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Orthogonal-core-type Variable Inductor consisted of Cut-core and Laminated-core
T. Sato, K. Nakamura, T. Ohinata®, and K. Arimatsu*
(Tohoku University, *Tohoku Electric Power Co., Inc.)
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Fabrication of magnetic ultrafine particle embedded porous alumina for power inductor and their properties.
T. Hamada, Y. Endo*, K. Yabumoto, M. Ishitobi, A. Tayaoka**, N. Fujita
(NIT Nara College, *Tohoku Univ., **NIT Kitakyushu College)
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A study on ANC system for ultra-compact EV by using giant magnetostrictive actuator
(Fundamental consideration on output characteristics of road noise range)
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(Tokai Univ., “FIT)
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A Study on Linear actuator installed on cylinder head
(Fundamental consideration on thrust characteristics to operating temperature)
Y. Majima, J. Kuroda, R. Suzuki, A. Endo", T. Narita, H. Kato
(Tokai Univ., “FIT)
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Development of electromagnetic guideway for seamless ultra-thin steel plate
(Basic consideration of damping effect on electromagnet installation position)

R. Nakasuga, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT.)
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Electromagnetic levitation and transportation system for bent thin steel plate
(Fundamental consideration on acted position of electromagnetic force)
A. Shiina, S. Kayama, M. N. Hakimi, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT)
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Development of electromagnetic levitation system for thin steel plate with electromagnets
and permanent magnets
(Fundamental consideration on acted position of tension)
S. Kayama, M. N. Hakimi, A. Shiina, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT)
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ST AER, KT M ERA OB U Cal 2 iA R ENZ L L, 20 & & ORI S E 3 255

5 J & #7228 &R~ Lz,

BEXH

1) /NHEEEH, SEEST, RINEN, PRF, WSRO 27 2 o 25T AVREHWeX vy v 72
P E AN WERTE BV AT ARG LT ERNER”, BRFSWmOGED (EXEISHEEE), vol. 138,
no. 8, pp.692-698, 2018.

2) AT, RRHIESR, MEESSE, BRI & KARAIZ X DS O NS T Y v REERTFE AT A (B
L OMAANEM 2B Uz R Bl R R B 3 2 MM 7, B AEM #2335, vol. 24, no. 3, pp.149-
154, 2016.
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IKEETT M7 & OReS % A To FefRilii O ie < -
(7 B OIRENRAEIZ BT 5 SEREROIRE)

BRSO, FEILEAIR* . HEABAL, DA< RXANF I BTN R <%
ANIRSE* Bl IEAICs N5 52 *
(fE TR, *HER)

Electromagnetic levitation for flexible steel plate using magnetic field from horizontal direction
(Fundamental consideration on vibration characteristic in levitating)
A.Endo, S.Kayama*, A.Shina*, M.N.Hakimi*, K.Ogawa*, T.Narita*, H.Kato*
(FIT, *Tokai Univ.)

i

(]

Electromagnet unit

SO R E R H L LC. B A BT T R
BEEHAAMER I TS D, L LAaRS, BSOS
TARI A 5t & LA iE, 2 OMIMEDIE S 75
ITRMEREI R L, 200 LTI LS5 2 L AL
VN DT D IR O S A R 1 & - TR
LCi LS5 FHEERE LR D, ZhE Cloik—iiic
EHEINDEZOFMMRIZBNTF EARETHD Z &
B LRI B AME LT 5 Y, Zelkii e X 2 (b
%L ZOMWER KX S BT 5 2 L b, R LI L%
FHF 572010, JEE D& ORIERRE KD N T X, Fig. 1 Magnetic levitation system
Lo L7t b SHRARIE S O A 28 L TR LS A 12010 [ o o —
L FEARER O X & 7 P 351 2 IR O BRI 2 B 5 7 (emitter) :
12 U Fix OJE SIS R RE A B Rk ak s okob LD, 22T Electromagnet
A TR B AMRE U7 BERTE RS % T — s
SN S OMSIRIC X 57 EEREFT -7, Zhic kY ZiK
SR DI X & Z O L OEBE L ORISR 5 v 5,

HEHROBE ST X 5% ERetEDE/L

Fig. 1 1ZEE DB ER % LIoAE BEEE 2 R4, 3 Exrgad,
M5 100 mm, £ X 400 mm, A48 SS400 O FHREMK & Uiz, Ak = 7
BT 4 DOEBAZ= Y FOORER I TEY | RO MEmEIZ 2 Laser sensor
PR LT B, B = 3 Fig. 2 0k 31 | S0 (receiver)
Wt & 1 oL —Fe oIS T\ 5, BlAIXERE
U422 & CHICR L CRBI N 254E3 5, 2 ORF, SifkiX
W S WG S, T LTS, L= o TR O K ESMEMEZFHRIL, 74— Ry 74
% Z & TREF M OANBERDHIEZIT 72> TV D, AEE TIIEI2%0.05, 0.19, 0.24 mm O FERER A x5
LT EFEBREIT o7z, ZHUC X VR ERICE T 5 iR OIREMREEZROBE S Z L IZEHIIL, BT
X DIEENFHEDOE(LIC O W TH L NIT LT,

BEW

1) KRHDL, HARBSR RS, 1,76-81 (2017).

2) Y.Odacetal,J. Magn. Soc. Jpn., 43, 11-16 (2019).

3) T. Narita et al, Int. J. Appl. Electromagn. Mech., 64, 1191-1198 (2020).

Fig. 2 Electromagnet units
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45 B HAR D FIGREELE  (2021)

CGRAERZ:, *7 ' 231 V)

Examination of Restarting Torque of Induction/Synchronous Magnetic Gears
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

[FL®HIC

R YIIIEEMCEN I 2B TX 5720, B
A L ATIRR) - BRES/INE L, RSFIEICEN
b, FTOHTHREATUEK T TIL, MoK x
Y EHART M7 EERE DI, —F, MKAXY
WK BAMAEIN SIS EREA L, EJEENT
XD, Flz, RARITANE HDREETY bR
MIRWVRY , FREITH 2 LN TE R,
AFETIX, WRZOFGEMEN L2 B E LT,
FHEFEME—ZOFBICER L, BAX YOl
W TR A AN L 72 B R R X Y &2 3721
ETDHE LI, JFRBEMRIEERZIT - =0 THE
35,

FERYPHK VYO RERT

Fig. 112, BRI OF TEZR~T, FXKE@)DH
HEBERAT VIL, ¥riare chy, N1
|2 28 ROEHR A= EMPFICEE S LT\ D, £72,
FIK (o) DFFERBIR X VIX, ¥V 1033 TH
D, PIEER T 6 AR ER S — 3 SRR I Al &
T3,

Fig. 2 |2, HGERBMERRICIT D107 v o OWE
FERERT, BRAXYE —EMNHIETHhLANE
THTWE, FEEI LMD ML 2R ALY &
L7, #MAIEI#E%2 1% 60 rppm, 80 rpm, 100 rpm & L,
& ElfiA% T 10 | OREE AT > 72,

F@ LD, ¥V 6 DFE, WIFholEsiic
BWTH, NIWEKREET HHERBIBRY YO
S, I TIEERO B OBERF Y & T,
BI/R MLV IIRKRENWZ ERbNnD, £7-, FX(b)%E
5L, ¥¥i 1033 o%4, SMAlEHEREL 100 rpm
WZBWT, NIWEEREZMAINT 52 & THIAZOH
WREN FIREIZ /e > TV D Z &b ad,

PLEX Y, BRI D8R Z N5 Z & T,
BT DR b L7 ZdETE 5 ZE AW LNITR
ST,

ABFGE D —EIEHACK S AIE R pe 7 v 75
DR ARSI,

L Z P4

1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).

2) F. T. Jorgensen, P. O. Rasmussen, and T. O. Andersen:Summer
Seminar on Nordic Network for Multi Disciplinary Optimized
Electric Drives (2003)

Outer torque (p.u.)
o o o
= o ©

o
N

0

N o o
IS o ®

Outer torque (p.u.)

o
N

0

=N
=

o

Gear ratio

Inner pole-pairs
Outer pole-pairs
Number of pole-pieces

Axial length
Outer diameter

Air gap

Pole-piece length

Magnet scale

Core material

Bar material

Pole-piece material

Magnet material

6

2

12

14

24 mm

130 mm

15mm x 2
5mm

4 x 37.5mm (Inner)
5 mm (Outer)
35A250
Aluminum
35A250

Sintered Nd-Fe-B

(a) Gear ratio 6

Gear ratio 10.33
Inner pole-pairs 3
Outer pole-pairs 31
. Number of pole-pieces 34

. Axial length 25 mm
Outer diameter 89 mm
Lt
Pole-piece length 5mm

/' Magnet scale g.fnsmiolllg:)m (Inner)
Core material 35A250
Bar material Aluminum
Pole-piece material sSMC
Magnet material Sintered Nd-Fe-B

(b) Gear ratio 10.33

Fig. 1 Specifications of induction/synchronous magnetic gears.

-=-60 rpm -+-80 rpm -=-60 rpm -+-80 rpm
H 100 rpm ~0.8 100 rpm
s
2 0.6
g
o
<04
S
5
N\ Op2
O S = o sy

0 2 4 6 8 10 12
Number of trials

o

0 2 4

6 8 10 12

Number of trials

(a) Gear ratio 6 (left : w/o bars, right : w/ bars)

Number of trials

J =-60rpm -+ 80 rpm L -=-60rpm -+ 80 rpm
100 rpm 08 100 rpm
]
g
2 0.6
g
=]
204
2
3
Oo02
e s B PP T
B S S U T T 0 L L L | |
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Number of trials

(b) Gear ratio 10.33 (left : w/o bars, right : w/ bars)

Fig. 2 Comparison of measured restarting torque.
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T UNRT AR E = AL DX YV HEEAX YO
237 bV AR BT D MY

BHERE, PATRE T, CSRRIEER, *SLOME—, RS
ALK, * 7 7 281 )
Cogging Torque Reduction of Integer Gear Ratio Magnetic Gear by Applying Unbalanced Pole-Pieces
B. Dai, K. Nakamura, Y. Suzuki, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

[ZL®HIC

AR AR X VIR I CEV 1 2 a2 T 5
72, BV &R TRE) - BRE N/ hE L, A
YTFUARATY—ThD, F£lz, ORI Y LML
RT VI BEENREND Z LD, B3 EH O
WYY E L COARMEEINTWS,

VAT AEROBRFEMICESE, BRX YT
XYL ROLND T —ANRH L0, ZDOHEA,
EEMIO 2 X0 7 ML BNRE L R0 IREOERRE,
EE= TR OMENEL D, ZORBEICK LT,
AX a2 —EEIL—ODOHR IR axX 7 bV IRER
72W 2, ARSI D720, FRCR IR E
FH O KA CIIBWEMEO R CTARFITH 5,

ZZTARTIE, mEfloaxy s v s IREE
HRE LT, BT NI AR L E— R &
T 5, 3WoLAREFRYE (BD-FEM) % H\, 2%
FIEOFREIZOW TR 2T O THET 5,

aAX VT RV OHEIBIZEEY BHRE

Fig. 1 12, BZ2ICHWEZT XV v Xy v 7RO
BT Y O L R T Y, md Al E R T R A
B AR EA - THAR AT T h 5, g Rl El s
T DRSBTS )M o A FRERR,  AREAAEIdE 1
DF &R =V E— 2D EHIEMBLL TH 5,
Fig. 2 |2, R—/L & — 2D EJ7AlgH2s 0.5 TH—
DIERD 2 A 7 L, JATTAEL.Y 0.3, 0.8, 0.7 & 5%
725 3P AMBEDLRETT LV NT AL A T HR
R

Fig. 312, 3D-FEM # fHWCHE LT, W& A 7D
MO aX T MR A RT, ZOMERD
L, TUNRTUAZAL T DX 7 M7 IXKIRIC
B LTS Z enbnd, ZOERERTD,
Fig. 412, 7o NRTUREATD I FEFDFR—LE
—APMEL B AR DAX T MV W E RS, O
Mzfo&, FEROMMARTNDZ LT, AN
HHHLAE->TWDHZ ENbND,

ARBFFED —HRIF ALK AIE SR B 7 1 75
NI 3733 (Wl
BE IR
1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).
2) S. Ahmadreza Afsari, H. Heydari, and B. Dianati, IEEE Trans.
Magn., 51, 1 (2015)
3) B. Dai, K. Nakamura et al., ICEMS 2020, LS8H-2 (2020).

Gear ratio 10
Inner pole-pairs 3
Outer pole-pairs 30

Number of pole-pieces 33

Air gap 2mm % 2
Back yoke length 11 mm (High speed)

Low speed SMC 10 mm

Pole-piece length 4 mm

l I_=:]: Core material 35A250
[ - mememsmmmm | 36 MM Pole-piece material SMC
[HTTRn

Magnet material Sintered Nd-Fe-B

Fig. 1 Specifications of the discussed magnetic gears.

<N 07
7\ s
—

‘
o

E ) e—

Fig. 2 Comparison of conventional and proposed
pole-pieces layout (left: conventional, right: proposed).

[

o { \ / A
odot [ ooz 0003  ogod [ ooos  oolg
W .

Cogging torque (N * m)
=)

Cogging torque (N * m)

Time (s) ’ Time (s)
Fig. 3 Comparison of cogging torque of high-speed
side rotor (left: conventional, right: proposed).

0.4

03

0.2
0.1
0 Ay e _/ \e >
ogot " \e0g2' /.2 0003 " 0004/ -0dos
-0.1 M -

-0.2

Cogging torque (N - m)

0.3

-0.4

Time (s)
Fig. 4 Breakdown of the high-speed side cogging

torque of the magnetic gear with unbalanced pole-pieces.
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HOAMEARIR KT v — R E— 2 D)3 « ZhRICHT 5 —EBE

(A O, AT
(HAERF)
A Consideration of Power Factor and Efficiency of IPM-type Magnetic-Geared Motor

Koki Ito, Kenji Nakamura
(Tohoku University)

[FL®HIC

SR S, HIABARIPMERA X Y — KT —
ZERIEL, EROEHRBARLLY bEIRTHD
ZEEFEELE D, £/, IPM AT Y — FT—#
XL T — X OB EERIZE Y, Bk
MV BEALT B EERALMNI LY, ARETIL,
IR EAER 23 IPM B K ¥ — RE— X D J)E0
BRI KIETHBIZHONT, 3 KTHBREHRE
(3D-FEM) MW T 21T > T2 DO THWET 5,

BMERNBEERALNE  IEARITIEE

Fig. 112, EE8XxI%HL Lz IPM AX Y — FE—
2 ORI OFEITCE R T, 13 U DI B
MDA RIETHEEZMRD720, AR 30, 45,90
FE\ZH U % BT ONLFH % 3D-FEM ICTHEL
7~ Fig. 212, Afif 2 & OB BIE O Ky
DHEEMRZTT, ALY, ARADKEWVIZE
BT EIE L ANBRONMAAENRKE L 20, 7%
PIETT 22 Lnbnd, ARAZENTSZ L1
R Y OERER O ST DH 2 Lok

LW7=®, JIHENEAT 2 ORI BEER 0%
B2l W2 D, BRLY, S#E - GREEEIT
IITIE, AMAOHEINIEY, ERMAEZED 50
NEWnWeEZ6ND, Fig. 312, AMA T EDHERD
HEMEEZTRT, FKED, HRNEKE2DE
NCAEZDS, BT OIS U CHERMABENIZ > 7 b
LCWAZERTHRIND,

Fig. 4 I[CATRTA Z & ONBROREMRERT, 2D
Ba 2 &, EHRERMABMTHENRERERD
ENbNS, Thbb, HABAREA XY — KT
— ZXHEL B IO CHRE) L7252, J13EB L 0%)
BRMETHZERHALNE ST,

AHFFE D —EBIE ALK S AIE HRF Pt 7 m 7
AT E W EEI NI,

BE IR

1) G PR, HR, AR SCRE S, 3,1, (2019)
2) P, R, AARBERESISCRHES, 4,1, (2020)

Diameter 140 mm
Axial length 36 mm
Inner pole-pairs 4
Outer pole-pairs 23
No. of pole pieces 27
Air gap 1.0mm X3
Gear ratio 5.75
Speed of Inner rotor 3000 rpm
Speed of Outer rotor 522 rpm
Fig. 1 Specifications of a prototyped IPM-type
magnetic-geared motor.
80 2

%5 Noload

2~ — - = Load ang. 90 s

o 2/ 20 b o —EN | Load ang. 45 41 :

o [/ E\ | Load ang. 30| 71 S

22 — —lnputcurrent| /44

ES g

2 0 1082

Sg 3

g 2 5

5E40 £

T

T

-80 2

0 60 120 180 240 300 360
Inner rotational ang. (elec. deg.)

Fig. 2 Calculated waveforms of the armature voltage at
various load angles.

1
-8-550
H°-95 I ---360
é 0o | =545
< =530
Eogs FE15
P -0-86.13
08
075

30-25-20-15-10 -5 0 5 10 15 20 25 30
Cwirent phase (deg.)
Fig. 3 Calculated displacement power factor at various current
phases and load angles.
94
938
936 1

-30-25-20-15-10-5 0 5 10 15 20 25 30

Current phase (deg.)
Fig. 4 Calculated efficiency at various current phases and load
angles.
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WA T ARESREINAB A Z BT 5
FETTOREHR A A > F KU T 7 & v AT —H O IR

KHHRE, ZBamF, PR
(AL K)

Basic Characteristics of Transverse-Flux-type Switched Reluctance Motor with

Permanent Magnets applying Reverse Bias Magnetic Field
A. Nagai, K. Mitsuya, K. Nakamura

(Tohoku University)

XL &I

7 s ! (Transverse-Flux-type) € — % & (3,
[Al#R7- D [Al#E 7 [N % L C =R R 2 J7 N i
NHE—Z DB TH D, FTITEELIL, BHI
FAL SRM (TFSRM) DFAMERER 21TV, —fkiI72 S
RM Vb R&EZR MV EFTLHZ LML

- 1)

[

AR TIE, TFSRM O S 5725 My Lx B L
LT, WA 7 AR EIMAEA %2H 3% TFSRM
IZOWT, 3WoeAREHRE (3D-FEM) & Tk
WA EE L0 THRET 5,

IRET 5 TFSRM DEEEFE

Fig. 112, ¥4 7 ARSKEIIAB A Z A3 5 TF
SRM D HEAMER AR~ , ZOKEY, BT > b
27 OWANZ K ABA DBELE S LTV D 2 & bh
%, Fig. 2 IR TFSRM D55 DILKIX & 759,
[ B4 1 D SR FINE [ RE BT & D BRI & ARG
K OBRDWENZ R L THY, EHEFIZBW Tl
DRGSR DAL AN T2 > TN D Z Eldbind,
THUS KV, BhEEBHAG AT O B ERE R B 0D I A R
FIZ K> TARFANTHAA T 2SI, Lo Fod
OB REEN L RDT2D, ML s OERA
Wrrsh s,

Fig. 3 ([CEWMEEX M7 FeE 2R d, ZOX%E
DL, WA T ABREIARAIZ LY, 2R
W RV BEER L2 Z Ebhnd, £7-, Fig. 4 12
HEARL LORRMEEZ AT, ZOXERD &,
FRICE AT CHHE L IRB L, #hEEssm kL
TWDZENDND, THIITH AT AR HINA
WAl L> TR RmELEZ ElIZHkT 5, &
BITAERBRZ1TO TETH D,

¥, AWZEO—HIT ALK AIE KBt 7
=878 VNP QIS T -2V g W e
Bk
1) T. Komoriya, Y. Ito, K. Nakamura, J. Magn. Soc Jpn.

Special Issues., 3, 58 (2019)[In Japanese].

Permanent
magnets Material 237110

Permanent magnet N52

Rotor/Stator pole number 5

Stator pole length 22.0 mm

Rotor pole length 25.7 mm
g  Gap length 0.3 mm
E Pole width 10.0 mm
=N

Winding diameter 1.3 mm

Number of turns/pole 75 turns

v Voltage 60V

Fig. 1 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field.

Stator

Winding

Permanent
Magnet

Fig. 2 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field. (one-pole).

2 -

[ | — With magnets

1.5 1 .
| — ‘Without magnets //
.

5
Current density (A/mm?)

Fig. 3 Current density vs. torque characteristics of TFSRMs
with and without magnets.

70
60 1| —  With magnets / 7

50 | —  Without magnets
40 1] — Copperloss /
w0 Iron loss

20

Average torque (N-m)

o &
0

1)
3
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——  Without magnets

Efficiency (%)
28
I

2
3

10

i
i
i
iy
U
o
2

0

0 0.5 1 L5 2 0 0.5 1 15 2
Average torque (N-m) Average torque (N-m)

(a) Copper and iron losses (b) Efficiency
Fig. 4 Comparison of losses and efficiency of TFSRMs with
and without magnets.
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U A Y RCEMN L CRYE L 72 B SR & — % ORFEMGE

=V T, TR
(HAERF)
Characteristics Investigation of SMC-based SR Motor Manufactured by using Wire Electric Discharge
Machining
K. Mitsuya, K. Nakamura
(Tohoku University)
XL ®HIZ
JE# L (Soft Magnetic Composite: SMC) 1%, 3 - Gap length: 02mm
WICHERFET AL, @EARSER /SN &9
b, WHERDOE—FZERLMEO—2 L LTHIfF S
TWD D, LanL2eis, E, ERlE Hv:
F-ZEOLOEYEIZIL, Sl RANAETHY,
C AV IR BE B O BRAEREA D FE & 72 o TV

Stator pole width: 32 mm
Stator yoke width: 1.6 mm

Winding diameter: 1.05 mm

45mm

Winding turns/phase: 44 turns

Winding space factor: 44.3 %

Voltage: 144V
D, FZTEEOIX, A YKENTIC X A808 - Core material: 354300 or SMC
EICEH LTZ, AT, Fig. 1 DAL vF FU Z Fig. 1. Specifications of 12/8 SR motor.

JH A (SR) B—H D &R EL, VA YK
TN T CHRE U2 EBMTGL SR B— 2 DR A Wi
L7z THET S,

T4 VHREMITHEEL-EMHELD SR E—4
DHABRIER

Fig. 2 \ZFAE L 72 SR & — & OEE T & [Alfis 1 & /R
. ERRITEERNME T, A, kA% Fig. 2. Stator and rotor cores of SMC-based SR motor
B LT BT A Y REN TAT I8 S 720, Z 071 manufactured by using wire electric discharge machining.
NN TR R BRI DS AR 737 o T2 3, :!777( 0.12
Db DITITFIR R T 22 EITEC 2oz,

Fig. 3 | Z&MERE X MV 7 Rtk & omd, Wikf
B & ERO G NOCREN L LTz, 72k, ER

® Meas. (35A300)
® Meas. (SMC) LR 4
——Calc. (35A300)
—— Calc. (SMC)

=
—_

=
=
==

Torque (IN-m)
(=)
=
(=%

g0 3 Eb s et G2 O EEREERRR. (35A300) (2~ T% - 0.04
TWA DL, MBI OB ER DO X ZRK LT 5, 0.02
Fig. 4 |2 M7 ‘ISBREMEEZ R, ZOKERD 0 . ] o s N

L, MRS b EEOSENFHEM I VB L Th
D, ZOFRKD—>ELTYUAYHREMLIZL DS
IEREZ NG, 27170, SEOFEAE L HEMD
EEI3 35A300 2349 1.6 f5i2xt LT, EMIOIEA 1.8

Winding current density (A/mm?)

Fig. 3. Comparison of winding current density versus torque

characteristics.
60

fBFETHY, HIEOESWITHME T E A EZ2ENE % ® Meas. (35A300)
Vo LIS T, VA FIREBINTIC & 2 ER#L = £ i)
T OEWEIAMTH Y, PR BRSIC 31T 2 E 2 . ——Calc. (SMC)
. . . 2
P D N— RV E TP 5 Z EREIRF S D, = 2
= o ¢ ¢ §

BE X 10
1) Y. Enomoto, H. Tokoi, K. Kobayashi, H. Amano, C. Ishihara, and 0

K. Abe, T. IEE Japan, Vol. 129-D, pp. 1004-1010 (2009). 0 0.02 0.04 006 008 01 012
2) K. Nakamura, Y. Kumasaka, and O. Ichinokura, Journal of Torque (N-m)

Physics: Conference Series, Vol. 903, 012040 (2017). Fig. 4. Comparison of measured and calculated iron losses.
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NANOMET®Eg a7z L7-1 & v M PM £ — % O E-EEAT

T8 AR M=F, A
GRAERZ, "Rt~ Ry b V2T 47T 2— 1)
Prototype Evaluation of Inset PM Motor made of NANOMET® Laminated Core
Y. Yu, S. Hiramoto™, K. Nakamura
(Tohoku University, *Tohoku Magnet Institute Co., Ltd.)

X C&HIZ
fﬁ&’ :E_&fﬁiit‘\kLfgﬁga:ﬁﬁb\%hfl’\éﬁ Rated power 264 W
JVAHE 7 A SRERARIL, 22 C AR E & 750 2%, « C mawes oo
AR NARE N LAY, @A L ORE & e
STW5D, ZHUIK LT, T/ b ahREE A 40—

’ \ Rated torque 200 mN-m
Diameter 54 mm
‘ ' Stack length of stator 16 mm
Stack length of rotor ~ 19.5 mm
] [ Gap length 0.3 mm

OVG}?) é NANOMET® iﬁﬁ%u&ﬁi&gz})[ﬁ] < ’ 73)0 E Number of turns/pole 24 turns/pole

EHHTHH 2 LD, KR OE— 2 BRibE L "L_fmmﬁ T s

LTHIfF SN TS, JBICHEH bIE, NANOMET® E[ _:llg ot of s oo 50

HBHEOREa T H T, AL vF R THR s 2 el of roor core 30 :;Z'Emm'”a‘ed o
(SR) E—X&MIEL, EHFHTiZIT-72& 25, ‘ S

AP RE AR L, 2N mELEY, £2ZTK Fig. 1 Specifications of a prototype inset PM motor.

RTIE, #irzioA oy MROKAEA (PM) £—

ZATHEM L7 RO TS T 5, 200 | [ 035A300
42ty b PM E—4 ORERBER L RANOME
Fig. 11, ®EL7=A &y N PME—XOffc%E  EI50 |
R, 346 Ay b AWHTHY, EHEERT  F
12,600 rpm, EH F L7 13 200 mN-m T 5, 5'0(’
HRICPE O AREIRE Z M <o, Bl R T3 E s |
FYLR R L Uiz, 27120, BatEREE WD
BLEIND D &, Ry FREAITIRERSREAAICH D120, 0 1 } . | - -
— WX R TR A B CIRIE <, MRS M AE e & B 0 1 203 4 5 6 7 8
L7c, SEATHRSE D ClX, —MA7R G itk A 280 Current density (A/mm?)
B (35A300) %Hﬂmmﬂ’ﬁﬁ%ﬁ%ﬁotﬁ:, AR T
15 NANOMET® 4 (O = 7 % il U\ C [ -850 Fig. 2 Measured torque characteristics.
ZRMEL, #2E L CHEERBREZITo T, 100
Fig. 2 |2, TEMBEER b7 Rk O SERE % 7”3, o5

ZORNE, WAEE BIZIERSED ML s Bt A
THZEnbnrbd,

Fig. 3 I3V FIETH D, ZORNHH LA X
912, NANOMET® %3 L7 PM &— %, 2E)E
I CHNENLE LT, 2B, FEEOREDIFITN

[=. <IN ]
wn O

Efficiency (%)
- %0

S S

T —

-
o

T —
~

BN TH o7, ~0-35A300
BEXH 65 -e-NANOMET
1) KIE, =8, PR, P, NANOMET®$§J§37%@WL 60 bl
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B TAL MEET U X —u—ZBEE PM E— X IZE T AR5t

I BF, IR RER, s
(HAER)
Outer-Rotor-type High-Speed PM motor with Segmented-shaped Rotor
S. Sakurai, Y. Uchiyama, K. Nakamura
(Tohoku University)

[EFLHIC

T4, A~— N7 4 272 EORBEHMmARIC L 2815
BEORIERBEANT L, T — & B — N5 B R A
HHITWAHA, CPU D @EtER kI o AT B D
WIS, W — XD/ NI P 5 BVE FE OB NS BRTE
fELTCWb, ZTDh, ZhbZ2BHATL 770D
B - BN ORETH 5,

FWCEEOIX, mAT7 7 AT U F—e— 2K
DB (PM) ®—X 2B LT, 34T LRI &
JE BN B, [Blfis -8R0 < A Te Z & T,
BWAWMEMBEMZ RN S, M2 EE LSS5 T
EERE LD,

ARETIE, MRS A& 7 A 2 MEEICT 5 2
LT, VIR AN IO ERIEEICT S & &
B2, BEAMEREOK I - 728 LW igiE o
PM E—ZIZ2oW\WT, fFREFREE (FEM) ZHWT
BT 2O THET 5,

5 A FMEE PM E—4 D4

Fig. 1@)\Z, FMAlEE -2 7 A o MEEIZ LT
X —na =48 PM E—X ZRT, 4 DIy
SOOI, BFMICER SN -sa s E -
EEAL, ZHZXV YT 7 XA N7 OFFAMN
WREIC AR > TV D, £z, Wbwd dihngkLod
RE2ML T END, BRI AIZIZITRAL
RN, XAV APEREAE WD Z LN TE 5,
728, RXOIIBICH W RO A 2y RO
PME—4TdH5D,

Fig. 212, B 7 A > MEiE PM £ — % OEFRALIAA
- MVT B OREE AR, BN 15 deg T
MV BERERY, ZORDY 57 22 A MLY
DEIEITNT%TH 5,

Fig. 3 ICHRDFHFEM A R~T, ZOMERD &,
R CTHRED PM T —% ONRO TR E N &M
s, 7ok, ERA (3000 0rpm, 60 mN-m) (235
T DRI 96% ThH - 7=,
LSRILFEFEEBRZIT ) TETH D,

Flux

(a) Segmented-shaped rotor (b) Inset PM rotor

Fig. 1 Schamatic diagram of outer-rotor-type PM motors.
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Fig. 2 Torque versus current phase angle characteristic
of the proposed PM motor with segmented-shaped rotor.
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Fig. 3 Comparison of the efficiency
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1) BE, i, BARRSESRICRIE S, 4, 72 (2020)
2) S. Sakurai, K. Nakamura, Journal of the Magnetics Society
of Japan, 45, 70 (2021).
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IINLEV T X2 VXX v TRIAL v F NV T R AE—FD
HEE NI S AR NS =

VERRMUIR, PATHE
(LK)
Experimental Study of Losses of Axial-Flux-type Switched Reluctance Motor for Compact EV

K. Sato, K. Nakamura
(Tohoku University)

L LIS R
INETEE DI, Fig | IORTHTARAT—X MW=
WEDT F XY N Xy vy TRAAL v F M) T 4
AE—%4 (AFSRM) ORfERHil &, /UK H B L
(BV) BA 2R A —/VE—Z ~OJ IOV TG ph % " §
EHEDTE I, TORER, AIE AFSRM 3/ EV
WS 270D IR MV 2R L, FoFEEK

B L ETLERLED , L LERS—FT, Vpn:Excitation voltage  L:Motor inductance
FAE AFSRM OZ)E13 3 IRTTATREEE (3D-FEM) R:Winding resistance  7:Equivalent iron loss resistance
(L DRGHEE TRI- 722 Lnh, ZORIKOAEY] Fig. 2 Equivalent circuit of AFSRM.

EHEPRBERTRTH D Y,
T ZCARRITHE, IEAFSRM 0RO L, K
ICERHRICHEH L, Fix OFBRZIT S 2 & THRET

a)GateOn CGateOIT - -

N,
’

H
4
~,
-

um S .

BRIV TR 21T - 720 THIET 2, Iz N ;
AFSRM OBEETEROMT |l L 4
Fig. 212, 4R % Z 8 L7244 0 AFSRM D% ff[A] fron i i
Et% % ﬁ_“—éao D %'fﬂﬁ [E] Et% a: j% WTCr 61%{&&%%& *ﬁﬁ < ] i Definition of currents ;i
bV, ZOEPFUCET 5HEKN, AFSRM THL S Votage e 5 A

BEL L 72 5, SRS Fig 3 17T L5 1,
7 B O AL RN OB &,
BIRA L F T S ADBRBTE D, 7ads, WAk o
HUSHUIEE — & DR FALE A £ FNBIE Oy considering ronlosses.
\H&AFT 5 728D, AFSRM O BYEE i £k (58~320 Hz)

Fig. 3 Voltage and current waveforms of AFSRM

BT, R LA 10 HFIL, KERETFCE S
#827 LACEEAT S 7, S g
Fig. 4 12, EMEHEEIUICESSEBEEZBE L )
BAOFEEE T, CORERS L, EHEE 3 60
DRGENWNS Y, WENGRSREZ N TR 8
XNnb, Thbb, BARO 3D-FEM TIIRZE Dk > —e— Calc.(by experiment results)
ERECTHDLZERWBMNERoT, 5%IE, 2 S 20 1| —e—calc(by FEM)
DK DOF AP E L BB L TETH D, > © Meas.
o o @ o @ w1
— Motor torque (N-m)
Exciting voltage: 72V
Gap length: 0.3 mm Fig. 4 Comparison of efficiency.
Winding turns/ pole: 99 turns
Winding space factor:  62% S E TR
Weight: 14.4kg 1) K. Takase, H. Goto, and O. Ichinokura, The Papers of Tech.
Weight including case: 323 kg Meeting on Magn., IEE Jpn., MAG-17-002 (2017).
Core material: 35A300 2) H. Aizawa and K. Nakamura, . Magn. Soc. Jpn. (Special

Issues), 4, 62 (2020).
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A Study on Design Method of Axial Gap Induction Motor
T. Terui, Y. Yoshida, K. Tajima
(Akita Univ.)

FLHIC

EEHIT, M IBEOHLEAMETELT7F v AX Y v THEOFEE—F ICHOWTHIELZED TE
D, TRy Ty FTHEEOHEH CHERMEDOFEE—F % LRD NI EEZERLTND Y, £,
WKURPTE S MEfRYT (RNA) 27 F ¥ bX v v 7FEE— XTI L, FERELITo72L 2 A, ARE
FRHT & FE N TR R ENTTRETH D Z b oT- 9, 2T, ATl n0FET— 2 12
FTABHTFEIFIEHA LTIV v VXY v FHFEE— X OBREFHTIECOV TR L, BT — ¥R
TRNAETNVEMERL, FrEZ2REE L0 THRET 5,

ZEXIvILXry THREET— 2 BHOBME Table.1 Requirements specification of the motor
AR TIT 12T v VXY v FHEE—Z D Rated output 0.75 kW
BREHE, BN EEIC S < BREMN R LUK Effective value of AC voltage 200V
EMOBENEZ T X ¥ VX v v FTHEE— 2 0 Frequency 50 Hz
L7ZbDTHD, THRUvILXyy 7HEETI2 o0 Number of poles 4

Xy EBEATOIHEEE LD LN TE D20,

3.0

Xy v TEBEEEZRTHDOX v v IR ERD s | . .
LD L DIT LT, BEREEM, ¥ v v 71RE, i Ez}; I .
ST & 0 BRI 73 v o 7R S <5l . %
T8 L TE—IAENRET B, BETEED X Eol .
ORI TR OBE AL, ZRERNDHEET 5 2 05 b <
ERTE, THRUY XY v FHEE— X OMEN 0.0 - - - - ’
PIE L, E— X RDWET 5, oL
RNA [C & 345 1EHE 100

EHEHITI 0.75 KW DT 2 ¥ L v v TFEE— 0 b -~
2 &AL RNA ISR DRHIERE 217 5. @Ak LT: 2 ol .
TS OERMARE R LITRT, 72, K1IZRNA E .l i
WX DRMEREREEZRT, K1 POzt 520_ .
0.73 kW OBEIfES Z R LTHY, BIEEL LiEkH .
TMHETH D ERnbrd, ZOZENDL, SlElfk ‘ 1 Ul_g o_l() 0_l4 0?2 0
WEITSTERHTFECIE TRV Yy Ly v 7THYE slip

E— X DEHANARETHDLZENRHALNE R ST,
Fig.1 Calculation result of characteristics by RNA

B IR

1) AR, HEAESL, BEIC : [T X X X v v ST — X OEMERGHI BT 2 ME . BRES
T RT 4 v 7 ARGERE R, MAG-17-169, MD-17-111, LD-17-090 (2017)

2) WOREEL, HEAEIL, EEIESC: IRNA (KRS T F Uy b ¥y v THEE— X 0P~ v TR FIE
BT 2. ERFE~ T RT 4 v 7 AFREE R, MAG-21-051 (2021)

3) MWFKER, W HER : Ry B (ET 3/ 1. pp.77-115, Bt A4 — 2 41:(2016)
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