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1. Foreword

What is meant by ‘Micro Non-Destructive Testing and Evaluation’? This was the
central subject of debate in this Special Issue.

At present, sub-millimeter-size components or even assemblies are pervading the
industrial and scientific world. Classic examples are electronic devices and watches (as well
as parts thereof), but recent examples encompass additively manufactured lattice structures,
stents, or other microparts. Moreover, most assemblies contain micro-components. Testing
such components or their miniaturized parts would fit well within the topic of micro
non-destructive testing and evaluation.

In all cases, performance and integrity testing, quality control, and dimensional
tolerances need to be measured at the sub-millimeter level (ideally with a spatial resolution
of about a micron); most of the time, such features and components are embedded in much
larger assemblies, which also need to be taken into account. The solution to this dilemma
(i.e. measuring large parts with high resolution) depends on the part and on the problem
under consideration.

Another possible definition of micro non-destructive testing and evaluation can relate
to the characterization of micro-features (e.g., the microstructure) in much larger specimens,
such as damage in concrete cores or porosity in additively manufactured components. A
further aspect is the use of microscopic probes to evaluate macroscopic properties. This
is the case, for instance but not at all exclusively, in the use of diffraction techniques to
determine macroscopic stress.

The splits between testing and characterization at the micro-level (or of micro parts)
from one side and handling of macroscopic assemblies on the other represent a great
challenge for many fields of materials characterization. On top of that, including the use of
microscopic methods to test integrity would add a further level of complexity.

Imaging, mechanical testing, non-destructive testing, measurement of properties,
structural health monitoring, and dimensional metrology all need to be re-defined if we
want to cope with the multi-faceted topic of micro non-destructive testing and evaluation.

The challenge has already been accepted by the scientific and engineering communities
for a while but is still far from being universally tackled. This Special Issue yields an
interesting answer to the questions posed above. It presents the progress made and the
different aspects of the challenge as well as at indicates the paths for the future of NDT&E.

2. Introduction

With the increasing miniaturization of components, performance assessment, quality
control, and structural health monitoring have expanded their toolbox of experimental
techniques. Classically, non-destructive testing and evaluation (NDT&E) has included
macroscopic probes such as radar, X-ray radiography, and ultrasound for structures or
large components. Recently, other tools have been used to cope with the challenge of
miniaturization. Such tools include not only spatially or temporally resolved techniques
such as synchrotron radiation imaging but also investigation techniques, which in the past
belonged more to the realm of materials science than to engineering (e.g., diffraction and
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laser-induced breakdown spectroscopy). However, such ‘new’ tools can be and have also
been applied to investigate large components: X-ray and neutron diffraction are currently
used to determine the residual stress in safety-relevant components (nuclear industry and
additive manufacturing) [1,2], and X-ray computed tomography is used to investigate
the degradation of concrete cores [3,4]. The meaning of micro-NDT&E (µ-NDT&E) meth-
ods has, therefore, been extended from the use of NDT&E techniques on microscopic
components to the use of microscopic techniques and to macroscopic components.

3. Summary of the Special Issue

This Special Issue shows that X-ray computed tomography is becoming a major
tool for µ-NDT&E, being used for small and large components [3,5,6], and for sensitive
materials [7]. Indeed, new methods are also being developed [6–8]. At the same time,
optical methods are being perfected to tackle challenging problems at the micro and macro
scales [9,10]. Moreover, magnetic methods are still very powerful for detecting defects in
several materials and components [11–14], especially when talking about large components.
Indeed, such methods are being further developed and extended to new materials such as
concrete [15] and to applications such as residual stress determination [16].

From the materials point of view, it is clear that concrete plays an eminent role in the
field of NDT&E. Its eternal youth and wide application fields render it always useful, so
that new kinds of investigations are paralleled with new compositions and materials de-
signs [17]. However, classic materials such as steels [13,18], novel metallic biomaterials [19],
and additively manufactured metallic alloys and structures [5,10] are also at the top of
the agenda.

4. Conclusions

From the discussion above, we conclude that, in general, NDT&E methods are of
primary importance in the design, performance assessment, quality control, and structural
health monitoring of materials and components (metallic or ceramic/cementitious). One
could summarize the meaning of the contributions to this Special Issue in a nutshell
by stating that, currently, there is no separation between micro-NDT&E and NDT&E,
since the latter field already includes the first and the applications of NDT&E methods to
miniaturized materials or to the microscopic scale (materials science and characterization)
has already been happening for some time.
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12. Chady, T.; Łukaszuk, R.D.; Gorący, K.; Żwir, M.J. Magnetic Recording Method (MRM) for Nondestructive Evaluation of
Ferromagnetic Materials. Materials 2022, 15, 630. [CrossRef] [PubMed]

13. Chady, T.; Łukaszuk, R. Examining Ferromagnetic Materials Subjected to a Static Stress Load Using the Magnetic Method.
Materials 2021, 14, 3455. [CrossRef] [PubMed]

14. Vértesy, G.; Gasparics, A.; Szenthe, I.; Bilicz, S. Magnetic Investigation of Cladded Nuclear Reactor Blocks. Materials 2022, 15, 1425.
[CrossRef] [PubMed]

15. Frankowski, P.K.; Chady, T. Impact of Magnetization on the Evaluation of Reinforced Concrete Structures Using DC Magnetic
Methods. Materials 2022, 15, 857. [CrossRef] [PubMed]

16. Mishurova, T.; Stegemann, R.; Lyamkin, V.; Cabeza, S.; Evsevleev, S.; Pelkner, M.; Bruno, G. Subsurface and Bulk Residual Stress
Analysis of S235JRC + C Steel TIG Weld by Diffraction and Magnetic Stray Field Measurements. Exp. Mech. 2022, 62, 1017–1025.
[CrossRef]

17. Mishurova, T.; Rachmatulin, N.; Fontana, P.; Oesch, T.; Bruno, G.; Radi, E.; Sevostianov, I. Evaluation of the probability density of
inhomogeneous fiber orientations by computed tomography and its application to the calculation of the effective properties of a
fiber-reinforced composite. Int. J. Eng. Sci. 2018, 122, 14–29. [CrossRef]

18. Vértesy, G.; Gasparics, A.; Szenthe, I.; Rabung, M.; Kopp, M.; Griffin, J.M. Analysis of Magnetic Nondestructive Measurement
Methods for Determination of the Degradation of Reactor Pressure Vessel Steel. Materials 2021, 14, 5256. [CrossRef] [PubMed]

19. Savin, A.; Craus, M.L.; Bruma, A.; Novy, F.; Malo, S.; Chlada, M.; Steigmann, R.; Vizureanu, P.; Harnois, C.; Turchenko, V.;
et al. Microstructural Analysis and Mechanical Properties of TiMo20Zr7Ta15Six Alloys as Biomaterials. Materials 2020, 13, 4808.
[CrossRef] [PubMed]

http://doi.org/10.3390/ma14174912
http://www.ncbi.nlm.nih.gov/pubmed/34501001
http://doi.org/10.3390/ma14113002
http://www.ncbi.nlm.nih.gov/pubmed/34206071
http://doi.org/10.3390/ma13051230
http://www.ncbi.nlm.nih.gov/pubmed/32182871
http://doi.org/10.3390/ma14040888
http://www.ncbi.nlm.nih.gov/pubmed/33668484
http://doi.org/10.3390/ma14010158
http://www.ncbi.nlm.nih.gov/pubmed/33396398
http://doi.org/10.3390/ma14247796
http://www.ncbi.nlm.nih.gov/pubmed/34947388
http://doi.org/10.3390/ma14164452
http://www.ncbi.nlm.nih.gov/pubmed/34442975
http://doi.org/10.3390/ma15020630
http://www.ncbi.nlm.nih.gov/pubmed/35057347
http://doi.org/10.3390/ma14133455
http://www.ncbi.nlm.nih.gov/pubmed/34206316
http://doi.org/10.3390/ma15041425
http://www.ncbi.nlm.nih.gov/pubmed/35207966
http://doi.org/10.3390/ma15030857
http://www.ncbi.nlm.nih.gov/pubmed/35160811
http://doi.org/10.1007/s11340-022-00841-x
http://doi.org/10.1016/j.ijengsci.2017.10.002
http://doi.org/10.3390/ma14185256
http://www.ncbi.nlm.nih.gov/pubmed/34576479
http://doi.org/10.3390/ma13214808
http://www.ncbi.nlm.nih.gov/pubmed/33126523

	Foreword 
	Introduction 
	Summary of the Special Issue 
	Conclusions 
	References

