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INFORMATION TECHNOLOGY OF ROBUST PARAMETER DESIGN OF EDDY
CURRENT PROBES

V.Ya. Halchenko?, R.V. Trembovetska?, and V.V. Tychkov!*

! Department of Instrumentation, Mechatronics and Computerized Technologies, Cherkasy State Technological
University, 460 Shevchenko Blvd., Cherkasy, 18006, Ukraine,
v.tychkov@chdtu.edu.ua v.halchenko@chdtu.edu.ua r.trembovetska@chdtu.edu.ua

Keywords: information technology, Taguchi robust parameter design, eddy current probe,
signal-to-noise ratio, probe signal variability

ABSTRACT

The paper proposes an information technology for robust parameter design of eddy current
probes with increased signal-to-noise ratio and low signal variance due to the presence of
interfering factors. It is based on Taguchi optimization using design of experiments created on
orthogonal arrays and application of the Taguchi quality loss function with consideration of
the “larger is better" property. Confirmation numerical experiments are performed. On a
specific example, the statistical significance of the influence of the design and operating
parameters of the probe on the signal characteristics was established using ANOVA analysis.

BACKGROUND

The structural analysis of materials and products plays a crucial role in industry, providing a
complex assessment of material properties by comprehensively studying the features of
mechanical and heat treatment, internal mechanical stress, physical and mechanical
characteristics, chemical purity, etc. Data on the structural features of conductive materials can
be collected by measuring their structurally sensitive characteristics, such as electrical
conductivity and magnetic permeability. When measuring the electrophysical characteristics
of objects by the eddy current method, one of the central tasks to be performed to ensure their
required accuracy is to completely or at least partially suppress the influence of interfering
factors that affect the formation of probe signals. The main directions of modern research on
solving this problem are mainly focused on the processing of selected probe signals, i.e., all
existing methods have a common drawback, namely, insufficient attention is paid to obtaining
signals that are informatively “clean” from interfering uncontrollable influences at the stage of
their formation. This problem can be solved with the use of information technology for robust
parameter design of eddy current probes using Taguchi's optimization. As a result, optimal
design and operating parameters of the probes are found that allow to increase the signal-to-
noise ratio (SNR) and simultaneously reduce the level of variations in their output signals
caused by uncontrollable interfering factors.

OBJECTIVE

The aim of the work is to create an information technology for robust parameter design of eddy
current probes with improved signal-to-noise ratio characteristics and low signal variance due
to the presence of interfering factors.

METHODS

* Corresponding address (v.tychkov@chdtu.edu.ua, +08-0972614836)
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The main stages of the information technology of robust design according to the Taguchi's
method are as follows: separation of the test object characteristic measured by the probe, which
is recorded by its output signal; identification of the controllable parameters of the probes, as
well as possible levels of their gradations when varying; determination of noise factors and
their gradation levels; assignment of intervals for changes in the controllable and noise factors;
selection of orthogonal arrays characteristic of the features of both of these groups of factors;
creating a Taguchi's design of experiments and conducting them using computer simulation
based on the magnetodynamic model to calculate the probe signals; selecting the optimal
configuration of the probe design based on the SNR values calculated on the basis of the quality
loss function for each test; conducting confirmatory numerical experiments to validate the
found optimal Taguchi parameters; performing ANOVA analysis to study the influence of
controllable factors on the SNR level.

RESULTS

To create a design of experiments based on the Taguchi's method, all influencing factors are
classified as controllable (design and operating) and noise. For example, for surface eddy current
probes with rectangular orthogonal coils, the controllable design parameters are all geometric
dimensions of the excitation and measurement systems and the centre distance between them,
and the operating parameters are the excitation frequency and current. Whereas noise factors may
include lift-off changes, changes in the electrophysical properties of the object's materials either
individually or simultaneously depending on the process and the parameter being measured, and
speed instability for moving objects. Based on considerations of the number of parameters for
each of the groups, it is possible to select acceptable orthogonal arrays for controllable and
uncontrollable factors from the catalogues. This takes into account the number of levels of
parameter gradations in the sets of orthogonal arrays and the number of experiments expected to
be conducted. Finally, the Taguchi's design of experiments is obtained as a result of compilation
on the basis of the selected orthogonal arrays, modified, if necessary, for specific cases. One of
the components of creating a Taguchi's design of experiments is to determine the signals of eddy
current probes that are caused by various design and operating parameters. An analytical
mathematical model was chosen to model the measurement process for this example. The SNR
is determined taking into account the “larger is better” property and using the Taguchi's quality
loss function. According to a number of statistical indicators for each controllable parameter at
all levels of its gradation, namely the mean value; absolute error of the mean value and standard
deviation, we find the Taguchi's parameters of the probe’s variant that provide the maximum
SNR ratio, i.e., its optimal value. The statistical significance of the influence of design
parameters, i.e., factors, on the performance attribute in the form of the probe signal characteristic
is evaluated by multifactorial ANOVA analysis with verification of the prerequisites for its use.
In the future, the information obtained on the degree of influence of the design and operating
parameters of the probe on the signal characteristic allows us to take it into account in the
formulation of requirements for the accuracy of manufacturing structures and conditions for
maintaining the operating mode. Confirmatory numerical experiments have been carried out to
investigate: first, the reliability of determining the maximum possible SNR value provided by
the obtained optimal design; second, the influence of various combinations of noise factors on
the probe output signal has been evaluated to analyse its variability.

CONCLUSION

The information technology of robust parameter design of eddy current probes with improved
signal-to-noise ratio characteristics and low signal variance due to the presence of interfering
factors is proposed.
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