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Wavelet analysis of the magnetic flux distributions in magnetic tilt sensor

Yoshihisa Senoo, Hisashi Endo, Seiji Hayano and Yoshifuru Saito
(Graduate School of Engineering, Hosei University)

Abstract

To exploit a small, lightweight and low power consumption magnetic tilt sensor having high and wide-range
sensibility, we have examined various factors constructing the magnetic tilt sensor. For example, materials, shape,
operating principle and so on. At first, we have examined a dependency of the materials to the sensibility and range
concerning with an exploited tilt sensor. Second, we have examined a theoretical background of the operational
characteristics of the magnetic sensor by means of the finite elements method. As a result, we have found a
deterministic difference in the sensibility as well as dynamic detection range, which depends on a material
combination. Namely, a combination of the magnetic fluid and glass ball has yielded a wider dynamic detection
range with a relatively higher sensibility. The permeability of magnetic fluid is relatively small compared those of
the other ferromagnetic materials so that a global magnetic field distribution change caused by a movement of
glass ball is larger than those of the ferromagnetic materials.

In the present paper, after extracting the magnetic flux distribution that reflects to the sensor signal, we apply
the wavelet transform to this magnetic flux distribution in order to find the dominant magnetic flux distribution. It
is found that a combination of the finite element solutions with wavelet transform is an effective and useful
approach to evaluate the characteristics of the magnetic field distributions, which depend on the combination of the

materials.
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Fig.1 Schematic diagram of the tested sensor.
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Fig.2 Frequency characteristic of the sensors.
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Fig.3 Sensibility of the sensor.
(a): an iron ball and air; and (b): an iron ball and
magnetic fluid.
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Fig.4 Sensibility of the sensor constructed by a
combination of glass ball and magnetic fluid.
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Fig.5. Oscillograms of the current and terminal voltage
of a tested sensor.
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Table1. Global characteristics depending on the
materials.
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Fig.6 Magnetic flux distributions by the simulation.
(a1) Combination of an iron ball and air.

(a2) Combination of an iron ball and magnetic fluid.
(a3) Combination of a glass ball and magnetic fluid.
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Fig.7 Magnetic flux distributions when sensor is
constructed by an iron or glass ball having a diameter
10mm.

(b1) Combination of an iron ball and air,

{(b2) Combination of an iron ball and magnetic fluid.
(b3) Combination of a glass ball and magnetic fluid.

(c) .

Fig.8 Magnetic flux distributions when sensor is
constructed by an iron or glass ball having a diameter
20mm.

(c1) Combination of an iron ball and air.

(c2) Combination of an iron ball and magnetic fluid.
(c3) Combination of a glass ball and magnetic fluid.
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Fig.9 Impedance change when the diameter of the ball
is changed.
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Fig.10 Wavelet spectrums of the sensors.
(d1) Combination of an iron ball and air.
(d2) Combination of an iron ball and magnetic fluid.
(d3) Combination of a glass ball and magnetic fluid.
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Fig.12 Amplitude change when diameter of the ball is
changed. )
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