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Estimation of Defect Depth in Non Destructive Evaluation Utilizing

Superconducting Quantum Interference Device Picovoltmeter
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Abstract:Eddy current testing utilizing a cooled normal pickup coil and a high-T¢ superconducting quan-
tum interference device (SQUID) picovoltmeter was performed both experimentally and analytically. In
the experiment, we successfully detected a small crack on the back surface of the Cu plate by moving

the coil in unshielded environment. First, we showed a method to avoid a drift of the detected signal

that was caused by the variance of lift-off. Next, we clarified the dependencies of the detection signal on
the excitation frequency and thickness of the Cu plate. It was shown that an optimum frequency that
maximizes the detected signal exists. Since this frequency changed with the thickness of the Cu plate, the
frequency dependence could be used to estimate the depth of the crack from the surface of the Cu plate.
The experimental results were analyzed by taking account of the phase and amplitude of the signal field

caused by the crack. Good agreement was obtained between experiment and analysis.
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Fig. 1 Configuration of ECT system utilizing detection

Cu plate

Crack

probe made of cooled normal pickup coil and
SQUID picovoltmeter.
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Fig. 2 Waveform of detected signal when the pickup coil
is moved above crack. The liftoff is suppressed in-
case of Curve (b). The inset shows the position
of the pickup coil relative to the crack.
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Fig. 3 Frequency dependence of Vi, for different thick-
ness of Cu plate. The lines are calculated from
eq.(11). The symbols are experimental results.
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Fig. 4 Simulation model of the sample with a crack.
The cylindrical coordinates is used in the analy-

sis.
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Fig. 5 Frequency dependence of the phase of the mag-
netic field By, f/1 for different thickness of Cu
plate. The lines are calculated from eq.(5). The
symbols are the experimental results.
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Fig. 6 Frequency dependence of (a) the absolute value |jeqay/I| and (b) the phase of the eddy current density jeqqy /I for
different thickness of Cu plate. The lines are calculated from eq.(8).
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Fig. 7 Frequency dependence of (a) the absolute value |Byig/jeddy| and (b) the phase of the magnetic field Byig/jeddy for
different thickness of Cu plate. The lines are calculated from eq.(9).
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Fig. 8 Frequency dependence of (a) the absolute value
|Bsig/I| and (b) the phase of the magnetic field
Bsig/I for different thickness of Cu plate. The
lines are calculated from eq.(7).
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Fig. 9 Frequency dependence of (a) |Bgig/I|sing and
(b) the phase ¢ for different thickness of Cu plate.
The lines are calculatéd from eq.(7).
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