T. Magn. Soc. Jpn. (Special Issues)., 6, 15-19 (2022)

AEEEES R Z AV RBEEOERR

<Paper>

Study on vibration power generation using ferromagnetic superelastic alloy
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As a novel method of vibration power generation, we propose a mechanism that utilizes the stress-induced
phase transformation of ferromagnetic superelastic alloys. Since the parent phase of Fe-Mn-Al-Ni alloy is
ferromagnetic and the martensite phase is antiferromagnetic, there is a possibility that the magnetic changes
associated with phase transformation can be converted into electric power by electromagnetic induction. Therefore,
the characteristics of Fe-Mn-Al-Ni alloy were measured with and without stress. It was confirmed that the magnetic
flux density decreased when a compressive stress of about 450 MPa was applied to the sample but returned to the
original state by unloading. In the observed microstructure, martensite appeared when a compressive stress of about
450 MPa was applied to the parent phase, but disappeared when unloaded, and a reversible change confirmed that
the phase returned to the parent phase again. An analysis of the martensite phase fraction revealed that a
magnetization change was obtained in accordance with the phase fraction. EBSD measurements also identified the
crystal structure as bee in the parent phase and fec for the surface undulations caused by strain. From these results, it
was clarified that the phase transformation occurs due to stress.
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Table 1 Characteristics of each ferromagnetic superelastic alloy.

Alloy Processability Magnetization of Magnetization of Strain
parent phase martensite phase mechanism
(emu/g) (emu/g)
Ni-Mn-Ga? X 47 58 Twin deformation
Co-Ni-AlY A ~34 35~40 Twin deformation
Ni-Co-Mn-In® X ~100 ~0 Magnetic
field-invited
transformation
(metamagnetic)
Fe-Mn-Al-Ni? O ~70 ~0 Magnetic
field-invited
transformation
(metamagnetic)
Pickup coil Compressive stress Compressive stress

Fe-Mn-Al-Ni alldy

Pickup coil
(for differential)/
Pickup coil

Fig. 2 Jig for applying compressive stress.
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Fig. 3 Stress application jig for surface observation.
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Fig. 4 Changes of B-H curve under applied compressive
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Fig. 5 State of Fe-35Mn-16Al-7.5Ni alloy surface with

and without compressive stress.

Fig. 6 Reversible change in stress-induced phase transformation of Fe-35Mn-16Al-7.5Ni alloys.
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Fig. 7 Image analysis with optical microscope.
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Fig. 8 SEM image of Fe-35Mn-16Al-
7.5Ni alloy surface.
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