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Development of physical and phenomenological models of stress-dependent vector
magnetic properties of core materials for electric machins
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[1. Development of measuring technique of stress-dependent vector magnetic
property] A pair of piezoelectric films is attached to a circular sample of silicon steel sheet in
tne rotational single sheet tester, wherein the film shrinks to exert compressive stress on the
sheet.

[2. Improvements of domain model] The magnetostatic computation is simplified for a fast
magnetization analysis under mechanical stress without loss of prediction accuracy. Using the
identification method of vector play model, the pinning-field distribution in the domain model is
identified from measured BH loops under the stress-free condition.

[3. Study of equivalent stress theory] Equivalent stress models are numerically tested to predict
the stress-dependent magnetic property from a unidirectional measurement.



26 28

1

( 2
(
10°m

S e e P U
FI=t—1=I| | g5

] : : : l EVESIIRE— | 15am
A R IR B A <ti/ 103 m

?%Etﬂ/
(HEM{LHRREETT )
1 (

4
35
= 3}
o) £
Magnetic RAM E 25
GMR TMR 2
) 8
=15
0.5
0

@

@)

3@

@

02 04 06 08 1

B(M

I I
12 14 16



D

( 3 /
( 4
@)
mmﬁrﬁy
EEI1LL
I ¥apac!
¥
3
(©)
D

o -
A = O
\@j |

0 L
i

0.5 d

1t 1
15 OMPa — |

‘ ‘ ‘ ‘ -40MP§
2 000 -500 0 500 1000
H(A/m)
0.2mm



@)

@

BH

0 MPa: computation time (s) -40 MPa: computation time (s)

10000
8000

6000
2000
0 . l - =
17 157 17 157

B diploe-dipole  Windependent H diploe-dipole  Windependent

(b) 40MPa

dipole-dipole: independent:



600

Ln
=
(=]

I
S
=)

(I/m3)

(%]
(=1
(=}

=3
(=3
(=]

hysteresis loss

=
=1

T

T
P
1
(@) P)
By —
measured =======

©)

250

—

200

increase in reluctivity (m/F

(b) hysteresis loss (J/m?3)
650
600
550 —8— measured
-—
'\\\\ 00 —e—P1
450 P2

P3

N -
W ———————— ¢

200

156
-40 220 0
mechanical stress (MPa)

(b)

20 40 60

1 () 15T

“ measured Odeg.
measured 45deg.
simulated Odeg.
simulated 45deg.c,
sirrllulated 45ficg.62(6.(|))

2 4 6 8
equivalent stress (MPa)



Matsuo Tetsuji, Takahashi Yasuhito, Fujiwara Koji 499

Pinning field representation using play hysterons for stress-dependent domain-structure model 2020

Journal of Magnetism and Magnetic Materials 166303
DOl

10.1016/j . jmmm.2019.166303

Nishikubo Atsushi Ito Shumpei Mifune Takeshi Matsuo Tetsuji Kaido Chikara Takahashi 8

Yasuhito Fujiwara Koji

Efficient multiscale magnetic-domain analysis of iron-core material under mechanical stress 2018

AIP Advances 56617
DOl

10.1063/1.5007005

Tejima Shogo Ito Shumpei Mifune Takeshi Matsuo Tetsuji Nakai Tomoo 53

Partially Implicit Method for Fast Magnetization Analysis Using Assembled Domain Structure 2017

Model

IEEE Transactions on Magnetics 1 4
DOl

10.1109/TMAG.2017.2661338

Ito Shumpei Mifune Takeshi Matsuo Tetsuji Kaido Chikara Takahashi Yasuhito Fujiwara Koji 137

Magnetomechanically Coupled Domain Model of Electrical Steel Sheet for Electric Machine Core 2017

B 736-741

DOl

10.1541/ieejpes.137.736




Ito Shumpei Mifune Takeshi Matsuo Tetsuji Kaido Chikara Takahashi Yasuhito Fujiwara Koji 8

Simulation of the stress dependence of hysteresis loss using an energy-based domain model 2018

AIP Advances 47501
DOI

10.1063/1.4993661

Ito Shumpei Mifune Takeshi Matsuo Tetsuji Kaido Chikara Takahashi Yasuhito Fujiwara Koji 138

Domain Structure Model Including Pinning Effect Based on the Statistical Density Function 2018

A 71-75

DOI

10.1541/ieejfms.138.71

10 1 6

T. Matsuo, Y. Nishimura, Y. Mishima, T. Mifune, Y. Takahashi, K. Fujiwara

Pinning Field Modeling Using Stop Hysterons for Multi-domain Particle Model

22th Conference on Computation of Electromagnetic Fields, Paris, France

2019

T. Matsuo, Y. Takahashi, K. Fujiwara

Pinning Field Model Using Play Hysterons for Stress-Dependent Domain-Structure Model

24th Soft Magnetic Materials Conference, Poznan, Poland

2019




2020

, SA-18-074/RM-18-093

2018

Y. Nishimura, T. Hattori, T. Mifune, T. Matsuo

Efficient Magnetization Analysis of Silicon Steel Using Magnetically Independent Particles

18th Biennial IEEE Conference on Electromagnetic Field Computation, Hangzhou, China

2018

MAG-17-123

2017




S Ito, T. Mifune, T. Matsuo, C. Kaido, Y. Takahashi, K. Fujiwara

Simulation of Stress Dependence of Hysteresis Loss using an Energy-Based Domain Model

23th Soft Magnetic Materials Conference, Sevilla, Spain, P3-31

2017

T. Matsuo

Energy-Based Multiscale Modeling of Magnetic Material

JSST 2017 Intl. Conf. Simulation Technology, Symposium on Numerical Simulation and Visual Analytics of Nonlinear Problems,
Session 14

2017

A. Nishikubo, S. Ito, T. Mifune, T. Matsuo, C. Kaido, Y. Takahashi, K. Fujiwara

Efficient Multiscale Magnetic-Domain Analysis of Iron-Core Material under Mechanical Stress

62th Annual Conference on Magnetism and Magnetic Materials, Pittsburgh, U.S.A., BU-03, 2017

2017

MAG-17-190

2017




(Fujiwara Koji)

(20190093)

(34310)




