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Single axis controlled levitation with axial gap combined

motor-bearing and repulsive type magnetic bearings
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This paper reports the experimental results of noncontact rotation by an axial gap

combined motor-bearing and repulsive type passive magnetic bearings.

The axial gap

combined motor-bearing has both rotation and axial position control capabilities. Hence

it can levitate with simpler configuration and control system than usual magnetic bearing

and motor system. In order to confirm single axis controlled levitation, an experimental

setup is made using both permanent magnet motor and induction motor. The permanent

manget motor rotates up to 1800 rpm and the induction motor rotates up to 1882 rpm

without any physical contact. The motion of radial axes is stable while the rotor is rotating.

Key Words: Rotary machinery, combined motor-bearing, permanent magnet motor,

induction motor, repulsive type magnetic bearing.
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Fig. 3  Experimental setup.
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Fig. 6 Impulse response (PM4, z-axis). Fig. 7 Impulse response (IM4, z-axis).
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Fig. 8 Impulse response (PM4, z-axis). Fig. 9  Impulse response (IM4, z-axis).
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Fig. 10  Orbit trajectory of the radial motion.

DEATTIEL Y/NE L% > Tnb, ZHUTE—-
YRHHRICE o T, BONAEAMEIE L7200 EEZDS
N5, $7:6, &0, Mok, PM2 DSHIIZIZIE
UfEE % - 7248, PM2 Tl 6, DRIEAS 0, 12X LT
128 o7 Zhud y HENIIRAREA FEY
fHITWewniz®, BONKEEAVINS %o 72720
EEZOLND,

Fig.8 & 912 z HIAIDA 7 VA& & RT. W
DA TTOIHUTTEEL TS, LELIAE
AT TN D T LA 5.

4.2 FLoErEER

Riza— % %3 LAL SR OEBRFE R LR T,
EFNEND Y A T TIHEANT LRI L, PM2
CH& 600 rpm, PM4 T 1800 rpm, IM2 T 1721
rpm, IM4 T 1882 rpm I Tk % FiF5Z &A5T
&7:. PM2 T3S EEEEAMEL % o TV DA,

>
L

244

MU — & IR (S 7R AR DFFED T N T
AD7=, KRR TIREIDSKE { % - 7 OHERTH
B, FOMD S 4 T T, IGHEESOHIREE BT
¥ CRERL22S, HRSABL CHERT 22 LIl T
o7z,

RIZFNFND Y A4 TTOMOSNE b ) O1EEHD
¥et%, Fig.10 2779, PM2 Tid 600 rpm TOE
BARY. IREHRIEAT 0.2 mm 8z, TR0
FTHIBENTEY, O—5OREIED T V7 VA
ICHBR 52 TWAZ EHh 5. PM4, IM2, IM4
TIXFEEAEE % 1500 rpm & L7-& ZORRERT.
PM4 TI3REHRIZER 0.15 mm TEEIZMELL T b
Z LA hA. IM2 Da— DOREEE 1425 rpm &
%0, TRV 5% &% o7 IRERRIEA SR AR 0.3
mm & K&, F2RNH U TE ) IREHRIE)3E

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HA AEM #53& Vol 8, No. 2 (2000)
— ' 5 F&0

£ oo R RIS A T 727 % 0 VR
5 LE—S 2L, T v ILHEO 1 EEEC L 5
S ORI CoelebEiiicrs 2 EHRATEBIC X 5 0 & 24007
a ODEEEALT. $72, TRV W VBRIEEE-218, 7
5-001¢ 1 U7AAROEES I AL EEE TS B0
0 1 2 7 XL TRELEEESALI Db
Time[sec] ZLT, #EAEEBROKELY, AABEE—S,
FEE—FONHFIIBNT, ABE—FIN2HRE—%

Fig. 11  Time response of PM4 motor (1500 AR TESE L CHEET A 2 L ASHIBE L 72,

rpm, z-axis).

T 0.01f
£ 0.01
€
2 oMt by
& 0
(&}
R
)
2 0.01f
0 1 2
Time[sec]
Fig. 12  Time response of IM4 motor (1305

rpm, z-axis).

R HR) BIHERE R o 1o, FERE—FTIE, O—
& | ZRIEERE (1500 rpm) & $7: Z38AE (1425 rpm)
TEEEZATH 728, T—F DT INF A kRSB
DT VING Y ANDb A, ZDDRL O
A 570, BIIRT L) IR PELEE
25, LAl IM4 TIZH)RDIZENTEH T IM2
DHDERTH LI NS, BEREFEDT 2 NT » R
Bt 7)) D AOREBLE 2z s, IM4 T,
M0 1305 rpm &0, $XDI1E13% & IM2 &
URTKELS o7 2T, SRIAT—YHRE 4
e Lz 82X WREROVDTHIMEZ, O—5 125
BINLEEAVNS LY, FIFRPELI7-0LE
ZoND, ZDIOAT— 5 TEER 4 R %54
EEDBLILIZED, TRYOOYEERITH) ZLDTED
EEZOND. 7 VT IVHRORE)NT PM4 &[RRI
NS, BREICAEET AZ LASTET

BIZF EINERIREECO 7 F 2 ¥ VHTHOIRENDORE
F% Fig.11 & 12 \TRT. INOORNS, [OEn
BHI BV TOLE L7 EREI T TW B Z &8
TET

(99)

(1999 4£ 8 A 5 H3ZfF)

SEXM
(1] BAMEMESE: B OEEL B, (1995), &
i

2] UM, A&, B, HAR: AABHEECR
SO, HA AEM #25E,
pp-40-45.

S.C. Mukhopadhyay, T. Ohji, T. Kuwahara, M.
Iwahara, S. Yamada and F. Matsumura: Com-
parative Studies of Levitation and Control Per-
formances of Two Types of Single-Axis Con-
trolled Repulsive Type Magnetic Bearing, 4th
International Symposium on Magnetic Suspen-
sion Technology, (1998), pp.393-405.

UHE, hH, &3, ®@E: £/ 9Ky MERKRHE
LR » 7 ORASHE, ATHERR 24(2), (1995),
pp-323-326.

T. Yamane, M. Nishida, T. Kijima and J.
Maekawa: New Mechanism to Reduce the Size
of the Monopivot Magnetic Suspension Blood
Pump: Direct Drive Mechanism, Artificial Or-
gans, Vol.21, No.7 (1997), pp.620-624.

KA, &, W RERE L OSBEAGE FinEne—
5 ORRFE, BRFLHGEED, 115 %, 3 % (1995),
pp-342-347.

LEF, W 7 F Y v VERRIT EEEEE - ¥ DR
FE L, HAMMESRRIUE 63 %, 6125 C M
(1997), pp.131-137.

A. Chiba, et. al: Radial Force in a Bearingless
Reluctance Motor, IEEE Transactions on Mag-
netics, Vol.27, No. 2 (1991), p.786.

WL > 7hLATFY ¥ VF vy TXT7)
TV AT OBTERG [)& bV 2 ERE L7
& %9 MERIED S A F I 0 AL v RY T LK
{HamCE, (1997), pp.525-528.

LB, B KABAT X v VRV TRT)
FE=IDTHY X VHENE PV ERB L UE
DI, WREARIED, 119 %, 3 5 (1999),
pp-282-290.

B, BH 7 ¥ v VIRGURE LY DT v Y a
TIE, &5 B 2R 2088 & RO
FWOUE, (1997), pp.265-268.

7 1 BlhIHETRRR
ol.4, No.1 (1996),

3]

245

NI | -El ectronic Library Service



