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Abstract- This paper describes an eddy current (EC) based non-destructive testing system used for
experimental verification of optimized chirp signal. The time-frequency content of the EC driving signal is
synthesized with respect to material propertiecs. We are expecting an improvement in sensitivity of crack and
corrosion detection.

l. Introduction

The Eddy Current (EC) method is a well established technique for flaw and corrosion detection in many
application areas of non-destructive testing (NDT), e.g. in aircraft maintenance. Eddy currents induced in a
tested object by a changing magnetic field from a coil inside a probe concentrate near the surface of the object
adjacent to the coil. Because eddy currents produce their own magnetic field that opposes the primary field, the
strength of the eddy currents decays with depth because. The eddy currents are formed first at the surface,
weaken the magnetic field that induces the deeper layer of eddy currents.

With increasing depth into the material the magnetic field and the resulting eddy currents are weaker. It is
widely understood [2] that the penetration depth 6 of an eddy current depends on the excitation frequency w

)

y and u are material properties. Phase lag is an useful parameter of the eddy current signal describing the shift in
time between the eddy current response from a flaw on the surface and a flaw at some distance below the
surface. Phase lag & in radians can be calculated as

9=2 )
0
where X is a distance below surface and 0 is the penetration depth. When the frequency of driving current is
sweeping through a frequency range, the influence of eddy current from different depths is changing. This
principle is useful for obtaining information about flaws in different depths, about conductivity changes, about
layered structure of the object etc.

We propose to generate the driving signal through a range of frequencies for obtaining information from range of
depths. This can be accomplished by common technique - linear sweeping of frequency (linear chirp) [3].

We compute another prescription for frequency changing to linearise the relation between depth and time during
one measurement cycle. Is it also possible to optimize the chirp for minimization of lift-off. In the case of
homogenous object is possible to estimate the conductivity of the material.

I1. Realization

The overall scheme of the experimental EC system developed for evaluation of proposed methods is shown in
Fig. 1.
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Figure 1. Experimental EC system

The system consists from arbitrary generator programmable from PC using USB interface, driving and sensing
low-noise amplifiers, an EC probe, a multichannel analog-to-digital converter and PC. The chirp signal is
synthesized using Matlab and loaded to the generator. Both driving and sensing signal are digitized and
synchronously detected using numerical processing in Matlab. The proposed system can be also implemented
using digital signal processor (DSP).

For synchronous detection, it is necessary to use reference and 90-degree shifted reference signals. We
reconstruct the reference signal from digitized samples using chirp-fitting algorithm with the help of apriori
determined frequency content of the reference. To synchronize the measurement runs at the beginning of the
synthesized chirp is a starting tag embedded (see Fig.2).
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Figure 2. Chirp signal with embedded starting tag

From the acquired waveform, the in-phase and quadrature component is reconstructed and used for synchronous
detection to obtain complex plane signal visualization.
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Figure 3. Typical probe output and quadrature components for driving and synchronous detection

Im™
o
i d

flaw 1 mm 1
flaw .5 mm
lift-off 1
null

x O @ %

-5 -4 -3 -2 -1 0 1 2 3 4 5
Re®

Figure 4. Preliminary results — response to lift-off and flaws of different lengths

Overall sensitivity in the case of single frequency driving signal is depicted on Fig. 4. For the frequency sweep
we obtain a curve in complex plane with variable shape resulting from changes of EC for different frequencies
(different penetration depths).
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I11. Conclusion
We propose a system for experiments with arbitrary EC driving signal. Our aim is to optimize and pre-compute

the chirp signal with respect to material properties and relation between frequency and penetration depth. We are
expecting an improvement both in crack detectability and corrosion mapping performance.
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