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Development of a Current Sensor
Based on a Magnetic Fluid Magnetic Bridge
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Demans for the dc current sensor have been increasing recently. We have developed a hysteresis
free current sensor based on a magnetic bridge by using a magnetic fluid as a core material which is
superparamagnetic and has on magnetic hysteresis. In the experiment, the core size is 42mm in outer
diameter,28mm in inner diameter, 3.5mm in height. The sensor gets saturated at 200 A input currennt,
but hysteresis was not observed in the whole measurement range. In the measurement range of +20 A, the
sensitivity was 0.603 mV/A, the linearity error was £0.7%, and the temperature error characteristic was
-0.2 %/°C at from 0 °C to 30 °C. This hysteresis free current sensor would be useful in energe efficient power

systems for accurate cuurent monitoring, especially dc power distribution systems.
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Fig.1 Dependences of the magnetic flux density B and
the permeability x of a magnetic fluid on the ap-
plied magnetic field H.
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Fig.2 Wheatstone bridge circuit representation of
a magnetic bridge (a) and a basic structure of
a magnetic bridge (b), in which Rm,~Rm, are

magnetic reluctance on the each branch.
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magnetic bridge end face
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Magnetic fluid core

Exciting coil

Fig. 3 Basic form of a current sense. A magnetic bridge

consists of a ring shaped plastic case in which
magnetic fluid is filled. Vertical segments have a
hole inside where magnetic fluid is filled too. An
excitation coil is wound on a vertical segment and
a sensing coil is wound toroidally on the ring.
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(a) (b)

Fig. 4 Model of magnetic flux density response of the
each branch of a magnetic bridge. No input
current in (a) and an input current causing Hx
field present in (b). Addition of B; and B, gives a
signal.
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Ripple of output
magnetic flux.
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Fig.5 Bgoypr vs He curves (transfer curves) of the current

sensor. The exciting magnetic field produces the
second harmonic component of the magnetic flux
to the sensing coil. The phase of the second har-
monic component is reversed when the sign of the

current is reversed.
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Fig. 6 Structure of a ring-shape plastic case used as a
container of magnetic fluid. (a) shows a central
section, and top and bottom cover. (b) shows a
detail of the central section. (¢) shows magnetic
fluid. (d) sensing coil is wound.
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Fig. 7 Experimental set-up.
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Table 1 Measurement result of hysteresis.
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Fig. 8 Input output characteristics for a large input

current.
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Fig. 9 Input output characteristics of practical range.

*1.0
05 %
— hd 0e%c0®,0
=i 0 '. L ®e0e0
~§ Q.... . ‘o..
L]
3»0.5 ’....'0' e
£10
=20 -10 0 10 20

Input current Ix [A] >

Fig. 10 Linearity error which is calculated from the data
in Fig. 9. Full scale is 20 A in this evaluation.
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Fig. 11 Temperature dependence of the sensitivity
error. The sensitivity error is percentage
divination from the sensitivity at 30 degree
C. Six cases (10, 20, 30, 40, 50, 60 A input)

are plotted, as shown in the inset.
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