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17:00 Ar
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Lunch + WORKSHOP ENDING
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Registration9.00 - 12.30
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IMPROVEMENT OF MICROWAVE
SENSING OF WOODS USING

METAMATERIALS STRUCTURES

Dagmar FAKTOROVA1, Adriana SAVIN2,
Rozina STEIGMANN2, Mariana Domnica STANCIU3

1Faculty of Electrical Engineering and Information
Technology, University of Žilina,

Slovak Republic
2 Nondestructive Testing Department, National

Institute of R&D for Technical Physics, Iasi,
Romania

3 Faculty of Mechanical Engineering,
Transilvania University, Brasov, Romania

asavin@phys-iasi.ro

Keywords: microwave testing, wood species, metama-
terials, dielectric properties

Abstract: In the paper a new approach for the inves-
tigation of the dielectric properties of dielectric mate-
rial will be described, with implementation of artificial
metamaterial structure over the aperture of wave-
guide sensor in order to increase the sensing proper-
ties of classical waveguide sensor. The aim is to
achieve the optimal design of metamaterial structure
for waveguide sensor tuning in microwave X-band.
The possibility of metamaterial structure used for
upgrading properties of classical waveguide sensor
will be emphasized. The numerical simulation of 2D
metamaterial structure properties and experimental
results for dielectric properties dielectric materials are
carried out, resulting in the possible applications of
metamaterials to improve the sensing of classical
microwave devices, so that metamaterials open a new
degrees of freedom in sensor design like a sensitivity
increasing in the area of measurement of dielectric
properties of materials, which changes can be the
indicator of new properties that could lead in some
cases to the material failure. In a large range of appli-
cations, the information about dielectric properties
are required, but not only these, sometimes, for
natural dielectric as wood, the direction of the wood
grain that is changing from point to point, making the
permittivity tensor to become a random values. Wood
being a heterogeneous material, it has variable pro-
perties that can be a bottleneck in some industrial
applications where the material properties should be
strictly defined to assure prime quality. Over the past
decades the traditional use of wood as construction

MAGNETIC NDE SYSTEM
FOR DETECTION OF CRACK IN

STEEL DECK WITH HIGH LIFT-OFF
USING SECONDARY

DIFFERENTIAL DETECTION COIL

Yuto GODA1, Hiroto SHOBU1, Takumi KOBARA1,
Kenji SAKAI1, Toshihiko KIWA1,

Akira TSUKAMOTO2, Keiichi TANABE2,
Keiji TSUKADA1

1Okayama University, 3-1-1 Tsushimanaka, Kita-ku,
Okayama, Japan

2Superconducting Sensing Technology Research
Association, 2-11-19 Minowa-tyo,
Kouhoku-ku Yokohama, Japan

E-mail : pvpo2lvr@s.okayama-u.ac.jp

Keywords: NDE, crack, secondary differential coil, high
lift-off

Abstract: As about 50 years have passed since the
high economic growth period, the aging of metal
parts such as the corrosion and cracks is becoming a
serious problem, which are used in the highways,
bridges and buildings. Thus, a technology to detect
the aging of metal parts is required. We have develo-
ped magnetic nondestructive evaluation (NDE) tech-
nologies for the steel structures. Some highways and
brigdes have steel plate under the asphalt or conc-
rete, such as the steel floor slabs of roads. In the NDE
of highway and birdge, it is required to inspect the
steel material with a distance between the sensor and
steel structure (high lift-off). In the high lift-off, the sig-
nal from crack is small, and the noise peculiar to the
magnetic material makes the signal detection difficult.
Therefore, the influence of the magnetic noise should
be reduced. In order to reduce the influence of the

material evolved to a modern, widely differentiated
application domains, as sonic barriers or components
in small wind turbine blades, etc. The purpose of the
paper was to apply a modern microwave measure-
ment method to determine the dielectric properties
of wood samples and validate the results with Dyna-
mic Mechanical Analysis.

ABSTRACTS
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magnetic noise, in this study, a detection coil of a se-
condary differential coil combining two differential
coils was developed. By arranging two sets of diffe-
rential coils in layers, it is possible to reduce the mag-
netic noise and improve the signal to noise ratio (SNR)
by reducing the influence of the applied magnetic
field. Beacause of the increase in SNR, a weak signal
from the sample with a high lift-off is expected to de-
tect. In addition, the induction coil was also prepared
by connecting two coils in reverse, and it can generate
a dipole-like induced current under the center of the
coil. The induction / detection coil and various power
supplies were implemented to a hand cart and this
enabled to move the measurement system easily
above the sample. To obtain the mapping of magne-
tic signal, the hand cart was moved from the edge to
edge of sample (1 line scan), and the data of nine lines
with 30 mm intervals was measured for imaging. We
used two steel plates (SM490A) with a crack as a test
sample which is 0.7 m in width, 1.0 m in length and
6 mm in thickness. Each sample has surface cracks of
50 and 100 mm in size and 4 mm in depth. In addition,
the distance between the sample and the detection
coil was 20, 50, and 80 mm, and the angle of the
induction coil to the slit was also changed. As a result,
it was found that the applied dipole-like current was
particularly effective for detecting the slit when the
direction of current was orthogonal to the slit. From
this result, the proposed induction and detection coil
configuration is expected to detect the cracks in steel
structures located under the asphalt or concrete.

MODELING OF GRAIN-BOUNDARY
SCATTERING OF ULTRASONIC

WAVES FOR CHARACTERIZATION
OF GRAIN-SIZE DISTRIBUTION

Tomáš GRABEC1, Martin RYZY2, Petr SEDLÁK1,
István A. VÉRES3

1Czech Acad Sci, Inst Termomech,
Dolejškova 1402/5, 18200 Praha, Czechia

2Research Center for Non-Destructive Testing GmbH,
Altenberger Str. 69, 4040 Linz, Austria

3Qorvo, 1818 S. Orange Blossom Trail,
Apopka, Florida 32703, USA

grabec@it.cas.cz

Keywords: ultrasonic waves, grain-boundary scattering,
polycrystalline material

Abstract: Grain-boundary scattering is the major con-

tribution to acoustic-wave attenuation in polycrystal-
line materials at ultrasonic frequencies. Analytical mo-
dels, developed since the 1950s, describe the
frequency dependence of the attenuation based on
characteristic grain size. Numerical studies from the
recent years show, that the mean size does not suf-
fice, and the profile of the grain-size distribution must
be considered. This, on the other hand, leads to the
possibility of characterization of the grain size profile,
which is a vital parameter for the resulting properties
of the material. However, experimental determination
of the attenuation is immensely difficult, and it is
often not in a good agreement with the models.
Hence, its utilization for material characterization is
still limited.
A possible way of advance is the use of surface acous-
tic waves (SAW). Combined with laser-ultrasonic me-
thods, these allow the characterization of the
properties with access to one polished surface. In
contrast to the bulk-wave measurements, their atte-
nuation can be characterized along the propagation,
not only at boundaries of the sample. On the other
hand, a proper theory of scattering-based attenuation
of SAW was not even devised. It can be, however, mo-
delled numerically.
In the present contribution, an experimental and nu-
merical study of SAW attenuation will be presented.
The experimental work was done using frequency-
domain laser-ultrasonic setup, and provided the fre-
quency dispersion of attenuation on a chosen
aluminum sample. For the numerical simulations, a
model of statistically similar polycrystalline structure
was constructed as a Laguerre-Voronoi tessellation.
Using this model, a time-domain finite-element simu-
lation of SAW propagation was carried out, with re-
sults in a nice agreement with the experiments,
especially when considering the standard agreements
between experiment and models in the area of bulk-
wave scattering.

INCREASED ACCURACY
OF SPECTRAL ANALYSIS IN NDT

Karel HÁJEK

Department of Electrical Engineering,
University of Defence, Brno, Czech Republic

karel.hajek@unob.cz

Keywords: Spectral analysis, ultrasonic spectroscopy,
resonance spectroscopy, DFT, windows

Abstract: Some NDT methods advantageously use
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spectral analysis using DFT. These are e.g. methods of
nonlinear ultrasonic spectroscopy, resonance spec-
troscopy but also some others. Despite its indispu-
table advantages, the use of DFT spectral analysis
brings some problems. A major problem is the lea-
kage effect, which is evident in cases where we cannot
provide a coherent DFT with synchronous sampling.
Related to this is the problem of insufficiently accu-
rate determination of frequencies of dominant
harmonic components, which is manifested e.g. in
detection of change of resonant frequencies during
non-linear effects of tested systems.
A common solution to these problems is the use of
new methods for very accurate determination of the
frequency of the dominant harmonic signal. This also
allows the suppression of the leakage effect in spec-
tral analysis, so that the spectrum obtained is accurate
and without the leakage effect in a significantly
higher dynamic range than the use of known window
functions. The paper shows the possibilities of solving
the mentioned problems.

SIMULATION OF ULTRASONIC
BACKSCATTERING SIGNALS IN
POLYCRYSTALLINE MATERIALS

Dascha DOBROVOLSKIJ1, Sigrun HIRSEKORN2,
Martin SPIES3

1Fraunhofer ITWM, Kaiserslautern,
Germany (dascha.dobrovolskij@itwm.fraunhofer.de)

2Rehbachstraße 126, Saarbrücken, Germany
(sigrun.hirsekorn@gmail.com)

3 Fraunhofer-IZFP, Saarbrücken, Germany*
(martin.spies@bhge.com)

Keywords: analytical model, microstructure, numerical
simulation, polycrystalline, scattering, ultrasound

Abstract: Scattering of ultrasound at grain bounda-
ries in polycrystalline media causes sound velocity
dispersion and frequency dependent attenuation
along the propagation direction of ultrasonic beams
as well as scattering waves within the whole sample.
These effects can be used for materials characteriza-
tion, but concomitantly hamper defect detection and
evaluation in components because the so-called grain
noise superposes defect signals, and velocity disper-
sion corrupts defect positioning. Hence, ultrasonic
signal evaluation and numerical simulations of ultra-
sonic propagation and of nondestructive testing and

materials characterization procedures must comprise
microstructural scattering phenomena.
Statistically distributed single scatterers, the ensem-
ble averaged scattering energy flux densities of which
reflect the grain noise of a test block may be used as
a grain scattering model [1]. A convenient numerical
simulation procedure in order to calculate ultrasonic
time signals, e.g. backscattering (A-scans), consists in
point source superposition of the scattering waves
stemming from the scatterers mimicing structural
noise and maybe also from defects and possible
reflections at sample surfaces. In a general theoretical
approach, ultrasonic scattering wave energy flux
densities generated by a given incident wave in micro-
scopically inhomogeneous media are derived from
the infinite Born series presentation of ultrasonic
displacement vectors, which solve the elastodynamic
equation of motion of the medium. The energy flux
densities are ensemble averaged respective the mic-
roscopic inhomogeneity and analytically evaluated for
macroscopically isotropic single-phase polycrystals
[2].
The described procedure is applied to the real poly
crystalline structure of a Ti(hcp) alloy sample in order
to simulate ultrasonic backscattering signals. The 3D
orientation map of the grain structure of the sample
was imaged by X-ray Diffraction Contrast Tomography
(DCT) [3]. The incident ultrasonic beam is described
by its center frequency and bandwidth. Each grain is
considered as a single scatterer. Then, the analytical
results of the general ultrasonic scattering theory and
the 3D full-field microscopic data yield the ensemble
averaged scattering characteristics for each grain,
and, furthermore, may be used to fit a granular mic-
rostructure model for this particular sample. Backs-
cattering signals are computed for the real poly-
crystalline structure of the Ti alloy sample as well as
for the granular microstructural model fit.

[1] V. Dorval, et al., ‘Accounting for structural noise
and attenuation in the modelling of the ultraso-
nic testing of polycrystalline materials’, Rev. Prog.
QNDE, Vol 29, Eds.: D.O. Thompson and D.D.
Chimenti, Plenum Press NY, pp 1309-1316, 2010.

[2] S. Hirsekorn, ‘Calculations on Ultrasonic Scatte
ring in Polycrystalline Structures Aiming for
Simulations on Nondestructive Materials Cha-
racterization and Defect Detection’, ECNDT 2014,
Prague, Czech Republic, Oct 06-10, 2014; NDT.net
issue Vol.19 No.12 (Dec 2014).

[3] N. Viganò, A. Tanguy, S. Hallais, A. Dimanov,
M. Bornert, K. J. Batenburg, and W. Ludwig.
Threedimensional full-field X-ray orientation mic
roscopy. 2016, Scientific reports, 6:20618.
*now with: Process & Pipeline Services - Baker
Hughes, a GE company, Stutensee, Germany
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ACOUSTIC EMISSION SOURCES
FROM FAST DISLOCATION

MOTION

Petr HORA1,
Anna MACHOVÁ2, Jan ČERV2, Alena UHNÁKOVÁ2

1 Institute of Thermomechanics AS CR, v.v.i., LMD,
Veleslavínova 11, 301 00 Pilsen, CZECH REPUBLIC

2 Institute of Thermomechanics AS CR, v.v.i.,
Dolejškova 5, 182 00 Prague 8, CZECH REPUBLIC

hora@cdm.cas.cz

Keywords: acoustic emission, edge crack, dislocation
emission, free surface, bcc iron

Abstract: Acoustic emission from the fast dislocations
emitted from an edge crack in 3D bcc iron crystal is stu-
died via atomistic simulations by molecular dynamics
technique. Acoustic emission patterns arising from the
fast dislocation motion in molecular dynamics are
visualized via the local kinetic energies of individual
atoms and further modeled as a moving source of the
stress waves in the anisotropic continuum.

CONTINUOUS ACOUSTIC EMIS-
SION MONITORING BY DATA

STREAMING OSCILLOSCOPES.

Milan CHLADA

Institute of Thermomechanics of the CAS, v. v. i.

Abstract: Computational power of contemporary
regular hardware enables to test the new approaches
in many fields. In case of non-destructive evaluation
and material characterization by Acoustic Emission
(AE) method it is possible to monitor highly dynamic
damage processes as could not be done before
without the capability of continuous signal recording
and analysis. Modern portable measuring devices as
USB oscilloscopes with data streaming feature can be
flexibly controlled by scripts tailored for particular
experiment. AE activity can be thereby evaluated on-
line in more detail by specially designed parameters.
The running experiment can be controlled by actual
state of material damage as well. Such approach is
demonstrated during the test of titanium alloys for
orthopedic implants. The AE method provided com-

prehensive data to identify the initial stages of
damage and crack propagation in the stressed speci-
men. AE measuring and evaluating system based on
USB oscilloscope TiePie was completely designed and
run in Matlab environment, displaying basic AE para-
meters, audibly monitoring selected AE hits and
saving those parameters together with the complete
signal stream in binary format for further advanced
analysis.

SENSORS CLUSTER BASED CRACK
DETECTION IN THIN PLATES

Hajar CHOUIYAKH, Mohamed Fathi GHANAMEH,
Elhachmi. ESSADIQI, Mustapha FAQIR

International University of Rabat, Aerospace
engineering school, LERMA lab, Rocade Rabat-Salé,

11 100 Sala al Jadida, Morocco.
hajar.chouiyakh@uir.ac.ma

Keywords: Lamb waves, piezoelectric, sensors, cluster,
crack, detection

Abstract: Lamb waves have long been used for cracks
detection in plates, They demonstrate a great poten-
tial for damage detection in metallic and composite
structures. These guided waves are introduced into a
structure by an actuator at one point and sensed by
another sensor at a different position. As the four
stages of any structural health monitoring technique
are respectively, detection, localization assessment
and prediction, we aim through this work to improve
Lamb wave-based technique in order to detect and
localize cracks in isotropic plate. So far, the triangula-
tion technique has proven its efficiency for acoustic
source localization in isotropic plates. However, the
presence of cracks, induce reflections that can alter
obtained signals. For this, we aim through this work to
highlight the Lamb wave interaction with damage.
Finite element method is used for modelling and slot-
type defects are to be considered. To the best of the
authors’ knowledge, the ‘L’ and ‘Z’ shape clusters have
already been investigated in previous works yet for
acoustic source localization. In this work, efficiency of
the sensors’ clusters for cracks localization in isotropic
plates will be studied. Furthermore, other shapes will
be suggested for a better characterization of present
cracks.
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CHARACTERIZATION OF BONDING
QUALITY OF COLD-SPRAYED

DEPOSITS BY RESONANT
ULTRASOUND SPECTROSCOPY

Michaela JANOVSKÁ1, Petr SEDLÁK1, Jan ČÍŽEK2, Filip
ŠIŠKA3, Hanuš SEINER1

1Institute of Thermomechanics, Czech Academy
of Sciences, Dolejškova 5, 182 00 Prague,

Czech Republic
2Netme Centre, Institute of Materials Science and

Engineering, Brno University of Technology,
Technicka 2896/2, 616 69 Brno, Czech Republic

3Institute of Physics of Materials, Czech Academy of
Sciences, Žižkova 22, 616 62 Brno,

Czech Republic
janovska@it.cas.cz

Keywords: Resonant Ultrasound spectroscopy, Cold
spraying, Interface

Abstract: Resonant ultrasound spectroscopy (RUS) is
an experimental method suitable for determination
of elastic constants and internal friction parameters
of solids. Due to its resonant nature, the RUS method
is very sensitive to small variations of the elastic con-
stants and is, thus, suitable for detecting structural
changes appearing for example in thin surface layers
deposited onto the measured sample.
Cold spraying (CS) is a versatile and efficient method
for deposition of relatively thick metallic coatings.
Unlike the conventional thermal spraying methods
such as plasma spraying the CS process does not
involve substantial heating or melting of the sprayed
powders. Instead, the formation of the coating arises
from a severe plastic deformation of the accelerated
powder particles upon their impingement at the sub-
strate.
Resonant ultrasound spectroscopy was utilized to
determine the mechanical properties of a planar in-
terface between a cold-sprayed iron deposit and an
aluminum alloy substrate. The measurements were
d Resonant ultrasound spectroscopy was utilized to
determine the mechanical properties of a planar
interface between a cold-sprayed iron deposit and an
aluminum alloy substrate. The measurements were
done at a room temperature and with a thermal cycle
from room temperature to 500°C. The properties of
the interface were assessed by analyzing the resonant
frequencies and resonant peak widths of a sandwich-
like sample by means of a numerical model. While the
as-sprayed deposit at the room temperature exhibi-
ted a perfect adhesion to the substrate, the thermal

cycle lead to deterioration of the properties due to
Fe3Al precipitation and subsequent cracking.

THE USE OF STRUCTURAL HEALTH
MONITORING IN NUCLEAR

APPLICATIONS

Jaroslav JOCH

Institute of Thermomechanics CAS,
Prague, Czech Republic

Keywords: Structural Health Monitoring, nuclear power
plant, structure integrity assessment

Abstract: Nuclear plant operators deal with deman-
ding security requirements when dealing with strin-
gent security requirements and with plant lifetime
extension. The safety case is based on the inspections
and evaluations from plant shutdown. While in the
aircraft industry the approach of Structural Health
Monitoring (SHM), i.e. continuous monitoring using
NDE, has been successfully used for some time, the
use of SHM in the nuclear industry has been rather
limited. The purpose of our project NEMENUS is to
investigate the potential of the continuous monitoring
- „early warning“ - approach SHM for the use in the
nuclear industry.

DESIGN OF AN EXPERIMENTAL
MOCKUP TO STUDY THE

POSSIBILITIES OF ACOUSTIC
MEASUREMENTS FOR NUCLEAR

REACTOR FUEL ELEMENT TESTING

Tristan JULIEN1, Laurent PANTERA2,
Guillaume RICCIARDI3, Emmanuelle SARROUY4

1,2 CEA, DEN, DER/SPESI, Cadarache, F13108
Saint-Paul-Lez-Durance, France;

3 CEA, DEN, DTN/STCP, Cadarache,
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F13108 Saint-Paul-Lez-Durance, France;
4 Aix Marseille Univ, CNRS, Centrale Marseille,

LMA, Marseille, France;
tristan.julien@cea.fr

Keywords: Acoustic emission, guided waves, crack,
failure, fluid-structure interaction

Abstract: Acoustic Emission methods are used in the
CABRI nuclear research reactor of the French Com-
mission for Nuclear and Alternative Energies (CEA) to
study the behaviour of fuel elements in accidental
condition. The measured signals correspond to elas-
tic waves and fluid pressure waves that are produced
by different physical phenomena occurring around or
in the rod and propagate respectively in solid materi-
als and in the coolant fluid. These signals make it
theoretically possible to detect, identify and locate in
space and time some of these phenomena, especially
damage mechanisms in the cladding (e.g. distortion,
crack propagation, failure). The advantage of these
methods is the possibility of use during normal ope-
ration of the tested element with a relatively simple
instrumentation. In practice, we encounter some
issues with the interpretation of the signals. First,
several noise sources affect the signals: electronic
noise, acoustic noise due to external events (e.g.
valves opening), flow noise, and vibration noise due
to fluid-structure interaction. Second, the wave
propagation from the source to the sensors leads to
signal distortions that are not accurately known. To
solve these difficulties, we need to improve our know-
ledge of acoustic emission source and propagation
mechanisms. To this end, we are designing an experi-
mental mock-up consisting of a fake fuel rod submit-
ted to some phenomena occurring in CABRI reactor.
In that mockup, we will independently reproduce
every studied phenomenon and study its acoustic and
vibration effects. Acoustic sources’ spectra, fluid-
structure interaction, wave propagation in the fluid
and the cladding, influence of global structure vibra-
tions (low frequency range) on elastic guided waves
(high frequency range) and changes in vibration
response of the structure could thus be determined
for each phenomenon.
In this paper, we describe the design process of the
instrumentation of the mockup, based on real CABRI
signals observation, guided waves propagation study,
and preparatory acoustic tests on fake rod claddings
outside the mockup.

OPTIMIZATION OF APPLIED
MAGNETIC FIELD METHODS FOR

VARIOUS SHAPE DEFECTS IN
EDDY CURRENT TESTING USING
MAGNETO RESISTIVE SENSOR

Takumi KOBARA, Yuto GODA, Hiroto SHOBU,
Kenji SAKAI, Toshihiko KIWA, Keiji TSUKADA

Okayama University, 3-1-1 Tsushimanaka, Kita-ku,
Okayama, Japan

py0u6os5@s.okayama-u.ac.jp

Keywords: Nondestructive testing, Eddy current testing,
Magnetic material, Non-magnetic material, Magneto
resistive sensor

Abstract: Micro defects occur on the surface or inside
metal materials during their production, processing
for a metal structure, or caused by the aged deterio-
ration. Therefore, a non-destructive testing that can
inspects and evaluates the micro defect of early stage
is required. In the conventional eddy current testing,
a combination of an induction and a detection coil is
widely used. Recently, the magnetic sensor which has
high sensitivity and spatial resolution even at low fre-
quencies have been used instead of the detection coil.
In this study, the optimization of applied magnetic
field for detecting various shapes of defect generated
in both magnetic and non-magnetic materials was
examined using the eddy current testing with a highly
sensitive magnetic sensor. The measurement system
consisted of an oscillator, an induction coil, a nano-
granular tunnel magneto resistive (TMR) sensor, an
X-Y automatic scanning stage, a lock-in amplifier, a
differential amplifier, and PC. The magnetic signals
were lock-in detected by synchronizing them with the
reference signal generated by the oscillator which was
also used to drive the induction coil. An alternating
magnetic field was applied to the test sample using
the induction coil to induce an eddy current. In this
study, various shapes of induction coil, such as
solenoid, tangential and wire type, were used and the
characteristics of response to each coil were compa-
red. The test samples were the aluminum (non-
magnetic) and the steel (magnetic) plate with various
shapes of defects (pit, slit shape). The eddy current
distribution generated from various shapes of defects
using various induction coil were also analyzed by the
simulation. From the simulation results, it was found
that the signal waveform of magnetic field depended
on the defect and coil shape, and these results agreed
with the measured values when the magnetic signal
was scanned over the defect. In the case of wire type,
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the change of the magnetic field distribution genera-
ted by the eddy current was large when the TMR
sensor was placed above the induction wire. In the
case of solenoid type, the detection sensitivity increa-
sed when the TMR sensor was close to the edge of coil
which is apart from the center of the coil. In addition,
it was found that the signal change was different bet-
ween the magnetic and non-magnetic materials. For
the non-magnetic material, as the frequency increa-
sed, the signal to noise ratio of the detected defect
signal increased because the signal is generated from
only the eddy current. On the other hand, for the
magnetic material, there was an optimum frequency
for detecting the defect because the signal is genera-
ted due to both the magnetization and the eddy cur-
rent. As a results, the optimum method of applying
the magnetic field for the eddy current testing using
magnetic sensor could be clarified.

VERIFICATION OF DIGITAL TWIN
CONCEPT FOR TIME REVERSAL

ANALYSIS

Jan KOBER, Michal MRACKO,
Zdenek PREVOROVSKY

Department Impact and Waves in Solids, Institute of
Thermomechanics of the Czech Academy

of Sciences,
Dolejskova 1402/5, 18200 Prague,

Czech republic
kober@it.cas.cz

Keywords: time reversal, source reconstruction, FEM,
model calibration

Abstract: It has been shown experimentally, that it is
possible to record signals of elastic wave propagation
on a tested structure and perform time reversal
focusing on an independent reference structure. Here
the possibility of utilizing a numerical model – digital
twin, as a reference structure is studied. An experi-
ment was conducted on a strip of Al-alloy with known
mechanical constants. In the first step was the
numerical model calibrated. A measurement of
dispersive wave propagation was performed and
compared with equivalent results of the numerical
simulation. Material parameters were adjusted
accordingly and usable correlation length was deter-
mined. Once the model was calibrated, second expe-

rimental setup was tested. The experiment was con-
ducted again with the transducer placed in different
location with different modality. A limited vibrometer
scan was performed and the data were fed into the
numerical model. Using time reversal it was
possible to localize the source and partially recon-
struct the source function. Presented approach could
be used for localization of impacts or acoustic emis-
sion sources and prospectively for damage detection
and sizing.

DETECTING POROSITY OF 3D
PRINTED TI6AL4V BY NONLINEAR
ELASTIC WAVE SPECTROSCOPY

Jan KOBER1, Alexander KIRCHNER2,
Alena KRUISOVA1, Milan CHLADA1,

Thomas WEISSGÄRBER2

1 Department Impact and Waves in Solids, Institute of
Thermomechanics of the Czech Academy

of Sciences, Dolejskova 1402/5, 18200 Prague,
Czech Republic

2Fraunhofer Institute for Manufacturing Technology
and Advanced Materials IFAM, Winterbergstraße 28,

01277 Dresden, Germany
kober@it.cas.cz

Keywords: nonlinear elasticity, additive manufacturing,
selective electron beam melting, nonlinear wave mo-
dulation spectroscopy, nonlinear resonant ultrasound
spectroscopy

Abstract: Selective Electron Beam Melting (SEBM) is a
powder bed technology for the production of metallic
parts. In order to achieve nominal mechanical pro-
perties, microstructural defects have to be detected
and avoided. The porous microstructure can contain
voids, weak bonds, sharp interfaces and loose partic-
les, all of which was linked with the occurrence of non-
linear elastic wave propagation. A set of Ti-6Al-4V
samples with defined internal volume with porosity
ranging from 0.2 % to 20 % is experimentally investi-
gated. An Impact Modulation Spectroscopy experi-
ment was performed on the sample set and
experimental results were analysed for linear and
nonlinear indicators of material porosity. Porosity was
indicated by means of Resonant Ultrasound Spec-
troscopy and its nonlinear counterpart, by a measure
of attenuation and by nonlinear modulation.
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NONDESTRUCTIVE
CHARACTERIZATION OF FAULTS

IN 3D PRINTED POLYMER SAMPLES

Josef KROFTA, Zdenek PREVOROVSKY

Department Impact and Waves in Solids, Institute of
Thermomechanics of the Czech Academy

of Sciences, Dolejskova 1402/5, 18200 Prague,
Czech Republic
krofta@it.cas.cz

Keywords: additive manufacturing, nonlinear elastic
wave spectroscopy

Abstract: Fused deposition modeling is the most
common 3D print method. Filament is fed through a
moving heated printer head and is deposited on the
growing work. It can produce models made of ther-
moplastic materials. Both the equipment needed for
production and the filaments needed for printing are
relatively cheap. The possibility of inspection of 3D
printed samples using ultrasonic nondestructive non-
linear methods was studied. 3D printed samples
made of PLA with defined cavities were tested using a
number of ultrasonic nonlinear elastic wave spectro-
scopy methods.

EXPLORING CHALLENGES IN
MULTIMODALITY EXEMPLIFIED

BY OPTICAL COHERENCE
TOMOGRAPHY

Elisabeth LEISS-HOLZINGER, Andrii PRYLEPA,
Ivan ZORIN, Sandrine VAN FRANK,

Karoline FELBERMAYER, Thomas BERER,
Bettina HEISE, Markus BRANDSTETTER

RECENDT GmbH, Altenberger Straße 69, 4040
Linz, Austria

elisabeth.leiss@recendt.at

Keywords: Multimodal, Optical Coherence Tomo-
graphy, OCT, Stimulated Raman Spectroscopy

Abstract: In this presentation, the potential and the
challenges of implementing complementary, multi-
modal methods are discussed, with a focus on the
latest approach of combining Optical Coherence

Tomography (OCT) and Stimulated Raman Spectros-
copy (SRS).
OCT is a non-contact, interferometric imaging method
to detect structures within semitransparent, scatte-
ring media [1]. Originally developed for biomedical
applications, OCT has been continuously gaining
ground in the field of material characterization and
non-destructive testing (NDT), e.g. as an in-situ analy-
tical tool for monitoring the tablet coating process in
pharma industry and detect defects [2].
The combination of OCT with SRS can give additional
chemical information but also poses special require-
ments to the sensor head in case co-registered infor-
mation is desired. The latter is also true for the
combination of OCT with other optical methods like
MIR and THz spectroscopy or with acoustic methods
(photoacoustic imaging). Such combinations will be
briefly presented as well. Multimodal measurement
results and limitations of applicability are discussed.

Financial support by the Austrian Research Promotion
Agency (FFG) within the project MORSPEC (Grant No.:
856896) and by the strategic economic - and research
program "Innovative Upper Austria 2020" of the pro-
vince of Upper Austria is gratefully acknowledged.

[1] D. Huang, E. A. Swanson, C. P. Lin, J. S. Schuhman,
W. G. Stinson, W. Chang, M. R. Hee, T. Flotte, K.
Gregory, C. A. Puliafito, J. G. Fujimoto, Science
254, 1178 (1991).

[2] D. Markl, G. Hannesschläger, S. Sacher, M. Leit-
ner, A. Buchsbaum, R. Pescod, T. Baele, JG.
Khinast, In-Line Monitoring of a Pharmaceutical
Pan Coating Process by Optical Coherence
Tomography, J Pharm Sci. (2015).

[3] I. Zorin, J. Kilgus, M. Brandstetter, R. Su, B. Heise
Supercontinuum sources for multimodal
MIR-OCT imaging – OSA: Imaging Systems and
Applications, (2019).

A UNIFORM PARALLEL FRAME-
WORK TO LARGE-SCALE

SIMULATIONS OF 3D WAVE-TYPE
EQUATIONS

Dalibor LUKAS

VSB–Technical University of Ostrava, Czech Republic

Keywords: Ultrasonic waves propagation, large FEM si-
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mulation, parallel scalability, hundreds computational
cores

Abstract: In many engineering areas such as nonde-
structive testing of materials and structures investi-
gation of ultrasonic waves is of a great importance. In
the talk we first recall the finite element (FEM) appro-
ximation theory of the initial-boundary-value problem
for the wave equation, which is documented by
numerical experiments. In particular, we discuss
simulations of thin-walled structures by convenient
FEM (continuous displacements, discontinuous
stresses) that suffers from the shear-locking effect
meaning that the discretization error is inversely pro-
portional to the thickness of the structure. As a
remedy we present a novel mixed FEM (tangential-
continuous displacements, normal-normal-continu-
ous stresses), which is locking-free.
Second part of the talk is devoted to a uniform
framework for parallel implementation of matrix-
vector product and inner-product regardless of the
used type of elements, e.g. Lagrange or Nedelec. The
linear systems arising within an implicit time-discreti-
zation scheme are preconditioned by proper smoo-
thers. Finally, we present parallel scalability of our
approach up to a billion equations and hundreds of
computational cores.

INFLUENCE
OF PRE-MAGNETIZATION AND

DEMAGNETIZATION OF A STEEL
WIRE FOR ITS DIAGNOSTIC SIGNAL

Paweł MAZUREK1, Jerzy KWAŚNIEWSKI1,
Maciej ROSKOSZ1, Mirosław WITOŚ2

1AGH University of Science and Technology,
Mickiewicza 30, 30-059 Cracow, Poland

2Air Force Institute of Technology, Ksiecia Bolesława
6, 01-494 Warsaw, Poland

pmazurek@agh.edu.pl

Keywords: technical diagnostics, steel wire, pre-
magnetization, demagnetization, magnetomechanical
effects

Abstract: Values of a residual magnetic induction
change as a result of the work of a steel wire, i.e. its
bending, stretching or twisting. The value of the indu-
ced magnetic field in the wire is also affected by the
damage occurring. Under the influence of cyclically

changing work loads, due to the effects of magneto-
mechanics, changes in electromagnetic properties
occur both in the wires and in the entire steel wire
rope. Anomalies of the residual magnetic field are
used to identify imperfections of steel wire ropes such
as broken wires, deformations, wear and corrosion.
The most common method of non-destructive testing
of steel wire ropes is the active magnetic method,
which uses imperfections leaked by a strong, format-
ted by an external source, magnetic field. In this case,
the steel wire rope is magnetised only before or
during the test, thus losing important diagnostic
information. An increasingly popular method using a
residual magnetic field leakage does not require pre-
magnetization. Magnetic flux leakage (MFL) detection
has the advantages of accurate positioning obvious
target defect. The MFL information on the surface of
the wire rope can be converted into magnetic images
so that the circumferential and axial position of the
wire rope defects can be displayed more intuitively.
By fusing the visible and magnetic images, it is po-
ssible to use of their information and the defect
recognition rate can be improved.
The article focuses on the very process of magnetiza-
tion and demagnetization. In detail, the magnetome-
chanical effects are discussed: direct and inverse. As
far as the measurement is concerned, it is presented
as follows. Three identical, new steel wire samples
from the production line, were subjected to the pro-
cesses: one of them was magnetized with a strong
magnetic field (like in a active method), the other was
subjected to a demagnetization process (passive
method), while the third was left unchanged. A diag-
nostic signal was recorded for each of these samples
using the SpinMeter-3D sensor. The signal was mea-
sured in the three axes of the Cartesian system. Then,
each of these samples was subjected to two-way
bending until breaking. Diagnostic signals for each of
these samples were registered again and next obtai-
ned results were compared very closely. The results
obtained allowed for the formulation of certain conc-
lusions and dependencies.

BERGEN HIGH-SPEED
GAMMA-RAY TOMOGRAPHY VS.

GEANT4 SIMULATED DATA:
A COMPARISON STUDY

Icaro Valgueiro Malta MOREIRA, Ilker MERIC,
Geir Anton JOHANSEN3 Xth
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Abstract: Monte Carlo based methods have been
applied for the simulation of the passage of particles
through matter in several different kinds of applicati-
ons. This paper is a comparative study of differences
in data produced by a real tomography and data pro-
vided by a simulation tool based on Monte Carlo me-
thod with the goal to understand the differences
between the actual and simulated data as also to map
all physics process happening during a real tomo-
graph experiment. The paper will first describe the
Bergen HSGT (High-Speed Gamma-ray Tomograph),
UiB tomography system designed for industrial real-
time tomography, and Geant4, a toolkit for the simu-
lation of the passage of particles through matter.
Then, the modeling of the real tomograph into
Geant4 tool will be described with details about the
geometry, physics, particles, and scoring. Finally, the
findings of the comparative study between Geant4
and Bergen HSGT is presented.

USING COMPUTATIONAL TIME
REVERSAL METHOD FOR

LOCALIZATION OF FORMING AND
PROPAGATING CRACK

Michal MRAČKO, Radek KOLMAN, Jan KOBER,
Zdeněk PŘEVOROVSKÝ, Jiří PLEŠEK

Institute of Thermomechanics of the CAS, v. v. i.
Dolejškova 1402/5, 182 00, Praha

mracko@it.cas.cz

Keywords: Time reversal, explicit finite element analy-
sis, elastic wave propagation, non-destructive testing,
crack localization.

Abstract: The time reversal (TR) method has found its
application in many fields concerning wave propaga-
tion. Our object of interest is the application in non
destructive testing (NDT). In NDT, this method can be
used for tracing the source of vibrations in solid bo-
dies, the source being a crack or some other defect.
The TR method uses a backward wave propagation
for refocusing and reconstruction of the original

source. The TR process consists of two steps. In the
first step – the Frontal task, a real body is loaded at
the given place with the defined loading signal and an
output is recorded in a prescribed position of the
body. In the second step – the Reverse task, this
responding signal is reversed in time and loaded into
the computational model so as to locate so called
scatterers (e.g. cracks). In computational TR method,
both steps are performed numerically. Here we focus
on localization of an initializing and a propagating
crack in the prestressed finite element (FE) model. We
also study how the length of the computation (num-
ber of reflections of the elastic waves) influences the
probability of localization of the crack. Special atten-
tion is paid to the way of prescription of the loading
signal.
For numerical solution, we use the linear FE method,
with the lumped mass matrix, a one-point Gauss
integration rule and an hourglass control. For the
direct integration in time the explicit central difference
scheme is employed. This integration scheme is con-
ditionally stable and reversible in time.
We evaluate the quality of localization mainly by
observing the total energy distribution at the end of
the Reversal task. We compare results for several
lengths of computation (between 1 000 and 50 000
time steps). The conclusions show that with increa-
sing length of computation (more information loaded
into the model) the probability of localization of the
crack also increases (the energy refocuses in the
location of the source of vibrations).

Acknowledgement: The work of M. Mračko, R. Kol-
man and J. Plešek was supported by the European Re-
gional Development Fund under
Grant No. CZ.02.1.01/0.0/0.0/15 003/0000493 (Center
of Excellence for Nonlinear Dynamic Behaviour of
Advanced Materials in Engineering). The work of
J. Kober and Z. Převorovský was supported by the
grant project CSF with No. 17-22615S within institu-
tional support RVO:61388998.

CONTINUOUS ACOUSTIC
EMISSION SOURCE LOCATION IN
PIPELINE USING TIME REVERSAL

SIGNAL PROCESSING

Zdenek PREVOROVSKY, Josef KROFTA,
Milan CHLADA, Jan KOBER
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waveguides, time reversal

Abstract: Reliable location of Acoustic Emission (AE)
sources is one of the most important inverse prob-
lems in non-destructive testing (NDT) and structural
health monitoring (SHM) of engineering structures.
Standard AE source localization procedures often fail
at more complicated structures with wave dispersion,
velocity or geometry changes, etc. Localization of con-
tinuous AE signals generated by leakage, i.e. random
noise is much more difficult than that of short burst
signal sources. Eeffective tool for all such situations is
time reversal (TR) signal processing [1], which results
in space - time wave focusing, partial source signal re-
construction and more precise source location than
other used techniques (up to 1 mm). After artificial AE
source location tests on various plates, reported in
[1], we applied TR technique on large steam pipeline
(4140 x 245 x 37.5 mm) and small pressure vessels to
prove its practical use under real industrial conditions.
Leakages were simulated with random noise signals
emitted by piezoelectric transducers. AE signals were
recorded during the real leaks on power plant. Those
signals were overlapped with other more intensive
signals reproducing real large background noise on
power plant (water flow in the pipe). Noise mixture
was detected by AE transducers mounted on 1m long
waveguides welded to the tested structure. Long sig-
nals from two transducers were recorded, time
reversed and rebroadcast to the structure using
reciprocal TR method. Maximum of their cross-corre-
lation denotes the leakage source on structure sur-
face. More detailed surface scanning around roughly
pre-localized source was necessary to precise locali-
zation. Scanning can be realized e.g. by scanning laser
interferometer or numerically in a perfect computer
model of the structure.

[1] [1] Z. Prevorovsky, J. Krofta, J. Kober, M. Chlada,
M. Mracko: Time Reversal Localization of Conti-
nuous and Burst Acoustic Emission Sources
Under Noise. 33rd Europeen Conf. on Acoustic
Emission Testing ’33 EWGAE 2018’, Senlis, France,
12-14 Sept. 2018, 15 pp. https://www.ndt.net/ar-
ticle/ewgae2018/papers/54.pdf,

INFLUENCE OF RARE EARTHS ON
BIODEGRADABLE MAGNESIUM

ALLOYS USED IN MEDICAL
PROSTHESES

Adriana SAVIN, Rozina STEIGMANN,
Gabriel Silviu DOBRESCU

National Institute of R&D for Technical Physics,
NDT Department, Iasi, Romania

asavin@phys-iasi.ro

Keywords: biodegradable materials, magnesium al-
loys, rare earths, ultrasonic methods

Abstract: Biodegradable materials are used as
alternative implants for orthopedic applications due
suitable strength, fatigue resistance, ductility and
biocorrosion resistance which are features for bio-
degradable implants. Mechanical properties can be
improved by adding alloying elements. The dec-
rease of the corrosion rate of Mg can be induced by
modifying the structure and phase distribution.
Thus, Mg alloys have been designed to meet the
requirements of bone repair implant materials by
adding Calcium and Yttrium. Usually Ca is added to
control corrosion rate of Mg alloys and thinning
grain boundaries. Rare earths are often used as
addition elements to improve alloys properties as
biocompatibility and creep resistance. Mg based
alloy with Ca and Y had been proved to be a bio-
compatible material, osteoconductive and biode-
gradable and can be used in bone repairs. The
system is defined as Mg100-(n+x) Ca(n) RE(x), vary-
ing the RE concentration in order to slow the
degradation process. Beside morphological charac-
terization with SEM, EDX, non-invasive testing is
required to be carried out the determination of
mechanical characteristics. The interest in this study
is to analyse the influence of Yttrium over elastic
properties of these alloys in order to choose the
best values appropriate with human bones, using
Resonant Ultrasound Spectroscopy and ultrasound
method.

ARCAN DEVICE EMPLOYED IN
CFRP TESTING

Andrei-Narcis DANILA1,2, Rozina STEIGMANN1,
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Abstract: CFRP are used in most wide domains due
their low density, lack of mechanical fatigue pheno-
mena and high strength –to weight ratio. Low
strength to impact on the normal direction to fiber’s
plane, leads to delamination and fiber breaking and
these must be nondestructive evaluated in order to
avoid further damage propagation. Also, the behavior
of interlaminar fractures of composites is investiga-
ted numerically and experimental, the test being
carried out with Arcan specimens that offer the
possibility to use a single type of specimen in order
to extract the fracture properties. The variation of loa-
ding direction between 00 and 900 towards the fibers
direction allows the obtaining of different complex
state of stress. From electromagnetic point of view,
CFRP structure represents an inhomogeneous struc-
ture of electric conductive fibers embedded into a die-
lectric material, thus an electromagnetic configurable
architecture (CA) can be used to evaluate the materi-
als. Starting from apriori knowledge about Iosipescu
specimen, the modelling will be carried in FEM soft-
ware to optimize the shape of the specimen, in order
to obtain more uniform stresses in cross section.
A FEM is performed for Iosipescu specimen, designed
for pure shear, when it is mounted in Arcan device
and loaded in order to obtain some complex states of
stress as close as possible to those encountered in
practice. The studied material is Carbon Fiber Rein-
forced Plastics used in aerospace industry. In order to
adopt an appropriate form of the specimens, an ana-
lysis is required before the tests are carried out.

EXPERIMENTAL SETUP FOR MPI
SENSITIVITY MEASUREMENTS:

FIRST RESULTS

Pavel STANĚK, Zbyněk ŠKVOR

Faculty of Electrical Engineering, Czech Technical Uni-
versity in Prague, Jugoslávských partyzánů 1580/3

160 00 Prague, Czech Republic
stanepa2@fel.cvut.cz

Keywords: Magnetic particle inspection, sensitivity,
multi-directional magnetization, magnetic field polari-
zation

Abstract: During the development process of MPI
equipment it is very helpful to know the detection
ability of MPI process. Such an ability depends on
material properties of the body under test, applied
magnetic field, defect shape and size, and detection
particle properties. There is not enough information
published, so that in-house experiments are justified.
An experimental setup for MPI sensitivity measure-
ment is presented in this paper. The setup consists of
four coils and a two steel plates attached to the coils.
The steel plates are magnetized by the flux generated
by the coils. The coils are situated at the vertices of a
square and the opposite coils are electrically connec-
ted in series therefore the setup can be fed by two
independent current waveforms. These current wave-
forms generate two perpendicular magnetic field
components on the plates therefore it is possible to
generate arbitrary tangential magnetization on the
surfaces of the steel plates. A standard QQI gauge is
placed on the steel plate in the middle of the coils. If
the setup is fed by two sine waveforms of the same
frequency and arbitrary phase shift the tangential
magnetization of the steel plates is elliptical polarized.
The coils are fed from a pair of arbitrary-waveform
generators amplified by a pair of power amplifiers.
Using this setup the sensitivity of MPI can be measu-
red for a various parameters. Measurement setup as
well as first experimental results are presented in this
paper.

AN INITIAL INVESTIGATION ON
THE POTENTIAL APPLICABILITY OF
ULTRASONIC TESTING TO ASSESS

EFFECTS OF CORROSION ON
LINEAR AND NONLINEAR ELASTIC

BEHAVIOUR OF PRE-STRESSING
STEEL STRANDS

Karel POSPÍŠIL1, Marta KOŘENSKÁ1, Josef STRYK1,
Aleš FRÝBORT1, Monika MANYCHOVÁ2

1CDV - Transport Research Centre, Líšeňská 33a,
636 00 Brno, Czech Republic

2Brno University of Technology, Faculty of Civil
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Keywords: Electrochemical corrosion, cracking, ultra-
sonic testing, linear and nonlinear behaviour, pre-
stressing steel strands

Abstract: Corrosion of pre-stressing strands causes
a deterioration of condition of civil engineering struc-
tures like bridges, therefore periodic inspections are
necessary to prevent collapse of such structures. The
corrosion of steel is a slow process however it can be
well reproduced in the lab using accelerated corrosion
process. Monitoring the amount of corrosion in a
sample is of great importance to predict the integrity
and the residual life-time of structures. The ultraso-
nic techniques were proposed as valid methods of
analysing the data recorded during the monitoring. In
this paper we show results of our experimental study
and the application potential of ultrasonic techniques
to analyse the effect of damage induced by accelera-
ted corrosion on the linear and nonlinear elastic
behaviour of a steel strands. These initial results show
the possibility for the application of nonlinear ultra-
sonic testing methods for monitoring of condition of
strands which are built into bridge girders.

STRUCTURAL ANOMALY IMAGING
IN ALUMINIUM AND CONCRETE

SPECIMEN USING SEISMIC
MEASUREMENTS

Maximilian TRAPP, Tamara NESTOROVIĆ

Mechanics of Adaptive Systems, Ruhr-Universität
Bochum, Building ICFW 03-725,

Universitätsstraße 150, 44801 Bochum, Germany
maximilian.trapp@rub.de

Keywords: structural anomaly detection, Kalman filter,
unscented hybrid simulated annealing, inverse
problem

Abstract: The prediction of heterogeneous material
distributions, the identification of faults in materials
and structures or reconnaissance in soil are only a few
among numerous examples of engineering applicati-
ons that require advanced detection methods. In this
work, we present an anomaly detection method

based on propagation of seismic waves with a poten-
tial for application during mechanized tunnelling.
Most of the advance reconnaissance methods used
nowadays rely on travel time measurements or
migration techniques and therefore do not use all of
the information hidden in seismic waves. In contrast,
a full waveform inversion provides a detailed image
of the ground. The algorithm of unscented hybrid
simulated annealing is a non-deterministic and gradi-
ent-free full waveform inversion approach, which
combines the algorithm of simulated annealing with
the unscented Kalman filter. As the inversion para-
meters are free to choose in this algorithm, a large
portion of the parameter space is reduced if the
shape of the structural anomaly is roughly known.
Additionally, the starting model does not have to be
close to the real model as the algorithm bases on the
non-deterministic exploration of all parameter confi-
gurations. Therefore, it is not prone to the effects of
local minima like gradient-based approaches. In this
work, the algorithm of unscented hybrid simulated
annealing is validated on laboratory-generated seis-
mic data. An experimental setup is built, which allows
seismic investigations in the ultrasonic range with fre-
quencies between 50 kHz and 2 MHz. Ultrasonic
transducers trigger the excitation of elastic waves into
the investigated medium. For waveform acquisition, a
laser interferometer is used as it enables a contact-
free recording of the seismic waves. Ultrasonic mea-
surements are conducted on aluminium and concrete
specimen, which contain structural anomalies like
drilling holes and material changes. The algorithm of
unscented hybrid simulated annealing is used in
order to find the positions and sizes of the drilling
holes as well as the shapes and material parameters
of the structural anomalies.

СRYSTAL AND MAGNETIC
STRUCTURES, MAGNETIC AND

FERROELECTRIC PROPERTIES OF
SrFe11.9In0.1O19

Vitalii TURCHENKO1,2,3, Alex TRUKHANOV2,4,
Sergej TRUKHANOV4,5, Francua DEMAY6,
Silviu POLOSAN7, Mihail-Liviu CRAUS1,8,

Bernar BOZZO9, Ignasi MARTINEZ9

1 Joint Institute for Nuclear Research, 141980, Dubna, 6
Joliot-Curie Str., Russia
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Abstract: The investigation of strontium ferrites
partially substituted with diamagnetic ions (Al, Nb, Zn
etc.) [1, 2] has attract an attention due to their high
functional properties. The high coercive force (Hc
�160 * 103 A/m) with a sufficiently high residual
induction allows to receive permanent magnets with
a satisfactory specific magnetic energy. Their high
electrical resistivity (ρ �108 Ohm* cm) allows to use
hexaferrite magnets in the presence of high-fre-
quency magnetic fields. Currently, these materials
have received practical application in magnetic recor-
ding devices of information [3], as permanent mag-
nets [4] and absorption area of decimeter and
centimeter electromagnetic radiation.
Recently, a large ferroelectric polarization was found
in strontium [5] and barium [6, 7] hexaferrites that
opened a new direction for potential multiferroic can-
didate to the conventional ferrimagnetic oxides, such
as SrFe12O19, which holds similar perovskite-like
lattice units in its hexagonal structure. The perovskite
BiFeO3 shows weak magnetism, which somehow
limits its practical application. Therefore, preparation
materials where a large ferroelectricity and strong
ferromagnetism coexist would be a milestone for mo-
dern electrics and functionalized materials. However,
the reasons of appearance of ferroelectric polariza-
tion in barium ferrites are still not clear.
The sample SrFe11.9In0.1O19 has been obtained by
conventional solid reaction method. Its crystal and
magnetic structure has been investigated by neutron
diffraction method in a wide temperature range. The

presence of spontaneous polarization has been dis-
covered at room temperature. The refinement their
crystal structure have been carried out in frameworks
of centrosymmetric P63/mmc (№ 194) and non-
centrosymmtric P63mc (№ 186) space groups. Analy-
sis of refinement results allows explaining reasons of
appearance electric polarization in strontium hexa-
ferrites as result of unequal distortions of neighbou-
ring octahedrons (tetraedrons and trigonal- bipyra-
mids).

This project has received funding from the EU – H2020
research and innovation programme under grant
agreement No 654360 having benefitted from the
access provided by CSIC/ICMAB in Barcelona (ES) and
by CEA/LLB in Saclay (FR) within the framework of the
NFFA – Europe Transnational Access Activity.
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Abstract: Being hot gas path components, the super
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alloy flaps and spacers of the gas turbine engine are
coated with ceramic Thermal barrier coatings to
withstand the high temperatures. During prolonged
exposure at high service temperatures, the micro-
structure of the ceramic layer changes and it under-
goes sintering. This can lead to an increase in its
thermal conductivity during service. Such increase in
the conductivity is undesirable because it would
reduce the ability of the ceramic coating to provide
the required thermal insulation to the underlying sub-
strate. During service the coatings degrade because
of erosion by hot gas and also by localised wear due
to rubbing of flaps with spacers. It is necessary to
assess the condition of the coatings as a function of
service life through suitable non-destructive means.
Pulse phase thermography and THz-TDS techniques
are used to evaluate the degree of degradation of the
TBC top coat thickness. Infrared thermography has
the advantage of fast inspection of a large area. In this
work, we used a numerical simulation aided calibra-
tion and development of a regression model to quan-
titatively analyse the thickness degradation in TBC
system undergone variable time of thermal exposure.
These measurements were later verified using well
detailed THz-TDS imaging. Experimental results of
both technique indicate that these two techniques are
feasible for the evaluation of thickness degradation in
TBC system

X-RAY INSPECTION SYSTEMS FOR
ELECTRONIC PARTS

Artem Olegovich USTINOV

Prodis.Tech LLC, Moscow region, Russia

Keywords: X-ray, detector, non-destructive testing,
CMOS sensor, BGA component, soldering quality, X-ray
control

Abstract: An X-ray inspection is one of the basic
methods of non-destructive testing along with optical
inspection. Lack of Russian manufacturers in this
sector of measuring equipment was a barrier for im-
plementation of the State program «Development of
the electronics and radio electronics industry, 2013–
2025». High sensitivity X-ray flat panel detector and
inspection system concept for non-destructive testing
of electronic components were developed. The
detector is based on CMOS sensor with pixel pitch 50

um. Key features of the flat panel detector are: limi-
ting spatial resolution 10 LP/mm, reading speed 30
fps, anode voltage range from 20 to 300 kV. Availabi-
lity of technologies for the production of microfocus
sources and flat panel detectors allows creating X-ray
inspection system for electronic components for the
needs of the microelectronics industry.

OPTIMIZATION IN THE DETECTION
PERFORMANCE OF EXTREMELY

LOW-FREQUENCY EDDY CURRENT
TESTING FOR APPLICATION TO

VARIOUS SHAPES OF CORROSION
DEFECTS IN THE ACTUAL SOCIAL

INFRASTRUCTURE

Shunki WAKABAYASHI, Minoru Hayashi Taisuke
SAITOH, Kenji SAKAI, Toshihiko KIWA,

Keiji TSUKADA

Okayama University, Okayama 700-8530, Japan
pf286cwm@s.okayama-u.ac.jp

Keywords: Nondestructive testing, ELECT, corrosion
near the ground, Magnetic spectrum curve

Abstract: near ground and the thinning rate. In this
study, the inclination angle of the magnetic sensor
probe and the distance between two sensors were
optimized by measuring a test sample, and the quan-
titative evaluation of the thinning rate and the corro-
sion position that has not been clarified until now
were investigated. When the The aging of steel pipes
used for lighting and sign poles that are a part of
social infrastructure is becoming a problem. This
aging is often caused by the corrosion of steel pipes
generated near ground which is located several tens
of millimeters from the ground line. The accident that
the structure collapses has been reported due to the
growth of ground corrosion defects. Currently, a
general maintenance inspection is visual inspection
performed by excavating the ground. However, it is
difficult to detect the corrosion defects near the
ground quickly and quantitatively with such an in-
spection method. We have developed the integrated
magnetic sensor probe with two tilted sensors for the
extremely low-frequency eddy current testing (ELECT)
in order to detect the corrosion near the ground from Xth
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the ground surface. Using this probe, a correlation
could be obtained between the signal attenuation
due to the corrosion inclination angle of the sensor
probe was decreased, the change rate of the signal
intensity increased, and the corrosion at a deep posi-
tion could be also detected. Under this conditions, the
distance dependence which is the relationship bet-
ween the signal intensity and the defect position from
the sensor was measured and the obtained data was
normalized with the signal intensity measured at the
uncorroded area. As a result, it was possible to clearly
extract the difference between the signal intensity at
the uncorroded area and the corrosion defect. In
addition, when the samples with different thinning
rates were measured, the signal intensity depended
on the thinning rate, and it was possible to evaluate
the thinning rate of corrosion defects quantitatively.
Furthermore, a method to estimate the position of
corrosion defects was examined using the measured
data of two magnetic sensors. The improvement of
the change rate in signal intensity acquired by the two
sensors was attempted by reducing the distance bet-
ween sensors. Since the signal intensity changed with
the distance between the sensors and the defect, it
was also possible to estimate the position of the cor-
rosion defect quantitatively. Therefore, the developed
system can be applied to various shapes of corrosion
defects generated

MAGNETIC STATE OBSERVER IN
NDT AND SHM STUDIES
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Keywords: fatigue of material, non-destructive testing
(NDT), structural health monitoring (SHM), magneto-
meter, measurement, signal analysis

Abstract: During the operation of machines and me-
chanical devices, there is a risk of damaging critical
elements that may result in serious failures, unplan-
ned downtimes, financial losses, and damage to the

health of personnel or third parties. In order to
reduce the above-mentioned hazards, periodic non-
destructive tests (NDT) are performed and/or the
work parameters and structural health are monitored
(CM, SHM). The effectiveness of preventive actions,
described by the probabilities of diagnosis POD, is the
resultant of the expected diagnostic symptoms
(knowledge about the process and accompanying
phenomena), the choice of observation method (NDT,
SHM), the quality of the measurement path, software
quality and diagnostic criteria used for numerical ana-
lysis.
The article presents the project for the use of magne-
tic magnetometers in the 0 - 500 Hz band for remote,
non-contact monitoring of object operation and as-
sessment of the technical condition of ferromagnetic
elements and systems. At the beginning, the theore-
tical foundations of passive magnetic tests and
applied magnetometers (multi channels 3 D system)
have been presented. Next, selected results of labo-
ratory tests and applied measurement data analysis
methods are presented. Then selected results of tests
carried out on the real object are presented, among
others Kaplan turbine and turbine jet engine. Finally,
discussing the results of research, the strengths and
weaknesses of the magnetic state observer were
pointed out.
It has been experimentally demonstrated that a
remote magnetic state observer provides qualitative
and quantitative diagnostic information that can be
used in NDT and SHM.

APPLICATION OF IMAGE SOURCE
METHOD IN TIME REVERSAL OF

ELASTIC WAVES
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Abstract: The paper deals with the Image Source
Method (ISM) and the minor focuses within Time
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Reversal (TR). The ISM is presented, i.e. approach of
construction of Green functions as a sequence of
wave arrivals from the source to the given point
through various paths, and their usage to simulate
wave propagation in solids. The ISM is applied to
simulate the process of TR in rectangular plate where
the minor focuses are observed, and their properties
are derived. Experiment is conducted in order to

Xth
IN

TE
R

N
AT

IO
N

A
L

W
O

R
K

SH
O

P
N

D
T

IN
PR

O
G

R
ES

S

verify the simulated observations. A rectangular
aluminium plate is equipped with a piezoelectric
transducer and a vibrometer is used to measure
velocities on its surface. One-channel time reversal
and cross-correlation-based method using the direct
propagation are performed. Occurrence of the minor
focuses within experimental results prove derived
properties to be correct.

LASER SHOCK PROCESSING FOR NOVEL APPLICATIONS
Jan Brajer, Jan Kaufman, Marek Böhm, Sanin Zulic, Jan Racek, Tomáš Mocek

HiLASE Center, Institute of Physics CAS, v. v. i. Za Radnicí 828, 252 41 Dolní Břežany
e-mail: Brajer@fzu.cz

Laser shock peening (LSP) is a surface treatment pro-
cess designed to improve mechanical properties and
fatigue performance of various metals and alloys. The
method utilizes a high intensity laser beam to gene-
rate strong pressure shock waves on the material sur-
face. Fatigue life of components treated this way is
increased due to compressive residual stresses of
large magnitudes which prevent surface crack forma-
tion and crack propagation. So far, LSP found use
mainly in aircraft industry. Thanks to increasing laser
productivity, however, this surface treatment method
may be used for other industrial applications, too.

Equipment technology parameters
Load capacity: 20 kg (special cases up to 300 kg);

Max. Workpiece size: 1 m;
Experience with materials: Ti-alloys, stainless steel,

Al-alloy, copper, Co-Cr;

Process beam size: Up to 5 x 5 mm;
Productivity: up to 1000 cm2/hour;

Results: Uniform strengthening of surface
layer up to 1.5 mm depth, extension
of fatigue lifetime;

Testing methods: Residual stress measurement by
X-Ray diffraction and hole drilling
(ASTM standard E 837), measurement
of fatigue strength and lifetime.

After several years of planning, the HiLASE research
center launched its Laser Shock Peening (LSP) pro-
gram in 2016, shortly after the commissioning of the
powerful laser system Bivoj. LSP utilizes high energy
nanosecond laser pulses to create deep compressive
residual stresses in treated material surfaces which
increases hardness, prevents stress corrosion crac-
king and leads to significant prolonging of fatigue
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lifetime of critical industrial parts susceptible to fati-
gue failure. A protective enclosure has been erected
around the treatment area, laying foundations to first
LSP station in central Europe. Gradually, full automa-
tion of the process has been achieved where the
movement of the sample carrying robotic arm is
integrated with the laser operation, thus ensuring
high processing speed without the loss of precision.
The laboratory is equipped with an in-house X-ray dif-
fractometer and hole drilling machine for post treat-
ment residual stress analysis. Over the past three
years, samples of distinct shapes and made of
various materials have been treated. Among the

materials are aluminum and steel alloys, polycrystal-
line or monocrystalline copper, titanium, cobalt-chro-
me and magnesium alloys. At the beginning, the
samples were mostly flat while more complex shapes
such as tube segments, 3D printed structures and
multiple cutting, drilling and forging tools have been
modelled and treated recently. As for the results, The
LSP team has already had several industrially viable
accomplishments. For example, it managed to dou-
ble the wear resistance of problematic forging tools
and increase the high cycle fatigue lifetime of stain-
less steels used in nuclear industry more than ten
times.

Station for Laser Shock Peening
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