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6. Reviewer
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7. Overview of the scope of PhD thesis’

Good

Justification for evaluation: This PhD thesis focuses on the holistic research of WADED for AZ61 and how
to adjust the process parameters in a best manner from simple, single bead welds over multiple bead
welds, their mutual interactions when being deposited according to a path-plan and how to prepare the
path-plan strategy best so to achieve an envisaged near-net-shape geometry best without having too
much variation in the microstructure and the resulting mechanical properties. The scope of the PhD is
good, although it is not stated what the major focus application / sector the study is for. Depending on the
sector the one or the other property would be also relevant i.e. stress-crack-corrosion for space, or high
yield strength to density or Young's modulus to density in case of space or train. ; .
Furthermore, it is confusing that the PhD is on AZ61, but the paper on overhangs is on steel and not being

demonstrated / falsified / verified for AZ61. i PR

8. Significance of the topic and clarity of problem statement

Good

Justification for evaluation: It is true, that Magnesium and its alloys are the lightest structural metals which
open-up maximum weight savings. In the last 30 years the European automotive and aeronautic industries

1 Overview of the scope of PhD thesis is a short description of objectives of PhD thesis's research and
summary of main findings and scientific achievements.
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, searched for ways on how to prepare Magnesium alloys for dedicated applications in cars (wheels, roofs,
- engine hoods, boot lid, ...) or planes (seats, arm rests). But mostly sourcing of Magnesium built the

. biggest challenge as being vastly dependent from China. Europe just recently started to address this gap
i and a European Magnesium industry will be raised but this will take 10-15 years to bring it into action.

| WADED as a young technology has to overcome two major challenges A) acceptance and B) wire

. sources. But as China is pushing hard (through govemmental regulations ->14% of a car must be made of
\ Magnesium in the future) also Europe has to make cars lighter, otherwise driving ranges of Chinese car

. will be unbeatable and European car industry will fall back even more than today.

 Literature reviews [Refs 5-6 of the thesis] state the importance of Magnesium in the future, but these

| reviews have a primal Chinese bias. If this is true for Europe is yet not clear as being vastly dependent on
' Chinese Magnesium exports and their material price setting. This is true for the automotive industry which
' would ask for part mass-production (no field for WADED) as well as for aeronautic industry which would

. ask for parts that can be made by casting or assembly of profiles and metal sheets. It is unclear whether

. WADED can become a process of choice. This depends hugely on part size, part complexity, and lot

i number. For this the significance of the topic for Europe is not too high — due to the sourcing problem and
| lack of resilience. The problem statement itself is sound and clear.

‘ 9. Knowledge of existing literature
| Satisfactory

Justification for evaluation: The thesis contains a long list of references for what concerns WADED and
the different sub-topics like process, process parameters finding, path-planning, material investigation and
development etc. What is striking is that the existing literature contains only publications from various
indexed journals and books. But the bibliography does not include any publications arising from
conferences, those providing information on patents, or those referring to any publications by, for
example, ESA, NASA, the FAA or EASA. Also, there is no information about research results from past
European or ESA projects which delt with WADED of Magnesium alloys for space applications (search for
project AZ91PMD and company RHP Technology which studied the use of AZ91 for a satellite mirror
support structure) or about research results by Cranfield University or Helmholtz-Zentrum Hereon in
Geesthacht — Dr. H. Dieringa. As stated, the existing literature is far bigger than the indexed papers from
open- or closed-publication providers on the internet.

10. Choice of methods and technical soundness

Very good

Justification for evaluation: The conducted research work of this thesis is according to the state of the art
and Jatest test and evaluation methods have been applied to derive the presented research results. This
thesis needed a multitude of different research skills and expertise. On the one hand welding expertise to
run the process and fine-tune process parameters, to control the handling system, the robot, to conduct
thermal simulations and sensitivity studies using ANSYS WB, to conduct mechanical tests as well as
microstructural investigations. The choice of methods is very good, appropriate methods like temperature
measurements, surface roughness / parts accuracy assessment through GOM, microstructure analyses of
Magnesium together with SEM and EDX have been applied, and results have been collected and

' prepared in a clear and understandable way. The technical soundness is given.

11. Quality, originality and significance of the results

Very good
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Justification for evaluation: The results of this thesis have been prepared and collected so to be published
. through four SCI-publications as well as additional conference presentations. The quality of the results is
| very good as scientific standards have been fully and correctly followed. Legends of Figures, Tables,
graphs, diagrams are clear and understandable, where needed standard deviation bars or numbers have
been presented so that not only absolute values are presented but also the significance of deviations etc.
| could be assessed. The originality of the results is given as AZ61 is an only poorly investigated
. Magnesium alloy. Yet it remains unanswered in the thesis why AZ61 was selected for this research. Also,
it is unclear what the source of the welding wire was or which company this one provided.

' 12. Quality of attached papers
| Good

| Justification for evaluation: There are four attached papers in this paper thesis. Three of them show an
impact factor, of which one is published in a Q1-journal, one in a Q2-journal, one in a Q3-joumal. For the
paper which is attached as a pre-print version it is not stated to which journal it has been submitted and

| what kind of ranking this journal has. The papers themselves have a clear structure, following high

| publications standards and quality. The research focus and research questions in the papers is clear and

| also the outcomes of the papers have been presented clear and objective with a final interpretation of

| results, conclusion and outlook view for the following research path. Papers 1 and 3 could have been

i submitted to higher level journals. Eventually, paper #3 has been submitted to a higher-level journal, but

| this is not stated.

_| 13. Overall assessment, strengths and weaknesses (based upon the above evaluation categories
8-12)
Good

Justification for evaluation: The thesis” main focus is the research of AZ61 welding wire being processed

| by WADED to thin wall structures, volumetric structures as well as the influence of process parameters,
welding wire quality and path strategy on the overall quality of the WADED-built structures. A systematic
approach has been followed which started with initial research questions, research hypothesis, a definition
of research path for a structured and well-organized research work for this thesis. The systematic
research of the set questions and hypotheses have led to answers / best parameter sets, heat treatments,
pre-heating of parts together with interpass temperatures which at the end of the thesis allowed to

| manufacture a cut-out of a big-size demonstrator. This is a clear strength which shows the success of this
thesis. Unfortunately, the thesis contains a chapter that shows research work on steel using G3Si welding
wire and ways to realize overhangs. That is clearly a very interesting topic, but only if the candidate could
have transferred this finding towards AZ61 and presented this instead of G3Si the thesis would be
according to its title “Additive manufacturing of structured components from Magnesium alloys™. This is a
weakness of this thesis. Likewise, that this kind of overhangs have not been demonstrated on the final

Co e R T R e R S

:

" 14. Questions and comments

Q1: Why is one part of the thesis focusing in overhangs using G3Si welding wire instead of AZ61

Q2: What kind of real target application does the candidate see?

Q3: What are the sources of the AZ61 or other Magnesium alloy welding wires?

Q4: Have Data Science, Al or Machine Leaming approaches been used so to derive further insights or
| process improvements? Is there any future intention to do so?

‘ Q5: Why was AZ61 alloy selected for the research work in this thesis?

| Q6: Why was the Aircraft C-Shape Frame selected as demonstrator? Would it need a redesign for
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Q7: Is the wire cleaning system possible to be used for long-term runs (24/7)?
Q8 Is it possible to do WADED of Magnesium in the future or is it already patented by Chinese
‘companies so that it is not open for future use for Europe?
Has there been a comparison between SMAW / GMAW / CMT so to show the effect of CMT on
al stresses?

PhD thesis is an independent scientific work that presents a novel solution to a significant problem in the
ch area and demonstrates the candidate’s ability to conduct independent research.

A

Evaluate categories 7 to 13 using the following scale: unacceptable, acoeptable, satisfactory, good,
very good, excellent. The qualification of ‘excellent’ should only be given for a PhD Thesis in the top
3% of the research in your field of expertise.

E-mail the completed form to: Klara.Javorcekova@vut.cz
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