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ABSTRACT

Eddy current testing is classified as an electromagnetic non-destructive testing method having several attractive
characteristics like fast inspection speed and high sensitivity against surface defects.

Non-destructive techniques are used widely in the metal industry in order to control the quality of materials.
Eddy current testing is one of the most extensively used non-destructive techniques for inspecting electrically
conductive materials at very high speeds that does not require any contact between the test piece and the sensor.
This paper includes an overview of the fundamentals and main variables of eddy current testing.
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I. INTRODUCTION

Eddy current (EC) non-destructive evaluation (NDE) techniques are the most used methods for in-service
inspection in industrial practice. EC NDE works on the principle of electromagnetic induction through the use of
energy coupling between an EC sensor excited by an alternating source and the evaluated conducting materials.
It is based on detection of the interaction between the magnetic field inducting the EC in the tested specimen
and the magnetic field created by such a specimen. In most cases this involves measurement of the impedance.
The presence of the defect modifies the distribution of ECs, which generate alteration in the magnetic flux
closely related to the position and shape of the defects. The distribution of EC in the probe depends on various
parameters, such as excitation frequency, conductivity, permeability of the material, and also presence of
defects. EC inspection is normally carried out with probes that offer higher inspection speed compared with
most other NDE techniques [1-3].

Quantitative NDE techniques are needed for evaluating sizes, shapes, and locations of defects and cracks; the
well-known methods available include the finite difference method (FDM), the boundary-element method
(BEM), and the finite element method (FEM). The FEM is more general, numerically superior, primarily used
for its versatility modelling of material properties, simulations of boundary conditions, modelling arbitrary
domain space, and reduces substantially the experimental work. If a coil carrying an alternating current is placed
close to the surface of a conductive sample, ECs will be induced in the sample close to this surface. These
currents, in turn, affect the current in the exciting coil by mutual induction. EC testing is based on correlation

between electromagnetic properties and physical/structural properties of a test specimen.
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Different parameters affect the outcome of non-destructive test (NDT) in different ways, those parameters that
determine the result of an inspection are defined as essential parameters (EP).

Essential parameters related to any particular inspection can be associated to different parts of the inspection and
divided into three groups: input parameters, procedure parameters and equipment parameters.

Essential parameters have received considerable attention recently, especially in the nuclear field, due to the
growing demands on the reliability, repeatability and accuracy of non-destructive testing. NDT that has been an
independent field for many years starts using, such tools as, measurement error, probability of detection (POD),
or receiver operating characteristic (ROC), the tools that have been already established in measuring engineering
and communications for a long time. In this situation it becomes important defining eddy current (EC)
instrument and specify its essential parameters in a way similar to that used for any other measurement
instrument or communication receiver.

In this preliminary study we will focus on such issues related to the EC equipment and the employed procedure
as, probe handling, influence of lift-off and scanning speed on defect sizing.

The goal of this study is qualitative analysis of the influence of the above mentioned factors on the ability to
detect and size flaws using mechanized ET. The influence of different variables will be investigated by means of
physical reasoning employing theoretical models, and demonstrated using simulated and real EC signals. The
study will not include simulations of electromagnetic fields related to various defect parameters and coil
configurations. The study should result in a number of practical recommendations for the users of ET and

should indicate the areas that are to be further analyzed.

I1. PRINCIPLE OF EDDY CURRENT TESTING

Eddy-current testing uses electromagnetic induction to detect flaws in conductive materials. In this method eddy
currents are produced in the test-piece by bringing it in proximity of alternating current carrying coil. (Almeida
et al. 2013) The changing magnetic field of the coil (due to alternating current) is modified by the eddy currents’
magnetic fields. This modification depends on the condition of the nearby part of the coil, it is a measure of any

discontinuities, cracks, impurities in the materials, flatness etc.

Figure 1.3: Principle of eddy current testing
I1l. FACTORS AFFECTING EDDY CURRENT TESTING

Large numbers of factors are responsible which significantly affect the efficiency and effectiveness of eddy

current testing. (Kumar and Mahto 2013) Following are some of the factors which affect eddy current testing:
1. Resistivity of workpiece material p (ro)
2. Permeability of workpiece material p (mu)
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IV. ANALYSIS OF FACTORS AFFECTING EDDY CURRENT TESTING

Repeatability, reproducibility and the conditions at which the process can be used is the measure of its
effectiveness and sensitivity, for this purpose the analysis of some factors which affect eddy current testing is
done. Following formula of depth of penetration is used for above said analysis-

—
5= |2
*qlﬂ-.f-l-l

In this formula & is depth of penetration

p is resistivity of the workpiece material i.e. inverse of conductivity,

f is frequency of alternating current,

W is permeability of workpiece material.

For the particular material, value of resistivity and permeability remains constant, there is only one variable i.e.
frequency present in this equation. As it can be seen from the equation that decrease in frequency will increase
the depth of penetration but it should also be kept in mind that at very low frequency the sensitivity of ECT falls
rapidly. Therefore, there has to be some trade-off between frequency and depth of penetration for efficient
working of ECT.

Following table provides the information about applicability i.e. information about materials which can be used
and evaluation of depth penetration in different materials at different frequencies. This given table can also

elucidate that for a particular material which frequency is suitable for working and detecting defects.

Material— Titanium | Chromium steel Tin Tungsten | Aluminium
Resistivity (@:m) p > 43x10° 29.3x10° 11x10° | 5.65x10° | 2.8x10°
Permeability — | 0.34x10™ 5.03x107 2.27x10™ | 6.81x10™ | 2.2233x10™

(N-A™)

Frequency | 8 (mm)
50 Hz 28.37 3.44 5.55 0.129 2.83
100 Hz 20.06 2.43 3.93 0.096 2.00
500 Hz 8.97 1.09 1.76 0.041 0.896
1K Hz 6.34 0.768 1.24 0.029 0.634
5k Hz 2.84 0.344 0.55 0.013 0.283
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V. CAUSE EFFECT DIAGRAM OF FACTORS AFFECTING EDDY CURRENT TESTING
Here factors affecting eddy current testing are also elaborated with the help of cause-effect diagram. In this
study the cause-effect diagram or fish-bone diagram is used to describe the factors affecting eddy current testing
these factors are divided in following five categories.
1. Workpiece/Material

2. Method
3. Material
4. Operator
5

Environment

Workpiece' Material

Fixrurs for Workpisce

Factors Affecting
Eddy Current
Testing

Cause-effect diagram for factors affecting ECT
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VI. CONCLUSIONS

From the above study it can be concluded that due to the large number of variables in eddy current testing, in
order to correctly interpret the results of ECT, all of the above factors must be considered. This is also one of the
reasons of inconsistency in ECT.

Analysis of different factors like depth of penetration, sensitivity and frequency of the testing is also done in this
study, which gives an idea about the suitable frequency range for different materials.

By drawing and studying the cause-effect diagram factors affecting eddy current testing and the explored
difficulties with ECT are found as varying conductivity within workpiece, homogeneity of workpiece material,
flatness, porosity, surface roughness, orientation of defects, location of defects, measurement error, probe
handling etc.

Most of the manufacturing operations do not take care of these factors and difficulties as these are not very
significant for most of the products. Therefore, it can be concluded that ECT can suitably be applied where the
process of manufacturing takes care of the above mentioned factors and the causes of associated difficulties
itself.
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