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A Study on Direct Current Measurement Using Magneto-Optical
LMF Method
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Abstract It is necessary to measure the direct current with a non-contact methodology for the liquid or gas
phase, as well as the conducting metals. This paper described a theoretical consideration and experimental
verification for a non-contact quantitative direct current measurement system using the Faraday effect and
magnetic flux leakage. The leakage of magnetic flux occurs around a gap when a ferromagnetic core including
the discontinuous gap is magnetized. Two large anisotropic domains in a magneto-optical film are occurred by
the vertical component of leaked magnetic flux and the domain walls are paralleled to the center of the gap.
Here, the symmetrical arrangement of domains are deflected when a vertical magnetic field is applied to the
magneto-optical film. The domain wall of the magneto-optical film are relocated when a measuring current
passes through the ferromagnetic core. Therefore, a direct current passing through the core can be determined
quantitatively by the measurement of moving distance of the domain wall.
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Table 1 Condition of analysis using dipole model
item symbol value
Width of gap W 05~2.0 mm
Length of gap | 115 mm
Depth of gap d 70 mm
Lift-off z 0.1~04 mm
Bias magnetic field Hois 10 (0% 1)
Magnetic cha‘rge per pnit m 1.3*:0.4
area by primary coil (x10™ T/mm)
Saturate,c\j/I Onwzirrm]zicr field of Hs 90 (x10™ T)
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Fig. 4 Change of sensitivity caused by lift-off
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Fig. 5 Change of sensitivity caused by width of gap
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Table 2 Coefficients of equation for the location of

domain wall
conditions coefficients

Tl g bom | 0 | | G
0.1 -0.163793 | -0.0160738 | 0.214218
0.2 ; -0.17567 |-0.0201017| 0.232663
0.3 -0.187044 | -0.0289062 | 0.254257
04 -0.171013 | -0.0484061 | 0.247154
} 05 -0.0874432 | ~0.0100161 | 0.115834
0.1 1 -0.163793 | -0.0160738 | 0.214218

2 -0.326667 | -0.0304992 | 0.425435
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Table 3 Condition of experiment
item Tsymbol ‘ value
Material of core - Iron powder
Inner diameter of core Dy 19.8 mm
Outer diameter of core Doyr | 33.0 mm
Width of gap W 1.4 mm
Length of gap | 11.5 mm
Depth of gap d 6.6 mm
Lift-off z 0.1 mm
Magnetic field for core by primary coil m 20x107°T
, o 08x10°T
Bias magnetic field Heias LEx 10T
Saturated magnetic field of MO sensor Hs 1.0x10™T
Direct current pass through core Inc [ OA/BA

Table 4 Calculated results for mi using experiment
and equation (1) and (1)’

Hbias & calculated results m;, [mT] difference,
error 0A | 8A [mT]
08 mT -19.5711 -19.5922 0.0211559
16 mT -19.5668 -19.6201 0.0533692

relative err. 0.02209% 0.14235%
difference | 0.0043233mT | 0.02789mT -

Fig. 6 Experimental result in the case of Hpas =

0T, m = 20x10T and /pc=0A(BA)

(@) lpc=0A

(b) Ipc=8A

Fig. 7 Experimental results in the case of Hpus =
08X10™T and m = 20x107°T

(@) loc=0A

) loc=8A

Fig. 8 Experimental results in the case of Huws =
16X10°T and m = 20x10°T
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