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Axial length 1700 mMm  oiotor (ST):ip,  Ouwvtpower 12.8MW
- Input rotational speed 7.81rpm
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Arxial length 1700 mm
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Inner rotor (HSR) pole-pairsip, 65
Stator polepaireip, 521
W Number of pole-pieces LSR):p, 586
W Gearratio 2.02
Core material

| Pole-piece material
! Magnet material

Inner rotor:py,
(High speed rotor:HSR)

50A270

Sintered Nd-Fe-B

® 9600 mm

Fig. 1. Specifications of a large-scale flux-modulated-type
magnetic gear.
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Fig. 2. Two-pole-pair model of the magnetic gear and the
enlarged view at the edge.
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Fig. 3 Air gap flux density waveforms and their harmonic
components (left: inner gap, right: outer gap).
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Outside diameter (mm) 150
Inner air gap length (mm) 2
1\ Outer air gap length (mm) 1
Stack length (mm) 25
Pole pairs of inner rotor pi, 3
Pole pairs of outer rotor por 31
Gear ratio Gy 10.33

Fig. 1. Specifications of magnetic gear.
_,| nner —\/V\— Outer E
T, (| rotor Nonlinear rotor
: magnetic spring i Damper
-—-fﬁ sin( P, 0, + Poulye) D
E n Yout
Jimn Inertia of inner rotor (kg'mz) 0.025
Jow Tnertia of outer rotor (kg'm?) 2.5
D Damping coefficient (N-m/(deg/s)) 2
Twar  Stall torque of magnetic gear (N'm) 20
&» Mech. angle of inner rotor (deg.) Variable
@ Mech. angle of outer rotor (deg.) Variable

Fig. 2. Configuration of the two-inertia system.
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Fig. 3. Frequency response characteristics of torque

ripple.
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Front view Side view

Cut-core| Primary DC 1220 turns

winding 0.460 Q

Secondary AC 2 238 turns

133 winding 0.500
Rated Voltage 1200V
Frequency 150 Hz

Rated capacity 1 3kVA
Core Material 1 35H300

l 81
\ Control Current  : -18Ato 18A
Laminated-core

i)

i35 46 ' 35 357 46 '35

I 116 116 [mm]
Fig. 1 Specifications of 3 kVVA orthogonal-core-type variable
inductor with permanent magnets.

Neodymium sintered magnet (N-42SH
Coercivity: H, = 907 kA/m
Residual flux density : B. = 1.21T

<Side View>

<Bottom View>

(b) 3D unit magnetic circuit
Fig. 2 Three-dimensional RNA model of orthogonal-core-type
variable inductor with permanent magnets.

Fig. 3 Eddy current circuit model.
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Fig. 4 Iron loss characteristics of the orthogonal-core-type
variable inductor with permanent magnets.
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Fig. 1 Specifications of an axial-flux SR motor.

iu,v,w iu,v,w
. i
D ?ate v Motor |—]
Contwllery] signal |Comverter] " uvw model Torque
T model model Tuvw | position [
Fig.3 Comvent
a (7] 2]

Fig. 2 Simulation model for the axial-flux SR motor.
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Fig. 3 Motor model considering magnetic interaction.
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Fig. 4 Comparison of the speed-torque characteristics.
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Fig. 5 Comparison of current waveforms.
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Maximization of weight-torque density of axial flux type switched reluctance motor using Quasi-3D analysis
Hiiro Abe, Hiroki Goto (Utsunomiya University)
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Motor diameter | 261.1 mm
Axial length 61 mm
Air gap 0.8 mm
Magnet length 5 mm
Core material | 35H300
Nur_nber of 100
windings/pole
‘Winding 1Q
resistance/phase

Fig. 1. Specifications of a variable flux memory motor.

Fig. 2. Schematic diagram of RNA model for one slot of the
variable flux memory motor.
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Winding current (Arms)

Fig. 3. Calculated current versus torque characteristics.
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Fig. 4. Calculated torque waveforms when the magnetization of
variable magnets is dynamically changed.

— 175 —



26pA - 7 HASTE B ARREACE LS REE (2020)
2ot ) =7 T V%ﬁﬁb\fJ?ﬂE‘/JwI/ﬂwy T PM T — & D
% WX E Baﬁ_é*ﬁnj‘
PIVEERE, PRHE ., * LM, *AFER, it

GRAL KR, * Yo ~—FR—T 1 v 7 ARk4h)
Optimum Design of Axial-Flux-type PM Motors by using 2D Linear Model
Koshi Yaginuma, Kenji Nakamura, *Yusuke Ueda, *Yuto Kimura, *Takeshi Hara
(Tohoku University, *Yanmar Holdings Co., Ltd.)

XL ®HIC
7%ka¥¥y7ﬂ%—&ibw7%iﬁﬁ%
WIRIE L 72N e, ERURICERITH Y, I

E&Eéhfméottb,%~&%ﬁﬂmﬁﬁm
—RR TR W=, 3 WL IS AL 720, KR
hR B O —ECEEH T LT RN EE W
Tolcm R « SFEORBI R 2R AE T 5, Z
ITCARTIE, THxRVYALEFYyy SRE—2D 3R
JTEETNE 2 RTLY =TT IVICERTDHZ LT,
FEHB R Bk s HEIZ DWW TIRET 21T o 72,

FEIILXey TRHE—LZDD Y =ZF7ETI
Fig. 1 12, &L %ka#y%w¥¥y7ﬂﬁR
v (PM) E—X Ok RY, Fig. 212, L
722D V=TT NERT, 2T, FARFORIE
Fig. 1 (TR LTZERZER THY, ZOH k%ﬂ%hlm
FONEB LONERO M THENTZ 2 DOmENE

L b R&L Lz, 72, 2DV =T ET VO z ¥l
FEOFE S, BHEFABOWEREN 3D 7L e —#
T AHEE Lz, 723, FEM OfEHTIZ 1 IMAG-Designer
ver. 23.0 Z A 7=,

Fig. 312, 2D V=77 VE MW THE L7=EIR
BEERE MV R R RS, TORERSE, 2D U =
TETINE 3D T AOFHEMITBBLE LT
WAHZ EDBDIND,

W\NT, Fig. 4 IR T 4 DOHEEBRGAESE LT,
2D Y =TT NVE AW CEREEORR 21T - 72,
TITIE, M7 EREORRLEBEEE T 5%
H & mMTwZJXA (GA) M=,

Table 112, B LRTZEOET LO~HEL B ML
U want, £ O 0, GA THE LN FEE T
WT 3D EFVTHEELERK MVY ZRFEPITR
T, ZORERDE, 2DV =T ETIILTHEE Lk
KEAVZE, 3D ETVOMRERE 5S%LINT LT
BY, 2D V=T ET M X DEERFOFRAMENT
N5,

Target power (kW) 25
Target torque (N*m) 100
Max speed (rpm) 3000
No. of poles / slot 16/18
Magnet material Nd-Fe-B

M IL Material of iron core ~ 35A230

Fig. 1. Specifications of an axial-flux-type PM motor.

nR

z! g

Fig. 2. 2D linear model of the axial-flux-type PM motor.

120 —0-2D linear model
100 + —0—-3D-model

Torque (N*m)
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0 5 10 15
Current density (A,,,/mm?)
Fig. 3. Current density versus torque characteristics.

Magnet Rotor core | Parameters (mm) Variable
..... name
a
Rotor back-yoke

. a

thickness

Stator
core 50 | Magnet thickness b
<. mm
Coil width c
//

Coll §4 Stator back-yoke d

thickness

Fig. 4. Parameters to be optimized in the 2D linear model.

Table 1 Comparison of the initial and optimum models, and the
maximum torques calculated by the 2D linear and 3D models.

Initial model Optimum model

$ 6 mm i 5.0 mm
8. le -
6mm 5.8 mm
Max . torque | 2D 103.0 107.5
(N-m) |3D 99.3 105.3
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Fig. 112, B2ICHW=7 U % —a— X FR £ —
X DFETLERT, IMESHEIREA O/ BV HA v
ARA—/SRE—HLELL LT,

Fig. 2 |2, [AlHs{-HliE bk O E 2 md, [alfis 1
MLy 1%, [EEEFRE > F 0, (deg.) & [FIHEF-HRIE 6,
(deg)ZE HWT, WA TERT D,
r=6,/0, (0<y<I) (1)
L7eMRo>T, y=0.5 DL X[EHET-ORE & Ao b
BN L 2D,

Fig. 3 (2, FBHRFRRiEL & MLy OEGRERT,
ZOLEXOEREREEILL2 A/mm? THDH, ZD
K& R 25 &, [EE7-AE 7Y 0.33 11 C hLv o A3
RIZRDHZ EWnbnd, vk, Z0L EEEF O
fEEAmy MEOKIT1:2 THD,

(B85 F D FGE & A =y MESE L W—Z ey =
0.5 IZxF LT, £ &b biE» ey 033 2T
VI BRI S T2 B IZ DWW TE LT 5, Fig. 4(a)
Dy=05 D& ZTOHAMXZE /D L, [EHRF-FRD B
BT DEE A 72 N E SHBROB A ABLR)
WERE SN TS Z ERnbnsd, —J, RKDb)Oy=
0.33 DA TIX, [BHEFHRIEAHEE A 2 > ME X
DL, MRERKNAE LT TR, ZOWH, y=
033 f1EC LI BEKRICRoTZEEZZBND,

FRM

Outside diameter (mm)

222

Stack length (mm)

51

|Air gap length  (mm)

1.0

NINo. of stator poles

18

INo. of rotor poles

24

No. of turns/pole

5

Core material

35H300

Magnet material

NMX-S45SH

Fig. 1. Specifications of an outer-rotor-type FR motor.

Rotor pole pitely &,

Rotor slot width

Rotor pole
width: &,
Fig. 2. Definition of the rotor pole width ratio.

45.0
400 | %%,
350 F° %
300 F °
250 F °
20.0
150 ° °
10.0 F °
50 o
0.0 e e
0.00.10.20.304050.60.70.8091.0
Rotor pole width ratio

Torque (N * m)

Fig. 3. Relationship between the rotor pole width ratio
and torque.

A8

(a) y=0.5 (b) »=0.33
Fig. 4. Comparison of flux line diagrams for different
rotor pole width ratios.
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Characteristics of PMSM with Sm;Fe17N3/Fe1sN2> Hybrid Bonded Magnet

I. Cirozlar!, S. Murakami', K. Nakamura!, T. Ogawa'??,

S. Yamamoto??, N. Kobayashi?, H. Yamamoto?

(‘Tohoku University, *Future Materialz Co. Ltd., *Sankei Giken Kogyo Co., Ltd.)

Introduction

This paper investigates the potential of a permanent
magnet synchronous motor (PMSM) employing a novel
SmzFei17Ns/FeisN2  hybrid bonded magnet. Three-
dimensional finite element method (3D-FEM) and
prototype tests are conducted to evaluate the torque and
efficiency of the novel PMSM.

Characteristics of PMSM with Sm-Fe-N/Fe-N hybrid
bonded magnet

Fig. 1 illustrates the geometric structure of a prototype
PMSM. It is a
concentrated-winding, surface permanent magnet motor.

three-phase, four-pole, six-slot,
The motor diameter is 54 mm. The stack lengths of the
stator and rotor are 16 mm and 19.5 mm, respectively. The
core material is non-oriented silicon steel with a thickness
of 0.35 mm. The magnet is a novel SmoFei7Ns/FeisN2
hybrid bonded magnet with a residual flux density of 0.53
T and a coercive force of 280 kA/m. Fig. 2 presents the
parts of the prototype PMSM.

Fig. 3 shows the experimental setup. The prototype
PMSM is driven by the three-phase PWM inverter with
sensorless current vector control. The current phase angle
is kept constant at 0 deg. The electrical input power,
voltages, and currents are measured by the power analyzer,
while the mechanical output power, rotational speed, and
torque are detected by the motor analyzer.

Fig. 4 indicates the current density versus torque of the
prototype PMSM. It can be understood from the figure
that the prototype PMSM achieves the designed torque.

Fig. 5 represents the efficiency of the prototype

PMSM. The measured maximum efficiency is about 89%.

16 mm

54 mm

——
19.5mm '

Fig. 1 Geometric structure of a prototype PMSM.

Fig. 2 Parts of the prototype PMSM (outer case, stator,
rotor and shaft, outer case, from left to right).

Motor 7oy
Analyzer .

Fig.3 Experimental setup.

Torque (MN-m)

0 2 4 6 8 10 12
Current density (A/mm3)

Fig.4 Current density vs. torque of the prototype PMSM.

100 T
901 0000000
S o
g o
& 80 1
c
2 C
é 70{fo0 ——FEM
i C

O Meas.

0 50 100 150 200 250
Torque (mN-m)

D
o

Fig. 5 Efficiency of the prototype PMSM.
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7274 MEGEMRA LR A MEE
T UE—a—ZE PM E—Z D L7 IREMERICEET B et

IR
(K R7F2)
Reduction of Torque Ripple for Outer-Rotor-type Segment PM motor with Ferrite Magnet
S.Sakurai
(Akita University)

[ZLHIC

TIVET Ru— 3z RO R 3K B 72 S IRER e
AR TRA SN TERER, S%I1IWiK, SfikET
DIERPHIFFENTVWD, I Fe—rHE—
ZNLBERERE A & 7 — AREITR Y (T 7o Rl A 8
(SPM) 2@EHIND, —FH, Ny 7 Id—J L AD
7o D, BERHEAT DOREH 2 FNFIH TE Ty,
UKL, B A & (Segment PM) ##Ei&E VT
WA RO E B IICRE T 5 2 & T, R ER
DN Z B D728, BEfka 2 AR Tx 5,
Lo, b2 RENAY SPM X 0 HI K L, Héfk o &5k
I CAR &b, ARETITEZ A MEED ML
7 RENSGE IZ DWW TR L7 D TS 1%,

Segment PM E—42 M b ILY R

Fig. 1 IZ Segment PM &— % O/ A2 /~k$, 14 ik
12 A1y b CEMKHEE 8krpm, EM M2 02Nm
Thsb, ELLLEBMITET I TEY, [FX
(@IIFEREB A OB TEMADORE ZFFRLCTH S,
SHUTHRE L, RGBSR & 7 = T A MRS
REICEE SN, 774 MEaITEfERa Lo K
ELLTWD, ZHIZK Y, R fafdE s & i,
Kelfs - HC R D ML 7 WA RAE L, IRENMEI
DR TE D, oD MLy Rk E FIRER LS
HAWT, HE - gL,

Fig. 2 & MV K273, Rl (a) D B iR &t
M ZEERTRT LS, 7254 MEREFALT
EBEREE A D ED R L2 b b, (R EREE
WZBTH MR 2EICE EEoTWD, F
7o, RGO M7 EEE RS &, R RhEb
WhE< e VBRI TEIZEEBTE D,
—77, BfMEEZARE Lo mEREIAIRC 7 = F A b
Wt OB ANBE T DN -T2, A%, 7=
T4 MEgEAORERBSEE &b, S5R5EEIb
IZOWTHRET L T <,

N s
(a) Ndonly (b) Nd & Ferrite

Fig. 1 Schematic diagram of segment PM motor

0.4

——Nd only
0.3 || =X—Nd & Ferrite

02 = === = =
0.1 X

Torque (N-m)

0 5 . 1o
Current density (A/mm?)

(@) Current density vs torque

o
w

----- Nd only
Nd & Ferrite

o
)
ol

A'\'r‘rlt\’l“
o N AN LA :“l‘\ no\

LY VA v YRRV AN U

Torgeu (N-m)
o
- O
(2] N

0.1

0 10 20 30 40 50
Mechanical angle (deg)

(b) Waveform of toruge at 0.2 N-m

Fig. 2 Comparison of torque characteristics

L 2PN
1) BRI R, A ARBERUE i SRR 5,6,69 (2022)
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BRI 7 T v IV AAAL v TF v TH—X|ZEBITD

i AR ISIE U 7o B oD

/NATER,

TR g s

(FABE KT

Examination of the number of poles for higher power in Wound field Flux Switching Motor

with Segmental Rotors
Y. Koishi, H. Goto
(Utsunomiya University)

[FL®HIC

WL T 7 — ARA Offiks =l & E IR T O 5%
B LT, BRAME T 7 v 7 AAL v F U T E
—% (WFFSM) DREAIZIFZES N TS D, JicsE
FOIX, BEORL DT A b —Z WFFSM
DEFE— "V 7 BPEIZOW T HRE 21T o 72 2
ARETIE, ORI B A L buo— 4R
WFFSM (2B W T, EiitB X OELEOHIREZEE L
TR DI O W TR 21T - T2,

BT ETIL &R

Fig. | IZBNTET VAR LTS, JICEE LR
F L= s A ho—&R WEFSM? % A58 O fif
MreET/LELTEHLTWS, BEEFERIE, B
B Rl— &> TWN D,

Tablel |ZfEATOfEEEZ R L T D, EE, Fx v
TR, a TR, BRI L 5T LT\ 5,
72, BIEHIFRM 100V, EFfENME LR 2.83A (10
A/mm?) DM CREVERRIT 21T 5 7=,

H OB LR

Fig.2 (2, Wm0 fE — My o Bk, S — 1)
L N PRGN sﬁwiﬁiﬁﬁﬂmmmif
&K RV2 215 Nm 23 &4, BARHE X 2900
pm L7 o7, —J7, 6 MEIZFLEHE Y 500 rpm,
R MLVZ B3 1.73Nm & 720, FREHEE X 1400 rpm
Llpotz, iz, SHEOLA, HIEHE 400 rpm &
THRAKMVZ 240 Nm N—ETHY, RAKEEIX
2400tpm &7 o7=, LLEX D, (EEHBENEL T 8 Mk
DRV BRERBRELRY, mEEKTE S o
M BERBRELSRD I ENDOND,

Fig2 £V, 5 MIEEIEsEE O AN H A
BN, [BI#EREEE 1700 rpm THAH A 231 W &
BT ERNbND, Fiz, [BESEE S 1700 rpm & B
ZDEHAPETFL TN Z EBbnd, —5, 66
FE D e K H DX EIHREE 600 rppm T92.0 W 720,
[E]HATHE 2 600 rpm 7> 5 _FIF 2 & A5 ) A
LTV Z ERXbnd, £, SBEDLE, [MliziR
FE 800 rpm 725 1400 rpm £ THAMIIE —E & 72
0, RRHINZIS5W E7p oz,

P bofER Ly, 5 BEAmEIcEL T D
EEZLND,

L Z &N

1) C. E. Abunike, et al.,
pp.110910-110942, 2023.
2) /INARER M, EFFE, MAG-22-099/MD-22-

in [EEE Access, vol.11,

117/LD-22-070, 2022.

(¢) 8poles
Fig. 1 Structure of analysis model.
Table 1  Analysis constraints.
Outer diameter of stator 118 mm
Iron stack length 40 mm
Airgap length 0.3 mm
Number of turns/pole 202 turns
DC side voltage 100 V
Max. current RMS 2.83A

Torque : —5 poles —6 poles —8 poles
Power : ---5 poles ---6 poles ---8 poles
3 250

1)
=3
S

Torque (Nm)
g 2
Power (W)

w
S

0
0 500 1000 1500 2000 2500 3000 3500
Motor speed (rpm)

Fig.2 Motor speed — torque and power characterristics.
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Sm-Fe-N 7~ > RéA 2 W= 5 H — B IPMSM O B Z&

EHBE !, HHEEIL 2 RERRIRZ, IIARRAE!, B2
(RE LI, KRS
Development of Injection Molded IPMSM with Sm-Fe-N Bonded Magnets
R. Yoshida !, Y. Yoshida?, T. Uwano?, M. Yamamoto', K. Tajima'
(Nichia corporation', Akita Univercity?)

[FLBHIC

VAR, BEL~DT 7 h OB TRAMEIORE
DA U722 &1 XV Nd-Fe-B BEAERBLA (Z A0 72 A
+¥505E Nd, Dy OEJFRBENEZMEL 0D, o
OEJRY A7 AR AE7e ki & L CRTIA 5T
FTH D Sm & 7= Sm-Fe-N B A7EH ST
5. FFE B, Sm-Fe-N Ry Rief 2 AW EA 1
7 ) —OHAMAREYE—% (IPMSM) OfREt
17> TV, Nd-Fe-B Jefiia 2 H\ioE—#IT
VL2 bV BT D Z L&, AIREHRELH
WEEHBICEYWRLE V. KFETIE, #%21T5%
IPMSM % /E L, ARFRERIEORIBME L LT, &
AMREOBEELZHE LRz rm7.
LRSS UEERER

Fig. 1 {2257 % Sm-Fe-N R FiEA 2 A L7-
IPMSM OE&— & Wi &~ 7. i 3 D1 D% B
W Br 5 X OMERS ) He 18, 0.86 T, 645kA/m T
b5, AREFRIEICTHE L M2 ITEROHEM
WX LTI T L TRV, HKEF20A, &
TEATARAS 0° (=HK MV 7) [ZBiFD M7 ig,
325Nm Th-o7-.

Fig. 2 (ZHHH— R & 0 /ERL L 72 Sm-Fe-N 7R
v RWAZ AWz IPMSM O u—# Zord. BIEL
7o v — X 3RO TR 97%, ELIRIERDN 95% T -
7.

Fig. 3 (Z[A#E3EFE A 1000 rpm (2331 2 HEA R O
FREEDOWKE 2T, VU RANFREREICT
FHEL7ME, FERPREREEZRL WD, FHEEE
FHNE & el 32 LRI R & LT b Z R
PnD. w7 F oy N MV ICEET D AR R
Mg, FHREL 114V, SEHEMEA 10.8V TH v i
HEBEY DB THoT2, ZDOZEND, FEEIZLD
AakER CHEHEM & FRRED by s 2 HJIAHRET
borrEZLND,

Lth1L, EECTAMRBREZITY, T—X DM F
HERETHTETH D,

Fig. 2 Injection molded Sm-Fe-N bonded magnet
IPMSM rotor. (@ 60-L50mm)

o calece U o calec.V o calee W
—meas. U —meas. V —meas. W

Back EMF (V)
o

0 0.005 0.01 0.015 0.02
Time (s)

Fig. 3 Comparison of back EMF waveforms at the
rotational speed of 1000 rpm.

BE R
D ®E—=E - FEAEL - FHEE - B - 2|
Fr— « INARAE - BBRY, HARBK SRS
7, Vol.8,No. 1, pp.62-66(2024)
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Wik TR SRS EARBNV R E T A ADFRFHRPICBIT S
Jis ) &R D S ATBSR

HRMER - A)BEE - RPT o
(BIEER)
Distribution Relationship between Stress and Magnetic Flux Change
in Cantilever of Inverse Magnetostrictive Electromagnetic Vibration Powered Generator
Yuta Nakamura, Eishi Ishikawa, and Mitsuru Ohtake
(Yokohama Nat. Univ.)

[FLBIT 10T 73A R EOBNRER L LT, REIEESMOFEHAIF STV D, ERGEE 2 F
U7 IRENVIEFEICIE, MeAfm@Eha, W19, TE/AKCERIOBAT X RSO0 H D, ZnbIEZDT A
A AYA RNIE CTC, BB, HE TR R EERE, A VOBKR EBRRRL D, BERELLR
9%, ARLRENWEERERNT, v 7 v X = inbH 7 A — MLV ETORRWY A X TOT A
APRI SN TR, 4HTHE, —RREETAXE LTRSS TWS., ARHETIE, PYmAEIC b
THETHIR & EMORRDISHPMERT D720, @HE, PIHEEZDLRWE S ITHIEMEIARE ST D.

o, ZOBRERRBIEMN T2 L4 BN, EMELAMELZFFOMEZ L TICHA2EDE D1 EL
TREEICT D2 LT, 2= TR FERAR AR E A TR S IR O R 2150 FiEbRE ST
W54, =T, ETEAEBICFACEMEDS LATABEMEI TH->TH, IREBIORLRDIMIHOZ A I
7 CHARZALE LD 56, IRIBITHM L2V, RSN 2 f5L700, TORE, BENELN 2 fFICk0D
L TE D, PSLE O BT TR LDMHRZ(CEB 2RI HE, ML RS T, AR 2 51
RHZENEZOND. o, AFRHLR T, BHEOEEMIZH» > TSP 5720, BLld
WOIEST5m (LTl 2T TREESHMBMKLT, IS EMRSMEHETOILERHDH. £ 2T,

AWFZETIE, RRDWEEORORZFIN L TIE S T5m, £, ORI GEITIH > TR ORRE LA
LA D Z N TE DRAMH = A L 2R L TR EHFROIS] LR OBRZ B 5 Z & 2Rl T,

EREE RS BB L LTHAME Fe-Si i @ @[

(IS HiFs : 30P120), FEREMERTEL L LT Fe-Si BUTHEMRI  resiaoomm = ANAAAN
FRMEANITVY Cu b (JIS Bk : C1100P) % JHv =, 2L C, reneim TRy LN S
BRI BIEHOD Fe-Si 5 LU Cu i filfl S, =A% g -
ATHEGSHL I Licky, B2 4 EOMEEEOR P qoom o oL~ Ja\
AR L 72, BEMIEIE, Fig. 1 1R X 91, (a) Fe-Si(100  /resicoowm S, /X /X
pm) b A /Cu(200 pm) 1 F #, (b) Cu(200 pm) b 1k o A e R
/Fe-Si(100 um) F#, (c) Fe-Si(100 pm) FAR/Cu(100 pm)+ 4 © > ©
[Fe-Si(100 um) T4, (d) Fe-Si(300 um) i Fize L7, % Fesiloomn) ™ NN
72, MO SIBIOMREITZZENZH 50 mm B L 10 mm T / Fe-5i (100 ym) ~7 -

—EL L. LT, REFAOHNS 10mm OWHET o S
EETETHIEICEY, iFbROREIZ L. BEERBKRH L I —— @ ™\ aN

F = A VACIE Fig. 2 (2~ 3 2 FEFE A L 7. Fig. 2(a) & (b) e SRAVAVARVAWVY,
%, i, RIETEHELORITNRZOR S HRICK  Fig.1 Beams. R R E
THMKERIET DO THD. T LT, BORENMIEHE ©[
EOCCHEIREI S, A A OHIRFEF S r R a— " R A A
TTBEELE, ZolE, IREIOMEEIT1S GTEL o L

L, JEMEIAM B OLIRE S E L, 4 100 Hz  C T;A—J T W s
BEChoT-. £, N T AR E~L LKLY 3L b? |2 Phase, p (rad)
EROCCROESFANCHINL, foli7eam iR xappr 70 Ban 0 .

THOTEMNCERR S, B 150e Tho7-. Fig.2 Coils. Fig.3 Waveforms.

KERIER Fig. 3()~ ()T, 4 FEORIZE T 2 BE VORI 2773, (a) & (b) TIX, BMEMEIOLE A
ETFTHIZRsTNDEZ s, MABEDOMMAEN @ T TWD Z & MRFATIL, ZEZEEMRHIT /> T
LD NG, ()T, MAEEKREOERED, RAOZEED 2 512725 Tz, BTN IERMER
BHZ L0 3B STV @icBn T, (o) B IXIZFERORR 277 L7, Fig. 3(e)lZiE, (a)& (b)DREHK
EHEATRE LADLEREEZ 7T, ZOHBIL, B IO EREOZREE Z /R L TR Y, KL TH /= Fe-Si
T, EFETENENMN L CHREENRENAEL, BEICHFG L TWDL I ERBINTE. YHIT, B
FT 72 N DOBERZEALIZOWTHHE L, ST EMROBREE L O 5.

1) T.Ueno and S. Yamada: I[EEE Trans. Magn., 47,2407 (2011).

2) S.Fujieda, S. Suzuki, A. Minato, T. Fukuda, and T. Ueno: [EEE Trans. Magn., 50,2505204 (2014).

3) Z.Yang, K. Nakajima, R. Onodera, T. Tayama, D. Chiba, and F. Narita: Appl. Phys. Lett., 112, 073902 (2018).

4) [[ERZEE, AR, TEITAESE, e —, ARG 4 47 0] A ARR 2 AR E A BEAE, p. 266 (2023).

5) KPIFe, JIHGRR, —ACIERS [38mE4EE ) RiE 2022-086851 / RFBf 2023-174153 (2022).

6) KT, FAER TREERE] K 2024-084029 (2024).
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TEMRAT A bR EAERRET A 2D
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Influence of Local Magnetic Field Applied by Permanent Magnets on the Magnetic Flux Distribution

in Soft Magnetic Beam of Perpendicular Magnetic Field Assisted Electromagnetic Impact Powered Generator

Soh Kamiya, Yuta Nakamura, and Mitsuru Ohtake

(Yokohama Nat. Univ.)

[FLOHICS 10T 731 ADRGHRLE RN, ZOBEMERE LT
IREN/EREENER SN TW5 . BH AR/ EERED AL
LT, WAt 0 ER 29 L (3R B |ERT A FA D
FEEHESIIREL TS, ZOHFKTIE, KEEMENSR2220
FAENIKT L CEEFENCT > A MR Z2 K AWAA T L0 EHINT 5.
ZFLT, FELENEET L L, 732 MEROENARS O N
180° LT 5 Z LT/ 5. T ORER, MMM EIOMAL KR4 T,
BRGHEEIC LY RN O A WVTRESINREET D, EEOZH
HETI, BRAEEZHEND D Z L2 HEZ, ~LAFRLY 3oL
ZROWTRICH LT —RBEAZEIML, @RICLD2BEEIT- -5
RERELZO. —JF, EF L ZATIE, R TITRL, BAaf
DR E L 725 H BT R & K ARSI X O EINT % 2 &
DE S, BBEPERNICB T DR b AR —127e b Z L&
Z NG, FIT, RWFFETIE, FOEELERICHLNL, &
WIRET N A HHT D L TOMARE S 7 v A MR REICE
THMBESEL L HHME L.

REAE P RN MRS (JIS Bk 35A270) & AU,
X% 80mm, % 10mm, &% 350um & L7=. £ LT, Hmib
MNH 10 mm O ETEBEETHIEICEIYFRELREORIEL L
2. ORI FANCKT 2 RBRZ 572012, a1 v (K
BL:945Q, V77 XA ;582 mH, &% : 5000 [, &L : 14 mm
X14 mm, 2K :8mm) % Fig. 1 [T R”RT LI hb—RSH. &
72, BEEMD ET 23 mm O @EICRA Y AEAERE L. £ L
T, HHEIGC 4 mm OBNEZEH 252 LIk 0 EHEBEEORREIT

ST,

REBHER  Fig. 2 T xeon = 44 mm (I8 2 BEAUE FE O R§ AL 2 — B
ELTORT. RRBMABEZNEAB=082T 24 L-0h, HHIE
2 LV IRIE ORI B, 7 X MEROmWNA S L, 3
HOBHRBEEDN/ NS Ipo T 2 ENyinD. F7-, Fig. 312 AB
D A A NWALERAFIEZ /T KA DB 2 B HEEICHEE 2 A L0
TSI HEDL BT, xeon =44 mm LV B BHEREITIZ AB IZHEINE
WAICEE T, ZoMEE LT, ROumE T TR O KIZ K
DS N EHEIC 72 Y, ZOREE, BERPRFTIIC R L
RIS TedThDEEZ LD, M HITROEN WA OB R
ErZ IR bE D, RS & AR OBRIC OV TEE
A HET 5.

1) H. Wakiwaka, Y. Kumakura, A. Yamada, K. Otakae, and A. Izuno: J. Magn. Soc. Jpn., 31,

250 (2007).
2) T.Ueno and S. Yamada: [EEE Trans. Magn., 47,2407 (2011).
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Fig. 1  Schematic diagram showing

positional relationship between beam,
coil, and a pair of magnets.
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Fig. 2 Magnetic flux density at coil
position xeoit = 44 mm.
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Fig. 3  Coil position dependence of

maximum magnetic flux density change.

3)  S.Fujieda, S. Suzuki, A. Minato, T. Fukuda, and T. Ueno: /[EEE Trans. Magn, 50, 2505204 (2014).

4)  EWNHHh, B, AL Pk 81 FEERE A EE KSR IUE, p. 146 (2019).

5)  KVIFE, NIFFERS, ZARIER] [9EELEE ) FrE 2022-086851 / 4FBH 2023-174153 (2022).

6) AR, A)IBEL, BIE@H, AR, KTE, JIFEET, ZARER: 5 47 Bl A ABKES FITERS M, p. 260 (2023).

— 183 —



26pA - 15 aslEl ARG SIS (2024)

KPR L ORROBEAR T > A b ARG ﬁﬁ&%@%ﬂifff ADFEAFPE

AFTEM - PAER - PP - RPTTE

(B ER)

Fundamental Principle of Horizontal and Oblique Magnetic Field Assisted Electromagnetic Vibration Powered Generators

Keisuke Imamura, Yuta Nakamura, Soh Kamiya, and Mitsuru Ohtake

(Yokohama Nat. Univ.)

FL®IT EREFEREERED HE LT, MaoEihle HimEx
DR EANTIN HEN TV BN, FE LITEEMA T VA MMM Z,
BT, KEBIOROBERT A FRIZTE L. AT, 0
%$ﬁ@%%6#mfé:k%ﬁ%k?é.@ﬁ?vx%ﬁﬁ,ﬁ@
HMEN DR SN DR E R RBIREBIC L, MMERNOBRE % E
PHICERE L= 2 A LT i@*&lzw%%ﬁ@éﬁ OS5, W
RKEBAEED A D= A LTTEE L KE/BOERT A R TRLET
BN, 2 ODKAMERIC L DT A MEFROGEZE 5 EHIIN 7 A 78 E
ﬁé A CILIE M T H DI LT, %#F Tl Fig. ()R d &

WCEFFmETDH. Mol ROBEEECS U T, RICEHNS NS /A
ﬁrﬂwmu it,wﬁﬁf;mbf“mw%ﬁéﬁﬁ,%ﬁ%ﬁ
LT DHZEMEZLND. £ T, ‘@Eéﬁﬁ&@f@&ﬁ@
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Fig. 1 (a) Direction of magnetic flux
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Fig 1. Schematic of magnetic motion control Fig 2. Change in magnet angles with progress of
system with magnet numbers, magnet angles, optimization.

and coordinates of the magnetic object.
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