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Fig. 2 Relative permittivity of NiZn ferrite sheet.
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Fig. 2 Electric lines of force in the cross-section of the parallel
wires and sample obtained by two-dimensional electric field
anaIYgis (1 GHz).
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Fig. 3 Measured permeability of NiZn ferrite(3 mm x 3 mm,

0.5mm-thick).
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Effects of Joule heating on thin-film magneto-impedance element with meander and parallel
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Measurement of iron loss at high frequency and high magnetic field
H. Tanaka, T. Mannen, T. Isobe, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

1 FLC®IC

N —T L7 a7 25HTE, KR =P8R T AL ZOFERPEATED, ZHCEDETS Y& 7 X -
kS 2D a7 OEFAEEADREARD SR TWS, ZO-DIZEEERa 7RO Y, ZhEFHET 2720
DL, PRIEFHGTFEILETH 5, A 1E LC HIREH ZHAAA LI A L e 1 MOy 77y Faq
ALERWT, 8 MHz O 2BHEGEROFHIATRETH 2 2 e ZHERLTWS D, AR TIE, EiERe LT v
MUY LEA —% v b BLOBLIZATa s Y a2HWE 2 TEHHROBIEEZITY, Y7 7254 SO MHz O
KIRMERE @R & B Z R L 20 TG T %,

2 AE
Fig. | AT THISE L 7= BRI B O BLRM £ 5 5,
BEMERERRL 2 il 3 % 72 1 , GaN 4 ¥ N—2X& EBIRY LC HIR Excitation coil __ Sample
5 . VS . | | Oscilloscope
FESE VS C LT, WA VR e e T e, 2 [ o T2 G >
o, MEOBILE | RBAME v 27 v a4 LTHRINT 3., |wma1;\:/;:i t 1 PC
! 1 Pick |
WA LBy 27y FEBRFYRRa—TTHIL, T —— | )
PC TIMET 2 2 & T, BHLiRES 5, BREZKET 37012, | standard sample H 72
BEARIE LTA » b U 0 ABH— o b (YIG) BEMLz  [Phase comecton] [, H comection]—|3 /
Dy,0; YIG )
=

Tusva Dy0;) 2RV, YIG & E A O R T
HY, HEWTH 22D MHz RCIZHBROBED HHTE
e RET DL, MBI Mg SBEHITH D, F 7ML IE
Hg = Mg/3 TH 2 5h 3 Z ¢ h ol BAOHHEIRENSREL /22 23, —F, Dy,Os Xtk cd 2
2D, BRE—X Y MOHIMBSFICN U TRIBICIEE L, BAT VS REEURVWERET S Z 8T, Hit (B
HIE e EIE (L) BIEOBOMAHEMEDSTHE L 725 2,

3 BREIUVEE

Fig. 2 1 Fig. 1 OEBRZ AW TEHIIL 7 48 MHz I28B1F %
NiZn 7 = 54 b (B 1 mm OIRIEFERIR) OBEIWE LR E
RT . B MHz ORFEEBICBEWTD, SEEED & LA E
% £ TORMAGEROFHAFIRETDH 2 Z L 3L D Tz, i
HTIX, Zhs ORMGBRRORIER R & HE U 788 O IRIEHK
e 2 DY OVTHET 3,

Magnetic field H
-

Fig. 1 Conceptual diagram of the system

—_
(=]

Different amplitude

o
W

References

1) FHACREBE Ath, 55 47 [0l H AR R FMESR, 27aD-10 (2023)
2) P. Lenox, L. K. Plummer, P. Paul, J. E. Hutchison, A. Jander, and P.
Dhagat: IEEE Magnetics Letters, 9, 6500405 (2017). -1.0 500 0 200
3) R. Onodera, E. Kita, T. Kuroiwa, and H. Yanagihara: Jpn. J. Appl. 1o H [mT]
Phys., 61, 065003 (2022).
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Fig. 2 Dynamic magnetization curve of NiZn fer-
rite sample (4.8 MHz)
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BRREER N D 72 ARG O Lasso [Bl)F % AV - B0 HEE

TAARERIG !, A2, WEMER? IR 2, SRS 2
(RAERZFE T, 2 RAE R T2 9o, A RF w2 v b =27 A5ERs e o 7 —)
A loss estimation based on lasso regression for toroidal cores composed of electrolytic iron powders with
different shapes
S. Matsumoto!, S. Muroga?, Y. Kodama?, S. Ajia®, Y. Endo?**
('Sch, Eng., Tohoku Univ. *Grad, Sch, Eng., Tohoku Univ. *CSIS, Tohoku Univ.)

FLBHIZ EEE ST ARA &7 2 OB B O 72381 kL LT, @BRIKEMH RN G5
BMBLRZET HND. ERBOIE 7 =T A4 ML) bEfMBREL TH 528, M AN RE N
WO RN D D, IR O Z B LT, Hka 2ERE, BITNT 7 n—FAmE S Tngd. Ll
RIND, BETRENTA—INWRTHY, REHEFOMENNEL W IBRENH L. ZOFRIED—D
LT, BEE ORI Lo TRiERZ 7 m k287 A —F i RURE) DHEE T & 2 rREMED R
SNV LU D, R Z R 20 ERE T A OREEMES, AR AERBEOIMILICE > TR
VL ARBFIETIE, AZA Ay Y OER NTH DEKSEEDOE ZLITESNT, BREHETHR S LTk
0, HEERE DM EE R,
FMfiAE SRghomik, 7L AER X UOELHIRENZN

TR D 9 FHOERBLL VE R A7z T o150 :
FEESIE, kL L, ZOMEBH T4 ¥ emn S 10T g

THIE L7 BH A —7OmH»HEI L. BT, BH 2 Fo-400

T F T A FOHIBERE E OWRIER KO, Bl g O 1

BB LRER LOBBIRE, 4 BTECE->THELE B -

RELOHEHIE, VSM & - CHIE L7=Reiif(® Dbk <1000 — No-10

T BARIRAL S X OMRRE, RELHARAS B A L 7= Ry 2 =2 7 T
(PC1-3)B L OWRITHIIE % D EEFE(UMAP(X, Y, Z)) & L7=. External magnetic field, Hgy [KA/M]
T2ty bOREILI54 THY, 75%% FEHM(Train), 25%  Fig. 1: Magnetization curves of the
ZREER(Tes)IEH L2, 2 b DF —# 1%, PC1-3, UMAP(X,  toroidal cores with different process
YD ERRE, AT L. parameters

HR FEOBR, ANRREED 22 F, Ao 14%, B OO
WBRRIED 1.7 FICHHIT 2 QAL FRBESBONE. T g o 1
SRR S BUER ORI L LTRSS L, AiiEk 30 F o ;
LT AT A — 8 OBREERLT IR T 10 . 1
ThOMERERL TS, M21, TIEZEMEE L gLOT | ad&  Tanimssund
TR AP T S OUEIRICE 096 Th D, ST & 107 @ TerrerD)
DHE PUEREC 008 I A, EHHEROHGERIERF L 1058ttt ]
7. ORI, 224 A Y OEBRREORERANCIEES True P [KW/m’]

W T — X OEICIE, BRI O 0ICEE TH 5. Fig. 2: Relationship between measured
BEE AL, SCHRRE ST — Ly hae= and p'redicted loss based on lasso

regression

7 AR ISR E AT JEBA S 26 JPI009777 B KO — Z Al -

ERBL~ 7 V) 7 ARFERR% 7 1 ¥ = 7 b JPMXP1122715503 O & 4Tz, £z, #HALKZF CIES B8 LUK

LR CSIS DXEED & L TiTbh -,

BEXH

1) S.Muroga et al., “An AC loss Estimation Based on Machine Learning for Toroidal Cores Composed by Electrolytic
Iron Powder,”38th JIEP 2024, 15D2-3, 2024.

2) C.P. Steinmetz, “On the Law of Hysteresis”, TAIEE, vol.IX, no.1, pp.1-64, 1892.
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Evaluation of Eddy Current Loss in Bonded Magnets Under High Frequency Magnetic Field
M. Abe, S. Tada, M. Yamamoto, H. Hirazawa
(Nichia Corporation, *National Institute of Technology, Niihama College)

FADE

W, T—X O/ - @IRIEN LD —BEEN WD, T—XIEmERIERIE5 2 & CTR—EEOEE
EHIMENARETH D, L LERBIRIS TS Z LIl o TAELIMERNBIRICKELS Y, T—X Dl
ADIRE ERAZFI XL, ZHADBGERIC SRS D, ZIUTk LT, Bk & IR TR S DR Rk
FAlEEWERERZAT 5720, GEEE~OBEHAPRET ST D I, RNy REATE, B0 1 o &8
HEDFLEHNZ &L o Th A RN H 575, @ BB NG X i ERERICEE T 5 R HEHI e Sh
TV, Al flix QR DB GABGEW R b ONICRm 2 — hOFME) WAy A ZER L,
R R R 2 FIIN L C & O _EFEEE D BB iR K O 8 % G L 7=,

ERFG

Table 1 (Z7~3 4 FEORBK 2 U B S H R IE T ®10-L7 (Pe=2) DR GMER Y REA 2 ER L 7=,
fii . 4800 KA/m & THRIFNAERE L 7= 308k 2 ¥l L7z 9, Z OFCEHIREF R =8 KA/m, JE¥H % 100 35 L 8370
kKHz O & ERER 2L, £ ORFOR bmawtmﬂw%iﬁz%iﬁfﬁ%f%ﬂﬁuu‘:o FEVINE RS 1ok
JHAT (BESEIN 5 min % OIRE FA&) 2 Hv, 2 BRIEIC L 28E58E 21T, B o7z AT O X 2
OISR BT D IRE TR & 5 L 7=,

ERER
FEERAE R A Fig. LIZRT, AXFICRT 2 ATH o288 1 RBIEIICZ b L, MERBROFIEZ R LT
W5, A< B-1H LRI 2/ RT8, TOMEIITA LTS, F2B2ITHE NI 5T/
XL 70 | MR TH DAL CITEWE(LZ R L2, A:NdFeuB & B-1: SmpFesNs DZEIFMEIZ L D
%%?ﬁ#@ﬁb‘ F 72 B-1: SmoFe;sNs (22— RE) L B-2: SmaFesNs (22— M) OFETIRE =2 — FOFME
X DR T OMRMERBEDENPEEL CVD LD EEZTND, lETIEI DICFEL < fIT L5
5'!'% IOWNWTHET D,

03 r
Table 1 Sample List of Bonded Magnets H = 8 KA/m
Sample Magnetic Powder Classification = f =100, 370 kHz CA
5 02
Rare Earth Magnet S o
A Nd2Fe14B X -
(Metallic) :‘
= 01 r - B-1
B-1 SmzFe17Ns 5 o A
Rare Earth Magnet a ______________ P — B-2
B2 SmzFe7Na (Nitride) 00 ¥ . )
(Phosphate coated) 0 100 200 300 400 500
C Sr-Ferrite Oxide Magnet f [kHz]
Fig.l  Exothermic Behavior of Bonded Magnets
(2% 3R]

1) K. Yamazaki: IEEJ Journal, Vol.127, No.11, pp.715-718 (2007).

2) Y. Yoshikawa, T. Ogawa, Y. Okada, S. Tsutsumi, H. Murakami, S. Morimoto: IEEJ. Trans. IA, Vol.136, No.12,
pp.997-1004 (2016).

3) K. Itoh, Y. Hashiba, K. Sakai, T. Yagisawa: T.IEE Japan, Vol.118-A, No.2, 98 (1991).
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BT — VA v~y FEDET v — 7B o 0 RS
B FHARL BRE L, EH KM, ZEID B2 PRk BT, EOAR b2, Ak FilE 2
EMKE, 2 o F KT 7 £ 273 A 2)
Fundamental study of twin head type optical probe current sensor with magnetic yoke
S. Kaneko?!, M. Soneharal, D. Hirail, S. Satoshi2!, T. Sato!, M. Miyamoto?, T. kubo?2
(1Shinshu University, 2Citizen Finedevice Co.,Ltd.)

[ZLHIC

SiC X GaN O FEHLIZfEV, KER (FELE - KER) OB+ MHz DL EOBE#HA A v F 7
BEREF - EHEI 2250, ZNHOERICBIT2EREBERSFHITE2ERE L TOERNREE -
TWa. EH DI, in-situ THEPED HEE MHz O E TOREGREZ WP ET 5 2 & 23 r[REZe Faraday #2878
K7 a—TERE YO EED TEZM UL LAY U ERIEER & OB o MK
LR Y Th D I OB OMKEFHA R EE S WO FREN S - 72, AR TIE, EROMHERZ B 5
LEM T — IV A v~y R o —TEiRE P ERF L, ZORME - ROV TERS.

KHI—I AV oAy FEARXTO—TEREVYOERK

Fig. L ITY A o~y REDET v — 7 @it o OFERF RO K 2 R~T. At o306, F6Eh, &
YNy REBLOEEBT 70 b, RO~y ROEH T PMF % 90° [BlfiifEl % 35 Z & ¢ Faraday
[ERDOF 52 KIS HE T D, Tl k- T Faraday [AlfsfOARE ) &35 2 &N TEPEHIERR % KR
HAREIZ D, ZD2ARKDE Y~y RIZFig. 2 12T X O ITHBHFE 20 D Fe ZA XNV AL KRY Y Rk
RAHEW I — 7 WD Z LT, HHEERA TN D EHROMEIC L DI OZ b2 MEI L, Bk o i
A FTREICT 5. Fi, AEL A X L CEBBE R D720 ) f AORBEZBRBT 2R LG TE 5.

KRR

Fig. 2 lZB 2 &R — 7 OB OIER (0.5 mm) 2B L, ZOEHMIZ 20 A DSV AEFRZRL, Eit
I E1T 72> 72, Fig. 3R T OQDONEISEMR A28 L2 BA0OERME (X Hh) IdT 250~ 5%
B OZLROFER % Table 11277, RFRICT I~y FRIB IO A o~y FEID J-MAG Studio (2
L BMHTE G OFRLT D, VA v~y RERUCT 5 2 L TEROELRIT SWRE Mz bz 2 &3 RS-,
@ & O TR & EREICZENH7-HBIE, 2 KoBrH~y ROBER B L TN DThd L
EBx D, FEY B ITERT — 7 OFERIGIEHAT « JIERHFIC OV TEEMIZIR R 5.

%ﬁ ) SLD | Sensor headl
RIFFENE, NEDO TR ERC & 2 4 F AR %40 e P N e e
_ . « o N coupler | ;

TR KFAPET =X (2023 JEHT R il e S N

S o i i (smrroa]

A5 1002006 5) DB ZZ T2 b DO TH S.

PMF

Fig. 1 Configuration of twin head type optical probe

Table 1  Sensor output deviation in point® to &
from point® in Fig. 3

Opticul fiber (PMF) S

T m_ﬂd. - dl 5 o Position Single head Twin head Twin head
T ) = [ simulation simulation measurement
: A R A @ -2.31% 245 % -1.19 %
— Yo — @ 22,53 % -2.36 % 2.4 %
. : e @ +15.67 % +3.54% +5.25 %
Fig. 2 Photograph of sensor Fig. 3 Measurement
. . AP ® -8.4 % +3.57 % -2.46 %
head with magnetic yoke position in sensor head
2B

[1] T. Murakami, et al., “Investigation of sensor head with quadrangular pyramid magnetic yoke for optical probe
current sensor with high sensitivity”, The papers of tech. meeting on magn., IEEJ, MAG-23-010, 2023.
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Estimation of magnetic field sources on printed circuit boards using object detection by machine learning of
magnetic near-field information

Y. Sato!, S. Muroga?, H. Kamozawa!, M. Tanaka'
('Akita Univ., *Tohoku Univ.)

BEUBHIZ EHIRNO T Y > MERAR(PCB) LIZH 1T 2 B/ A X DIRATRCARIRAIREE OHEE D 7= D1
BlARCHE T OB SICET 2 EENRERPILETH L, EHE LI, ﬁwmwwﬁﬁ%,mﬁ%mh
HLEBEREFDY B — BT SN D Bl %ML —7ERE LTET LT HZ LIk, L —7o
WREAZERILTHDFIELZIER LD, £7-, PCB LOREBRB AR L LI O ERR~ v 7 &
v, BERIREOHHNOAER L OHEFREME L, V— 7 Om S LEXOWE LRI D, FORE, BRR
DOHFLNEEORRAETR K 10mm, £ IOMAETRK34mm THY, TOMREREER ENGREE to7-, A
2 ClE, PCB LB OAE L DWMA MNP IROA 7V = 7 M 21T\, E O EEES LR &
EHEET D HIEICHOWT, B Y I 2 L—F (HFSS, Ansys) & YOLO v %R F L THiET L 7=,

FEfixIS  Fig. 112, #HikS L+ 5 PCB O Z~T, HihE®R

3.1, X 1.5 mm OEMKRY 7x=Lrx—F /VERIZ, Ew,= 0.8

mm, /£ 35um O MSL (microstrip line) Z#&FL7-, Z Z T, Fig. !
1 Oy FaOEFHROES %I = 5,10, .. 45mm (9 /3% —2) LS )
72, MSL |Z 1GHz, —5dBm D& ﬁ%mm?é L EMEL, MSL 7

5 OfER, = 1.6 mm ([Z351F D MO e~ > 7)) & ERER A
VIal— X L ORE L, MR~y 71T, RERSRE DR KA 0dB & Y
5K OHEL, —60~0dB DI T/ L—X 7 —LEg L Lo, B
1 O ~HEIZRE TR 02> & 25 mm ORGP E L7z, Fig. 1 Top view of PCB
A7V IMRHBROEE WA A, Fw, (0.8,1.6, .. 5.6mm), £
X1, (10,15, .. 95mm) NEALDHV—TERET VL L, ITERIRSY
T O PE m%%MLfﬁﬂr Be L, V=T OESIzToNTIE, &
i & 3 DEHRIEHRIED 2 5Dh, = 3.0 mm, BREHEOE S %
hy= 1.5mm & LT, #RADME A - TRV OEAICESE R L
Tre 2O EE, BRAEIZBITL /A X707 DELo&&25E L, —30,
=25, —20dB ® / A A7 aTIZRIET B~ v T EER LT, FHEIZo
W, BTAOTLH BB E15 mm, 5 Ly, /2 OFEPH & R Fig. 2 An example of detected
DO (RN T4V TRy I R) ELTT ) T—var&2froiz, At result (g = 15 mm)

38 DT —ZEHHNT, A7 V=7 FaHEE (YOLOv4) 58 LT,

BAEORH 9 ¥ —r DR~y TERIHEBICATIL, GONTANT T 4 v TRy 7 AN BEERIRO
DS & B S AHEE LR, T ToMAEAZELBRETE, BHF%E Fig. 2 1TRT, BRIFEOH
DR L B S OVHRREITIFENENK 0.10 mm, 1.6 mm TH Y, BEBORAEE TE 5 Z LRI,
BOZ 7V v MEAAR EOEFRES MO E 2 FH U, BERIR OB 2 S U, TR
WINZ, BEOTECREICET2EREA 7 V27 MRHSBICHEE S 2L T, iR~y 7 b ORR
ORI B IO EEBEOHEREN M L Lz, 4%I%, FERZBT 2RI 0 TR 5,

2E IR

1) Y. Sato, et al., IEEE Trans. Magn., vol.59, no.11, #4000704, 2023. 2) #&=gkftt, % 38 [0l JIEP &
K, 14B2-3, 2024. 3)A.Bochkovskiy, et al., arXiv preprint arXiv: 2004. 10934, 2020.
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Practical Design Method for Large-Scale Flux-Modulated-type Magnetic Gears
T. Sumi, K. Nakamura, and *K. Takeda
(Tohoku University, *TDK Corporation)

26pA - 1
NI A PN AR
£ 850,

[FL®HIC

WE RS FAIE AT VI, FEHefit CHEBUE FTRE T d
LHZEMBIRSEVRESTHY, ML BEESHEDL
W7o, FEERREEROBEHEY Y & L THEAL
DHFFIN TS, KRETIE, KA ORI TR
K[FYICONWT, FAREHRE (FEM) & HWZFEM
H7esksHE Mt Lo TG 3 5,

AEERERVHEI X YOERAMEEE

Fig. 1 1T, BZUTAW K OB A TR X
Y &R, )13 12.8 MW, ELA1E 9600 mm TH 5,
PRI oD e 3R B - DO f ok 450 65, SME D ARE =S+
DOREXHENE 521 TH Y, F¥EiX0.02 TH 5,

FEM % W CE&— % OB 217 9 BRI
WA oA O JEHEIPEZ R L C, B‘%rw%mwé
DN TH D, —F, BREMURKTYIX
V7 U TN EIET B2, PNIEEG - OB &
R—IL = 2D DF/ NGB K EL 2D L9
SRR D, S0, MR OEHIESEL,
FENTET VS KT 5, Flx1E, Fig. 1 12”0
T BE R ZEFIRS A Y TI, 2D-FEM THho> THE
T 125 FiT/e BT, Hmak it 2 EHRIR
FLEREICITH Z L IR EECTH 5,

Z ZCARETIE, Fig. 2 IR T X921, BT
MR LT, PAIEIEE T 2 e 2800 L, ZEpRo
WAHRBESMERE L, 20O EOEFEHIK 8
HTHY, KLU IZHIET A Z LN TE D,

Fig. 3(a) |2, WEHEET /L L 2 WXIET /L OZERE
WEEREOREEREEZRT, WEEITIRFIC—
LT3 ZERbns, REb)E, FFT OREETH
%y ZOXERSDE, MLZIZEHEET HNMZERD
1 WARSTCHMAZERR D 8 R L < —FH LT\ 5
ZEBRTHEND,

JEATRFGE DRV, ERBREED M2 ICFHET
BEGr E AR b vy ORICIZ B MR H D 2 &
BHLMNISNTWD I D, #BED 2 MxtET
NERAWD Z LT, KROBREFARBA X Y2
WCEHR AR R & RE] TR R T & B Al e

PR %,

Stator (ST) ps Output power 12.8 MW
- Input rotational speed 7.817pm
e Outer diameter 9600 mm
Axial length 1700 mm
Air gaps 8mm

Pole pieces:p,
(Low speed rotor:LSR) %

Inner rotor (HSR) pole-pairsip, 65
Stator pole-pairsp 521
Number of pole-pieces (LSR):p, 586

Inner rotor:py "‘.‘ Gear ratio 9.02
(High speed rotor:HSR) Core material 504270

| Pole-piece material
1 .

Sintered Nd-Fe-B

® 9600 mm

Fig. 1. Specifications of a large-scale flux-modulated-type
magnetic gear.

Calculation plane of the outer airgap

______ i alculation plane of the inner airgap

Fig. 2. Two-pole-pair model of the magnetic gear and the
enlarged view at the edge.

—— Partial model (inner)

—— Partial model (outer)
- = =Full model (inner)

- = =Full model (outer)

Flux density (T)
o [
Flux density (T)
o =
—— T
D>
=

1
=

Mech. angle (deg.) Mech. angle (deg.)
(a) Air gap flux density waveforms

m Partial model (inner) 11
k| = Full model (inner) 1

m Partial model (outer)
% Full model (outer)

o1 |2
0.1 | . |
o & d |§ w BB b pE ..

1 8 15 1 8 15
Harmonic order Harmonic order

(b) Harmonic components
Fig. 3 Air gap flux density waveforms and their harmonic
components (left: inner gap, right: outer gap).
BE R

D g, f, dob, et ®E, AARRY:
5, vol. 8, pp. 35-39 (2024)
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Frequency Response Analysis of Magnetic Gears for Input Torque
Keigo Iwaki, Kenji Nakamura
(Tohoku University)
. MWINVT UTARKRENZ ERDDD, —J7, FAE
[ LIz o

BERAETIRER X VI, MLV BESHRENE
ZEMNLEAEPFEEIN TS Y, £, XA v
FrYF 7 HE A (SR) E—F LWRXYE2MRE
DA, SRE—HFD hv7 U 7 VBN A
EINRWAEESHRESI LTS D, Lo, £
DOFEA72 A IZ OV THIHA S MNT STV 2R,

T ZTARBTIE, BEAXYICU IV EAT5 R
7 AT ST BRD JE AU BT DN T, BUEREAT
AT - D THET 5,

BSXVORESE T

Fig. 112, BRICHWIHRAX YO ILER~T Y,
AV F—BXOT v ¥ —a—X O EIIENREN
3, 31 THY, ¥FYHiX1033 TH D,

Fig. 2 1T, WE5F ¥ O AT DS I~ kv
IR T 5 %% 77, ZOKITRT LI,
AKX YIIANMDA v F—u—x L HAMOT v
H—n— X PREKBIFERIE T TRE G Shv7z 2 1EE
FRTEREND, KRICBWT, FHZE(LTEAN B
VT Tu(OBA T —ua—ZIZAhEh, TuHZ—n

—ZZIFARE LTE RS Tn5b, 22
T, NIV T TR TEHR D,

T, (=T, +T,sin(27 ft) (1)
FERO T, 810 T xENENAT) bV T OFHE
BIORETHY, Y554 05Nm &Lz, 20
2 BYERICEBWT, lin—& OES GRSk O IE
MBI TEZ N Z Eh, ZhEfiEl
L CREEBISEREERET LN TE D,

d*e T . .

n =SP4 oo )+ T, (0 ()
de,, dé

w2 =T sm(p 6. .+p, ,90”) T;’” 3)

0¥, FROIAEMENTIZ I Matlab/Simulink R2024a %
ﬁﬁb\f:o

Flg 312, Wia— & OBEREBISE R E 2 R, (A
ﬁiﬂ/ﬂi@ﬂ NEIAN =2 XV e —2 D7

BRI TIIAe—2D) FUTI A VT DY L
ToHDHINmIZ, Hiig—%D U 7L 0NmIZE

NENWEELTEY, "2 U ZAnHE N ARE
SNV ENTREIND,
BE#R

1) P.M. Tlali, et al., ICEM 2014, p. 544 (2014).

2) K. Iwaki, et al., IEEE Trans. Magn., 59, 8202005 (2023).

3) Mizuana, et al., T. Magn. Soc. Jpn. (Special Issues), 4, 52
(2020).

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.

~12

10

Z -O-Inner rotor

= 8 -0+Outer rotor
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5 4
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£ 0 B R  — 3
0 10 20 30

Frequency (Hz)
Fig. 3. Frequency response characteristics of torque

ripple.
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Iron Loss Calculation of Orthogonal-Core-type Variable Inductor with Permanent Magnets based on RNA
H. Hatakeyama, K. Nakamura, *T. Ohinata, and *K. Arimatsu
(Tohoku University, *Tohoku Electric Power Co., Inc.)

[FL®HIC

IR OUX, BRI R ORI T K AR A &
HAT2ZET, BHEFCLHL -EDREED
WS 2T D N TE DR A &
IR EREL, BIFRRMEEAET DI EEHALIC
L7z b, AfaTix, VI27 %A%y MU —7 @l
(RNA) IZHES X, RualZEA X7 2 OEEORE
LT 12D THRET D,

KAMAZET S EXBEOEAGESN TV 42
DHBEE

Fig. 1 12, KAAZAT D EARM DA ZEA
XU B D 3KVA RERIEER DFEC A R~ SO EHE
0.35 mm JEDOMES [ A REAR TH Y, i ILm
AJE 1 mm, 3mm, 5 mm DR AT LAEERERA TH D,

RNA EF/VOEHTIE, IR TH D
L% Fig. 2@D X 5123 FIL, &4 EIE % [ (b)
T L 97 3 WOt BRI TR T, 22T
R DA 27 20 Z38BEELTBY, 5
BLROPEE MBI OSEIRNORES, —F, M
JESRR 2 BRI E < Z & TRAET DMEBEIRICONT
I%, Fig. 3 OiEHIAIKET L% Fig. 2 ® RNA E€7
NVEHERRT DD L TEET D,

Fig. 4 12, Eiko> RNA £7 V& VTR 728548
OFEMETRT, ZORERD L, EOBAEIZDS
WTHEBEEZBER<EETETWND Z ERbh D,
S Bk

1) S, R, KBW, G, BABR S SCRE S,
vol. 7, no.1, pp.67-72 (2023)

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.

120
O 5mm Meas.
© 3 mm Meas.
100 O 1 mm Meas.
? 30 ——5 mm RNA
= d =3 mm RNA
w — | mm RNA
g 60
—_—
£ 10
L
=]
20
0

18 1512 9 6 3 0 3 6 9
Primary dc current (A)

Fig. 4 Iron loss characteristics of the orthogonal-core-type
variable inductor with permanent magnets.

12 15 18
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JINIEV FH7 3 v /L X v v 77 SR = — X ORGSR HIME BAEH
BEB LTI 2 b—3 g UETFVICET A RS

TKIBIERRR, e —
(RAER)
Basic Examination of Simulation Model Considering Magnetic Interaction of
Axial-Flux SR Motor for Compact EV
S. Nagasawa, K. Nakamura
(Tohoku University)

XL ®HIZ

FEIZEE O, /NUEKEBIE (EV) HOT ¥vvL
Xy TRAL v F N T 7 XA (SR) E—FIZON
T, RO MV IR T 2 WET A 720, @EXME A
BRI R v s I AR L, BRENER 2 KiRIZ IR
HZETEHLTEY, —JT, IRLOHIETIE, & -
bV SERIZ 3T, EHIME & FH A O RN TRBE A A U
DT EDHB LT, 2 2 CARTHL, iR i A
PPAREAERNCERT 2 £ & 2, [ERE WIS & 272 LT
W B OBEHRIZ DWW, AN D DR BEZETE D &
Iy Ial—va v EFARRE LEOTHRET S,

BISMBEERAEZERELE-ETIL

Fig. 112, ZBRICHVWETF T ¥ L ¥ ¥ v 7 SR £—
X %79, Fig. 212, MATLAB/Simulink IZH4E 1L 7= SR
T—H DY 2l —a BT INVERT, Fig.31%, Fig.2
TOE—ZETALOPETHDL, T—FETNLTIE, T
T R—=ENEDANSIEIE Vo, V, Vu & ANT, KRR
2 & THEMDOBERPu, dv, pu 27 HT 5,

%szjoamw—Rthdt (€))
WNT, A OER DO EEZE S 2720, kD XL H 1T,
A DBEHIAREL K %2 3 U C HAHOBRIINE T 5,

B = Buvn+ K (B T ) @
EROBA P, @\, g E BTN Y 2T v T T—T 1 (LUT)
WCANT2Z LT, MR EEREZBE LSO E
TR E D,

Fig. 4 IZEHEE — b7 Rtk o el & o3, W) Dk
ETVTI, B - L7 SERIC RV T, EEIME L FHR
EATEEEL TND Z EBb)D, —7, RKbO)OREET
VT, AREK Z USRS 5 2 & T, REIERTE
B EAEE R B CE TWA, RWT, Fig. 5 IZEIKE
DA R T, [FR(@)AY V2 FE4AE 40N m, SRS
B 700 rpm OFERTH 0, [FIX(0) 23 kL2 545 80 N- m,
HEFESE 700 rpm OFERTH D, INHOMERD &,
RBETNVEEB LV TEHBRERRENZ E N b5,

Vol FERN

Uiz lenprh 1.2 mam
urmter ol lurns 9% Lurns
Wl spice Tl na%

Weigh: 1d.4 e
Woipht (el hegsingg 32 3hp
Uode marera A

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.

[ 2]
v Current Torque Tuvw
TR Eq. (1) ¢u,v.w Eq.(2) ¢u,v.w' LUT fuvw LUT
l iu,v.w by

Fig. 3 Motor model considering magnetic interaction.

- Han (=0 0T H=rn (e - 40 N (f =016 d0 W -1 (Weas
- ¢ N = 0 Hem (hleas . $0 N (r=028) 80 Nema (Meas
1]

" i "
Feo = i 0 b g
= - . &5t T Ty
40 by foazzend o0 i e IR
30 B S Wi 20 —
ko1l F =
w0 w0

e [

M0 300 400 S0 600 700 E00 O 300 00 500 600 W0 E00

Speed fpm) Speed (pm)

(a) Previous model

(b) Proposed model
Fig. 4 Comparison of the speed-torque characteristics.

LE=016  LE=0%) & E=010 TE=0®)  LE=029 L =09
A 3, (WMeas —i — &, (hleas. i, (Meas —i eas
71
7] 120 . "
/- : A
w0 < gwo |/ o S
= ow | 80 - 4 71 A
60 [\ E 60 [ \ ft A
Ew*vxk , / o \ /o NLalY
b / 270 NN L] YT
0 A 0 Ni /
I ] @ Wo® M 45 S0 5560
Tosition fleg) Fosition. 1eg)

(a) 40 N- m, 700 rpm

(b) 80 N- m, 700 rpm

Fig. 5 Comparison of current waveforms.

2E 3CHR
1) WEUHEHEA, PEEK, PAREET, HABRFRER SR
££5-, vol. 8, pp.45-51 (2024)
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B 3D AT A AW T X v X v v I
SR E—#% @O h)V 7 HEEE O KL
BTED Pt TRHE MR (RS KR

Maximization of weight-torque density of axial flux type switched reluctance motor using Quasi-3D analysis
Hiiro Abe, Hiroki Goto (Utsunomiya University)

[ZL&HIC
IR, MZEB D BB ER S THR VO, ZD7=0IZ,
T— X O MY BELBRDONTND, & ZTHEED

I MV BENEIR TE D EEEOREWE—Z & LT,
THXVANX Yy TUMAAL v F N T I X AET—H
(Axial Flux Switched Reluctance Motor: AFSRM)IZ35 H L7z,
—Ji, AFSRM 2T 2f#ATCix, W&, 3 RouARRER
f#HT(BD-FEA)Z N 5728, BRFHIIE R At ERER 232
Bl d, TIT, R TIE, FHEREHZ AR CX D5

2L 3 R ITfEHT(Quasi-3D Analysis) @12 & Y, AFSRM @ kb Fig. 1 Overview of quasi-3D analysis method.
7 BEEEORKALIZ OV TRE L7z,
FLYERBEORAL i;:‘g’iffm poles ‘8“212‘;‘:;
Fig. 1 [ZfEHT T 72 3#EL 3 oot O 2073, 3 K Current density 12.75A/mm?
TEDE—FET VA RRFNHEIL, %Wk 2D 5 Rotation speed 3000rpm
Core material 35H300
e LTS Z & T, TR 2 EHE 35 Z E N FTRE T H
%, ¥z, AT I2E—XET )V %& Fig2 lTr"d, 4 Fig.2 Specifications of AFSRM.
FIOMRFTIE, T—XEm%E 15kg —ESRMETHME L il 160 0
ExEl LT, 910IC, T—F ONREREL, KICE
RAS 15kg L7225 K 51C, W L IRE L, AAMEIC 2 1 N
BT, P bV IR L B - BRI LT, / "E
R R g 60 4 —g
Fig.3 |Z41% 240mm, 300mm, 360mm 05 /L2551 5, ) -
fili %, NERREFRFOYYE) hvy & MV EREEE L E R 0 +D-mm D-30mm [-D36mm | F
+, WEAEL 725 L RBEAMETF LT ML 88T % O it
—707, WENEL 2D ERNENRKRE 20, IMIVEER &5 Fig. 3 Effect of axial length to the average torque
SEAFNZ LY MV MET T 5, F£72, Figd ITIMR L and weight-torque density
¥ hov o oBRE R, ARIOMKETIFEIMED 300mm O 160

140
BEIZAc R RV 142.1Nm, bV EEEE T 9.47Nm/kg & =120 b_gﬂzf\—ﬂ\\\
Z
T 100

Tt 7B, MR OV TIE, 3D-FEA Tfi#gfr L7
LA 1T AHZ0 11625 7, HML 3 Wt 2 A L
B BT 1587 L 720, 750 1 IZHEfE T,

i%iﬁk 220 240 260 280 300 320 340 360 380

Diameter(mm)

2

Average torquel

[SEFN
S S

=3

1)Wenping Cao, IEEE Trans. Ind Elec, vol. 59, no. 9, pp.3523-3531 . .
)Wenping Cao rans. ind Blee, vo fo PP Fig.4 Effect of the outer diameter to the average torque

(2012)
2yRAEN - BARIER  FEEATE, MD-23-094, pp.91-96 (2023)

at the optimized design

— 174 —



26pA -6

Fa8[al  HARK DR ELE  (2024)

RNA (2L ARG A F Y & — % OB R E
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CGRAERSE, *HEERT)
Calculation of Dynamic Characteristics of Variable Flux Memory Motors based on RNA
Toshiki Fukata, *Yoshiki Hane, Kenji Nakamura
(Tohoku University, *Toyo University)

[FC®HI
AR A £ Y B—H L, KARA DR % He

NZHIES 5 Z & T, 558 SR8 UIZhE ISV AT
ZEHIEEN AR TH Y, B H B EA~O G2 W5
SNTWVD, KV EMERERAIEERAE)E—ZD
BREHZIE, mIEN O R E R EATIE DML R E R
55, ARZEFYE (FEM: Finite Element Method) |2
KX DM TR 225 A EN L <, FHERFOEXR
ERBEREND, £ ZTERBTIE, E7 AR HEED
O e A 23 AT RE 72 G RUHR PR S M AR AT (RNA:
Reluctance Network Analysis) % VT, FIZERIH A
T E—FZORMERELZTY, FEBEICOWTH
Lo THET 5,

RNA[CKDAERHEAEY E—2DEEHER

Fig. 1 12, BFHZHWZ 3 /124 21~ k16 fiRod A]
ERRAEY E—XDif a7, Fig. 212, HEL
7Z[RE—Z D1 A1 v F450 RNA ET /L OIS %
R, 7RE, EBEOTT VT, BASDSEMEC
R HEE R, =7 Xy v, BlEERA, (8]
Ha -3 —271%, JEAHEIC 0.5 ELATHELTWD,
Fig. 3 12, W /1D —E D & & OEFix hv 7k
PEOFFEMEZ R, ALY, RNA & FEM OffHE
FELS—HLTRY, ETVORZYERTHRIND,
Fig. 4 1T, AW 2B I L ED b L
I W DFHRAERZ /T, MRHTIZ IV TREA DR
%, d SV AEREZHINT 5 2 & TR bEET
(500 A@17 ms — -50 A@54 ms —-150 A@92 ms
—-500 A@130 ms —300 A@167 ms), 7233, g HHEHE
F—EThD, ZOMERD L, WEOMMIL
LTHEY, RNAIZK > THAEBKAE Y E—Z DH)
BN EERRETH DL N TRENS, —F, &
BALIRRBIZ T B bV OFEHEIZZEE BB D S
Do ZAUE, BELHIEE ORA OBE R HE T L
T—HLTWARWNTEDTHDHEEZLND Z &
b, SRITEHMEROBIR R LA X0 RE R < Bk
TX5L9 RNAEFTLOURBEITY TETH D,

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.
200

= i
= =

Torque (N-m)

Winding current (Arms)

Fig. 3. Calculated current versus torque characteristics.
100

50

Torque (N-m)
(=3

-50

---FEM

-100 - - -
0 50 100 150 200
Time (ms)
Fig. 4. Calculated torque waveforms when the magnetization of
variable magnets is dynamically changed.
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% WX E Baﬁ_é*ﬁnj‘
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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
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JTEETNE 2 RTLY =TT IVICERTDHZ LT,
FEHB R Bk s HEIZ DWW TIRET 21T o 72,

FEIOILXey TRHE—LZDOD ) =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)
3

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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Optimum Rotor Pole Width of Flux Reversal Motors
Shotaro Tsunoda, Kenji Nakamura
(Tohoku University)
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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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Reduction of Torque Ripple for Outer-Rotor-type Segment PM motor with Ferrite Magnet
S.Sakurai
(Akita University)
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Fig. 1 Schematic diagram of segment PM motor
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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

BE R
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 D&Y

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 SUEERER

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.)

[FLOBIZ 10T 73A R EOENER L LT, IREIEESMNOFEHAIfF 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,

KREE RS BB L LTHIAME Fe-Si i @ @[

(IS HiFs : 30P120), FEREMERTEL L LT Fe-Si BUTHERRI  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~ P\
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
/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) ™ N AN
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 —— @ N\ aN

F = A VACIE Fig. 2 (2~ 3 2 FEFE A L 7. Fig. 2(a) & (b) e SRAVAVARVAWY,
%, 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.

EERIER Fig. 3()~ ()T, 4 FEORIZE T 2BV ORI 2773, (a) & (b) TIE, BEMEAMEIOLE 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
TRENEGE TSI 1T D BRI KA SR AREATZ & % JRFTRESR O 728

PR - RHER - R

(B ER)

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.)

[FLOHIC 10T 731 ADRGHRLE RN, ZOBEMER E 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 ENCITE T MR SN (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 WAV FE O R§ AL A — 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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_- H Befm

| Displacement
]

i e
“ tl @ ~Magnet

|
|
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Distance from fixed end, x.; (mm)
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.

1

Maximum magnetic flux
density change , AB (T)
o
ol
I

L -O-
O kl I l N I l N |
0 20 40 60
Coil position, X; (mm)
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).
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KPR L ORROBEAR T > A b ARG ﬁﬁ&%@%ﬂifff ADFEAFPE
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(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 HipEx
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@
DIFEFREZFATIC LSS OKEER T 2 bR (2B 2 2-WA R
Bt dom 35 LN 2 D ORA B FERE dom & WMéﬁ‘%@kioﬁﬁﬁﬁ%
T2 WIS, 2o H B OO ERIT AN 7/beﬁ#WMé
DL DA DIEMBEI DO AE 0 ZBALEE-HE (FOWRT v 2
F) OREEITo .

EERAE PN JIS B 35A270 O 7 AP EEE AR (80 mmL x
20 mmW x 350 umT) % H\y, ‘E%jﬂﬁ@lﬁﬁb 5 20 mm DFR5Y F T [H
ETHZ WLV AFLOREIZLE., BEaA VITEEN 54 mm,

WWﬁwmmeanJ%ﬁwmmMJﬁ#wwmm/m/
HIHEANTR HOLOEMH Uiz, KABG E L TIRA Y LR
A (3mmL x 30 mmW x 10 mmH, L HFHANZERD) 2V, A B
5O dom 7 3 25 10 mm OB T LI ®7=. 7=, WaMIEEE don
BROB A E 0 12B L CHME L7z, Fig. 1 IZZ D OBRZHED
b0 ERT. T LT, MEEEZ AW TY AT ALK EREIRE S+,

%ﬁ%%%ﬁot REOMEEIL20G TE& L, FHEEIIET v
A MEREMCBT 2RO EE R e Lz,

REBER don=6mm, dun=0mm, 0=0deg. DA IZI\THIRSE
B 65 Hz O ELIGIREN 2 5 2 7-BEONHEE, P H Mg OZhr, Bk
&, MAEBIEDOWE A Fig. 2 1[Z-d. BZ2A REEOIRENIE > TRERE
NO0S8TEIL, 232VOE—VEBENMEOLN TS, dom=0mm, 4=
0 deg BT dom W{Kéﬂ"tk%@t%7 BER X ONZOIRIE%

Fig. 3 18T dom DHINZHONT, E— 2 BEEFBALTVE, 20
% dym=6 mm ZEIZPAD L TWB. dom DEEINZES T, ZICEHIINE
DRGSR IRE TR T 5 — T, WAE I ORI L0 RO IR FEI
S OMRIRIZIEINT 5720, TOFRAEWIL o TE—27EENRKKE
D dm NFELTZ DO EIRENS. YHIL, dm< 0 2L LSETZ
AEEED, KERBLOHOHWART v 2 RO ABE NG OIRE &
FEREICE 2 2ROV TR RS 5.

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

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

3) R, B Tl T 3R RS
p. 146 (2019).

4)kﬁﬁ JIFFHTRS, “ARIERY T3EEEALE | FrlE 2022-086851/%F B

2023-174153 (2022).
5) KRITFE, HAHER TIEELLE] FFHE 2024-084029 (2024).
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Fig. 1 (a) Direction of magnetic flux
in beam. (b) Positional relationships
between beam, two magnets, and coil.
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Fig. 2 Waveforms of (a)
acceleration, (b) displacement, (c)
magnetic flux density, and (d) output
voltage.
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High-output vibrating electromagnetic power generator with beam resonance
Hanae Aoki and Hiroshi Masumoto
(Tohoku University)

EI=31=NR
[ES

T, BREOEMN DEE~NNAE=F Y T OFTENREE Y, TOEBUMERB R o
ﬁ%izé BIRFELR DN & 72> TV D, BB 5 IR EDO LR, 2 A MERO-HI2, Eil
RSP ERICA D 5 BAMBREREEROBB N LEEN D, AT L DHMRAEICILHT 5 Z1H#H ?/%%?
ﬁbt7ﬂ4z %, 1-3W L EOEIRMERNEEN DD, LFHFITHETE VKGR EZ IR &R
ﬁ% 5D, ﬁwoquT%D HEREAHIRE I 2520V ORBIRTH 5, BETOREE%
BINCEHRT 5 HEEPRE) (X, AF CAERIEEZENICERT HIREHITTHY , MoOREL R
Zof'“’i‘i(EIﬁ{%@fotb%%DE_M _Fa?ﬁ;f%é:nzﬂ/ﬂ%~: v 7 ADBLENSL WIS D, b L, IRENR
BROH N ZBLRO 10 5L EIZm ET2 2 R TEX 572013, IREEEOBRE L Cow AL K
%’#kf% Ny T VUV AZHREE PRy N —7 OEBEANHFHFTE S, RFETIE, ROHKRE

HEARERILE U, WML 0 BB A2 KIEIZ ﬁibt%%%mﬁwﬁﬁﬁ%%ﬁfé

EBR 5k

ARV EE R BRI, SR 1000 [B155 (KL 90Q) O 7 E /L 7 7 AJEREE#EE = 7 (MaDC-A @7 &2 7
U7 W) R FFH 30 B HSICEE LIIRERS & . Bl 5 X v v 7 (9) 25T Tt % xf1m)
Stz Ny 7 G —7 (BY) ff % NdFeB ﬂdﬁﬂﬁ (e KIe R JiE 4. 3kOe) z’»%riﬁ % o hHRINGE FE s X OVE K
AR 7R REEAERE 2 VT, ERREE SRR S Y, oA VOWECA LB ERE N ET VX VA
aRAa—7THEHEIL. %%ﬁfiéu?{ﬂﬁ L7z,

EBER
1 () ICIRERBR O 21T, 320 T — e e
ICHRJE W H 21 Hz, Jb#RAMEEE 9. 8 m/s* (1T 40
BT, HHmIZHT 2 2OHREIX 20 mm
Thv, X 1(E) @%’% BN G LN, K
DA DRI 2GRN ETFICIRENT 5 Z L2 &
2R 2 7 RO 2L (1 45 1) ]
X, A NVOFERELEDOH S &5 LT = . = 20000 f 5 P,;:;::zggg?nnvwvw
WD, 3 U FSRAE O BY AR AR % i | 7
POWEE 1 JEHHIC 2 [BEET 5725, 48 ns
DN R KR EE 1,~60V 25 2 BN T
%o ERFEINL20W, ERhFEIIIEL 963 mW, 1
JEHA D R —(F 46 m] TH - 7=, BIIE.
W EL Lo BICHkER LTl . ZikaE
oY OEFR~OEMEZ L T\ 5,
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IREN AN JAhEL S AU 72 Hh S s AR DL B2 AT 4

(FRELATTIRF D E H ISE T

B9~ 2 FEBRAYIREY)

NHEK B ZANIFDEE* R—5p, BEME, NEPE*2, ME =53 IERRE*, m SIS,
R IEAR, IS 5%
GRIER, =M TART:, *2EEm S, <2 ImERE R, A TRR, R T oK)
Electromagnetic levitation system for excited bending flexible steel plate
(Experimental consideration on steady state response under disturbance input)
Y.Uchida, K.Ogawa, I.Kobayashi, J.Kuroda, D.Uchino, K.lkeda, T.Kato, A.Endo, T.Narita, H.Kato
(Tokai Univ., **Aichi Univ. Tech., *2NIT. Numazu., **Hokkaido Univ. Sci., **Tokyo Univ. Tech., *5FIT)

X LHIT

WA OW R &R U RS R 21T 5 7o B4
R EHARR ORI DNEANCB Z b T g Y, Mifge
TN —T Tk, B ETHRTE B X D IERE i o L8
PEZER LTV D D, F itk & x5 & 353581213,
HRARK & VAPEZS T U e WELPH CHllF 7ok RE i LS w5
BHMRE EEELZ LY, L, BRE LR oMK
RENZOWTIL, FEL SRS TV 2R, & 2 TR
HTIE, B B odilRIcEFRANELE AT L, Bk
2 B BRI DOWB] A R O 5 ORI O AT I R E
L. SR OE S XD ERMEOZIZ OV TR LT,

BRI EERR

Fig. 1 (ZB MR I E OIS 2 R4, iR
T EEEIL, 5 DATOBH A=y MZ X > CTHRE
WEF EEEs 2 N TE 5, AMIECILFig. 20X
2, B oY% A~D JUCRE LTZ, @ ERRIEIES
FESAR (S x =800 mm, i y=600mm) & L. 2 FffJH
OMJEDOHIM (0.19 mm. 0.30 mm) ZHu iz, A
TR O#HR 12 Fig. 3D X 5 7R IESLHER DAL
Z Fig. 1 12351F 5 FEHR4EE o Frame No. 3 (2 AL, 4
WOIRENFFEIZ DWW TRFT LTz, £72, EORFTELY
HAB TR B A2 E S 5 Rl oA B 72, Fig.
412 A-D R COENIFAEZ T, ZO/EELY AD
M CAAZENE L TE Y, 0.19 mm O J5 2MRIEA K& W
LR ST,

L 2B
1) HEh, AABSRFEEE, Vol 35, No. 2, (2011),
pp. 123-127.

2)  JURRMh, BB ERSCHE, Vol 81, No. 823,
(2015), 14-00471.

3) /Wi, BABSRTFEmSCRRE S, Vol 3, No. 1,
(2019), pp. 101-106.
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WEMEAR DAL EFIEN O 72 8 O A A JE D @m

VAR, E#E %%
(FHE )
Optimization of magnet angles for magnetic motion control
H. Sakuma and S. Sawada
(Utsunomiya Univ.)

XL ®HIC

3 DDKAMEAL T — Z T LV AR S/ CTRUINR K AR A DOALIE % 3 RGTHIZHIlE3~ 5 B ffi s s 4T
WA D L LN 2L, #HERG & 5 2 J7mi ’%@Jéﬁék RS (LU — Al
EMES) & EOFAICEER S HIUE L W E R L TSI E e, #EHIERA 03 S DALEICE I & &,
ZHUCES BB R LD X O B _R—AAAEEZRD D Z 1%, MCESIE OSSR - SEE(LICB W CEE
TohD. ABFFETIE, covariance matrix adaptation evolution strategy (CMA-ES) 23 % F\ N T_— ARiA4 O %
STk [ AW

HEAELER
N%X@Eﬁ%ﬁﬁﬂﬁﬁbtm SRR AT A (EE20mm, £X50mm) THDH. 30D —AfE
A (MO~M2) 12 1HDFEEH 180 mm O IE=MATFOHOHFIIZENAILTWN S, geHIR A I XEE 3mm, &

S 3 mm O fE 49(7:74’ MEATHD. (EZFBRT H7-OICERZe MM DT 7 AF v 7 ERIZHLDIAE N,
FzERik T oDz 6mm O T AF v VERRY T 5N TWD). Fig. LIrT X912, E=AF
OHFLEFURE UTHEIEIR A OB LY EFRT D, N—ABADAE (b~6) 1%, NMI+z FH %z [T
WhHEExEErl L, HARAZOREREZIEET S, HEX—AEAAEIZBWNT, HAHMEISEITZHHIAE
WA haRD D012, ARESREI 2L —F Femtet (A7 %Y 7 v =7) Z MW=, Python H
HALFIHR T A4 77 Y DEAPYZ HWW T CMA-ES #E(T L7, 1HOR—ABAAEL LEEE LT, 1R
BWCTT OOEKEERK Lz, ZOF 05 3 SOENEE (x, yﬁﬁ@@j}ﬁiﬁn Wi, z H DT
E (EH—77) OEPERIGEWVER) Z8IRT 5. ZOMOSEMIL CMA-ES (2361 2R 72 E 2% H
VN 2L Fig. 2 (kI RG A OArE A x =y =0,z=55mm & LT/\~7<&AE&JE%H§J@4[:L7Z#E§T%%/T*T. G~
O 1T DFFHADELEL N H A X — F L TR 0IZINR L, EBREIFTIT K L7, BETIIEX RALEICBIT S
wiECAEREZHRET D TETHD.

2 E R

(1) H. Sakuma, Sci. Rep. 13, 18052 (2023). (2) N. Hansen and A. Ostermeier, Evol. Comput. 9, 159 (2001). (3) H.
Sakuma, J. Magn. Magn. Mater. 566, 170315 (2023). (4) F.-A. Fortin et al., J. Mach. Learn. Res. 13, 2171 (2012).
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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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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,

FEIOILXey TRHE—LZDOD ) =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)
3

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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Optimum Rotor Pole Width of Flux Reversal Motors
Shotaro Tsunoda, Kenji Nakamura
(Tohoku University)

[TL&HIZ

77 w7 A R—H)L (FR) E—FX, _EHEM
KA (PM) E—ZDO—FThb, LL, Xk
D HZEMR PM E— X & Be v, WA EE 3 —
7T, BEMREHICEEIND Z D,
WA 1 R O BAR AT IR DAL S A R—F 1270 D
£ o T, FRE—Z T 172 PM &—# L [AEOM
BENHIfCE S, 72, BEEFEIAAS T NI F7
Z A (SR) E—H & [A] UL D k00D I THRERK
AW, ToX—a—ZEELARETHY, &
LHBEE (EV) OA ViR A —LE—Z|#T D,
AFETIE, FR & — ¥ O it 72 [Bl#5 7 15ilE (2 2 T
R 2T T DO THET 5,

REGEEFEIEICET 5ER

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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IR
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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
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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 bLY 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
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o
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o N AN LA :“l‘\ no\

LY VA v YRRV AN U

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

0.1
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(b) Waveform of toruge at 0.2 N-m

Fig. 2 Comparison of torque characteristics

BE R
1) BRI R, A ARBERUE i SRR 5,6,69 (2022)
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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 D&Y

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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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
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LRSS SUEERER

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.
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in Cantilever of Inverse Magnetostrictive Electromagnetic Vibration Powered Generator
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Electromagnetic levitation system for excited bending flexible steel plate
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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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