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Characteristics of Miniature Energy Harvester using Magnetostrictive Material
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We propose energy- harvesting device using an iron- gallium alloy (Galfenol), which is capable of generating
electrical energy from ambient vibrations. The device consists of two beams of Galfenol combined with iron yokes,
coils, and a bias magnet. A bending force applied at the tip of the cantilever yields a flux increase due to tensile stress
in one beam, and a flux decreases in the other due to compression. The time variations of the flux generate a voltage
on the wound coils. This energy harvesting technology has advantages over conventional types, such as those using
piezoelectric materials, with respect to size, and efficiency, and it is extremely robust and has low electrical impedance.
In addition, the structure using two beams only needs low mechanical force to provide sufficient stress to change the
magnetization. A miniature prototype using 1.0 mm x 0.5 mm by 10 mm beams of stress-annealed Galfenol with a
312- turn coil was fabricated, and we tested and verified that a maximum power of 2.0 mW at a forced vibration of
frequency of 395 Hz was achieved. The energy conversion efficiency measured by free vibration was observed at

more than 15 %.
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Side view back yoke Magnet

Fig.1 Configuration of device.

Plate 1 compression (flux decrease) Bending force

Plate 2 tension (flux increase) i) omitted

Fig. 2 Principle (top: forces applied to Galfenol plates
by bending force, bottom: energy generation by vibration).
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Fig. 4 Conventional magnetostrictive energy harvester.
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Fig. 5 Deformation of device with bending force of 1N
exerted on the mover, results of FEM: X axis displacement
(a) and Y axis (longitudinal) stress distribution (b).
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Fig. 6 Decrease in flux density due to compressive stress
with parameter of constant magnetic field.
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Fig. 7 Equivalent electrical circuit (left : piezoelectric
material and electret, and right : magnetostrictive).
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_Fig. 9 Dimensions (top) and experimental setup (bottom).
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