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Development of a generator system for renewable energy using soft magnetic
composite core and less permanent magnet

Ishikawa, Takeo
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The development of a power generation system using renewable energy is
necessary for global warming countermeasure. The purpose of this research is to develop a power
generating system with high power, high efficiency and high reliability, which is used in micro
hydro power and/or wind power system. Moreover, it is to save the amount of permanent magnet,
because it is expensive and has bias in the producing country. In order to develop a novel power
generation system, we have developed a method for designing the rotor structure from the empty
space, and have manufactured the desi%ned one. The developed generator has 46 % higher output power
and 2% higher efficiency than those of a commercialized one. Moreover, this research has clarified
the method for the diagnosis of magnet decrease due to high temperature, and has developed the
system with high reliability.
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(measured results) (calculated
results)
Power 38.25W 369.6 W
Efficiency 81.5% 85.2 %
Power density 23.3 kw/m® 219.1 kW/m?
Ratio of power 1.0 941
density
Ratio of 1.0 1.05
efficiency
@ O
9
12— T T 1 T 1
Ll o :Health‘}/
102 R-25%
< R
X ' R-
ML
=6
4_
2_
0005 1 15 2 25 3 35 4
Load torque [N m]
(b)
130_ L L | T T T LI
< 120
& 110
S 100f
g 90
&5 L ]
80 4 :Health(}/ 1
r o R-25% |1
70 "R-5.0%
F x R-7.5% |1
60 1 1 | T | 1
0 05 1 15 2 25 3 35 4

Load torque [N m]

®

®

6
T. Ishikawa, S. Amada, K. Segawa, and
N. Kurita, "Proposal of a Radial- and

Axial-Flux Permanent Magnet
Synchronous Generator", IEEE
Transactions on Magnetics,

Vol. 53, no. 6, 2017, ID:

10.1109/TMAG.2017.2665440

T. Ishikawa, S. Mizuno, and N. Kurita,
"Topology Optimization Method for
Asymmetrical Rotor Using Cluster and

Cleaning Procedure™, IEEE
Transactions on Magnetics, Vol
53, no. 6, 2017, ID:
10.1109/TMAG.2017.2665441

S. Mizuno, T. Ishikawa, N. Kurita,

"Rotor Structure Design of Permanent
Magnet Synchronous Generator by
Topology Optimization Method Using
GA™, International Journal of Applied
Electromagnetics and Mechanics,

vol. 52, no. 3-4, pp. 1453-1460,
2016
T. Ishikawa, S. Mizuno, N. Kurita,
"Characteristics of a Permanent
Magnet Synchronous Machine Designed
by a Topology Optimization Method™, J.

Matr. Sci. Forum, Vol .856,
pp-172-177, 2016
T. Ishikawa, S. Mizuno, N. Kurita,

"Generator Characteristics of an
Interior Permanent Magnet Machine
Designed by a Topology Optimization
with GA Considering Cluster of
Materials™, AEM

Vol.23 No.3 pp.545-550 2015 J. the
Japan Society of Applied
Electromagnetics and  Mechanics,
Vol .23, No.3, pp.545-550,2015

S. Shinagawa, T. Ishikawa, N. Kurita,
"Characteristics of Interior
Permanent Magnet Synchronous Motor
with Imperfect Magnets™, IEE Japan,
Journal of Industry Applications,



vol.4, no.4, pp-346-451, 2015
28

ETG-17-55
2017.3.2

ETG-17-33 2017.3.2

T. Ishikawa, S. Mizuno, N. Kurita,
"Generator Characteristics of an
Interior Permanent Magnet Machine
Designed by a Topology Optimization
with GA Considering Cluster of
Materials™, 25  MAGDA
in
pp-5-10, 2016.11

1PMSM
" 28
2016.9.1

GA

2016.9.1

" 1PMSM
RM16-92,
2016.8.5

" RM16-90,
2016.8.5
T. Ishikawa, S. Amada, K. Segawa, and
N. Kurita, "Proposal of a Radial- and
Axial-Flux Permanent Magnet
Synchronous Generator™, IEEE CEFC
WP041, Miami, 2016.1
T. Ishikawa, S. Mizuno, and N. Kurita,
"Topology Optimization Method for
Asymmetrical Rotor Using Cluster and
Cleaning Procedure™, IEEE CEFC
MPO81, Miami, 2016.1
T. Ishikawa, T. Watanabe, S. Mizuno,
and N. Kurita, "Effect of Cleaning
Level on Topology Optimization of
Permanent Magnet Synchronous
Generator", [1CEMS2016
DS5G-2-13, Chiba Japan, 2016.11.14
T. Ishikawa, "Failure Diagnosis for
Demagnetization in Permanent Magnet
Synchronous  Motor™, 2016  IEEE
PES(Power and Energy) General Meeting

Boston, 2016.7.20

ETG-16-81
2016.3.2
GA
ETG-16-72 2016.3.2
" 24
MAGDA
pp.117-122,
2015.11.12
RM15-161,
pp.23-28, 2015.10.22
"GA

RM-15-082,LD-15-033,HCA-15-035
pp-596
2015.8.6

RM-15-080, LD-15-031,HCA-15-033
pp-47-52 2015.8.6

S. Mizuno, T. Ishikawa, N. Kurita,
"Rotor Structure Design of Permanent
Magnet Synchronous Generator by
Topology Optimization Method Using
GA", The 17th ISEM PS1-29,
2015.9.16

T. Ishikawa, S. Mizuno and N. Kurita,
"Characteristics of a Permanent
Magnet Synchronous Machine Designed
by a Topology Optimization Method",
JAPMED®9 pp.37-38, Sofia,
Bulgaria, 2015.7.6.

" 27
5-046 27 3 24

21 "GA

ETG-15-93 pp.275-277, 2015.3.3



23

24

25

26

27

28

ETG-15-92 pp.273-274,
2015.3.3

ETG-15-88
pp.262-263, 2015.3.3

YPC

2014.8.26

RM-14-061,LD-14-045,HCA-14-032
2014.8.6
"GA

RM-14-059, LD-14-043,HCA-14-030
2014.8.6
T. Ishikawa, S. Mizuno and N. Kurita,
"Generator Characteristics of an
Interior Permanent Magnet Machine
Designed by a Topology Optimization
with GA Considering Cluster of
Materials, 8th Asia-Pacific Symposium
on Applied Electromagnetics and
Mechanics pp-94-95, Taichung,
Taiwan, July, 24 2014,
S. Shinagawa, T. Ishikawa, N. Kurita,
"Characteristics of Interior
Permanent Magnet Synchronous Motor
with Imperfect Magnets"”,
International  Power  Electronics
Conference (IPEC), Hiroshima
19P3-3, 2014.5.19

1
T. Ishikawa, Optimization Algorithms-
Methods and Applications, ISBN
978-953-51-2593-8, Chapter 12,
Topology Optimization Method
Considering Cleaning Procedure and
Ease of Manufacturing, Edited by O.
Baskan, pp. 265-279, 2016.9

0
0

http://ww._el .gunma-u.ac.jp/~takaryu/in
dex.html

o

ISHIKAWA TAKEO

40159695



