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Detection of a tiny metal wire using induction gradiometer

R HATER), B dheT GER)

Kunihisa TASHIRO (Mem.), Hiroyuki WAKIWAKA (Mem.)

A magnetic contamination detection system based on high sensitive induction gradiometer is presented. This
system is free from heavy cooling system, and the magnetic sensor consists of coil and simple electronics only. This
paper considers the detection limit of two kinds of wire, SUS304 and Fe. It is found that the detection limit and profile
of output signal are differs from the wire material. When the length of wire is 10 mm, our system can detect a SUS304
wire having 0.2 mm diameter, and an Fe wire having 0.1 mm diameter.
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Fig. 1 Schematic diagram of the system. Number of
position represents area where to be placed sample.

Fig. 2 Our developed excitation coil. The
specifications are summarized in Table 1.

Fig. 3
specifications are summarized in Table 2. Number of
position represents area where to be placed sample.

Our developed detection coil. The
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Fig. 4 Schematic diagram of an induction gradiometer
with a current-to-voltage converter. If there is an imbalance
of magnetic flux density in the detection coil, it is
transferred into electric current, and converted into output
voltage. The flux-to-current transfer function and the cutoff
frequency are defined by the coil properties.

Table 1  Specifications of excitation coil
Inner diameter, D; [mm] 55
Outer diameter, D,Jmm] 146
Length, / {[mm] 165
Diameter of winding coil, § [mm] 0.5
Spacing factor, 0.79
Number of turns, N [turn] 30,000
Resistance, R [(Y] 841
Inductance, L [H] 30.5

Transfer function, B,/ I[T/A]™" 0.20

*By[T] : magnetic flux density at the center
**I[A] : provided electric current

Table 2 Specifications of detection coil

Inner diameter, D; [mm] 35
Outer diameter, D, [mm] 36
Length of one coil, / [mm] 25%x2
Number of turn, N [turn] 50 %2
Diameter of winding coil, & [mm] 0.5
Mean cross section area, S [mm?] 989
Self inductance, L [ H] 74.5
Combined inductance, L [uH] 112
Combined resistance, R [Q2] 1.01

Table 3  Specifications of induction gradiometer

Op-amp LT1028"
Feedback resistor, Ry [MQ] 10"
Cutoff frequency, f; [kHz] 1.71
Transfer function, 73, [A/T] 663
Sensitivity, Rex Ty, [V/T] 6.63

* Input noise voltage density, 1 nV/Hz" at 10 Hz,
Input noise current density, 4.7pA/Hz"? at 10 Hz
** High precision resistor; =1 %, 100ppm/ °C
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Fig. 5 Sensor output for a SUS304 wire (¢= 0.5 mm), as a parameter of the position.
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Fig. 6 Sensor output for an Fe wire (¢= 0.5 mm), as a parameter of the position.
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Fig.7 Sensor output for a SUS304 wire, as a parameter of the diameter of the wire.
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Fig. 8 Sensor output for an Fe wire, as a parameter of the diameter of the wire.
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Fig. 9 Sensor output for a SUS304 wire (¢= 0.2 mm). It
was observed with AC coupling mode.
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