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For further downsizing, energy saving, simplification, and cost reduction,

three types of new structures and topologies for a magnetically levitated motor system have been
developed. Type 1: a single-drive bearingless motor which employs only one three-phase inverter and
one set of three-phase winding, where a d-axis current produces suspension force. Type 2: a magnetic
bearing motor system using a zero-phase current for 1-DOF controlled magnetic suspension. The
zero-phase is connected between the neutral point of the star connected three-phase winding and the
middle point of the ﬁower source. Type 3: a 2-DOF controlled bearingless motor using zero-phase
current for single-phase motor drive. The three-phase winding is used for 2-DOF magnetic suspension.
In all types, experimental apparatus and machines were built and tested. The test results have
demonstrated the usefulness and effectiveness of the proposed novel three concepts of the
magnetically levitated motor system.



B XL C—19,. F-19—1.
1. WFFEBHAE SO 5
WEORE ' —4% T, [Hiis - 7% B
W DRI —F P 2 — LRUEATH - T,
CHUTH L, IEHITIINETIS, VAT A
PRO/NEAL - RIHEEE - K= X ME%E
HisL, NU—FY2—/L 1 BEOLTERET
LR L E— 2 2R T THEIL L.
X112, AR —FT 2 —L 1 BEORTER
%#ém?)/ﬁvxm % EEe—2 0
ExaRT. FEEE XA T, mmickA
WA DR T b TnD. EE I, [BliE
FOmMNCEESND. —HiIgkoArT, i
FIZZMaAf ARSI TW5, silismo 1
B O A BEBNIICHIE L, [RIERLISNDZ D
fthod B LI, [EE - s RICER T 2/
KT X0z RS D. 1 BB
BT, ZMA =% 1 BDEARER 1
OHFRTDHZ s, [TV RITA4T
X7 YTV AE—H (SDBelM) | &4
7-. 212, SDBelM O&EMAER 27T, —
)2 AT —X LRI THD. BARD AT
SFBEHREE o> d #ih B BT Tl 5 h) SR & ilE
THETHD. b7, R EIREA
T—% LEA, qfilE (/lu“C?ﬁ'HﬁI]?—Z) Lol
Z OMFEREEE DA, mﬁﬁ%mbm¢
FENKEET, EEICHRARICE, RmE
BETHY, QI LRIIAEDOIEKR, BX
ONQ) il B B o frak, NREA, R8s L
THE-oTWA.

Permanent magnet

Rotor

1 SDBelM DiE&E

E/2

E/2]

2 SDBelM iR GEEDE—2ERL)

2. WROBEH

AT CTrx EFEORMEA, BREO R L
[ — U — %Y 2 — LB A A% B
— A VAT LDE AT NORE - FHEER
ORISR # BT 5. ARBFRIX
SHIRNT —F Vo —)L | B CRATE ERlR A
I D SUCHEERY « AR TH D, JEEEE N
Tﬁﬁ% V— RFLTEDREAHEEST S, 77,

S OISR A R T TRIET 5.

Z—19,

CK—19 (d:m)

3. WD HIE

Sk U7-RES () DRI R L LT, l3
TR LV SDBelM DA 2 222 L7~

Uy NFX v T ar L AE—F b, &%%
KBTI OAER SN D, O d EhE
THHF MR &I L, ALERDETT S .
—J5, BRI A T, Wik HED4H
M2 ISR T 5. BS54 E IS
Bl Z PR EED HiF 5 2 & T, ZfA N
— % 1 BOHTEEI R T U L AT
7 TuTNERTE 5.

Az
Non-magnetic 5
cover
PM rod (rotor) _\\ Spinning top
. J rotor
Back iron -
Magnetized
PM pieces direction
Coreless coil = T Stator
PM ring Non-conductive
(stator) materials
(a) i fAE
PM ring [{ PMm rod

) i
Back iron . (stator) | i o[| (rotor)
: I

I

(b) b X

Permanent ——% |  Rotor

magnet

} Stator
11171

3 #FHLLSDBelM DEE

Coreless —
coil

KNT, BiRoQR)EQ)DfifRELE LT, K
4ITRT, B LWE—Z R EERET D,
—E— 2 OBRENZ AWV B LD ZFERRO
e L, XU — RO BT S AR .
Z DRy B PRI D B BAHET & DY,
DOFEFEI ZHBKF LT —HF AT AT
45, QOIAEDILRD Fike LT, &
FH FE I % R A 0 o @RI R 3
HWMRIF EE—F VAT AERET S, (3)
DE L5 HIE A BEOEE LT, FiHE
Vi & AR — 2 HERICHAT 5 Z & T, [
BRI 2 B HEE O REEWAL E TR D il 4
EBRENNFRER T U LA — X h R
ESEGR

Trl Tr3

4 FHTBRZFALLHLOERERK



P E S

(n%?bb\SDBdNI

X 512, #fEL7- SDBelM Z/<9. 9 A1
/héﬁﬁLf [Bl#57- D EAITK S0mm T
B 5. [EET-3 K OBRIE K AW A xHZ A
LTWOAITETRXA Y AMATHD. 2
T VA NO TN, AEREHOR—L
FBTERE L. it (1457~ D iy 5 [ 2546
O E LT, RERNXDOIFEMEN G %,
[Elfs - FANCACE L7z, X 612, 5000rpm HF
D [El45+F D85 [ OIREN LI 2 7~ 7. [BlfE1-
PRENT 20um LA F CTH o7, S35 by
UINVBIOZRFNDY IV ERET 5729
2, £, BHERMIC LY LR EEH L
7o, TORER, BADNIRET DEAE LA
DE SR, BT IREHBED bV o & RO
RENIZER T2 Z 2B LM L. ZOfRG
REHT, Bl @i AR 2 D oA
WELRRE L. BaMICRMERITsZ L
T, WARHROE 5K, &7 Rk 2 AR
5. ZORIEREE AV CREEN SRR 21TV,
K 10000rpm & T ORI A5 % fEFE L 7.

Coreless

Aluminum - -
| coil

cover

PM-

pieces J PMring

~ Hall element

PM rod .
~ Epoxy resin

(b) #8132 T 7= SDBeIM

(BB LI=mEF
5 F{EL7=SDBelM

AW

0 20 40 60 80 100
Time (ms)

6 5000rpm (2 & 1T % [BI¥EF D% 75 A3k B K 2

o
N
)

o
N
«

Axial displacement (mm)
=} =}
N N
w Sy

o
N
N

(2) FHERZBRE EHE O HOE
A+ aRE EE—F% 25 A
B 4 1R EIRICBWT, EMER AR

TR

% ERE RT3 2T L 2R T 5.
ZDOVAT ATIE, R K ARG E—X
@%%_ﬂmémégm4/ﬂw&lmwﬁ
ZHAWT, oF0, BNMONRT—T T (R
A vFrr#EF) LT, 1 HHREDOBKT
FHIEZENT A Z LN TE D, ATl
TR EMEEE LK 7R T LI
BRI O IAB K AR A (IPM) E—4 &,

PRERRG AT BAEE (1 B A E OS2 15
) DOEREND T AT ATHRHFNEITH.

9, VAT LAOELEBRFEXLEH L,
B2 ZAREGE & 1 TMT U C il 48 T 4E

R AT AR LT, FEBREE X

12kW = KARGAE—Z &, $kEk (B
50mm) EREE EEEE D DR S, ZHEN
T—FVa—/L1BEDHRT, KABAE—H
D7 VI & BRERBL R TR A2 FEH LT
W5,

KLY AT MMIBWT, B—XARFEOHR
FENTEROEENENT DRIENFEAE L
72728, 7V — R ZEM OB
®%m g &R 7=, R ERERA O

BIEN OB E COMLZERBREAZHIE, LHEK
TR, LA T — T ARATe Z & T,
BRER OB OFEE 2t LTz, T— % Al
IR D V% L R D 8 B 3 AL 3 5 JRUA & 5
MR L7, & 5I8, FEMR RN & S
LR HEROEELRELZ M ST, EORERE,
WA R OIRENE 1f B LV 3F (F: E
— X BRENE R MBEE CTH o7, FREID
NI, £©—#% O PWM EREhC K 5 FEMEE
2d) (BESNEL) 28, IfIEEIOJRKIL, =48
ﬁﬁ?$@(*ﬁ%ﬁ)kio@ﬁt/#@
Hidz= (Bl THHIZ EZ2ALMNIC
7~. Zhic xﬂ/f %ELZL74J‘*—/\%H§WT
EIEANELZ, BRI EE uvw RS
uvz fEREH &35 2 & CTERIMNLE FHE L,

BREAICE, K8ITRT Lo, =—FHAfr
REIZ 10um LA ETh o @R oG E %2,
BT & [FSFE OE pm LR L 7.

Iron-ball

Induction motor magnetic suspension
) Torque meter

e o Permanent -\
~ 7~ { magnet motor

wm

7 IPNE—4 EHKERZLEE

c —o-BT4A BIEE
310 O B #AA_BESEL IS
8 =X— & B H0.1A
1] 8
™
w6

4

0 500 1000 1500 2000 2500 3000
E—4EEH rpm

8 WHEOHEICK DHIFIERIIREBLLEK



Q)FEAHEIE 2 BT — & HEN
BMERZLEE—%3 27 A

4 4 |ZRT RSBV T, =AEEH Clhlls
FDOHFETTIH 2 H HE O REENNL E TR D i1,
BB CHME— X OfIHZIT 5> XT Y
VI VAE—HERET D, £T, HFEE—
BN KRR KBRS 5y T2 HHRE
BEEHIETERT Y v 7L A — 2L 1]
RL, TOEEFOWERN RN KITT
%%ki@:%/ﬁ%”&k%é%»?&
KAFT 8%, = IROCA IRESRIEIC X0 fir
L, WRafmaEiiEs5Z & TXFf- b
JWREDODOT AP IND Z & 2R L
7.

TS - B G2 JRET 729012, 6
vy b6 2 B HEREE AT Y >
TV AE—Z i, AIEL. X9 IZRTE
L7=_T Y TV AE—F Rt [FllRFIT

ZHIMT 2

B 58mm, & Smm D7 X —ua— AT,

EEFICIE, =44 MoK AR, H
FH 6 FRODE — Z BN STV D, EERIC
XU, RRAEKEZ, =T —FEY2—11
BOIEFNT, @i@i@%ﬁT%f%é
Z & ERLZ K 1012, 8000rpm (Z31) B[]
RO F MORENEIE 2~ 7. IRENRIE
1%, 36 TS50um L F CTH o7z, RWNT, RAIE
& RO CTHERRRHME 21T > 7=, £, [BliEA
EIZ X DA ZME L, IRENMEE A X
ST, WNT, TURT v AMEEZITH,
10000rpm ¥ CIRIH#E FE /) CRERA FIRE T H
HZ RN L. KBS, FEEMOMMEDR
7L —% 2 8EL CAMREBRZITY, FEE
HaEDT 153%DE—ZHRTHAHZ L&
R~LTz.

9 ZMA vN—% 1 BTEHTREL
2 HREHEBAT )T LRE—4

0.2

R 8000rpm ——ximm] ——yfmm]
) A
£ —
8E o e
g8g O
27 01
2 :
-0.2 : !
0 0.005 _ 0.01 0.015
Time [s]

10 8000rpm 2351+ % EERF D FFH RIRENK R

5. %ﬁ%%?ik
(BFFEAREH
(=S

FEorHA R ONEHERTE 4 (1T

(MRS ) (FF344)

(DJ. Asama, H. Suzuki, and T. Oiwa,
“Development of a Magnetically Suspended
Double-Layered Cylinder with 1-DOF Active
Positioning Control”, Mechanical Engineering
Journal, # ¢4, Vol. 3, No. 1, paper No.
15-00544, 2016.

@)J. Asama, Y. Fujii, T. Oiwa, and A. Chiba,
“Novel Control Method for Magnetic
Suspension and Motor Drive with One
Three-Phase Voltage Source Inverter Using
Zero-Phase Current”, Mechanical Engineering
Journal, ##:4A, Vol. 2, No. 4, paper No.
15-00116, 2015.

(®H. Sugimoto, S. Tanaka, A. Chiba, and J.
Asama, “Principle of a Novel Single-Drive
Bearingless Motor With Cylindrical Radial
Gap”, IEEE Transactions on Industry
Applications, ##Htf, Vol. 51, No. 5, pp.
3696-3706, 2015.

(&) G174

(D]J. Asama, T. Oi, T. Oiwa, and A. Chiba,
“Investigation ~ of  Integrated = Winding
Configuration for a Two-DOF Controlled
Bearingless PM Motor Using One Three-Phase
Inverter”, the IEEE International Electric
Machines and Drives Conference, May 21-24,
Hilton Hotel, Miami, FL, USA, 2017.

@Y. Fujii, J. Asama, T. Oiwa, and A. Chiba,
“Positioning Accuracy Improvement of Active
Magnetic  Suspension Using Zero-Phase
Current”, the 16th International Conference on
Precision Engineering (ICPE), November
14-16, Act City, Hamamatsu, Japan, 2016.

®J. Asama, T. Oiwa, and A. Chiba, “Radial
Force Investigation of a Bearingless PM Motor
Considering Spatial Harmonics of Magnetic
Flux Distribution”, the 19th International
Conference on Electrical Machines and
Systems (ICEMS), November 13-16, Apa
Hotel & Resort Tokyo Bay Makuhari, Chiba,
Japan, 2016.

@ ]. Asama, K. Takahashi, T. Oiwa, and A. Chiba,
“Reduction in Torque and Suspension Force
Ripples of an Axial-Gap Single-Drive
Bearingless Motor”, the IEEE Energy
Conversion Congress and Expo (ECCE) 2016,
September 18-22, Milwaukee Convention
Center, Milwaukee, WI, USA, 2016.

(®]J. Asama, T. Oi, T. Oiwa, and A. Chiba,




“Simple Driving Method for a Two-DOF
Controlled Bearingless Motor Using One
Three-Phase Inverter”, the International
Conference on Electrical Machines (ICEM)
2016, September 4-7, SwissTech Convention
Center, Lausanne, Switzerland, 2016.

O x K%, #RNE—, KaFE, THEY,
“ORNU—2A v F o THERFBAEEB L 2
HEHREGEBEXTY V7L AE—F DHF
R, PR 28 FERTFREXISHHA RS,
HERS R v v /XA, BERG IR - Al T,
8 H30H-9 H1 H,?2016.

W%, T —, KaFE, TIEY,
“10 1R 12 A v NREBATET V7
L AE—H OMREE”, Tk 28 FERF
DPEFEIS MRS, BEE KT mBF v v
N, BERGI - BiMGT, 8 A30 H9 A 1 H,
2016.

®FEfE— Rk, M —, KaFE, TIEY,
“I HHEEHREET XYL Xy v F_7
Vo T VAE—HDOXFFT] - bV AREMK
P, SRk 28 FEE R R PE IS R,
BERR R v N A, RIS - ARG,
8 430 H-9 A1 H,?2016.

©]J. Asama, K. Sasaki, T. Oiwa, and A. Chiba,
“Simplified Configuration of a Two-DOF
Actively Controlled Bearingless Motor Using
Two H-Bridges”, Proceedings of the 15th
International ~Symposium on  Magnetic
Bearings (ISMB15), August 4-6, Mojiko Hotel,
Kitakyushu, Japan, 2016.

OEH B, #E—, KaFE, THEY,
“EMHEREHOEHERE ET—XICB
5 — X BREN DR BRI RIETRE”
%28 [\ [EROBEO XA FI T A v
VIRV L, BIGKFHEX v N,
ZS) B - AT, 5 A 18-20 H, 2016.

OB, BEE—, KaFE, THEH,
“EIHAN A EE LR E B PM £ —
& OEBEEHFRAOEH”, Wk 27 FERT
RPEEISHEP RS, KoK, Kok -
K43, 9 A 2-4 H, 2015.

@XFHE, FiEE—, KEFE, TEY, “=
A =% 1 BIZX 2 2§l 7T U
VIV RAE—HBRENOIRE” | SRR 27 HEE
[REDEEICHTM RS, KoK=, K
B« K4y, 9 A 2-4 H,2015.

@J. Asama, T. Suzuki, and T. Oiwa,

“Development of magnetically suspended
double-layered cylinder with 1-DOF active
positioning control”, the 2015 JSME-IIP/
ASME-ISPS Joint Conference on Micro-
mechatronics for Information and Precision
Equipment (MIPE 2015), Jun 15-17, Kobe
International Conference Center, Kobe, Japan,
2015.

@]. Asama, A. Mouri, T. Oiwa, and A. Chiba,
“Suspension  Force  Investigation  for
Consequent-Pole and Surface-Mounted
Permanent Magnet Bearingless Motors with
Concentrated Winding”, the IEEE
International Electric Machines and Drives
Conference (IEMDC) 2015, May 10-13, Coeur
d’Alene Resort, Coeur d’Alene, ID, USA,
2015.

OEHBEIr, MEE—, KaFE, THEH,
“EMERERWZZMA =2 1R
£ % — X BRE) L R RF ORI, R
TR, BOHD - JSEIX, 8 H 26-28 H,
2014.

@ J. Asama, Y. Fujii, M. Fukuyo, T. Oiwa, and A.
Chiba, “Realization of Magnetic Suspension
and Motor Operation with One Three-phase
Voltage Source Inverter Using a Zero-Phase
Current”, the 14th International Symposium on
Magnetic Bearings, Aug 11-14, Johannes
Kepler University, Linz, Austria, 2014.

@]. Asama, D. Watanabe, T. Oiwa, and A. Chiba,
“Development of a One-Axis Actively
Regulated Bearingless Motor with a Repulsive
Type Passive Magnetic Bearing”, the 2014
International Power Electronics Conference,
IPEC-Hiroshima 2014 -ECCE Asia-, May
18-22, International Conference Center
Hiroshima, Hiroshima, Japan, 2014.

R B
B o) R TR e R R R AR 2R

http://www.ipc.shizuoka.ac.jp/~tjasama/

6. WFIERE

(D) W RS

g 75— (ASAMA, Junichi)
A RF - TR - HEHGR
WFgeE3ea 70447522

(3) EHEMF TR

Kie  F# (OIWA, Takaaki)
Rl R - TR - b
WrEFES 00223727

F#E A7 (CHIBA, Akira)
WA TR - T80 - #d%
WrgeE 25 1 30207287



