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Development of Magnetic Suspension System Using Rotary Motor
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This paper describes a magnetic suspension system using a rotary motor and a disk magnet. In this suspension system, the suspension
force to the suspended object is provided by a disk-type permanent magnet and controlled by a magnetic resistance control device, which
controls the angle of disk magnet to change the flux flowing through the suspended object. This suspension system can generate a zero
attractive force, change the polarity of the stator poles, and realize zero power control for any suspension poison. In this paper, the
suspension principle of this suspension system is introduced, the IEM (Integral Element Method) analysis for magnetic flux path is
performed, the model and simulation are carried out, and some suspension experiments are executed. Finally, some results are shown.
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Fig.A3 Experiment results with zero power control
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Fig.1 Principle of magnetic suspension using a flux path control

FEDOF bR ZEHER ETERVWOT, %R EmizY
=T L=V EMHNT, #ETHIERTEL. SbIT, HEE
DRMOATIZE-T, $REFLETLHZ LB TS,

2. REBEREE R bR

Fig.1 (LT 2 MR ORI L% O JF L 2 /87,
I OWEEE EAERE, PN & o0 F R OEENER = 7
EWAFEDER EEN SRS TWD. 22T, HEBGA
%, 5 90 DO N AR, MUl 90 FEAS SHTH B &
WET 5.

£, Fig.1, (@D L 5 ICHBEA D NFBERS S & 9 EHE EIZ,
SENREFIZHD L&, LEBo NAENS T LI-RER D45y
WEAEMO a7, EFEMO 2 TIZHRIAA TN D LB X
bNDH. £LT, INOOBHRIT=T FHEO S MIZHE L7zEh
NETATEBY, ZTORELADIT NERAD SHIZAD.
& o T, FRBER S OBFRIZTE FE 2 @Ed 5 2 L ik,
Pe-C, a7 & BRI CIIRBINERAE L.

WIZ, Fig.l, (DIRREND, ML A/ LRl L7z
& X OBET Figl, 0)ThD. ZOHE, EEBO N ML mT
a7 OmifEE, ZMoaT I EMOaT OFRKEND
T, NELLETA2EREN MO a7 L0 Ao =7 o)
NELEND LR D. £, TEO SHEEmTHELD
a7 OEREERIE, NML it Tnd, %57, 24l
DT THNAHHRITETEMO 2T LiET 5 S MIIAD.
FH D 2T THFRNDEHIT DO T, —DDEsy
OBFRITHEMO =7 L' 5 SIS, b— 2Dy iTiF
FkZES T, AfliloaT LT D SIS, ZUT L
0, a7 L ERMICEAR DN RS IS RAET S,

EFE Y, Figl, (DIRREND 90 FEE TOMTIE, MK
WA DEEEAENRRE K RDHITHE- T, % ik E@ET 5/
RN KRELARY, WEIHbREL LD, ZOZEnb, K
WA DA EZHET S Z slIc ko TR EhEHES 5 2
ENTRETH D EEZLND. £z, WHEICHREG ZE
IREEAHZ LIZLY, BREHICHT Z ENARETHY, =
T OO EZELIE D Z LN TE 5.

3. BAMERRE L REBRAEAT

BT

3.1 REEE

S EHRET 5 Rl IR B ORI % Fig2 1o,
VRSB DO IERN D M2 G E% Fig3 137, 2 OF% BRI,
MR, e — %, N—~aAf Da7T, MEREDTE X,
TOOMERE Y TR LTV A, HERBA L, EEOF



FOMEDEOT, B 30mm, JEEA 10mm, BT
BTGB F I SN TV AR AV LA TH Y, EE
[E EM DO ZEANZEL Y 17 T B [BlEEE— X |2 L - T lelEsERE)
Eha. [\EfEE—XX, BWEROEEDO N—F=v 7 K

TA 7 LR 2= E2RY) AT TS DCE—Z THS.

IOy a—FOSMREEIL 360 pr THDH. 2 T ITHELA O
WANC 3D SO F RO L DT, JEEA 10mm D/ S—~ 1A
THDH. FROaT7TOFICHLMARIT S—~ v A OFF LK
Thbd. N—~vafiL, GEEENIEFICEL, EREEEN
D TIARNWERTH Y, FEBKROEEN DI, [iEE
—ZIZRY, MRBGA ORI EAFIE L, B ORISR
PLEsIEd 5. 2hicky, BEEE a7 ofows| %
T D, BEETO Zo0WERE L, HIEEE
2mm 7>5 3mm £ T, FHIHHEELR 0.0lmm T, F_EAEOME
ZRETD.

ZOWERFR LY AT LD e —F % Figd IR Lz X
372 DSP v bn—FTHbD. 3 hua—FTlE, A/DLEH#
BUIZE > TTF ML LT ZoDimETE v DES & [\liE
E—HOTa—ENLOEERAEER T br—FIZA
HEND. FDEBITES T DSP 1T E 21T\ b 72 [l
E—ZDREEEAELFETS. FOREIT, DA LHEEE
L CHEEE—F ~OERETE LTHIENS.

32 BT

BRLUEBRFE L AT AIBIT 5, BERHIE S 0 FTRE
PEEMHRT D28, ROMBRA O/[ENELT D REORLE
TOBMKOFENDIREEZ MDD, BO/BEREICL-T, B
KFELEVAT AOMKE, VT N TS LT O
EGmap % FIf L CHET L7z,

TEOYBHRIRIC K DBEMRNTIE, 2 RoTic X DT 24T - 7=,
T, BT OET L, RIE LR E BB L B0 I
[ CY A X CTlEoTe. BEMTIZ, MRAE Z>0ar &
O 2mm ¢, 27 & EAE OFEEHT 3mm TiTo 7
PR AT % F 732 2 (BG4 B L 245 0D 2 M B & Fig 5 (2R T .
HoOFTiE, FROMBOLOIIMAEEAGTHY, BROW
NWBHRNTREIOF AT, MROKE SIIRHAOY A XLt
TELTWD.

9%, Fig5 (a) &, ML Z 0 EITED DERERT.
ZOR, FARBADONBRL X > EE R, SEBRETICH
L. B Ha5 L 91E, FAWBEANLI ORI, B
NHEY 720, BHRITFE EERZEL VWO T, a7 & K
L ORIOWE A T2\,

Iz, Fig.5 (b) (2, MG & IEH 2> BEFHE Y 12 20 EIC
EDDLERETT. ZOLE, FHORBKRIL, AN R):
HIEF MO a7 L BEE EROa T 2@, BAD S
MRS, a7 L ke OBOZER & Z0E 1) OZEMIC i
KRHHOT, a7 L EEREOBOREINNFEEL. S
Bz, BERLUAOZERTOMREBDO HND. DF D BARN
ROZENHD.

FREORERIC X - T, BHRSHEE T THRNLD Z L 1X, A
LR FFRBE BV IR > TWDEDT, BELZHBRE
VAT KT DEEREHIE T RO A REME A R T .

%12, Figs(c) & (AW, B2 2 AR 2 KRR Y 12 90
L 270 EIIED DRERERT. oD RELD L, 7
HRIGEDBIR O ENIZ 2> TND. (o T, Z DR

Rotary actuator
with an encoder

Permalloy core

Y stage

Permalloy
levitated object

Eddy current
sensor

Fig.3 Photograph of the developed prototype

Disk magnet ~ Gear head Rotary Increament

actuator encoder

Position of disk magnet

A 4

D/A converter

Encoder interface

Eddy current
sensor

D-SPACE(DSP)
MATLAB/Simulink |

Position of suspension object

A/ D converter

Fig.4 Configuration of the magnetic suspension system

BRI - T, a7 oBomtz 2 3E5 2 & ik
WTET.

4, BT VL EEY I 2 L—va v

4-1 RfEEBIZXZET ML
HELIEMRE LY AT MIBIT 5, 2 ARt
RS, BHEY I 2l —va v OFETBLIPa L fr—FD
T 4= KR I FA U OREREDT=DIT, BRF L AT
LDOET MEEIT ST,



EFNMEE LI 2L —2a DDLU TDOI & ERE
T 5.

(1) FARBEA XEA ST RS o i b STV b,
(2) AR 208 2 BRI IR & w3 % 2 7 ORI

T 5.
3) a7 OARBIUII/NEL, a7 L EERE oS
[ZHEARIEHCE 2.
LT, BEEPE@EIBRIIRADO L IICEEIND
O =ksSiN@/(2d) ++errereemvmresrenenininninn (A1)
=72 L

Q: T EEPZIEDRR
6 HMIRBEA OWARICE T 27 OfECEEIERD b EE
[FY ZEE L, Figl, @IZRLTHDREDAHEIZO0 T

HD)
d a7 LR EREDOR O
k WEREH

SbiZ, a7 LiE bk s DM OWEI 137 B % 8 5 RIR
DHEFICHHT L EZEZDND. Lo T, FLEOED
EV R/ 6= VR A

.. sin? @
I’}’lZka d2 TING ceeeeieiiiiii, (AZ)

=77,
m: V% EROEE (61g)
z: ¥ HEOAME  (EMEAIE)
ky: AT HOOWBIFIOE (kA X%ZIE)
42 BEVIaL—vav

FROET ML ST, MEBAOEERAEE AT, #E
RofE & LT, 2B I 2L —ra & 7o
7. F£72, BEEKCAT v T AN EINZTZ & & OIREERIZ
Fig.5 \Z7. NS0 £ 912, AT v FINEDORIE TX
B EIZERIN TS, XY, BELESFE EVA
TLADOERO RN RENZES 2D,

5. RAVEEEIC LD EBER

AIELEEETIE, a7 LR ke oMoRs|hEERED
a7 8 [E UAVL & COBRBEE 2D -2, W5l H & EHE
EDOWEELT- 7=,

5.1 BBIH0HIE

Bl I OWPEFEE, #EERE Il 7~ A
7 A —Z BT, MG EE 27 OFEZ 2mm (12
FHEL, WMa7OTEHLY 2mm 2> 8mm £ T 1lmm BT
BEL Ho, MRBEAZ 00 (Fig.l, (a)k B0 OIREE) 255 10°
35 1 [AlfE S EE L.

FNOORERE Fig7 T, Ko and Lo, HBEE
DORLENED B &, MRA OB L VRS H
WA BN, FBRGA ORERA L 0° & 180° THD
L&, WEINMFIEEeIZRY, AEX0° L2700 THD
L&, WA ORKEICRD. X5, FAUAEDE
&, ERESA/NELRDERBIINIREL 2D, Zhkb,
BR & MR R4 EIC XY, a7 o FMNCRAET WS
HERETDLZENARETH D Z LRS- Tz,

5.2 REREEOHIE

WRBEEDORE T, TUARA—ZE~A 70 A —Z|C

e

(a) The rotation angle of magnet is 0 degree

i

o
i
L

(c) The rotation angle of magnet is 90 degrees

(d) The rotation angle of magnet is 270 degrees
Fig.5 Magnetic flux diagrams by FEM analysis

The distance between magnet and cores is 2 mm.

The distance between cores and levitated object is 3 mm.
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