the dependence of colors on
the pulse duration was carried out with two different power
densities 10=0.8-107 and 10=1.6-107 W/cm2 and two
different pulse durations =4 and r=8 ns with scan speed
Vsc=50- 200 mm/s with step 10 mm/s and H=0.01 mm.

Product coatings and markings must withstand various
environmental conditions and must not change during the
period of use of the product [1], [9]. In this study,
environmental testing was performed in a chamber based
on four different operating conditions. Experiments are
regularly conducted under temperature and humidity
conditions that are not actually expected, such as a
combination of extremely low or high temperatures (-40, -
20, 40, 100 °C) with high humidity (70%, 90%). This
ensures the stability of the samples under normal
conditions and also compensates for the short duration of
the test exposure (24 hours) compared to the actual
operating time. The first test was conducted under ambient
conditions with a temperature of -20 °C and a humidity of
70%. The result shows no change in colors or materials
after 24 hours in the environmental test chamber. Optical
microscope analyzes did not reveal any damage or defects
in the oxide layers [11], [12], [13], [14], [15], [16], [17],
[18].

The research of our cadets and students continued in
2022 under the leadership of Professor Lazov and the staff
at the laser center at the Technological Academy in
Rezekne.

In 2021, a pilot program for training in the master's
degree in laser technologies was also launched, in which
graduates and teachers from the National Military
University participated. The training is within 4 semesters
in a distance form of training during 2 academic years.
Experiments were conducted in Rezekne, Gabrovo and
Ruse again under the leadership of Prof. Lazov, and the
trainees are currently working on their diploma theses. This
master's program has proven to be working, and it will be
thought about accrediting an already joint such program in
the field of the application of laser technologies in military
work. The head of the laser center in Rezekne has already
been included in a master's training team at the military
university [14], [19].

IV. CONCLUSIONS

Over the years, the two educational institutions have
developed joint projects under the program "Horizon
2020", "Peter Beron" and others, and we should continue
this tradition by involving more participants in joint events
and research.

Over the past years, the cooperation between the
Rezekne Academy of Technology and the National
Military University has been constantly developing and
deepening. Many mobilities took place between faculty and
trainees from the two universities, research was carried out
on laser marking and cutting on common and dual-purpose
materials, including Plexiglas, textiles, felt, steel, chrome-
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nickel, specialized metal alloys and others [2] As a result
of the conducted trainings and practices, the interest of the
trainees increased and as a result many of them specialize
in this field and in the field of 3D printers. After the
practices, 5 people bought personal 3D printers and use
them rationally. With our own developments, we have
participated in 3 international exhibitions with 6 exhibits,
which are a consequence of the training at the Academy in
Rezekne.

These studies may also be conducted with materials that
may have an impact on raising the defense capabilities and
combat capability of the armed forces of both countries.

In the future, we hope to increase students' interest in
laser technology and 3D printers and to equip our
laboratory and open a joint master's program.

V. ACKNOWLEDGMENTS

I express my gratitude to Professor Lyubomir Lazov for
the dedicated work during these 10 years to deepen the
cooperation between the two educational institutions, for
the dedication in working with the trainees from the Vasil
Levski National Military University and for the knowledge,
experience and skills imparted.

I also thank the managements of both institutions over
the years for their benevolent attitude and for the
opportunity to conduct joint activities.

REFERENCES

Dave Ahearn, ONR Laser Power Jumps 10 Fold; Further 10 -
Fold Leaps Seen, Defense Today, August 4, 2004, p. 4

N. Todorov, Lyubomir L., Shterev 1.J., Dimitrov N.D. and Ivanov
L.L. 2019 Study of cutting and labeling of polymethylmethacrylate
using a CO, laser Vide. Tehnologija. Resursi -Environment,
Technology, Resources. ISBN 1691-5402, Vol 3, 20-22.06.2019
Rezekne, Latvia pp. 37-40.

S. E. Lamberson, The airborne laser, Proc. SPIE, Gas Chem.
Lasers, vol. 2702, pp. 2702-1_2 702 - 6, Mar. 1996

W. Zhang, Xiao Z. and Yan Z. 1976 Design of online laser marking
system by vision guided based on template matching Journal of
Physics: Conference Series 1976 012047

L. Lazov, H. Deneva, E. Teirumnieka, Influence of Defocus
Position on Laser Cutting Process in Sheet Steel, Environment.
Technology. Resources, Rezekne, Latvia Proceedings of the 11 th
International Scientific and Practical Conference. Volume III, 163-
167,

L. Lazov, Dolchinkov N., Shterev J., Peneva M. and Bozhanova D.
2019 Study of laser cutting and marking on the filt with the help of
a CO,-laser Vide. Tehnologija. Resursi - Environment,
Technology, Resources, ISBN 1691-5402, Vol 3 pp. 143-147.

L. Lazov, Angelov N., Teirumnieks E. and Teirumnieka E. 2019
Preliminary numerical analysis for the role of speed onto laser
technological processes Vide. Tehnologija. Resursi - Environment,
Technology, Resources 3 pp 137-142.

(1]
(2]

B3]
[4]

[3]

(6]

(7]

(8]

N. Petrov, Optimization of the marking process with laser radiation
of samples of tool steel, dissertation, Gabrovo, 2011.

N. Dolchinkov, Lazov L., Shterev Y., Lilianova St. and Pacejs A.
2019 Use of CO, laser for marking and clearing of textile materials
for manufacture of military equipment 12th International Scienfic
and Practical conference Environment. Technology. Resources. 3,
ISBN 1691-540206.2019, Rezekne, Latvia, 32-36

[10] N. Todorov D. 2020 Practical research of marking and cutting of
textiles with increased resistance, using CO, laser Journal of
Physics: Conference Series 1681 012014, doi:10.1088/1742-

9]



[11]

[12]

[13]

[14]

[15]

Nikolay Todorov Dolchinkov. Results and Analysis of Achieved Joint Research and Activities Between Rezekne
Academy of Technology and Vasil Levski National Military University

6596/1681/1/012014, Online ISSN: 1742-6596, Print ISSN: 1742-
6588

S.-T. Tse and Kan C.-W. 2020 Effect of laser treatment on pigment
printing on denim fabric: low stress mechanical properties
Cellulose 27 10385-10405

N. T. Dolchinkov 2022 Marking and Cutting of Non-metallic
Products with CO, Laser, J. Phys.: Conf. Ser. 2224 012028 DOI
10.1088/1742-6596/2224/1/012028H, doi:
10.1109/Lighting49406.2021.9599072, Electronic ISBN:978-1-
6654-3792-9, CD:978-1-6654-3791-2

L. Lazarov, Perspectives and trends for the development of
electronic warfare systems, International Conference on Creative
Business for Smart and Sustainable Growth, CreBUS 2019, 2019,
8840074

S. Stoykov, Dimitrova, S., Marinov, R., The development of
educational capacity of human resources in the field of security-
main priority of national security, International Conference on
Creative Business for Smart and Sustainable Growth, CreBUS
2019, 2019, 8840062

N. Padarev, Investigation of Damage from Radiological Dispersal
Device, International Journal of Innovative Technology and

93

[16]

[17]

[18]

[19]

Interdisciplinary ~ Sciences, 5(4), 2022, pp. 1052-1059.

https://doi.org/10.15157/1JITIS.2022.5.4.1052-1059.

N. Padarev, Guidelines for improving laser targeting device in
military. Technology transfer: fundamental principles and
innovative technical solutions, 2022, 38-40. doi:
https://doi.org/10.21303/2585-6847.2022.00268 1

L. Lazov, N. Padarev, Laser Safety in Army Education, Revista,
Vol. XXVIII, Nr. 1 (109), ED. Academiei Fortelor Terestre
,.Nicolae Bilcescu” Sibiu, Romania 2023, ISSN 2247-840X, ISSN-
L =1582-6384, pp. 61-68, DOI: 10.2478/raft-2023-0009

N. Padarev, Analysis of the Relation Between Climate Changes and
Security Area, International Conference Knowledge-Based
Organization, Vol. XXIV. Conference proceedings 3, Applied
technical Sciences and Military Technologies, Sibiu, Rom., 2018,
pp 169-173, ISSN 1843-682X, ISBN 978-973-153-329-2.

N. T. Dolchinkov 2022 Marking and Cutting of Non-metallic
Products with CO2 Laser, J. Phys.: Conf. Ser. 2224 012028 DOI
10.1088/1742-6596/2224/1/012028H, doi:
10.1109/Lighting49406.2021.9599072,  Electronic ISBN:978-1-
6654-3792-9, CD:978-1-6654-3791-2



	I. Introduction
	II. Materials and methods
	III. RESULTS AND DISCUSSION
	IV. CONCLUSIONS
	V. ACKNOWLEDGMENTS
	REFERENCES

