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Abstract. On the basis of the eddy current probe(ECP) of a transformer type the measuring
system that allows to search for defects in aluminum alloys is developed. The main technical
data on the used eddy current probe and measuring system are given. The results of experiments
obtained using different designs of the measuring system on two plates of duralumin D16T are
presented. These dependences allow us to assess the quality of the alloys under study.

1. Introduction

Structures made from alloys based on aluminum are widespread in modern technology. The aluminum
alloy (Al-Mg type) is widely used in structural applications, particularly in aerospace and automotive
industry, due to the characteristics of good plasticity, good welding performance and corrosion
resistance.

Conventional testing techniques such tension testing and micro-hardness testing, etc., are destructive
measurement method. Some samples are taken from different parts of the object of control and are used
for microstructure observation and property tests. However, microstructure and properties tested by the
conventional approach just only present part of testing results of the component [1, 2]. In this regard, in
modern industry, non-destructive methods are often used to test the object of control in the process of
its control and operation [3,4]. On account of the fact that nondestructive testing doesn't damage the
material performance, the change of physical parameters as ultrasonic sound velocity, attenuation
coefficient and electrical conductivity are often used to deduce the variation of microstructure. Among
many available non-destructive testing and evaluation (NDE) techniques ultrasonic test and eddy current
test are widely studied to characterize the properties of the material. In recent decades, a number of
studies of these methods have been carried out in order to evaluate properties of metals [4-6]. As a
favorable method ultrasonic test has gained much attention in recent years, in investigating the
relationship between the ultrasonic and the mechanical properties such as hardness, strength, impact
strength, fracture toughness, etc. [7-10]. Eddy current testing is another important technique used to
characterize materials, since eddy currents are influenced by microstructural alterations due to
precipitates, cold work hardening, heat treatment, deformation, etc. Since Al-alloy is widely used for
structural applications, therefore, extensive work has been conducted on characterizing properties by
ultrasonic test and eddy current test. Therefore, the use of eddy current tests to study the properties of
aluminum is relevant.

Eddy current (EC) testing is one of the most known and widely used NDE methods of conducting
materials. The most common method to detect the presence of defects in conducting materials using EC
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is indirect, by registering the coil impedance variation due to the interaction between the applied AC
magnetic field and the magnetic moment generated by eddy currents [11, 12]. Firstly, EC testing does
not require an acoustic couplant in contrast to ultrasonic inspection. Secondly, EC is more economical
and less hazardous than radiography. In addition, EC testing boasts many advantages over conventional
eddy current testing, including more extended detection depth and easier generation and control. EC
testing can be widely used to measure the thickness and stress [13] and to characterize crack, metal loss,
and corrosion of metal materials and carbon fiber-reinforced plastic [14].

EC systems have been proposed in the last years due to the high sensitivity and wide frequency
response of this type of transducers. An eddy current testing technique in nonmagnetic metals using a
EC sensor and a pancake-type excitation coil was proposed some years ago [15]. The authors proved
the advantages of the proposed method using two different hybrid probes, where the high sensitivity of
the EC sensor is exploited by using excitation coils of just a few turns. They introduced sensors as a
viable EC testing system, but they did not establish a correlation between the EC output voltage and the
dimension of the defect, which could help in estimating its dimension. However, the correlation of the
EC output voltage with a set of defects (having different width, depth, and length) was not considered,
see for example [16—18]. An EC system to detect and characterize cracks and holes by artificial neural
networks, using the same probe configuration proposed in [19]. The EC sensor was magnetically biased
with the use of an AINiCo permanent magnet, and the system was able to estimate only the flaw width
and the bore diameter [19]. The authors in [16] proposed a novel design of rotating magnetic field eddy-
current probe for non-destructive evaluation of non-ferromagnetic and ferromagnetic tubes in nuclear
power plants and they analysed the influence of the geometrical parameters of the excitation coils and
EC sensor arrays in the sensitivity of the probe but not the detectability of the proposed system and the
quantification of defects intended to be detected with such probe.

Even though EC testing is a well-known and established technique in the industry, there are still a
lot of efforts to find efficient models in order to estimate the crack’s dimension and also to find the depth
profile of narrow cracks [20-22]. These models are advantageous over their predecessors but the
computational time still poses a constraint when quick estimation of crack dimensions is a necessity.
For instance, the rapid computation method proposed in [20] takes approximately 0.2 s per inversion
step to obtain EC crack signals.

An inverse problem algorithm was developed to determine the spatial eddy current distribution in
the aluminum plates in order to get relevant information about complex geometry of cracks [23]. As
expected, the results show good characterization of the geometry of surface cracks that are not parallel
to the current flow. In [23], the same kind of probe was used to evaluate a linear crack with a set of
different probe angles to overcome this difficulty. However, the method was slow due to the requirement
of several scans. Furthermore, small rotation errors were detected when measuring the magnetic field
map due to mechanical misalignment of the probe. For this purpose, a faster excitation method and an
improvement to the probe were made to induce parallel currents in the specimen in different directions
without physical rotation of the probe during the scan in order to improve the accuracy of the
measurements.

2. Materials and methods

A superminiature ECP is designed to control the parameters of aluminum alloy products in small areas
[24-27]. The obtained parameter is the electrical conductivity of the material and its distribution on the
surface and thickness of the object of control. The developed measuring system works as follows:

The sinusoidal signal is generated by a sinusoidal voltage generator and comes to the exciting coil of
the eddy current probe. In addition to the exciting coil, the probe also uses measuring and stabilizing
coils connected differentially. Due to the differential inclusion of the coils, the minimum value of the
initial unbalance of the probe is provided when it is removed from the controlled product. The measuring
coil of the probe is connected to the amplifier with automatic gain control (AGC). AGC acts effectively
in the range of permissible changes in the gap between the probe and the object of control. The signal
from the output of the amplifier comes to one of the inputs of the amplitude detector, then passes the
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filter, the analog-to-digital converter and is transmitted to a personal computer. The personal computer
processes the output signal of the analog-to-digital converter and displays the information.

Figure 1. Eddy-current probe

The eddy current probe is a transformer with exciting, measuring and stabilizing coils placed on the
core (Figure 1). The cores were made of ferrite 2000 NM3 with the value of initial magnetic permeability
500 and alloy 81NMA with the value of initial magnetic permeability 35000.

The characteristics of these ECPs allow for the localization of the magnetic field within the areas of
2500 um? and, when using sufficiently low (100-700 Hz) frequencies on the exciting coil, allow to
achieve a significant depth of its penetration into the object of control.

3. Experimental results and discussion

Experiments are conducted on D16T duralumin plates #1 and #2.

The first plate was 5.5 mm thick and contained three defects. The defects were slots imitating
subsurface cracks. These slots were located at a depth of 1.3 and 4 mm. The width of slots was 1 mm.
The second plate had a thickness of 5.5 mm and five slots with a width of 0.25 mm. The depth of slots
was 1-5.3 mm.

In the study of the plate #1, the voltage on the exciting coil of the eddy current probe was 2 V.

In order to determine the sensitivity of the sensor to defects in the depth of the metal, scanning of the
defect-free side of the sample was carried out.

The results of the study of plates are shown in Figures 2-5, Um — voltage on the measuring coil, 1 —
distance from the edge of the plate to the sensor.
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Figure 2. - Results of plates scanning #1 using Figure 3. - Results of plates scanning #2 using a
a measuring system with one ECP (ferrite). measuring system with one ECP (ferrite).

Um, V Um,V
6.5 6.5

TR
YT

NERIl
4 S
35 : \\j 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 35
1, mm 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

I, mm

N A
NN WA W 6 17
™ 's ﬁﬁ

55

()
3
C
2
=

TISF

Figure 4. Results of plates scanning #2 using Figure 5. Results of plates scanning #2 using a
a system with two ECPs (ferrite). system with two ECPs (81INMA).

The results of defectoscopy of the plate #1 with defects with a width of 1 mm at a frequency of @ =
500 Hz allowed to detect the slots to reduce the amplitude of the output signal Um. The decrease in the
amplitude of the signal Um on the first defect was 0.75 V, on the second — 0.2 V, on the third — 0.1 V
(Figure 2).

This study demonstrates the effectiveness of the developed eddy current sensor for finding defects
of deep occurrence with a width of 1 mm and lying at a depth of 4 mm.

In order to determine the maximum localization of the magnetic field, the developed sensor was
tested on the second plate with defects having a width of 0.25 mm, lying at a depth of 5.3 mm.

The measurements were carried out at a voltage of 2 V on the exciting coil. At the same time, it was
managed to detect one of the defects occurring at a depth of 1 mm. The decrease in the amplitude of the
output signal in this case was 0.1 V (Figure 3).

In order to improve the accuracy of measurements, an increase in the voltage on the exciting coil was
made. In this case, there was an excess of the permissible value of the signal amplitude on the measuring
coil and there was a significant distortion of the results.

In order to increase the localization of the magnetic field, the measuring system made on the basis
of the subminiature eddy current probe was significantly upgraded as follows: the second eddy current
probe was added to the developed hardware and software complex. At the same time, the first eddy
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current probe was static and located above the defect-free part of the sample. The second probe was
used to scan the sample for defects. The signal of the second probe was subtracted from the signal
received from the first one. Thus, the output signal was the voltage difference obtained from the
measuring coil of both ECPs.

Defectoscopy of the sample #2 was performed at a frequency of 500 Hz. At the same time, it was
possible to detect three defects out of six (Figure 4).

To further increase of localization of the magnetic field, it was necessary to introduce a probe made
on the basis of a core of annealed alloy 81INMA with a magnetic permeability value of 35000 as a
scanning probe. With this upgrade, it was possible to detect five defects out of six.

The decrease of the output signal amplitude Um on the first defect was 2.5 V (position 1), on the
second defect — 1 V (position 2), on the third defect — 0.4 V (position 3), on the fourth — 0.2 V (position
4), on the fifth — 0.1 V (position 5). Changes in signal response when passing over the sixth defect are
not fixed (Figure 5).

4. Conclusion

As a result of theoretical and experimental studies the eddy current measuring system that allows to
search for defects in the alloy duralumin D16T was developed. The developed methods of signal
processing allowed to increase the signal/noise relation of the eddy current probe by several times and
significantly reduce the measurement error. Subminiature eddy-current transducers with specially
shaped ferrite cores and modified filters can be used to localize a magnetic field on a small segment of
a test object and to make the field produced by the exciter winding penetrate more deeply into the test
object at a suitable frequency.
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