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ABSTRACT

Eddy current non-destructive inspection is used as an efficient inspection
technique in various industries such as aerospace and power plants. Eddy
current inspection employs the concept of electromagnetic induction and
induces circulating currents (called eddy currents) in conductive materials;
this form of non-destructive inspection technique is the only option in
some industrial fields, such as in power plant applications or aeronautical
applications, where no other non-destructive inspection methods or
examination processes can provide comparable capabilities to achieve the
objectives of the non-destructive inspection technique. Many tests for
such applications are performed using existing and well-known eddy
current probes for specific conditions that require specific sizes and
frequencies for such an application to effectively enhance the ability to
detect defects and discontinuities, especially when a specific requirement
has been imposed that necessitates the design/fabrication of a new
custom probe for its purpose. The selected probe also significantly affects
the received signals and the test quality, and consequently the detection
of defects and faults. The focus of the research in this paper is the optimal
design of the coil in non-destructive eddy current testing with a focus on
the analysis of the parameters affecting the coil performance, including the
diameter and the number of turns in both radial and longitudinal
directions. In order to perform the necessary analyses, a code has been
designed in the MATLAB environment to ensure accurate inductance
calculation and validation has also been carried out and verified using a
reliable and valid work through FEM simulation in COMSOL software,
which analyzes the magnetic field distribution and calculates the
impedance and inductance of its coil. In this study, it is shown that
increasing the coil layers in the vertical direction and increasing the
number of coils turns has a significant correlation with the increase in
impedance. Then, as expected, this also improves the signal performance
and detection capability. To analyze and demonstrate the performance,
the coil impedance diagram for inspecting a tube with a hole of 100 um
diameter in different coil configurations is simulated and the result is
presented. In this research, we have provided efficient and reliable tools
for calculating and simulating the design based on the FEM approach and
algebraic solutions, and this can be a guide for the optimal design of eddy
current coils in industry and other applications to be efficient in their
purpose.
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