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ROBUST PARAMETRIC DESIGN OF EDDY CURRENT PROBES FOR ACCURATE
MEASUREMENT OF MAGNETIC PERMEABILITY IN MOVING FERROMAGNETIC
STRIPS USING TAGUCHI OPTIMIZATION

Abstract. This work focuses on the development and optimization of eddy current probes for
precisely measuring the magnetic permeability of ferromagnetic strips under dynamic conditions. By
employing the Taguchi robust design approach, the study aims to maximize the signal-to-noise ratio
and minimize signal variability caused by uncontrollable design and operational factors. The
resulting probe design enhances measurement accuracy, stability, and reliability in real-world
industrial applications, ultimately improving the quality control processes for ferromagnetic
materials.

Key words: eddy current measurement, magnetic permeability, ferromagnetic strips, Taguchi
optimization, signal-to-noise ratio (SNR), robust parameter design

Introduction. The measurement of magnetic permeability in ferromagnetic strips via the eddy
current method represents a challenging metrological task, largely because the precision depends
heavily on how well signals caused by cross-sensitivity in the probes are suppressed. These interfering
signals arise from multiple factors, including local fluctuations in the material’s electrical
conductivity, variations in the distance between the probe and the test object, and inconsistencies in
sample thickness. Accurate determination of magnetic permeability requires the application of
compensation techniques aimed at minimizing the impact of these influences, thereby reducing
measurement inaccuracies. Additionally, incorporating advanced models that reflect the complex
interactions among these influencing parameters is crucial for interpreting the probe output correctly.
By employing such integrated strategies, measurement reliability is significantly enhanced under
practical industrial conditions.

The primary aim of this work is to develop a robust parameter design method for eddy current
probes measuring magnetic permeability in moving ferromagnetic metal strips. Using the Taguchi
optimization algorithm, the aim is to maximize the signal-to-noise ratio and reduce output signal
variation caused by uncontrolled noise factors without eliminating these disturbances. This method
enables more accurate and stable measurements, ensuring reliable assessment of magnetic
permeability in real production conditions.

Methods and Materials. The experimental setup included a series of eddy current probes
designed to measure the magnetic permeability of ferromagnetic strips during dynamic conditions.
For calibration, probes were initially characterized in a controlled environment by measuring
impedance components at a specified excitation frequency. A mathematical model of an ideal
filamentary coil was employed to determine the equivalent parameters and sensitivity coefficients.
Various samples with known conductivities and permeabilities were used to validate the probes'
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responses, ensuring the accuracy of the model. During testing, probes were mounted close to the
moving strips, and impedance measurements were taken at multiple frequencies to assess the
influence of different operational parameters. The probes' signals were processed using specialized
filtering techniques to eliminate parasitic noise and cross-sensitivity effects. Spatial variations in the
strip's surface and thickness were systematically introduced to evaluate probe robustness.
Temperature effects were simulated to analyze their impact on measurement stability, and
compensatory algorithms were implemented accordingly. The measurements accounted for the
distance between probe and strip, as well as for the velocity of the moving sample. Data acquisition
was synchronized with the strip's motion to ensure real-time monitoring. A combination of statistical
design of experiments (DOE) and finite element modeling facilitated the optimization of probe
parameters. The experimental results were statistically analyzed using ANOVA to identify significant
factors affecting measurement accuracy. All tests were repeated multiple times to ensure
reproducibility and to quantify measurement uncertainties.
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Fig. 1. Graph of dependence of SNR values on controlled parameter levels: al is the width of the excitation coil,
m; b1l is the length of the excitation coil, m; h1l is the height of the excitation coil cross-section, m; wl is the width
of the excitation coil cross-section, m; a2 is the width of the pick-up coil, m; b2 is the length of the pick-up coil,
m; h2 is the height of the pick-up coil cross-section, m; w2 is the width of the pick-up coil cross-section, m; ¢ is
the axial distance between coils, m; f frequency, kHz.

Conclusions. The study demonstrated that the application of the Taguchi robust design method
significantly improves the accuracy and stability of eddy current probes for measuring magnetic
permeability in moving ferromagnetic strips. The optimized probe design effectively reduces the
impact of uncontrollable environmental and operational factors, resulting in higher signal-to-noise
ratios and consistent measurement results. The proposed approach enables reliable real-time
monitoring on conveyor lines, enhancing quality control in industrial metal processing. Additionally,
the method provides a framework for further probe development under varying dynamic conditions.
Overall, the research contributes valuable insights into optimizing eddy current measurement systems
for complex metrological challenges.
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