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Introduction 
The wide spread application of non-destructive material evaluation or testing (NDE or NDT) 

techniques, even though they have an old history, become available only nowadays. Earlier only in rare 
particular cases was a real need for NDT inspection due to the complexity of the available methods, their 
complicated and inconvenient application and even more due to the difficulties in the evaluation of their 
response. However, the development of industrial technologies and especially the improvement of the 
quality of the mass-production have resulted new demands for widely applicable novel material testing 
methods, mainly for the quality control purposes. This is the reason why this technology has entered its 
renaissance age. 

Several inspection techniques have been developed based on different physical principles until now. 
Without having the overview of the all, they can be classified as the direct methods of the high energy 
radiation based X-ray or radiography techniques; the local mechanical or electric power loss based 
ultrasonic testing or thermo–photography techniques and the magnetic field oriented techniques. The 
common feature of these methods is they can sense the response, based on the physical interaction, from 
internal material faults in the presence of the external excitation only. As a consequence, they are indirect 
methods in terms of meaning that they can sense only the effects of the material faults but not directly the 
faults themselves. At the beginning, it was enough to sense only the presence of any fault. However, it 
become essential nowadays to determine not only the presence of the defects, but their attributes 
(geometry, orientation, classification, etc.), as well. It is obvious that we should distinguish the different 
sized and shaped cracks and defects from the point of view of the mechanical strength or expected 
lifetime of the components. It is especially important for mass-production, since, the unjustified reject 
ratio (when the controlling system qualifies good components as bad ones) can cause a larger economical 
loss than the rejects themselves. 

We face new demands for the non-destructive methods, as well, like rapidity, safety as well as need 
not only for the qualitative but for the quantitative results. Rapidity is the key issue of mass-production: it 
is relevant to have test results immediately (on-line measurement), rather than an avoidable delay (off-line 
measurements like the traditional evaluation of X-ray photography) while the production might result 
rejects. Even more, the testing speed is limited from below by the amount of the material to be tested – 
quite a typical example of that is the testing of the hundreds of kilometers gas pipelines of EDF, France. 
The strengthening of the safety provisions for workers and the risk reduction of the accidents pushed the 
applications towards low energy methods. It is easy to understand that X-ray or neutron sources are not 
only risky but also are hardly portable and difficult to install close to the place of the production or its 
inspection targets. Therefore, they can be hardly applied. 

It can be summarized, that the need has arisen for a harmless, reliable (preferably contactless), rapid, 
on-line applicable, small sized (portable) device utilizing non-destructive methods, which are inexpensive 
to apply for a wide range of problems and which are also able to provide quantitative information. My 
research activity was focused on the development of the magnetic field sensing based non-destructive 
material testing method suitable for the demands mentioned above. 
 

The focal point of my research was the material, to be more precisely the defects in that and that 
phenomena related to the interaction between the inside defects and the external magnetic field, which 
phenomena can be sensed on the outer surface of the investigated specimen. The probes suitable for 
sensing these phenomena can be classified into two types: the active and the passive ones. The external 
exciting field is not generated by the probe in the first case, because the specimen is already magnetized 
or the excitation is independent of the probe (like the Earth magnetic field). The application if this kind of 
technique is rather limited due to the fact that the excitation source as well as the antecedents of the 
sample is unknown for the probe. The already known procedure for eliminating this problem is the pre-
magnetization of the specimen, which can hardly be realized in the case of large scale objects. In contrary 
to the passive probe, the active probe presents well defined conditions for the operation. Furthermore, the 
localized thus relatively low energy excitation can be easily applied in case of large scale objects, too. 
Consequently, my dissertation is aimed only at active type magnetic field based probes. 

In order to clarify the terms, I will make distinction between the terms of sensor and probe, as they 
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have different functional roles. The active probe consists of two major units: the exciting system (which 
can contain one or more exciting coils) and the sensing unit for detecting the response of the material due 
to the excitation. The task of latter unit is carried out by the (magnetic) sensor. As a consequence, the 
terms of probe and sensor are applied in more adequate way here, even if they are physically the same – 
as the case of Eddy Current Probe based on the sensing coil impedance variation. 

It is quite a general common property of magnetic field based non-destructive testing probes, that (due 
to the possibility of the realization) the investigated specimen is excited trough the specimen surface with 
a perpendicular magnetic field. As a result of this excitation so called eddy currents are induced in 
conductive materials, while the magnetization is modified inside the magnetic ones. Even more, some 
secondary effects might appear (like the magnetostriction) or some mechanical property or state can be 
changed too. Consequently, the material enters into interaction with the exciting magnetic field and reacts 
to it. The probe records this reaction (the spatial distribution or the time variation of the magnetic field 
over the specimen surface, for instance, like the effects of the Barkhausen’s jumps), or it records the 
secondary effects (sound emission, for example). This way, one can deduce the local structural 
inhomogeneity of the investigated material from the inhomogeneous distribution of response detected by 
the probe during the surface scanning. 

I have selected magnetic field sensor based probe having an alternating magnetic excitation field, 
which combines the traditional eddy current testing (ECT) technique with the direct magnetic field 
measurement. By applying this novel technique, I expected much more information about the same defect 
than the traditional ECT could obtain. Moreover, with separation of the excitation and the sensing system 
of the probe, in contrary to the impedance variation based ECT probes, it was possible to keep the spatial 
resolution as well as the sensitivity in the case of the deeper defects, also at lower excitation frequencies 
required for the higher penetration depth due to the known relationship between them. Furthermore, it has 
become possible to use the same probe also for materials dominated by magnetic properties. 
 

The set of possibly suitable magnetic field sensors was limited by the demands of the preliminary 
known conditions (like the required sensitivity, the frequency range), as well as, by the demands coming 
form the possible real industrial applications (like the dimension, operational temperature range, 
mechanical reliability, price, etc.). 

It is needless to apply absolute type magnetic field detectors (like the NMR) for the NDT purposes, 
because not the absolute values but only the local inhomogeneities of the response should be measured in 
the most cases of material inspection. From the point of view of the highest sensitivity, it is obvious that 
SQUIDs are the most suitable detectors in the class of relative magnetic sensors. However, on the one 
hand the real, consequently magnetically rather noisy (∼100 pT – 10 nT), environment of the real 
industrial application makes unnecessary the quantum level resolution. On the other hand, the SQUIDs 
can not be applied in small places (inside the tubes, for instance) due to the unavoidably required thermal 
shielding. They are also rather expensive. 

The fluxgate family members having less magnetic sensitivity are highly preferred in space science 
and for geomagnetic research due to their robustness. However, the traditional versions are suitable only 
for low frequency field measurement due to the effect of needed field feedback. More over, there were 
only a few centimeter sized versions available at the beginning of this research. Consequently, there were 
serious doubts related to their applicability for the measurement of a strongly inhomogeneous magnetic 
field distribution. 

However, mass-produced cheap sensors (semiconductor based, magneto-resistive, GMR, magneto-
elastic or magnetostrictive types) coming out from modern technologies can not reach the required 
magnetic sensitivity. I would like to call the attention to the Hall detector. This sensor can reach the 
required sensitivity (approximately 0.1 nT), in principle – but not in the dimension range necessary for 
the required spatial resolution, since the reduction of the sensor active element size decreases its surface 
as well as its sensitivity in quadratically. 
 
The Fluxset sensor [115] recently developed in the MTA MFA, for which patent request was submitted in 
1991 and finally the patent was obtained in 1999, belongs to the fluxgate sensor family. It is a pulse-
position type fluxgate sensor. Therefore, its basic attributes are similar to those of fluxgate type sensor. 
However, the Fluxset can reach one order of magnitude higher measurable frequency in contrary to the 
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traditional fluxgate operational principle of the zero field compensation due to the fact that the sensor 
linearity does not require field feedback with its unavoidable effect of the bandwidth reduction. 
Moreover, the Fluxset sensor core is magnetized into saturation. As a consequence, a much lower 
magnetic memory effect can be observed over the operational periods, while this effect is quite typical in 
the case of the second harmonic response component sensing based classic fluxgates. Therefore, the 
measurable signal integrating effect of the sensor magnetic memory does not limit the reachable maxima 
of the measurable frequency in a significant way. The phase or quasi phase modulated response of the 
Fluxset sensor has less sensitivity for the noise in contrary to the amplitude modulated (second harmonic 
component based) response of the fluxgates. This latter attribute has significant relevance in the case of 
application in industrial environment. 
 
The subject of this dissertation is the development of the Fluxset sensor operational parameters with 
consideration to its primary application in non-destructive testing. Moreover, the NDT tools based on the 
Fluxset sensor and their applications are also discussed here. 

The state of art at the beginning of research 
This topic got new motivations at the beginning of the 90s, when the Japanese government started to 
finance research projects targeting the lifetime extension and safe operation of the nuclear power plants 
there. In reaction to this, Prof. Kenzo Miya has established conference series so called ENDE 
(“Electromagnetic Nondestructive Evaluation”), which became the relevant forum of this field for the 
publication of the new scientific results in the form of edited books are issued by the IOS Press: the series 
of “Electromagnetic Nondestructive Evaluation” [116], [117], [118], [119], [120] and [121]. My research 
activity related to the NDT application of the Fluxset sensor was started at the same time as the 
appearance of these books. Therefore I could publish my results in the first [56] and in the latter editions 
[40], [3], [65], [66] and [24], as well. As a consequence, there was a competitive situation between my 
published research results relating to the Fluxset sensor and its NDT applications and the other published 
theoretical or experimental results of the other research groups all over the world. In accordance, the 
Fluxset method could be developed parallel with this field with respect to the new problems characterized 
in it. Furthermore, this method could achieve relevant scientific results in the case of benchmark problems 
defined for the comparison of the different experimental techniques. 
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Primary goals 
My aims, which I set with respect to research of the Fluxset sensor based electromagnetic material testing 
methods and which were realized by myself mostly or could be carried out in the cooperation with other 
researchers were the followings: 
 
• Research tasks regarding to the Fluxset sensor: 

o It should identify and determine those general or particular requirements which the magnetic 
sensor to be applied should meet, with the help of the study of already existing ECT methods. 
The following requirements were the base of the sensor optimization: 

 The spatial magnetic resolution, which has relevance in the scanning of the strongly 
inhomogeneous magnetic field resulting from the interaction between the probe and the 
crack, 

 Demands for and limitations of the geometry applicable in the practice of eddy current 
testing, 

 Requirements for the measurable frequency range, 
 Required magnetic resolution and error suppression capabilities against magnetic and 

electric noise sources, 
 The operational temperature range required by the application in case of “off-line” or 

“on-line” measurements. 
o Prior to the optimization and application of the Fluxset sensor, the principle and the 

implemented electronic solution should be created for the operation of the Fluxset sensor and 
for the evaluation its response, since the sensor body itself is not able to operate. 

o The optimization of the Fluxset sensor according to the requirements of eddy current testing, 
which includes: 

 The creation of the electric and magnetic model of the sensor for the simulation of the 
sensor operation, 

 To study the optimization possibilities of the geometry with the help of the simulation 
of the sensor operation regarding the reachable sensitivity, 

 The optimization of the sensor core magnetic properties regarding the sensor 
performance (gain, noise, frequency range). 

o It was an important task to investigate the Fluxset sensor behavior in the case of the typical 
environment of the ECT measurement, in which the sensor should measure strongly 
inhomogeneous magnetic field with respect to its dimension. Accordingly: 

 The spatial resolution had to be determined, 
 The calibration of the sensor had to be verified also in the presence of the strongly 

inhomogeneous magnetic field. 

• Research tasks related to the Fluxset sensor based electromagnetic probes: 
o Creation of the ECT probes suitable for the inspection of paramagnetic materials: 

 Creating Fluxset probes for the inspection of INCONEL-600-as stainless steel plates 
and tubes. 

 Research of the ECT type inspection possibilities of the welded parts in aluminum 
plates. 

o Inspection of the plastically deformed A533B type structural elements and the detect ability of 
the geometry changes by the help of Fluxset sensor. 

o Development of a novel method for determining the thickness in the case of thick insulation 
layers with rough surface. 

• Studying the practical limits of the magnetic field sensing based ECT probes application. 
Accordingly: 

o Study the filtering possibilities of the error and noise sources of the measurement, 
o I investigated the maximum practically reachable depth of detectability for the material faults 

in INCONEL-600-as stainless steel. 
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Inspected materials, applied tools and methods 
The amorphous metallic glass ribbon (the composition is Fe7Co53Ni17Cr3Si5B15) applied as the core inside 
the Fluxset sensor, has excellent soft magnetic properties. This core was produced by the Research 
Institute for Solid State Physics and Optics. The initial (i.e. prior to any treatment) thickness of the 
amorphous ribbon was approximately 20–25 μm, and it’s width varied 0.6–1 mm. 
 
The INCONEL-600 type paramagnetic stainless steel (C: 0.05%, Cr: 15.5%, Ni: 75%, Fe: 8%; σ ~ 1–
1.6 MS/m; μr = 1) samples applied for the research of the ECT methods were produced by Japanese 
companies. I have got them for the investigation in the frame of international co-operation. There were 
prepared artificial defects inside of the different sized sample plates, which defects were produced by 
electric discharging manufacturing (EDM) method. I have got samples for the inspection of the welded 
part of aluminum (σ ~ 30 MS/m; μr = 1) from the production of the Aluminum Products Factory, 
Budapest. 
 
I applied the A533B type (C: 0-0.25%, Si: 0.15-0.4%, Mn: 1.15-1.5%, Cr: 0-0.3%, Mo: 0.45-0.6%, Ni: 
0.4-0.7%; ferrite type) specimens from Japan for the study of the effect of the plastic deformation. 
 
Partially, I could use the finite element method (FEM) numerical magnetic field calculation software 
developed by the University of Technology Gratz, for the theoretical investigations on the one hand. On 
the other hand, the field simulation tasks were carried out by colleagues experienced in this field, with 
whom I was in daily contact. I participated also in the identification of the numerical methods and in the 
verification of the obtained calculation results with the help of experimental tools. I based my research 
activity onto these results. 
 
The experimental works were done mostly in the laboratory of the Research Institute for Technical 
Physics and Materials Science. However, I could make experiments in the laboratories of the University 
of Reggio Calabria (Italy) and of the Tohoku University (Sendai, Japan), as well. I prepared myself the 
Fluxset sensors used in my experiments. Furthermore, I designed the signal preprocessing electronics 
required for the operation of the Fluxset sensor. Among the required infrastructure for the study of the 
sensor operation, its behavior and for the qualification of its magnetic core, I used a high speed digital 
oscilloscope (LeCroy). Digital signal processing based Lock-In amplifier (from Standford Research 
Systems) was applied for the measurement of the sinusoidal type, external magnetic field proportional 
response of Fluxset probes. I published the raw (i.e. without any filtering) experimental results of the 
material testing in my dissertation. The images are linearly normalized accordingly to the measured 
values or ranges in order to utilize the contrast. 

The novel theoretical or experimental results related to the research of the 
Fluxset sensor 

I have created the Fluxset #7B version of the sensor suitable for the ECT and/or magnetic type material 
testing purposes. I could reduce the largest dimension (the length of the core) of this version down to 5 
mm, without loosing the demanded sensor sensitivity. I could increase the frequency of the core driving 
field above 100 kHz (typically 125 kHz) due to the optimization of the sensor geometry and the magnetic 
properties of the applied core material. As a consequence, I could extend the range of the measurable 
magnetic field frequency of the sensor to the range applied for the material testing. It was unavoidable to 
create the quantitative model of the sensor for understanding the particularities of the sensor operation, as 
well as, for the optimization. For dealing with this, it was necessary to develop a novel method based on 
the simulation of the open core Φ–I characteristic in order to be able to determine the magnetic 
characteristic (i.e. the B-H curve) of the core [19], since it was not possible to measure directly the 
magnetic properties of the already built in core. The developed electric and magnetic model can take into 
account the frequency dependence of the core magnetic hysteresis (see in Fig. 1), as well as the coupled 
capacitances of the sensor coil turns. Therefore, in this way it was possible to simulate the high frequency 
operation of the sensor. I have verified the theoretically calculated results with the experimental ones. 
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 a) b) 

Fig. 1. The calculated dynamic characteristic of  Φ – I  
 a) fdriving = 10 kHz, b) fdriving = 100 kHz 

I investigated experimentally the results of the following optimizations of the sensor core magnetic 
properties from the sensor performance point of view: 
 

• The modification possibilities of the core chemical composition. This way the effect of the 
magnetostriction can be influenced; 

• The effect of the chemical, electro-chemical and mechanical polishing, which affect in significant 
way the dynamic magnetic hysteresis loop of the core and it modifies slightly the chemical 
composition. 

• The effect of the thermal treatment on the sensor core, which moderates the effect of the 
magnetostriction by eliminating the residual stress, and it improves the reachable signal-to-noise 
(S/N) ratio of the sensor response. 

 
Considering the demands of the ECT, I studied the sensor spatial magnetic resolution with particular 
importance to the behavior in case of detecting strongly inhomogeneous magnetic field regarding the 
sensor dimension. The experimental testing has justified [9] that the sensor has an order of magnitude 
higher spatial resolution in comparison with its dimension (approximately: 50–100 μm). Moreover, it was 
the first time that a novel calibration method as well as the relating theoretical and experimental results 
were published in the literature for a method that was developed for the sensor calibration in real, 
inhomogeneous magnetic field (i.e. the in the perturbated field of the real defect) [27], [38]. This 
calibration could justify that the sensor has a predictable operation in such a magnetic environment of 
material testing. Furthermore, the centre of the magnetic core has particular relevance in the field sensing, 
which gives reason for the extraordinary high spatial resolution. 
 
I have developed a novel measurement method for the demodulation of the sensor response above of 
100 kHz operation [7], which was an unavoidable requirement for the application of the sensor. 

Novel ECT measurement method based on the Fluxset sensor 
I have developed novel, Fluxset sensor based ECT probes and method for inspection of plates and tubes 
of the structural elements of the nuclear power plants made of INCONEL-600 (austenitic type: C: 0.05%, 
Cr: 15.5%, Ni: 75%, Fe: 8%; σ ~ 1–1.6 MS/m; μr = 1) paramagnetic stainless steel [7], [9], [1]. By the 
help of these, I could obtain relevant scientific results on the detection of artificial defects placed in 
reference Benchmark specimens. I did publish the very first results of the detection the outer (OD) type 
20% [7] and 10-15% [9] deep defects in INCONEL-600 plates. I could achieve 26 dB S/N on tube 
specimens (NEL-98-37, NFI-98-38) in case of (OD) 10% defect. The Fluxset sensor based measurement 
technology presented excellent detect abilities in comparison with other methods [70], [103], [72], [62], 
[57] [61], [108], [54], [74], [57]. 
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The Fluxset method could achieve even unexpected novel information in the case of natural cracks (in the 
case of Stress Corrosion Cracking, SCC and Intergranular Attacking, IGA types defects) (see in Fig. 2). 
Due to the wide measurable frequency range of the Fluxset sensor, which includes the constant (DC) 
component too, I could present that the INCONEL-600 tube developed ferromagnetic properties in the 
close area of the cracks appearing in a natural way, by the help of mapping the DC field (see in Fig. 2). 
The traditional, i.e. impedance variation based methods can not able to detect this or only in indirect way 
i.e. with the help of the analysis of the experimental results [73], [61]. The DC field detection capability 
of the Fluxset sensor method may have important relevance in the practice, because this way we can 
deduce the nature of the influence which affected the sample. 

  
 a) b) 

Fig. 2. Magnetic field perturbations on NFI-98-704 specimen, 
a close to the center of the defect 

a) at 50 kHz b) at 0 Hz 

By the help of the Fluxset sensor based ECT probe, I could achieve relevant experimental results of gas 
bubbles detection in the welded parts of aluminum plates at very low frequency (970 Hz).(see in Fig. 3) 
[34], [37]. 
 

 

 
Fig. 3. The detectable magnetic field perturbation over the surface of the aluminum plate, 

in case of gas bubbles at 3 mm depth 

Novel measurement method for the inspection of plastically deformed 
structural elements 

I have developed a novel method for the inspection of the plastically deformed A533B type material. 
[10], [13]. An increasing these of the dislocations (point type grid errors, line or surface type 
misalignments) can be observed inside of the material with respect to the orientation of the load, which 
can exceed the boundary of irreversible deformation [109]. The density of the grid errors increases [112] 
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and the errors are grouped into the so called “Lüders-bands” [79]. The traditional method for indication of 
the “Lüders bands” structure: the “Leakage-Flux” method requires an a priori well defined magnetization 
of the inspected specimen, which limits significantly the applicability of this method. However, it was 
possible to make visible the structure of the “Lüders-bands” (see in Fig. 5) with the help of the Fluxset 
sensor based probe (see in Fig. 4) in the case of presence of the traditional constant exciting field, as well 
as, the localized but alternating exciting field. [13]. It can be justified theoretically, that the structure of 
the bands represents the minimum of energy according to the shape of the A533B specimens and 
according to the direction of the applied load, if the bands are oriented in 45º. This band structure is 
clearly visible in the images. 

 
Fig. 4. The geometry of the inspected A533B type specimen, 

and the scanned center110 mm width area 

 

   
 A – „x” B – „x” 

   
 A – „y” B – „y” 

Fig. 5. Visualization of the „Lüders-bands” in A533B: „x” and „y” components of the field perturbation 
in case of constant field (A) and in case of 10, kHz localized excitation (B) 

Novel method for measuring thickness of insulation layer with rough surface 
covering conductive materials in the range of 5–20 mm 

There are commercially available small sized ECT probes for measuring the insulation layer thickness in 
the range of 1–4 mm (for measuring the thickness of the painting, for instance), which are applicable only 
if the measured surface is smooth enough and the perpendicular orientation of the probe with respect to 
the surface of the conductive layer below can be guaranteed. Therefore, the European Fusion 
Development Agreement (EFDA) has announced application possibility for developing novel probes, 
which could be suitable for testing the insulation layer thickness (typically 20 mm) of the ITER project 
magnet coils, which layer has a rough surface and which probe dimension is limited to a few centimeters. 
The solution of this problem is rather difficult due to the two facts that the surface of the insulation is 
rather rough and no big probe can be applied. I have created novel measurement method based on the 
theoretical calculations, which method was tested and verified experimentally [17]. 
 

228 mm 

40 mm

110 mm 

~108 mm

30 mm 
Fluxset sensor Exciting coil y 

x

z
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The electro-magnetic modeling of the investigated configuration yielded that the distribution of the 
exciting coil magnetic field in the space between the coil and the conductive surface is changed 
significantly even in the range of 5–20 mm of thickness variation (i.e. coil lift-off), although the 
maximum of the field remains almost constant. This gave the idea of measuring the field distribution 
instead of measuring the variation of the total energy of the exciting coil (i.e. the impedance), with the 
help of the Fluxset sensor. The experimental setup realized according to this theoretical idea resulted in 
excellent quality response/lift-off characteristic (see in Fig. 6). Very good S/N (83 dB ) could be achieved 
in this experiment due to the fact that the Fluxset sensor had to measure relatively strong (100 μT) 
magnetic field regarding to its sensitivity [17]. Furthermore, by the application of more than one sensor, 
this method makes possible to sense the degree of the probe tilting, and taking it into account in the 
furthermore evaluation, due to the fact that the tilting results in an asymmetrical distribution of the 
magnetic field. As a consequence, the most important disadvantage of the traditional ECT probes can be 
eliminated this way. 
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Fig. 6. The radial field component proportional response of the probe  

in the function of the insulation layer thickness („lift-off”) [17] 
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The practical limit of the magnetic field sensing based ECT method 
The result of the scientific research related to the boundary of the applicability of the magnetic field 
sensing based ECT method, can be classified as relevant achievements, which results were published first 
in the literature. We have started the investigation of the typical question (“How deeply placed defect 
detection can be developed for Fluxset sensor based or other ECT probe?”) with the help of the analysis 
of the gas bubble detection in case of a given real problem, in tight cooperation with Prof. R. Albanese’s 
group (University of Reggio Calabria). We have tested materials made of paramagnetic stainless steel 
similar to the INCONEL-600 (σ ~ 1MS/m; μr = 1). The subject of the study was small sized (cross-
section is smaller than 10 mm2) spherical gas bubbles inside of relatively thick (50 mm) specimens and 
we investigated the dumping of the surface detectable magnetic field perturbation in the function of the 
depth if this bubble. We have verified with each other the results of three different type of theoretical 
solutions and the experimental ones [1], [43] in order to be able to analyze the errors of the analytical or 
numerical calculations. According to the Fig. 7 of the results, the damping effect of the defect depth is 
quite significant. Moreover, it can be observed that the curves belong to the different excitation frequency 
are damped not by the known exponential relationship of the penetration depth, but by the square of that 
(see in Fig. 7). 
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Fig. 7. The maxima of the expected field perturbation (By) vs. the depth of the defect  

 in case of different exciting frequencies 

According to this recognized relationship, the practice of the ECT methods faces serious difficulties, 
since, the required amplitude of exciting field needed for the detection of defects in a region deeper than 
30–50 mm in stainless steel type alloys could not be realized in practice. 
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Summary of the novel scientific results and the theses 
1.) I have created the high frequency version of the Fluxset magnetic field sensor suitable for eddy 

current measurement. 

The small sized sensor, which can be mounted even into a 5 mm narrow place, can measure the 
magnetic field from DC up to 50 kHz with better sensitivity than 100 pT Moreover, I could achieve 
better than 500 μm spatial resolution in the experiments with this sensor. The new sensor has better 
performance and parameters than the traditional fluxgate magnetometers due to the optimization 
methods which were discovered experimentally and theoretically. 

2.) I have created a novel Fluxset sensor based eddy current testing probe and method suitable for the 
inspection of 1.25–5 mm thick stainless steel or INCONEL-600 type plate and tube and even of the 
aluminum specimens. 

The novel method can detect outer type 10–15% deep defects with 25dB signal to noise ratio at 20 
kHz in the case of benchmark plates, with 26 dB signal to noise ratio at 25–50 kHz in the case of 
benchmark tubes, which results can be considered important ones in this field. Moreover, this method 
is suitable for the low excitation field frequency (<1 kHz) inspection of the aluminum plates and their 
welded parts, since, it can detect Ø 0.35 gas bubbles in the depth of 3 mm. The novel method can 
provide information about two independent magnetic field vector (i.e. tangential) components in 
contrary to the traditional way of sensing the single perpendicular field perturbation component or 
field interaction, which is an essential advantage from the defect recognition (displacement, 
orientation, shape) point of view. The comparative studies have justified that this device has better 
sensitivity and it has higher penetration depth than the widely applied inductive type devices. 

3.) I have created a novel Fluxset sensor based combined probe and measurement method suitable for 
the visualization of the “Lüders-bands” structures resulting from the dislocations in the case of 
plastically deformed steels, which technique is based on the traditional “Leakage Flux” method. 

The most important advantage of the method among the high sensitivity and the high spatial 
resolution is that it can make visible the same structure with the help of the localized excitation, 
without the need of the preliminary well defined magnetization of the specimen. 

4.) I have created a novel measurement method and a probe suitable for determining the insulation layer 
thickness over a conductive material in the range of 5–20 mm with less than 10% error, despite of its 
small size and despite of the roughness of the surface. 

The novel method could make possible for the first time to apply electromagnetic non-destructive 
testing method for this problem. 

5.) By the help of experimental testing and reference measurements, I have determined that the 
maximum depth of the defect detect ability is 30–50 mm in the case of INCONEL-600 or equivalent 
type paramagnetic stainless steel materials for the magnetic field sensing based eddy current 
methods. 
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