
RIGHT:

URL:

CITATION:

AUTHOR(S):

ISSUE DATE:

TITLE:

Development of electrical
generator using ferromagnetic
powders and non-magnetic fluid

Shirai, Haruhiko; Mitamura, Hiromichi; Noda,
Takuji; Arai, Nobuaki; Moriya, Kazuyuki

Shirai, Haruhiko ...[et al]. Development of electrical generator using ferromagnetic
powders and non-magnetic fluid. Journal of Physics: Conference Series 2018, 1052(1):
012139.

2018-07

http://hdl.handle.net/2433/236171

Content from this work may be used under the terms of the Creative
Commons Attribution 3.0 licence. Any further distribution of this work
must maintain attribution to the author(s) and the title of the work,
journal citation and DOI. Published under licence by IOP Publishing Ltd.



Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Development of electrical generator using
ferromagnetic powders and non-magnetic fluid
To cite this article: Haruhiko Shirai et al 2018 J. Phys.: Conf. Ser. 1052 012139

 

View the article online for updates and enhancements.

Related content
Vibration energy harvesting with
piezoelectrets and electrets
X. Zhang and G. M. Sessler

-

Plasma spray coating with ferromagnetic
powder by thermo-electric plasma
equipment
A A Khafizov, R I Valiev and Yu I Shakirov

-

Experiment Research on Power
Generation Performance of Double
Piezoelectric Vibration Energy Harvester
Zhijuan Zhanga, Chao Nib and Xiangyu
Zhangc

-

This content was downloaded from IP address 130.54.110.33 on 01/02/2019 at 07:55

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

https://doi.org/10.1088/1742-6596/1052/1/012139
http://iopscience.iop.org/article/10.1088/1742-6596/1052/1/012140
http://iopscience.iop.org/article/10.1088/1742-6596/1052/1/012140
http://iopscience.iop.org/article/10.1088/1757-899X/240/1/012041
http://iopscience.iop.org/article/10.1088/1757-899X/240/1/012041
http://iopscience.iop.org/article/10.1088/1757-899X/240/1/012041
http://iopscience.iop.org/article/10.1088/1757-899X/269/1/012094
http://iopscience.iop.org/article/10.1088/1757-899X/269/1/012094
http://iopscience.iop.org/article/10.1088/1757-899X/269/1/012094
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/126291485/Middle/IOPP/IOPs-Mid-JPCS-pdf/IOPs-Mid-JPCS-pdf.jpg/1?


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890 ‘’“”

PowerMEMS 2017 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1052 (2018) 012139  doi :10.1088/1742-6596/1052/1/012139

 

 

 

 

 

 

Development of electrical generator using ferromagnetic 

powders and non-magnetic fluid 

Haruhiko SHIRAI1, Hiromichi MITAMURA1, Takuji NODA2, Nobuaki 

ARAI3and Kazuyuki MORIYA1 

1Graduate School of Infomatics,Kyoto University, 

 Japan Yoshida-Honmachi, Sakyo-ku, Kyoto, 606-8501,Japan 
2 The Institute of Statistical Mathematics, Tachikawa, Tokyo, 606-8502, Japan 
3 Field Science Education and Research Center, Kyoto University, 

 Japan Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto, 606-8502, Japan 

E-mail: shirai-h@bre.soc.i.kyoto-u.ac.jp 

Abstract. This paper reports a broadband vibration resonance model for vibration energy 

harvesting using ferromagnetic powders and suggested a non-resonance type device model by 

adding a non-magnetic fluid(water) to this device model to support frequencies lower than 10 

Hz. The work builds on a vibration energy harvesting device reported at Mechanical 

Engineering Journal [1].In this study, because the electric generator can convert the 

reciprocating motion into electrical energy without rotary motion by ferromagnetic powders 

and non-magnetic fluid for the naturally occurring kinetic energy that is small such as the 

creature exercise, it may be said that this electricity generator is effective. We suggest that 

using ferromagnetic powders for broadband vibration and non-magnetic fluid for the low-

frequency vibrations as devised in this study could be a breakthrough in solving the technical 

problems that arise in vibration energy harvesting. 

1.Concept 

It is difficult to generate energy from small, low-frequency (0.1–10 Hz) vibrations such as those 

produced by animals or natural phenomena by using the electromagnetic induction method. So far, 

authors have performed some basic study on the development of such a generation system [2, 3]. This 

generation system converts vibrational energy into electric energy using a permanent magnet and a 

pipe, which encloses ferromagnetic powders and non-magnetic fluid (water) (Fig. 1). The 

ferromagnetic powders form spike-shaped aggregates under the influence of the permanent magnet's 

magnetic field. When the pipe is vibrated by an external movement, the motion of these aggregates 

creates electromotive force because of the magnetic field crossing the coil by the right-hand rule. 

     This is a maintenance-free, durable, highly inexpensive generation system without moving parts. In 

this study, we have developed a generation system that is durable, inexpensive, and nearly 

maintenance-free due to removed mechanical parts such as sliding. In this system, a permanent magnet 

is placed outside a pipe filled with ferromagnetic powders and liquid, and electricity is produced by 

electromagnetic induction as a result of vibration of the system. The objective of this study is to 

examine the values of vibrational frequency and the magnetic substance to use and their relations with 

the efficiency of generation. An example of specifications is as follows. The vibration-driven 

generator was fixed to a shaker for the test tube to make it vibrate at  5.6 Hz (respective vibrational 
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acceleration:2.728 G) with an amplitude of 40 mm. The electrical generator generated electricity in 

185mVp-p, 2mA.The generation electricity per volume is 2.16[𝛍𝐖/𝒄𝒎𝟑 ]. Furthermore, we are 

developing an efficient smaller electrical generator. 

 
 Fig. 1   Conceptual diagram of the developed system. Ferromagnetic powders and liquid are enclosed 

in a pipe. The ferromagnetic powders become a spikes-formed lump by the magnetic field of 

an outside permanent magnet.  

 

2.  Characteristic of the electrical generator  

•We made many flexibility system vibration system by using ferromagnetic powders, and broadband 

of the vibration generation s, and broadband of the vibration generation enabled. 

•The structure of the electrical generator is simple.  Thus the electrical generator is adjustable and is 

adaptable itself for environment. 

•We enabled low frequency vibration generation by using a nonmagnetic fluid.  

 

Previously, we performed electromagnetic analysis using computer simulations because we 

conceived that the behavior of the fluid, direction of magnetic induction, and magnetic flux 

substantially contributed to our generator's electricity output. We were able to increase generation 

efficiency by analyzing the magnetic flux distribution of the generator's permanent magnet 

[1].Ferromagnetic powders used in this study are made of iron and iron compounds naturally available 

in our living environment. For example, ferromagnetic powders are included in magnetic tapes and 

groundwater and can harvest infinite, inexpensive energy out of industrial waste. It can be stated that 

this study "is the correct fusion of green energy and ecology.” 
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