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ASTUDY OF NEW « EDDY CURRENT SENSOR
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Eddy current testing (ECT) is one of the most representative nondestructive testing methods for metallic
materials, parts, structures and so on. Operating principle of ECT is based on two major properties of the
magnetic field. One is that alternating magnetic field induces eddy current in conducting materials.
Thereby, an input impedance of the magnetic field source, i.e., electric source, depends on the eddy
current path. Second is that the magnetic field distribution depends not only on the exciting but also on the
reactive magnetic fields caused by the eddy currents in targets. Former and latter are the impedance
sensing and magnetic flux sensing types, respectively.

This paper concerns with an optimization of a new magnetic flux sensing type sensor named
“o0 coil”. Exciting and sensing coils are composed of oo shape coil and a finite length solenoid coil wound
on ferrite bar, respectively. Development of this oo coil fully depends on the 2D and 3D finite elements
method modeling. According to the simulation results, we have worked out two types of « coils. Practical
experiments reflect the validity of both simulation and design aims, quite well. Thus, we have succeeded
in developing oo coil having a higher sensibility compared with that of conventional one.
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Fig.1 Two exciting coils

(a) Without ferrite bar

(b) With ferrite bar
Fig. 2 Magnetic fields intensity distribution
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Table 1 Various constants used in the 3D simulation.

Exciting coil
Coil outer diameter: 22.4mm
Coil inner diameter: 20mm
Coil length: 10mm
Number of turn: 75
Input current(peak): 250mA
Frequency: 256kHz
Sensing coil
Coil outer diameter: 1.4mmx2.4mm
Coil inner diameter: Immx2mm
Coil length: 6mm
Number of turn: 100

Axis core: JFEferrite_ MB1H 23°C




Fig. 3 3D simulation model of the o coil
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(d) 45 degree defect to the two adjacent exciting coils
Fig.4 Eddy currents in a plane metallic target
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Fig.6 Induced voltages in the sensor coil
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Table 2 Various constants of the prototype o coil

Exciting coil Conductorlength: 4.7m
Diameter of conductor: 0.4mm
Coil outer diameter: 23mm
Coil inner diameter: 20mm
Coil length: 10mm
' Number of turn: 75
Number of coil layers: 3
Number of coils: 2
Input current(peak): 250mA
Frequency: 256kHz
Sensing coil Conductor length: 60cm
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)

Coil outer diameter: 2.4mmx2.4mm

Coil inner diameter: 1.4mmx1.4mm

Coil length: 6mm
Number of turn: 100
Number of coil layers: 2

Number of coils: 1
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Fig.7 Picture of the prototype o coil
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Fig.8 Measured voltages of the practical
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Fig.10 ET-5002 produced by Denshijiki Industry Co., Ltd.
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Table 3 Various constants of <o coil

=i

Sensing coil
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: 0.5mmx2mm
Coil length: 4mm
Number of turn: 100
Number of coil layers: 3
Number of coils: 1

Exciting coil
Diameter of conductor: 0.12mm
Axis core: No
Coil inner diameter: 6mm
Coil length: 6mm
Number of turn: 100
Number of coil layers: 3
Number of coils: 2

Table 4 Various constants of the conventional ECT sensor
G - R = A Loy B

Sensing coil
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: Immx2mm
Coil length: 10mm
Number of turn: 50
Number of coil layers:
Number of coils:
Exciting coil
Diameter of conductor: 0.12mm
Axis core: No
Coil inner diameter: 4mm
Coil length: 12mm
Number of turn: 100
Number of coil layers: 1
Number of coils: 1
A = AR
Sensing coil
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: 0.5mmx2mm
Coil length: 10mm
Number of turn: 100
Number of coil layers: 3
Numd4ber of coils: 2

Exciting coil
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