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Abstract

In eddy current testing (ET), different measurement can be carry out through the selection of the test 
frequency. In conductivity measurement, the selection of eddy current test frequencies permits to select 
the specific material properties to be measured. The test frequency selected should be sufficient high that 
eddy current penetration is limited only to fraction of the test material thickness. This paper describes the 
effects of test frequency on the conductivity measurement. This experiment done by applying different 
values of test frequency which is 20 kHz, 100 kHz and 1 MHz.

Introduction

Nondestructive testing (NDT) is a wide group of analysis techniques used in science and industry to 
evaluate the properties of a material, component or system without causing damage. NDT is a medium in 
early detection for any premature disaster leads the failure as well as the endangering of human life. NDT 
is used in a variety of settings that covers a wide range of industrial activity such as in automotive, 
aviation, power plants, construction, maintenance, manufacturing, etc. Eddy Current Testing is one of 
commonly technique which is widely used within the broad field such as in nuclear, aerospace, marine, 
petroleum and gases industries and marine. ET is based on induction of electrical current in materials 
electromagnetic induction process, the sample has to be a conductor. [2]. Like other NDT method, ET 
offers series of applications and services for the industries.

Impedance Plane Diagram

Impedance plane diagram is a tool to use in setting up a test procedure to obtain the best possible results 
with a minimum of interference from effects that are not interest. It is also useful in picturing exactly 
what goes on in the material being tested. Analysis on the impedance change reveals much that is 
otherwise hidden many testing situations. In addition, it has been a major milestone in enhancing the 
defectability, interpretation, and, in turn, the reliability of eddy current response information.

The strength of the eddy currents and the magnetic permeability of the test material cause the eddy 
current signal on the impedance plane to react in a variety of different ways Different material conditions 
such as conductivity produce its own unique impedance plane plots. It is this capability that allows rapid, 
significant impedance plane analysis in wide variety applications. [31
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Fig. 1 Impedance Plane Diagram

Conductivity Measurement

Conductivity is a measure of a material's ability to conduct an electric current. When anelectrical 
potential difference is placed across a conductor, its movable charges flow and giving rise to an electric 
current. The conductivity o is defined as the ratio of the current density to the electric field strength. 
Conductivity is the reciprocal (inverse) of electrical resistivity, p, and has the SI units 
of Siemens per metre (S-m1) and CGSE units of inverse second (s-1).

Conductivity of material is depending on several factors such as an arrangement of atoms in lattice and 
energy of electron surrounding each atom. In the other hand, any variation that leads to the changes of the 
electronic structure is possible to decrease the conductivity of the metal. Significantly, this specified 
behavior can be used in performing multi discipline task such as sorting material, checking for proper 
heat treatment and inspecting for heat damage. [4] The impedance plane response to the different 
conductivities of various nonmagnetic alloys is shown if Fig. 2.

During the common practice, the probe are nulling in the air and placing with the contact to the sample 
surface. Changes in the coil’s impedance tested on the conductivity material can be directly correlated to 
the conductivity of the material. Conductivity effects are well suited to the task of differentiate magnetic 
materials from non magnetic materials. However, under any circumstances, it is difficult to separate the 
conductivity effects from the magnetic permeability. Magnetic permeability |i, defined as the ability of 
the material to become magnetized.

Fig. 2 Conductivity and lift-off on impedance plane



In performing the inspection, surface probe are used as detecting medium to get a value for inspected 
area. Initially, the instrument will be setup such that a ferromagnetic material produces response is nearly 
vertical. Significantly, it means that the magnetic response of the material is the same as free space or 
complete vacuum. When the probe is bring near to the specimen, the impedance movement of the 
nonmagnetic material moves down and to the right.

For the ferromagnetic material, presence of the magnetizing force of primary coil field causes atomic 
magnetic elements of the magnetic material to become aligned with the field, thus increasing the flux 
density. In addition, ferromagnetic materials will concentrate the magnetic field produced by the coils. 
The inductive reactance of coil will increase. The effects on the signal from the magnetic permeability 
overshadow the effects from conductivity since it is much stronger.

However, when the probe is bought near to the nonconductive material, the reactance component of the 
test coil impedance is decreased. This is occurs because induced currents flow in the conductive and non 
magnetic object and set up a secondary field that partially cancels the primary field of the coil. These 
effects can be described by using equation above:

B = mH

Where

B = the magnetic flux density 

u= the relative magnetic permeability 

H = the magnetizing force

Experimental method

Eddy current testing conducted in this work involved equipment and probe specially designed for 
conductivity measurement. The main equipment was Olympus NORTEC 500D Portable Eddy Current 
Flaw Detector completed with the impedance plane display and operating frequency range in between 50 
Hz- 12 MHz. Meanwhile, the probe operating frequency is in the range of 1 kHz -  50 kHz such as in Fig.
3. The specimen used was the conductivity sample contains with the set of six known different materials 
such in Fig. 4 as shown below.

Initially, the equipment test frequency was setting to 20 kHz. The probe was hold in the air away from the 
samples. During the scan, the probe was coupled to the middle of each six samples. The signals captured 
by the probe was transferred and translated as the output responses by the conductivity equipment. 
Significantly, these impedance points were displayed on the screen as conductivity curve. The entire 
signal recorded indicated as the output responses were storage in equipment’s data storage.

This experiment was repeated by applying the different values of equipment test frequency which with 
100 kHz and 1 MHz.



Fig. 3 Surface probe Fig. 4 Conductivity sample

Results and discussion

Test frequency gives an effect on the conductivity and lift- off curves for nonmagnetic alloy. In addition, 
changes in frequency shifted are formed in non linear pattern along the conductivity locus. This is an 
advantageous because at this point it allows the material points to be located for optimum response or 
suppression. Specifically, a frequency should be chosen that causes the material points for the variables to 
be measured to move in a substantially different direction from those points to be suppressed.

Results shows three conductivity curves that obtained from three different test frequency. At lower test 
frequency, 20 kHz copper (Cu) and aluminum (Al) are widely separated on the conductivity such as in 
Fig. 5a.At higher frequency (1 MHz), the locus of the impedance point shifts towards the lower end of the 
conductivity curve as shown in Fig. 5c.

Fig. 5 a Movement of material 
points at low frequency .
(20 kHz)

Fig. 5b Movement of material 
points at medium frequency. 
(100 kHz)

Fig. 5c Movement of material 
points at low frequency.
(1 MHz)

However, at the higher frequency copper and aluminum are located very close together. In this situation, 
the movement on the conductivity curve does not mean the conductivities of the materials have changed. 
Rather it means that a given change in the conductivity does not have as great an effect on the impedance



at higher frequencies. In addition, the test is less sensitive to conductivity changes in materials such as Cu 
and Al which lie on the lower end of the conductivity curve.
In the other hand, the high test frequency will allow the more separation on the curve to materials that lie 
on the upper end of the curve. At higher frequencies the test is more sensitive to conductivity changes 
material. It can be seen when the points lie on the upper end of the curve.

The locus of a material such as bronze has been moved to an area of the curve where lift- off variations is 
in substantially different direction on the impedance-plane diagram than conductivity variations. So, to 
suppress the variable lift-off, the test frequency selection shall suitable for the material inspected to lies at 
point on the conductivity curve. The objective is lift-off variable able to forms a reasonable large angle 
with the conductivity variable.

Conclusion

For performing conductivity measurement or conductivity related to condition, a frequency should be 
chosen that places the material point just below knee in the conductivity curve. At this point, a large 
separation angle exists between lift- off and conductivity curves.
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