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1. Brief biographical data about the doctoral student

Georgi Kotlarski was born in 1996. In 2021, he successfully graduated as a master in
"Electrical Engineering" with a professional qualification "Electrical Engineer" with an
average grade of excellent (5.69) from the Technical University, Sofia. The topic of the thesis
is "Electrical Contact Resistance of Metal Nitride Wear-Resistant Coatings". From
01.01.2022 to 01.01.2025, he was enrolled in full-time doctoral studies in the professional
field 4.1 "Physical Sciences" in the specialty "Radiophysics and Physical Electronics" at the
"Physical Technologies" laboratory at the Institute of Electronics-BAS with scientific
supervisor Assoc. Prof. Dr. Stefan Valkov from IE-BAS.

2. Actuality of the problem and general characteristics of the dissertation work
The relevance of the scientific issue is beyond doubt, given the increasing funding for the
development and industrial application of additive technologies. As the income from the
industry for the integration and development of additive manufacturing systems in 2018 was
$8.8B, and in 2024 it was $35.6B.

The aim of the dissertation is formulated correctly, which is also reflected in the correct
formulation of the work tasks related to obtaining new knowledge about the process of arc
additive manufacturing of aluminum components in the "cold arc pulse" mode. Study of the
structure and mechanical properties of the obtained details as a function of the technological
conditions of the process.

The dissertation is written on 113 pages, contains 72 figures and illustrations and 10
tables. Literature from 129 sources was used, most of which are from the last 5-10 years. The
dissertation has a classic structure - introduction, literature review, experimental part and
conclusions organized in 5 chapters, a list of publications on which the dissertation is based
and a list of participation in scientific forums.

The First Chapter is a literature review, with the author focusing on the different types of
direct energy deposition (DED); Laser Beam Additive Manufacturing (LBAM), Electron
Beam Additive Manufacturing (EBAM). The advantages and disadvantages of each of the
listed methods are examined. A justification is made for the advantages of arc additive
technologies for building a large range of metals and alloys such as steels, titanium and
titanium alloys, aluminum and aluminum alloys, etc.

Chapter Two reflects materials and methods for obtaining and studying additively
constructed parts.



The following aluminum alloys are considered in the dissertation: A11070 (A199.7),
A14043 (AISiS) and Al5356 (AIMg5Cr). The experimental system used for arc additive
manufacturing of parts is described in detail. The methods for characterizing the structure and
mechanical properties of the manufactured parts by optical microscopy, X-ray structural
analysis, scanning electron microscopy (SEM) and microhardness and tensile strength testing
are considered.

Chapter Three discusses the possibility of arc additive manufacturing of parts in the
"cold arc pulse" mode from aluminum alloy Al1070, its structure and mechanical properties.
The manufacturing of the part to its final height of 51 mm was carried out by applying 54
layers, with an average thickness of each layer of 0.95 mm. After the manufacturing of the
part, three samples, corresponding to different degrees of manufacturing of the part in the
vertical direction, were investigated.

In Chapter Four, the influence of welding speed on the structure and mechanical
properties of arc additively fabricated parts made of aluminum alloy Al4043 is investigated.

One of the main technological conditions is the welding speed, since not only the
incoming heat energy density depends on it, but also the dynamics of formation, introduction
and cooling of the liquid bath. For the purpose of this study, two parts were built from
aluminum alloy Al4043 with wall-shaped geometry and dimensions of 100 x 80 mm, and two
welding speeds were selected: 13.3 mmy/s and 20 mm/s. The built parts were divided into four
parts, formally called “B”, “M2”, “M1” and “T”, which corresponds to obtaining a sample
from the lowest part of the part, two from its middle part and one from the top. The study of
different samples of the part is imperative due to the increasing temperature gradient with
increasing its height.

The Fifth Chapter is devoted to the study of the influence of volume on the structure and
mechanical properties of arc additively fabricated parts of aluminum alloys AL4043 and
ALS5356. Experimental comparison.

For the purpose of this study, two oval-shaped parts are built from the AL4043 alloy, the
only difference being their length, 200 mm (L200) and 400 mm (L400), respectively. The
height of the parts is 140 mm. They are built under the same technological conditions, with a
waiting time of 60 s in the case of L200 and 30 s for L400. Three samples were taken from
each built part, from the lowest, middle and top part, formally designated “Bottom”, “Middle”
and “Top”.

When building parts from the AL5356 alloy with a length of 200 nm and 400 nm, samples
A and B, respectively, were built under the same technological conditions, with the same
waiting time of 30 s applied. Part A was divided into separate samples (metallographic
sections), which were designated as “A1”, “A2” and “A3”, and part B, with samples “B1”,
“B2” and “B3”, respectively, with the numbering starting from the lowest part of the part to
the highest.

A comparative analysis of the results obtained for arc additively fabricated parts of alloys
AL4043 and AL5356 was also performed.

3. Scientific contributions of the dissertation work
In my opinion, the main scientific contributions of the dissertation work correlate with the
author's claims and actually represent obtaining new knowledge about the essence of the
physical processes in the arc additive manufacturing of components from aluminum alloys
Al1070, Al4043 and Al5356 using the "cold arc pulse" mode and as well as the mechanisms
of formation of their microstructure. I would briefly summarize them as follows:

v' It has been proven that the specified technological conditions of arc additive
manufacturing of parts of aluminum alloy Al1070 made in the "cold arc pulse" mode
lead to the formation of a homogeneous structure and similar microhardness
throughout the entire volume of the parts.



v It has been proven that the lower welding speed of the arc additively built parts of
aluminum alloy Al4043 made in the "cold arc pulse" mode leads to a change in the

type of the secondary eutectic phase, as a result of which the microhardness of the
parts increases.

v" New knowledge has been obtained about the influence of the volume of arc additively
built parts of aluminum alloys Al4043 and Al5356 made in the “cold arc pulse” mode
on the structure, microhardness and tensile strength.

v For the first time, the influence of volume on the structure, microhardness and tensile
strength of arc additively built parts has been analyzed. It has been clearly shown that
increasing volume does not deteriorate the mentioned mechanical properties.

3. Assessing the degree of personal participation of the doctoral student
From the materials presented to me and from personal impressions of the work of the team, I
come to the conclusion that the presented dissertation is mainly the personal work of the
doctoral student, and naturally the research was planned and conducted under the expert
guidance of the scientific supervisor Assoc. Prof. Dr. Stefan Valkov.

4. Critical notes and recommendations
I'have no conceptual critical notes.
I would recommend using SEM software to quantify the defects in percentage when
determining the defect concentration.

S. Publications on the dissertation work
4 scientific publications have been published on the topic of the dissertation, 3 of which in
journals with an impact factor, quartile Q1 and Q2. 3 citations have been noted. Parts of the
dissertation have been reported at 3 international scientific forums and one national
conference with international participation.

6. Abstract
The abstract faithfully reflects the dissertation.

CONCLUSION

The dissertation contains high-quality scientific results, representing an original contribution
to science and satisfying all the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria, Regulations of its implementations, as well as the
Regulations of the BAS and the Institute of Electronics-BAS. This gives me reason to
express my convinced opinion that the educational and scientific degree "Doctor"
should be awarded to Georgi Valeriev Kotlarski.

Sofia, 10. 03. 2025 r.
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