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Development of Magnetic Sensor Based Eddy Current Technique for
Surface Inspection of Rod Steel

Hiroshi Watanabe, Sotoshi Yamada, and Mitsuhiro Ito

Synopsis

Eddy current probe to detect longitudinal discontinuities such as seams of wires and bars has been discussed.
Conventional encircling coil is hard to detect the longitudinal discontinuities because of the fundamental principal
restriction. Moreover, a system using a rotating probe hardly has an ability to support high-speed inspection. Therefore, a
probe with array sensors has been developed to detect the longitudinal discontinuities without mechanical rotor.

The spin-valve type giant magnetoresistance (SV-GMR) sensor was used as the detection sensor. It has advantages
in high sensitivity, high frequency response characteristic up to 100 MHz, and the integration of the sensor element
compared with coil or other magnetic sensors.

The probe is constructed from two excitation coils and 36 detection sensors. The excitation coils are encircling type
such as the conventional encircling coils and excited by opposite phase each other. The detection sensors are arranged in
the directions of surrounding a rod for examination between excitation coils. The probe has the capabilities to detect the
longitudinal notches by sequential scanning with detection sensors. In addition, a correction method for eccentric effect is
proposed by taking the addition of signals at position of opposed sensor pair. The present study showed that the probe has
the ability to detect the longitudinal notch that depth of 0.3 mm with 5 mm air gap.
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Fig.1. Comparlson between encircling coil method and rotating
probe method.
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Table 1. Conditions of numerical analysis on Fig. 3.

Parameter Condition

Frequency 100 kHz
Work diameter 20 mm
Coil diameter 30 mm

Coil width 14 mm
Excite current 5A-Turn
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Fig.3. Relationship between distance of exciting coils and axial
component of eddy current density.

Table 2. Conditions of numerical analysis on Fig. 4.

Parameter Condition
Frequency 200 kHz
Work diameter 20 mm
Coil diameter 30 mm
Coil width 6 mm
Space of coils 4 mm
Excite current 25 A-Turn
Pick-up coil 3 Turn
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Table 3. Comparisons of magnetic sensors.

Ran nsitivi Resolution Fri n
Sensor ?T?e S?%iﬁTfy ﬁ?iﬁ%o ?EEE]Cy
Hall element 10 - 1 10
AMR 0.1 2 1 1000
GMR 1 2 1 >100000
SV-GMR 0.01 200 0.01 >100000
Ml element 0.001 1000 0.001 1000

AMR:anisotropic magnetoresistive, Ml:magneto impedance
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Fig.10. Schematic of probe.
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