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Abstract

Abstract

Magnetoelectric (ME) composites made by combining multi ferroic materials show
not only ferroel ectric-ferromagnetic properties, but also a new effect named ME effect
by the coupling of magnetoconstriction and piezoelectricity. Because of its hign ME
effect at room temperature and many potential applications (e.g. magnetic field
sensors, actuators, transducers, phase shifters, filters and memory device, etc.), ME
composites have recently attracted an ever-increasing interest. In this thesis, we
focused on the preparation and ME effect property of aternary ME composite. What's
more, a miniature ME sensor was designed and manufactured. The research of its
application on the current measurement was carried out.

Similar to ternary phase diagram, a series of Ni/PZT/FeCrCo laminate ME
composites with various compositions were made by gluing method, then their ME
loops were characterized. Using an analysis method on complex plane, we deducted
the Faraday inductive interference signal to get smoother and more symmetrical ME
loops. Compared with binary ME composite structure, ternary ME composite
Ni/PZT/FeCrCo obtained a higher ME coefficient and showed a strange hybrid
phenomenon of hysteresisimplying a significant self-bias effect.

Using Ni/PZT/Ni ME composite, we designed a miniature ME sensor. Based on
static magnetic design, a tunable magnetic circuit providing bias magnetic field for
ME material was designed by finite element simulation and equivalent magnetic
circuit method. The influence of the magnetic circuit’'s parameters on the bias
magnetic field was investigated and the parameters of equivalent magnetic circuit
were approached. A miniature alternating magnetic field sensor with asize as small as
10.8" 10.8" 40mm?® was packaged finally.

The application of prepared miniature aternating magnetic field sensor on the
current’s measurement was researched. A simple test system with a single power line

carrying the current of 0~8A was set up. The linearity of the dependence of the output



Abstract

voltage of sensor on the current was carried on and the linearity was as high as
0.99998, which showed that this miniature magnetoelectric sensor had a high
accuracy. What’s more, under simulation experiment in the current range of 0~740A,
a linearity of 0.99995 was got and the saturation of the sensor did not happen. This
implies that our sensor is suitable for practical power line current measurement. Then,
the interference of three-phase power lines to sensor was analyzed and calculated. The
result shows that the appropriate measuring distance could reduce the interference to
less than 1%. Finadlly, the influence of lead capacitance and instrumental input

impedance on the output signal was investigated.

Key words. Magnetoelectric effect; Magnetoelectric composites, Magnetic circuit;

Magnetoel ectric sensor
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