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1. Brief biographical data of the doctoral student

Georgi Valeriev Kotlarski was born in Sofia in 1996. After completing his secondary education
in the fall of 2015, he enrolled in a bachelor's program at the Technical University of Sofia. He
defended his first educational degree in 2020. In 2021, he completed a two-semester course in
"Electrical Engineering" at the Faculty of Electrical Engineering of the Technical University
of Sofia. He excellently defended his master's degree with a thesis on "Electrical contact
resistance of metal-nitride wear-resistant coatings." In 2020, he started working at the Institute
of Electronics "Academician Emil Djakov" - BAS as a mechanical engineer. In 2022, he was
enrolled as a full-time doctoral student at the Institute of Electronics in the scientific field 4.1
"Physical Sciences”, “Radio Physics and Physical Electronics."

2. Relevance of the topic and general characteristics of the dissertation

The dissertation of M.Sc. Eng. Georgi Kotlarski is dedicated to an extremely significant and
current topic related to additive techniques and technologies, which are increasingly being
applied in modern industry. The rapid development of Industry 4.0 requires innovative
solutions to produce complex and highly precise components, and additive manufacturing
("direct energy deposition") is a key technology offering new opportunities for optimization
and personalization of products. The studied aluminium alloys Al11070, Al4043, and Al15356
are preferred materials in industries such as aviation and automotive due to their mechanical
properties and corrosion resistance. The presence of pores and cracks can significantly
deteriorate the strength and durability of components, requiring precise control of technological
parameters. The investigation of physical processes and microstructure of parts made of
aluminium alloys using arc additive technologies is essential for improving the structural and
mechanical properties of materials. In my opinion, the topic of the dissertation is entirely
focused on acquiring knowledge in the field of materials science and is in line with the national
strategy for the development of scientific research in the republic of Bulgaria 2017-2030. In
connection with all mentioned above, I can summarize that the topic of the presented
dissertation for review is particularly relevant. Solving the set tasks is of fundamental
importance for understanding the mechanisms of structure formation, which directly relate to
the operational properties of the details considered in the dissertation, built using arc additive
technologies.



The dissertation thoroughly investigates these problems by conducting experiments with arc
additive technology in the "cold arc pulse" mode and analysing the influence of parameters
such as welding speed, interlayer temperature, and protective gases used. The obtained results
show that optimizing these parameters leads to a significant reduction in porosity and
improvement in the mechanical properties of the built parts. The aim of the dissertation is to
examine the processes of arc additive manufacturing of aluminium components in the "cold
arc pulse" mode. The study reveals the relationship between technological parameters and
mechanical properties, offering optimal conditions to minimize defects. The results are a
valuable scientific contribution and are directly applied in real production for more efficient
integration of additive technologies.

3. Structure and content of the dissertation

The dissertation is structured into 5 chapters, contains 113 pages, 72 figures, and 10 tables. 129
literature sources are cited.

The first chapter presents a detailed review of additive techniques, including laser, electron
beam, and arc additive manufacturing. The main methods for additive manufacturing of metal
components are discussed: Laser Additive Manufacturing (LBAM), Electron Beam Additive
Manufacturing (EBAM), and Wire Arc Additive Manufacturing (WAAM). The advantages,
disadvantages, and industrial applications of each method are analysed in detail, with a focus
on WAAM due to its low cost and the ability to build large structures. This process allows for
the rapid construction of parts with high structural integrity and is particularly suitable for large
components. The dissertation investigates various welding modes, including "Cold Metal
Transfer" (CMT) and "Cold Arc Pulse," which offer lower heat input, reducing deformations
and improving the quality of built structures. Although the focus of the research is on WAAM,
the first chapter of the dissertation also presents an overview of laser additive manufacturing.
This method uses a powerful laser beam to melt and fuse metal powder layer by layer according
to a 3D CAD model. Laser additive manufacturing allows for high precision and is suitable for
complex geometries but can be more expensive compared to WAAM, especially for large parts.
The second chapter describes the materials used, the experimental system, and the methods for
characterizing the obtained parts. This chapter provides a detailed description of the materials
used (A11070, Al4043, A15356) and the experimental methods for their investigation to assess
the influence of technological parameters on the structure and mechanical properties of
additively built parts. The doctoral student is familiar with and uses modern methods for
analysing both the microstructure and the mechanical properties of the materials being studied.
Methods such as optical microscopy - for observing the grain structure, grain size, and macro
defects in the built parts. X-ray diffraction analysis (XRD) - for determining the phase
composition and detecting intermetallic phases. Scanning electron microscopy (SEM) - for
high-resolution analysis of the microstructure and defects (pores, cracks). Energy-dispersive
X-ray spectroscopy (EDX) - for analysing the chemical composition and distribution of
alloying elements in the microstructure. Mechanical tests are carried out using a microhardness
test (HV) - for measuring local hardness across different sections of the parts. Tensile strength
- for evaluating the strength characteristics of the built samples, including yield strength and
maximum strength. This methodology provides a comprehensive approach to analysing



additively built parts and allows for reliable conclusions about the relationship between
technological conditions, structure, and mechanical properties of materials. The third chapter
describes the process of arc additive manufacturing of parts from Al1070 alloy with a focus on
the structure and mechanical properties of the obtained samples. Optical microscopy reveals a
coarse-grained structure with an average grain size of ~100 pm, with a slight increase in grain
size with the height of the parts. X-ray diffraction analysis (XRD) shows the presence of a-Al
phase without a significant number of secondary phases but with signs of texturing in the upper
layers. SEM and EDX analysis show small pores (~2% volumetric porosity) associated with
hydrogen absorption during the process. The pores are more concentrated in the upper layers,
where cooling is slower. Microhardness has an average value of 3545 HV, with hardness near
the surface dropping to 30 HV due to the larger grain size. The maximum tensile strength is
around 100 MPa, but a decrease to 85 MPa is observed in the upper layers with higher heat
accumulation. The material retains good plasticity, with elongation to fracture around 25%.
The Al1070 alloy demonstrates good precision in construction and relatively homogeneous
structure, but low strength and tendency to form pores limit its application for highly loaded
components. To improve properties, it is recommended: Control of interlayer temperature -
cooling to 50-60°C before laying the next layer to minimize grain growth. Reduction of
porosity: Use of higher purity protective gas (99.999% Ar) and increasing the flow rate to 15
/min. post-build heat treatment: Quenching at 400°C for 2 hours to refine the structure and
improve mechanical properties. These optimizations can reduce porosity to <0.5% and increase
tensile strength to 120 MPa, expanding the industrial applicability of the alloy. The fourth
chapter examines the influence of welding speed on the structure and mechanical properties of
Al4043 alloy. This chapter analyses how welding speed affects the structure and mechanical
properties of parts built from Al4043 aluminium alloy using arc additive technology (WAAM)
in "cold arc pulse" mode. It concludes that at low speed (20 cm/min), there is better layer fusion
but high porosity (~2.5%) and large grains (~120 pm). Microhardness drops to 40 HV, and
tensile strength is 130 MPa. At medium speed (40 cm/min), an optimal balance between density
and properties is found. Porosity decreases to 0.8%, grains are refined (~80 pum), and tensile
strength reaches 150 MPa with microhardness of 55 HV. At high speed (60 cm/min), minimal
porosity (<0.5%) but poorer layer fusion and increased internal stresses. Microhardness
increases to 60 HV, but tensile strength drops to 140 MPa due to poor fusion. In conclusion, an
optimal speed of 40 cm/min provides the best compromise between mechanical properties and
defects. The correct choice of welding speed is critical for achieving parts with balanced
mechanical properties and minimal structural defects, as process optimization significantly
improves the quality of built components. The fifth chapter analyses the influence of volume
on the structure and mechanical properties of Al4043 and Al5356 alloys. This chapter
investigates how the volume of built parts affects their structure and mechanical properties
using arc additive technology (WAAM) in "cold arc pulse" mode. The materials used are:
Al4043 and A15356 alloys. The results show that for A14043, larger volumes increase porosity
(1.5-2%) and grain growth to 110 wm, reducing tensile strength to 135 MPa. Smaller parts
retain finer structure and higher strength (150 MPa). Al15356 retains higher strength even at
large volumes (200 MPa) but is more prone to cracking due to thermal stress accumulation.
For small volumes, grains are more uniform (~70 um), and microhardness reaches 75 HV. The
conclusion is that Al14043 is suitable for smaller and medium volumes, where better structure



and mechanical properties are achieved. A15356 is more durable at larger volumes but requires
temperature control to minimize cracking. For optimal results, adaptive regulation of heat input
and interlayer temperature according to part size is recommended, which can improve structure
and minimize defects.

4. Scientific contributions of the dissertation

The doctoral student has made significant efforts to deeply study and understand the issues of
the scientific field related to the optimization of the additive process and its application in the
industry. Optimal welding parameters for Al11070, Al4043, and Al5356 alloys have been
defined, minimizing porosity and improving mechanical properties. The influence of
technological conditions has been studied and described. The effect of welding speed,
interlayer temperature, and part volume on the structure and properties of materials has been
investigated, and solutions for reducing defects have been proposed. Experimental models for
predicting porosity and grain texturing have been developed, which can be used to optimize
production parameters. The obtained results are directly applicable for building large
aluminium structures in aviation, shipbuilding, and automotive industries. I would like to
emphasize the undeniable contribution of the dissertation to the significant expansion of

knowledge about additive technologies and their effective application in real production
conditions.

5. Abstract

The abstract of the dissertation is in accordance with the established standards and requirements
of the Institute of Electronics - BAS for obtaining scientific titles and academic positions,
correctly presenting the results and scientific contributions achieved within the research.

6. Publications and scientific activity

The candidate demonstrates impressive scientific activity, with the results of the research
published in 4 peer-reviewed scientific articles, 3 of which are in high-impact factor journals
(2 publications in Q1 and 1 publication in Q2), with 3 citations. Four conference papers have
been presented, proving the significance and quality of the conducted research. The doctoral
student successfully meets and even exceeds the minimum requirements for obtaining the
scientific degree "Doctor” in accordance with the rules of the Institute of Electronics - BAS.
According to the requirements, the minimum required number of credits is 200, while the
doctoral student has accumulated a total of 494 credits, significantly exceeding the mandatory
minimum. Within the educational program, 130 credits have been collected through
successfully passed exams in language training, computer skills, and specialized courses. The
scientific program is represented by reports and seminars at international and national scientific
forums, bringing a total of 144 credits. Additionally, the doctoral student's scientific
publications in prestigious journals with impact factor have brought 220 credits. The report on
meeting the minimum requirements of NACID shows full compliance with the regulatory
framework: defended dissertation, four scientific publications (three with IF), as well as
additional points under criterion G, where 70 points have been collected with a minimum
requirement of 30. These results unequivocally demonstrate not only the excellent academic
preparation of the doctoral student but also his active participation in the scientific community,



proving the high quality and significance of their research activities. It is important to note that
the doctoral student is the first author in all the publications included in the dissertation, which
unequivocally highlights his leading role in the scientific research on the topic.

7.Critical remarks and recommendations
I have no critical remarks and recommendations; the dissertation is comprehensive and very
well structured.

CONCLUSION

The dissertation of M.Sc. Eng. Georgi Kotlarski represents a completed and thorough scientific
study with high theoretical and practical value. The work shows excellent scientific
preparation, analytical skills, and the ability to solve complex research problems. The scientific
contributions are significant, and the results have real application in the industry. In conclusion,
the dissertation of M.Sc. Eng. Georgi Kotlarski provides a valuable contribution to the
understanding and optimization of additive methods to produce aluminium alloys, with
particular attention to arc additive manufacturing and its advantages in industrial applications.
Based on all the above, I recommend the dissertation for defence and believe that M.Sc. Eng.
Georgi Kotlarski fully deserves to be awarded the educational and scientific degree "Doctor."

Shumen, 05.03.2025 Reviewer:
/Assoc. Prof. Dr. Eng. L. Veleva/



