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A v NEEA & W T IEX PR S IPM T — & 0D = ETEf

BHAK*, & EAESL, FEE L HERC
(BRI R5E)
Prototype Test of Asymmetric Pole Structure IPM Motor Using Bonded Magnet
Y.Tsukada, Y.Yoshida,N.Handa,K.Tajima
(Akita Univ.)
HREE - Bf

TN EOZFEBMEAPECED 5 BKARA (PM) £
— 21X 50%LL LA EDHICESTND Y, PME—X D%
L BUER RN RN EHRTHLINTNDL XAV A
BEREEA D HNONTWND, LN LN L, A4 Y LR
WADFEEE Db A7 vy s (Dy) [ EEATHETH
V. w3 A b, EPRAREZE, BRAEOR BRI SR BEAE & 1
I EV o TERENER SN TE e, EELIEL, A RiEA
Z W= B A S O IPM £ — % Ot T8 -
V. FEATHFZEIC BV TR A ST PRI E IPM £
— 2L, MU EREAHERE LT- £ F Dy 7 U — 7ol A~ (a)Asymmetric IPM (b)Conventional IPM
PPEHBE LS WTRE b B = & AIRHTIC X 0 R S L7 2, Fig.1 Appearance of the rotors.

AW Tl Fig.l(@lZ "4 Dy 7V —Th oY~ U A
PRE WA A U T2 IR R AR 1 2 A D Rl &
AAE L. FEHME & fRIT CFf DAV 7o 5B ReME 2 PLEETAm L 72,
IR, R B (D) IS~ 3 RAHE D A DBERE A 2 L
72HER IPM B— & Ll U, Fe PRigibg 1 o 20 ] 2 ki
FEL7-OTHET D,

R
Fig.2 (2. AWBFZE T U 72 366 MR IPM £ — |
D UAFRMTET VAT, EEFIZMET VTR D% A
ER L., EE—RERHoX v v 71% 0.5 mm, BEEIX
30 mm T 5. Fig.2 1/4 calculation model of asymmetric IPM

Fig.3 ICHHEEVRIRIEAS 4 A, [EIHA3E 1500 rpm (236517 5
I

EHALIAF p X R L2 FMEOERIE 2 7T, FRMEI B

TR MRS S IPM £ — % D bV 7 B KAE X IEE IPM 0.8

TH LHMT HE OIN M ELTOEORSNS, £ Eof

Too RV DR E 2 D BIRAAAAIL, 16K IPM £—% 505

78 p=20 MR CRAIC /R 5 DIkt Ly I Bt PM £ )

T—HIT A0 TRKE 720 | 200 EHEMA LTV D Z & 0.2 T ~a—Conventional IPM meas.
WOID, ZORRND, ERICHOT b IR % L, [, [AvmmencPMmes
IPM =X DM THD,. ~T %y NI Z2) T 2 -40-30-20-10 0 10 20 30 40 50 60 70 80 90
A LD DR L T BT E TR L. ML ) A Corrent phase angle fdee.)
ARETH D Z EDHALMNIT o7, Fig.3 Comparison of measured torque
SEYH characteristic

1) FRFEEA AEFEBEFFITIE https://www.meti.go.jp/statistics/tyo/seidou/result/ichiran/08_seidou.html
2) WOUUEEORE, & HAESL, BRI R AT AR 2 Rl & HIV T2 IPM B — 2 O FERFREETRARE (2 B3 2 P58 ), Journal
of the Magnetics Society of Japan, No.44, pp.45-51 (2020)
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Efficiency Improvement of Outer-Rotor-type High-Speed PM motor with Segmented-shaped Rotor
S. Sakurai, K. Nakamura
(Tohoku University)

XLC®HIZ

BEHERE R ORE & Hic, KREBOEHRE EH
IAVERT B BN G, S — NEOMTERNED i
TWb, —F, —0/NEHER CPU O EERE(RIC
eV, HEOERDBAIE L L, mHEZEE OVEREN I
MELER DI L 72> T D,

FIZEELIX, WHAT7 7 o HE—ZICEALT, U
T 02 A MV OIER & AT E R ORI A H
Ste, BT AL MEEOT U X —u— X RO ARG
T—X% (LL'F, SegmentPM & — % L Fr97) 22K L,
WKLY LEMERETHDIZEEEELE D, L
L, BIEBNERNHFHEZ FEl>722 b, JRIA
DI & NROYUGENLEARFKTH 5,
% Z TARETIE, Segment PM £ — & O Htk+E 0 K|
ST L, TSI SRUEHEITHO W TRF LD
THET 5,

Segment PM E—4 OB ST &L ERE

Fig. 112, #&1E L 7= SegmentPM & — ¥ Ot % /R~
T ARRTIE, BRI 22302 2 5 I R
THEMEL, ODx 7 bk (10.3g) D&, @+~
k& —2R (44.99) O, 2 FEXED [BIHE T OFEMBIE
ZRIEL, ZH5DESHSHE LR ORR %
K7z,

Fig.2 12, FitOB L V@OMBEOENE L, %
I DHEE LI BRIERE OB 2 R, FE72, [FlER
T-DK =Y OEETHY LIEWMIBONRE RT,
ZOME RS &, 30,000 rpm HEOHE ERERFR 13K 15
WTHsirI L, £/, r—RA L REEETE0OLTHED
8 A LHDDHZ LD, Mo EL)&mehE
WCDRMMND I EMNTHRIND,

bR ELRICHKSE, Fig. 3 [ZEEEF7— A& R
T UL ADG CFRP ICE X i 2 12356 DR ORE
R AEIRT, ¥ —AME CFRPIZT5Z L THI38g
mEfb L, ZHUCE VK 19%%h=nm kL,

Motor diameter 40 mm
Stack length 20 mm
Rotational speed 30000 rpm
Rated torque 60 mN'm
Material of magnet Sintered Nd-Fe-B
Material of iron core 10INEX900

15 X SLR—
O (DShaft xR
— x Case
= 4 @Rotor case (Stdinless)
g 10 x Estimation
E % 0
2 -
£5 &
< S _ | Rotqr
L5
] Ifrolf
N
0 g |
0 10000 20000 30000 Miagmet
Rotational speed (rpm) o | hat

Fig. 2 Estimated mechanical loss and its breakdown.
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Fig. 3 Estimated efficiency.

4

ST, S DIZHEEFERLOHIBIC L HEEIL L &
BB OV THRRZAT O TETH D,

L Z P&
1) B, L, A, BB R iR SRR 77, 6, 69 (2022)
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G 7 O ERER
X A0, SRR, AR, NIRRE—, SRR, AT
RAEKRT:, *(#R) 7 A3 A )
Prototype Tests of Ultra High Speed Magnetic Gear
E. Asahina, K. Mitsuya, K. Nakamura, *Y. Tachiya, *Y. Suzuki, *K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

XL ®HIZ 1 Gefsr ratio: 6.667
W, OB LR B ACREEE— Y OB e o
PEEANATOI TV DR, THERHET MMt | | St damete 6
TR AOMBEN L LD, = I CARTIE, | S [N o
FEREfh CHEPOE FTRE A Y D IZEH L, 80,000 Material of inner magnet ~ Sintered Nd-Fe-B
rpm CEIEATRE e RS RIRS 22 Y DR B Malerial of outer magnet  Bonded Nd-Fe-B

IO THET S,

RETAHIHIYXVY— F SRM OFMEEEHE

Fig. 1 12, 3 E LI2ERAFTRB R X Y Ot & R
T, KERFXFYOXFYIHIT 6.667 THV, At
NRIEEE -, B R— v —2Th 5, £z,
Aﬁ%@aﬁ@%ﬁi&mmmmf%é

Fig. 2 12, #E L7 EEBER X v O 2 RT,
=L —ARNE R — A7 8%, IR Y
W2 X DB DOIEE 728, 3T CFRP (k%
WKL A F v 7)) TRUEL T,

Fig. 3(a)lZ, AHHEEREOERMEZ =T, ZD
E;D,ﬁgwiﬁﬁﬁba%7u&01wé_&
Wb, 2B, KA MV OERAEZ 85 mN:
m ChHoT,

Fig. 3(b)\C, HEERZRFELZ RS, ZDEEDA
JD R 7 1E83mN'm ThbH, ZDORERD &,

A TIE R R TR 95% DA ER L TWDHZ L
Db, —F, BEAIHR 2 IZHENMETF LT
<A, HemEERE O 80,000 rpm 2BV T 80%LL E

DNREFRLTE LT BN,

ERM TORRIETERNZH LN T 5720, A
TELTEBER T Y OMAMBRAZNET 5 & &b,
FAEW T — & & AT TR A2 RIE L,

Fig. 4()I AL OEREZ =T, 7z, [FX
(YT AT) v 2 83 mN- m, [ElHA%L 80,000 rpm R DFH

KHNRTHD, ZORERD L, £2BKOK 77%0
HZJHETHY, ZOREBAKRLEETHLZ LN

b,
AARZE D —F LA AL R F: AIE RS a7 5
Ak ZEEINE,

Fig. 1 S-i;aﬁcations of an ultra high speed magnetic gear.

(c) Magnetic gearA

(a) nner rotr
Fig. 2 Appearance of the prototype magnetic gear.

(b) Pole-pieces
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(a) Input vs. output speed (b) Efficiency vs. speed
Fig.3 Characteristics of the prototype magnetic gear.
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0 30000 60000 90000
Input speed (rpm)
(a) No-load loss (b) Loss breakdown at 80 krpm.
Fig. 4 No-load loss and loss breakdown of the prototype
magnetic gear.

2EIR
1) K. Nakamura, M. Fukuoka, O. Ichinokura, Journal of
Applied Physics, 115, 17A314 (2014).
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T aAf VA L7 SR & — & T A i aE

IRt A0, HRMET, SEIRIRE, *HEBK
CRAERE:, *(R) 7 24 —)
Basic Examination of SR Motor with Aluminum Coils
E. Asahina, K. Nakamura, *K. Yanagisawa, *Y. Furuya
(Tohoku University, *Aster Co., Ltd.)

X LI

AL F NS XA (SR) E—Z1%, Bk
A NVDIHRTHERR I N D728, i HS Hl CELUE,

REFIEN BAR, Zfli7e EoREEHT 5, Lol
NS, KAMA (PM) £—X L HATHIEEED I
L, BETHLEVWHIBENRSDH, £ TER
DITgaA VT, BERT VI aA VIZHEE
L7z, AFETIE, Fig.1 ® SR E—4% D& Egi4 L
L, 7/ aAf Oz o>\ T 3 RIcARERE
(3D-FEM) ZHWTHRFZITo 7O THET 5,

FILETOaOAIWZEERA LT SR E—45 OEBSE

Fig. 2 I1T, RO A VOEBRE L, KiaT
EHLET AV aAf VoOBBEE RT, T/I0X
& HRTELEDPWD, RRO X ITEROWIE
BT —EDEE, TAY ME 1=V HIEX
HIENRTEDL, 2KV Ty RAR—REZ MR
ETHEO L, BHROSEELED, MY EZHKRT
LT EMWTED,

Fig. 3 (Z#il= AL (HFER 44%) &, T/ aA
LD EFE# % 50, 60, 70, 80, 90% & Z5{k &H7-EE
DBMEIREEX MV Fitkzord, ZoRERS
L, HEEREOM EIZHEY, R BRERL TS D
ENTRREND,

WWNT, Fig. 4 (Z8lExt v FetkEa g, 2o
MER25E, HERT0%E TII= A L& T,
T aA NOFHEBRRKZNDICK LT, HERN
0% %25 L, BICBWTHLEMEZRT Z &
Bonsd, 9F0, TAIaAf LOFERIZE N TE
LR SN DEEROE TS B OB AL, &
MEREZMEIFDLETUETHIENTE D,

Pk, 7AiafvazmA Lz SR £ —X Ok
WZOWTHRHZITo 7o, S%ITE— X RC80H
BHZOWT B RF 21TV, &b E Lkl |
R EK D, 7ok, ARWFFEO—EHITRILKTF AIE
RPN T =B/ NI 4=V g e
BEXH

1) K. Nakamura, Y. Kumasaka, and O. Ichinokura, Journal
of Physics: Conference Series, 903, 012040 (2017).

Gap length: 0.2 mm

Stator pole width: 3.2mm

[ Stator yoke width: 1.6 mm

E £ Winding diameter: 1.05 mm
) 1S

~ < Number of windings/pole: 11 turns
N

“ A~ . Cu:44.3%

Winding space factor: Al “50-90%

n \oltage: 144V

Fig. 1 Specifications of a 12/8 SR motor .
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‘/ [: = _ ;:
-~ [”7” P
==

(a) (9)]
Fig. 2 Comparison of winding arrangements; (a) conventional
copper coil, (b) proposed aluminum coil.
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Fig. 3 Comparison of torque characteristics of copper coil and
aluminum coil with different winding space factors.
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Fig. 4 Comparison of copper loss characteristics of copper
coil and aluminum coil with different winding space factors.
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(ALK
Proposal of Magnetic-Geared SR Motor for In-wheel Drive type Compact EV
Koki Ito, Kenji Nakamura
(Tohoku University)

[ZLHIC

HAVI N RIATE—ZRLWRFTY— KE—X
XMV BEREN LD, BXEBHE (EV) ©
RA = NVNIZIRD T2 A R A — IV —H DG AN
HfFEnTna B, LarL, Edlos—2i3—Kic
REMATRLTHD Z LD, 990 BRI OB A
Bz <, BEkE—ZICERSINAHIEE - K hv
7@ AR NV OWNEINREETH D,

FZTARTIE, BRXYERAASYTF NI T X
YA (SR) E—# %KL L72H LR TP — R
F—ZIZOWVWTHRAZIT 2 12O THET D,
RETHHEXVY— F SR E—2D5E

Fig. 1 |2, #ETHHWKXXVY— K SR £—%
(MG-SRM) D##It% <7, MG-SRM (3% A 28 77
BRX Y ORNMNC SR E— & DSAA - &
AL, WXL Mxtom#EEEs1 (HSR) |, 82
RO R —/L E— 2 (PP), 74 fixf DX [A]#5 - (LSR)
THERR S D, SR E—XERIL 440 16 Am v RMEF
BDOAT—H L 20 WO HSR TR & h, BEA XY
L SRE—ZHT1 D0 HSR ZHA L T 5,

Fig. 2 |Z, WEHICRREI LA AL P RTA T
PM E— &% Ot E R~ T, WEHO PM E—X %, ¥
ALY NRIATE—F L LT RRmEAT
DT H—u—REETH D, iz, nEAn v b
ZERHL, 16 fi 18 A v b (16pl8s), IFTNT 32
i 30 2w >k (32p30s) DR E L7, 728,
MG-SRM & PM &—# TEE, HAE, WaftiH&E
ZRE— L, B EREIE 48 V, B ENM LR 30 Aums
DOEMCTHMO R Z1T- 72,

Fig. 312, AMREHREIC L 2R EREZRT,
BB R ML 7 FEEDOKI L Y, MG-SRM I SR £
— X LHRX Y EHAEDEZZ L TPM E—4 &
RZED MV BELNTWEZ ERNbNnD, IRWT,
B FL 7 RO S, PM B — 2 KT
100 N'm LA B MV 7 Z3ZRKFIRETH D —F, 539
SETHIEE 22 I C b el EE S 300 rpm AR Tdd D

ZERDND, Ukt LT, MG-SRM (HKH#HM T
100 N-m % 5% 7 6E, 2> 500 rpm £ TEREH CTX 5 =
EWDND, LIeh-> T, #2587 5 MG-SRM 13 E)
BE—HIZHERINDIEH - K7 & - K B
IV DESEINFEBLTEHZ ENHbNERoT,
BE R

1) K.T. Chauetal., [EEE Trans. Magn., 43, 6 (2007).
2) S. Chung et al., IEEE Trans. Ind. Electron., 63, 1 (2016).

Dimensions
Diameter lmm [ 222
Stack length mm | 51
Magnetic gear part

IHSR pole pair 8

No. of PPs 82
ILSR pole pair 74
Gear ratio 9.25
[Each air gap length  jmm 1.0 X 2

SR motor part

No. of phase 4

No. of poles 20

o. of slots 16
|Air gap length mm 0.35

No. of turns per slot _|tums 30
|Winding diameter mm 1.6
\Winding space factor |% 63.8
[Phase resi ohm 0.042

Material
Permanent magnet | N40SH
Electrical steel sheets | 10INEX900

Fig. 1 Specifications of a proposed magnetic-geared switched
reluctance motor (MG-SRM).

lopl8s

_ - 32p30s

Diameter nm 222
Stack length 11 51
0. of phase 3
0. of poles 16 | 32
0. of slots 18 | 30
Air gap length nm 1.0
0. of turns perslot |mms | 25 | 20
‘Winding diameter nm 2.0
‘Winding space factor o 60
Phase resistance lohm | 0.039 | 0.14
Permanent magnet N40SH
Electrical steel sheets 35H300

Fig. 2 Specifications of outer-rotor direct-drive permanent
magnet motors.

150 150
140 g2 140 -o-
130 [|-o-16p1ss 1 O = 16p18s
120 H —O—MG-SRM(3D) 120 —O— MG-SRM(3D)
110 110
2100 [ =O—32p3ts 2100 —O— 32p30s
Z g0 Ol z g
E 270
= 60 Z 60
& 50 = 50
w0 10
30 30
20 ~ 2
o5 ~—
10 ) 10
e 0 O
001 2 3 4 5 8 9 10 0100 200 300 400 500 600

506 7 2
Cusrent density (A/mu?) Rotational speed (rpu1)

Fig. 3 Comparison of current density vs. torque and rotational
speed vs. torque characteristics.
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BT B SR & — X D& T /3T » AWEBITE T D Et

KIHTE, HiE
(HAERF)
Improvement of Current Unbalance of Transverse-Flux-type SR Motor
A. Nagai, K. Nakamura
(Tohoku University)

LIS ;
_ Core material 237110
%L:%% % ti’ X/]) v 7 ]\ U 77 H A (SR) ® Diameter 96.0 mm
"—'&0) }\11/7 F"ﬂj:%ﬁﬁ"]& LT,*E%@@EE@O) SR Axial length 90.0 mm
:‘E‘F‘é? (TFSRM) %*%%Lff_ 1)0 L biﬁzﬁ Egjf Gap length 0.3 mm
T, BRI OIERPREZ SNl HERT N o wdth 10-0mm
Winding diameter 1.3 mm

7 ADREPHL N E 2o T,
Z ZTCARRTIE, BT /3T v 2 ORI 2,

Number of turns/phase 75 turns

TESRM OARE A 3705 2 128 F L7828 0 MEIc o Fig. 1 Specifications of a prototype 3-phase TFSRM.
W, 3WILARESRTE (3D-FEM) % MWV TR & %
oD THET 5. 1 Z ) e
60 1 — W Phase
2% TFSRM 2 & 3 BH/NAS R tE e
Fig. 1()iZ, JEATHF5E CEE L7 3 #H TFSRM % 7R §$
+, FBICRT L 512, TFSRM O&AEOEET, B »
AL bITh Y haT THRES L, BEEFS v b .
27 OWBNC kB A ZAARD 3 A ARID BTV : T e s
Do THDZEWITAIC 3 BfiAENRD I LT, 344 Fig. 2 Current waveforms of the 3-phase TFSRM.

LA TFSRM O A iz ha A X VIRTHD =

LD, —fRH7e SR B— X LT, B ERER Core material 232110
EETHZENTED, MAT, SOMEHZ I piameter 96.0 mm
Ve A B A B TE B2, BIEREREE b & —— 600 mm
I, P RBERE TS, ek .
Lﬁ) L/f'i Z)§ %éjif’ Eb\ﬂ:lﬁ%j‘éjﬂé:@ﬁﬁﬁs Winding diameter 1.3 mm

WMAT D7, 1LEA L 3BAICXI LT, 2B H DR
RN D 2 L0, S hICHMKMfOREL %
JC, BHOBIRIZT N T U ANREL D, Fig. 2

Number of turns/phase 75 turns

Fig. 3 Specifications of a 2-phase TFSRM.

&:, 3 *E TFSRM @%*E@%ﬁiﬁﬁg%%jﬂo %Y}IEO)T % — U Phase 0 — U Phase
VARG U M T DT NG RCERET D120, J R AL
= 30 4 30

RENCER T 72 E DRI & 72 B, g, il

% = TR TIE, Fig. 3 0 2 41 TFSRM {25\ T S S
SEiTo =, FIRMNGDLMND L1, 2 T 1 ! mem— 0 ‘
Br A & 2 By B ORI TR TR 72 D, " Rotor poston (deg) T o postion ey

Fig. 4 {2, 3D-FEM TRME L7 SBHii L 29, 2 (a) Light load (b) Heavy load
DXZE R 5 &, BEMRKES BANELEROT N Fig.4 Current waveforms of the 2-phase TFSRM.
FUANRHEENTWAZ ENTIRENS,

B TR

fcﬁjo Kﬁ%@i%miﬁjtﬁi AlE FBER A5 1) T. Komoriya, Y. Ito, K. Nakamura, J. Magn. Soc
0y A ZEINT, Jpn. Special Issues, 3, 58 (2019).
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T OB, R T GRAERT)
Basic Examination of Cross-pole-type Flux-Reversal Motor
Y. Yu, K. Nakamura (Tohoku University)

LIXU®IC Fig. 4(a)lZ, BEATMENRIROF A2 ~3, [FX(b)
77y 7 AYN=H (FR) E—F VL, “EZHE INETh D, FH@)ERD &, REBIIRATRE

WD —FECTh 5, AAWEADEE RN ALE S 2 60%iT< HIE L CWA Z bbb, 2L,
Lz, “EEMKARGA (DSPM) £—# AL iE R B K 10%[H L7,

HIEFAMEL TN 5 2%, DSPM E— X 3EE T3 —72 SBITFREORE & EIEFEREIT O TETH D,

KA NI B SN D720, BRBHARIR D2

Ta=R—F LR35, —ifFR%—&m Fig. 1(a) ZZXW

R S HORE LRSS D R Dol o Avderen | Souke A £ €

e, ERFULRADIACIAAR=T 8% 2 5) v Liao, F. Liang, and T. A. Lipo, IEEE Trans. Ind.

XY, FR B— 23— BRIk ARA (PM) E Applicat., 31, 1069 (1995).

— X LRSOHINIIRE SN D, £, [BlHETICRH

LAEFEBLRWEZD, AT —2 2/ hE L, EBFEGL ] < —D |:T 2 Rated Speed 18200 rpm
KBNS, LN —FT, EEIN-A . ‘.,l, Q(\\ Rag(-ispc:d 290212N-m
El| N | P iameter mm

&:%%%Eﬁ;ﬁﬁ> ﬁ%{ﬁ]&—g‘ CRELy ’ @E{%%{ﬁjﬁ@ : " J‘i} /éQ}' ‘ Stack length of stator 42 mm
BAENFERMINS, ¥ E' H' 7 Stack length of stator 35 mm
F I TARE T, BEEFmERE TR, EFT - s éap length 0.5 mm
AR DIEAIRA LEE, BT LWEED FR E—4 . Number of turns/pole 20
. B i Winding diameter 1.0

(ZOWT, AMRERTE (FEM) Z W TRES L7Zo : ' NMX.$52

Material of magnet

S (1.45T@20°C)
Ti&%'@" Do — Material of iron core 20JNEH1200
2. 7 B AR—VE PR —Z OFeiE Fig. 2 Specifications of the cross-pole-type FR motor.

Fig. 1(b)iZ, AR TIRET 527 v AR — LB FR £
— %A, EETEOBRE FFRICT 2L T, . s

(o]
L
(=1

TR T REAR S L0 B O O ERD &AL,
DFAZP HRDPBFFEN D,
Fig. 2|2, ==X DRk aR"T, KE—Z(L31H6

e

~

[
(=2
(=]

Torque (mN * m)
@
f=1

2wy b BRI CH Y, EHEEEIE 18,200 rpm, . Y

E*ﬁ' ]\/1/7 1% 290 mMN-m "C&)éo % -m-Cross-pole FRM
Fig. 313, B ExE bV 7 FRED Il & R T, ’ 01 2 3 4 5 6 7 8 9

COMERSD L, kO FR T—4 LIFIER%O K . Current density (A/mm’)

Fig. 3 Comparison of torque characteristics.

NITEMENELNTWAZ ENTHENS,

160 | Igg
A 140 =+ + + + =+ 4
// S \ \\ E IzO ‘? :(’S) f
V, £100 E g0 =
£ - = 75 .-
80 g -
E 70 s "
g 60 % 2 ol T
£ s 65 - -
2 2 60
= 20 “» Cross-pole 55 | o /’
0 50 -
0 30 100 150 200 250 300 0 50 100 150 200 250 300
Torque (mN * m) Torque (mN * m)
(a) Eddy current loss in magnets (b) Efficiency

Fig. 4 Calculated characteristics of the conventional and

(a) Conventional-type (b) Cross-pole-type proposed FR motor.

Fig. 1 Conventional and proposed FR motors.
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