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The thesis  summarizes  the candidate’s  research in  the field of mechanics  of NiTi  shape memory
alloys. In agreement with the title, the main focus of the thesis is laid on the fatigue life of NiTi
components, especially on the effect of stress concentrators (stress risers) and the plastic deformation
arising at them. This research is highly topical,  as the behavior of NiTi components under cyclic
loading beyond the elasticity limit is not fully understood yet and it opens several intriguing questions.
The  candidate  contributed  to  this  topic  by  a  valuable  analysis  combining  an  experimental
characterization with numerical simulations; the results of this analysis were published in two journal
papers and several conference papers, all of them included in the thesis as annexes. In addition, during
his PhD studies the candidate also co-authored another paper on a 3D-XRD characterization of NiTi
(Heller et al. Model. Simul. Mater. Sci. Eng. 2020, 28(5), 055007), which shows that his scientific
scope is broader than the topic of the thesis. Hence, the candidate’s contribution in the field of NiTi
shape memory alloys is indubitable, and the quality of this contribution was confirmed by passing
through peer reviewing several times.

The thesis itself consist of four main parts: The first part comprises the introduction, the state of the
art,   and  the  description  of  the  used  materials  and simulation  methods.  The  second part  is  then
dedicated to superelastic notched NiTi components, in particular the effect of stress concentration on
the cyclic evolution of stress-strain fields (Chapter 4) and, vice-versa, an analysis how the martensitic
transition affects the stress concentration (Chapter 5). Similar analysis for notched NiTi actuators is
carried out in the third part (Chapters 6 and 7). The fourth part (Chapter 8) goes slightly beyond the
topic of the thesis, presenting the candidate’s work on FEM modelling of self-expanding NiTi stents.

As for the first part, I find the given motivation and introductory sections sufficiently comprehensive,
setting the main terms, ideas and notation in a proper way. Especially  the experimental  literature
survey on the applications of NiTi and the plasticity-related issues is detailed and well conducted. On
the other hand, I  was kind of surprised that  there is  nearly no such survey for the field of NiTi
modelling. In fact, the candidate uses the Chowdry and Yoon model [57] from 2004 for the notched
samples and the Auricchio model [252] from 2001, but does not sufficiently discuss the development
in the field of SMA modelling in the past 15 years. This motivates the first of my questions given
below.

The  second  and  the  third  part  (superelastic  and  shape-memory  notched  ribbons)  are  the  most
important parts of the thesis, showing the candinate’s most impactful research and proving his ability
to work on complex materials-science topics. All results are well documented, either directly in the
thesis, or within the appended papers. Especially the agreement between the DIC observations and the
FE  modelling  in  Chapter  5  is  quite  interesting,  and  I  find  unfortunate  that  this  has  not  been



incorporated yet in any journal publication. Maybe some of the observed evolutions near the notch
might require a more detailed discussion regarding the underlying physical processes – that motivated
my second question given bellow.

The last part (self-expanding stents) is nearly independent from the rest of the thesis. It has its own
introduction, its own Material ad Methods section, etc., which somehow disturbs the consistency of
the thesis as a whole. However, I find this section valuable and interesting, and I appreciate including
it in the thesis,  although it might be better  implemented in the text.  The results  clearly relate  the
rupture of the stents observed experimentally (figure 8-12) with the localization of transition fronts
predicted by the model (figure 8-13). I was just wondering how this result can be utilized for further
design of the stents – this motivated my third question below.

In summary, I find the research and results reported in the thesis as novel and interesting. For the sake
of clarification, I would like the candidate to answer the following three questions:

1. What are the main limitations of the used models (Chowdry and Yoon, 2004, and Auricchio, 2001)?
Why had these models been chosen for the calculations? Can you give a very short survey of the
development of polycrystalline SMA models in the past 15 years, including for example the energy-
based models developed within the framework of standard generalized materials?

2. In Figure 6-5, the evolution of the phases with the final cooling stage of the cycle (P4 → P5) is
hard to understand. From the total axial strain [a) and b)] it seems like there is zero strain above the
notches, which is quite intuitive. However, the calculation in d) says that there is a fully detwinned
martensite in these areas. How is that possible?

3. Can the results obtained by simulations for the self-expanding stents (Chapter 8) be anyhow used
for designing stents less prone to rupture? Are there any such attempts reported in the literature?

While the  scientific  outputs  of the candidate  are  sound and convincing,  the formal  and technical
quality  of the thesis, unfortunately,  does not meet that level.  There are several places where it  is
obvious that the text has not been double-checked or treated with sufficient care. Among many (tens
of) such issues, I choose for illustration:

 pages 4-6 are completely blank, without any obvious reason
 there are two sections 2.1 in Chapter 2. Moreover, the numbering of the subsections in this

chapter is  completely confused (it  includes  for example two 1.1.2 subsections).  Similarly,
Chapter 4 includes two subsections 4.3.1

 quite often, spaces are missing between words (SMAparts on page 14, elasticmoduli in figure
4-2, Numericalpredictions in caption to Figure 6-11, and many others)

 There are many lengthy sentences that are extremely hard to understand, for example page 73
reads:  The part, which is the original work of the author of this dissertation, presents in the
cited paper is the analysis primary idea, the processing of all finite element simulations and
post-processing of the results, comparison and interpretation of the results and writing the
manuscript which was revised thoroughly after comprehensive consultations with coauthors.

 The subheadings in 4.3.2 are a complete mess, using different bullet shapes, different letter
cases (Loading vs. UNLOADING), and their hierarchy is completely unclear; similarly, light-
blue subheadings appear in section 2.4 without being used anywhere else in the thesis



 the units are sometimes given in italics (tables 3-2 and 3-3) or even capitalized (MPA in
Figure 8-14) 

 some  figures  are  reprinted  with  extremely  poor  quality  (e.g.  Fig.  1-1,  1-3)  or  without
explaining the used symbols (e.g. Fig. 2-13).

 several literature references [15, 16, 50,...] do not include journal names
 some references are quite funny, for example Ref.[46] tells the reader to “go to the journal

homepage for more”, Ref.[60] says that the Microstructure of Martensite “farms”, from Ref.
[75] it seems like all authors have initials M.D. (while this is just a denotation of medicine
doctors), and finally Ref.[201] has two co-authors with surnames “,,,,,”

 Refs. [191] and [193] are exactly the same

To conclude,  I  can say that  the research reported in the thesis  is  highly topical and  contributes
significantly to the field of NiTi fatigue and fracture. The personal contribution of the candidate is
obvious and essential. The used methods and approaches were chosen properly, and enabled the
aims of the thesis to be completely fulfilled. The formal and language quality of the thesis leaves
a lot to be desired, however, this does not lower the quality of the scientific outputs, it just has a
negative impact on my overall impression from the thesis. Despite of these formal issues, I find that
the thesis fulfills all legal requirements (§ 47 sect. 4) for Ph.D. dissertations, and I recommend
the thesis to be advanced for defense and the candidate to be awarded the degree.  

In addition to the thesis itself, I also reviewed a 38-pages summary, including the main results of the
thesis, the list of candidate’s publications and his CV. I find this summary to be very well prepared
(somehow  suffering  from  less  formal  issues  than  the  thesis  itself)  and  valuable.  It  follows  the
recommended outline and indeed gives a good overview of the research. 

In Prague, March 18, 2021

...........................
Hanuš Seiner


