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Numerical Design of Shielded Encircling Probe
for RFEC Testing of Nuclear Fuel Cladding Tube
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Abstract : This paper explains the process of designing a shielded encircling remote field eddy current (RFEC) probe to inspect
nuclear fuel cladding tubes and investigates resulting signal characteristics. To force electromagnetic energy from exciter coil
to penetrate into the tube, exciter coil is shielded outside by laminations of iron insulated electrically from each other. Effects
of shielding and the proper operating frequency are studied by the finite element analysis and the location for sensor coil is
decided. However, numerically simulated signals using the designed probe do not clearly show the defect indication when the
sensor passes a defect and the other indication appeared as the exciter passes the defect is affected by the shape of shielding
structure, which demonstrates that the sensor is directly affected by exciter fields. For this reason, the sensor is also shielded
outside and this shielding dramatically improves signal characteristics. Numerical modeling with the finally designed probe
shows very similar signal characteristics to those of inner diameter RFEC probe. That is, phase signals show almost equal
sensitivity to inner diameter and outer diameter defects and the linear relationship between phase signal strength and defect
depth is observed.

Keywords : nuclear fuel cladding tube, shielded encircling probe, remote field eddy current effect, finite element modeling
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Table 1 Material properties and dimensions used in
the numerical modeling
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Fig. 1 Potential valley and phase knot formed at the
frequency of 700kHz. The dimensions are shown
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Fig. 3 OD and ID defect signals obtained by sensor coil
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Fig. 7 OD and 1D defect signals obtained by the totally shielded probe.
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