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Noncontact Spinning Mechanism Using Movement Control of Permanent Magnet
-Characteristics Analysis of Rotational Torque-
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This paper analyzed the torque characteristics of a noncontact spinning system using linearly

actuated magnets. This noncontact spinning system spins the suspended object (here is an iron ball)

without contact by the remanent magnetization and the linear movement of four permanent magnets. In

this paper, the remanent magnetization point is modeled, and the rotational torque of this mechanism is

calculated by IEM (Integral Element Method) analysis. The rotational torque is also measured using a

measurement device with strain gauges. According to the IEM analysis results and the experimental

results, the rotational torque characteristics of the noncontact spinning system are discussed.

Key Words: Torque analysis, Permanent magnet, IEM analysis, Strain gauge.

1. L ®IZ

VTR, IR % ATl 2 O FEEfl AR N R R S
TW5, EHBIL, KABEEDY v 7% AW i=FEEfox 7
EREL, MOWEEENLELREBISHT 252 EE M
wL7O) BESIL, KABA & EEROERBIR S Z AV
7= oD O IEMEIEEE 2 IRRE L. Z0—o0[Eix
EIHBIEOKAMA Lt —2 V=T 7 Fax—X %
W2 IEBERIEEREERE T H PO, oM T, MR
Bl OOBRBNREGTHIIAL INTEY, FEFh o LR

DOAKFE EICHEL, n—Z ) —7 7 Fax—F Tl sS4,

% EIROREOREREEAE 5] & (1T, 1 L& s S
To. b 5 oD EHEHRHL M EIE O AR ) =7 BEhic &
B IS 500, = O, BE LT 4 50
BT K ARER % 2 Z AR T ISR S 4,
R % B X AT C, ¥ kA S S 7

TR oS4 4 O PR T A A A 00 T I 2 I 7 e
A OIS | L2 B2 B 55 5. RRCTH, KA
BT O SRR 2 i1\ 72 FE AR IR & [0l R3 508 % 47
U, WLk B oREOEREMGAZEFEL, [EM
RATIC & »C, [EHEHERED kL2 B2 50 5. £7-, B
FESEBR L LT, SRERSRIE OB EIREA A/ & VKRR & L

TEFIMEL, OFHRS— V% FFEHE L2 2 RET 5.

IEM FEMTHRE SR & ERERIC K > T, MHEFEO R 217 5 .
2. BERE L A¥RRE

M & QK ABEA Y =7 BRENC X 2 FF 2 fik [nl SR B &
Fig.1 (23, [lERMEIT, V5% LR Z $hiE )5 1) _LIT ez

[No0.10-253] 053000000000 0(201011.406000)

Permanent Magnet

Voice Coil Motor &=

Fig. 1 Configuration of noncontact spinning system

bEH, KEEATEERSE2HETH D, % L5y & Bl
BREDTR 3 HAR L STV .
21. B EHS

H _E#531%, Figd 2R LTV Do g/, Fig2
WRT I, V=T TV Faxn—F L kAMAERAND L
DTHD. KAWA, "A AL LET—F (VCM), LV
H—2 R, 2008 YR ENREEND. 1| DOKARA
28 VCM OBEEHENCEL Y 1T S5 TE Y, VCM IZ k- T
L7 1A BRI ERE S D . VCM OBRENEHIE, KA
HEWMERDOX Y v T I DE—F v b &% VCM OWNEL
EENTORB->TNWA. Ko TRABADES OB L E
M oMERE L > TiThnb.

KAMEANE, EAD 8§ mm, £ &A% 10 mm O HFEEO R

—655—



VAMATHY, EOEMGHICEBINLTVS. VCM I,
15 mm O REFEFHZ > TRV, ERER2A I L T20N
DAEFRESED Z LR TE D, REROKARG OIEB %
H3 2t oo H#EMIZ 10mm TH 0, 561X 0.02 mm
Thbd. TEOR EEROESEZ RN 52X, R
A4mm THY, HSHREN lum THD.

7 ERE KUK ARG OEEY & JIE L7215 51%, A/D 24
LS TTVHL, av ba—FIZAENS. D
EIZES W TDSP I EE ATV Y] 72 VEM ~D 384 ) %
HET D, ZOMERT, DA LHLRZIEL T VCM ~EI(E
B LTHASND.

2.2, AI$ERENER S

[EIHRBRENER 2y 1, Fig.l (28 L CW 286 D[E ) OERsy T
T2 DK AR A % BEARICEET 5 2= MDAk S
TWA. oDz =y MIAEWIIMSZ L TW5S., [BlEsERE
FOXIEA TR Ly ERT SO THS. VCM i, 10 mm
O ENEIFHZFF o TR Y, EREIR2 AIZHLTI0N DS
BRASELZENTE S, B HIIBHE 10 mm T
HY, SFREEN 0.02mm THD.

2.3. [Ez/RE

[BIHEJFEE A Fig3 (/8. AU BIEOE EEr s R
KT, BEEEKABAEETORTHS. AENE, &7LEh
DV EIROKTAR I 4 B O K AREA % BN E I BLE L,
ENENDKAREA %1% BRI BIZHAT S, % R RIZE
TREBI A A SE D, ZoFEEA BERICLITICHIAT .

FERIZERERTH Y, TORBIITEBEROLERD D
EEZOND. UL, B EEOREIZS, NZILZNO
PR T2, KO S AR SRR L Th D
EEZDOND. b REWEEBROEEIIIRE MO L
OB BERO EFHMERODL LD THDH. 20 L &% L
ROAKFEF IO KRR OEEL K-> T\ 5. Fig3
DREVTRT AN, KEFMORK S RE BB S5, &
> THKEFE ORI D BN S KAEAZTST5HZ & T
ZOEEBENKAEA DT~ E T HND. ZDJEFIA
LIS BRI RABAZEMNT DI &Ry RS &
T, B EEEEGEESES. OF ) KO PMBERT oS
T OFHICL VRIS EIHELEZ OND. BIRNA
KAMGAT DHIE T 1L E R~ B,

T, kARG 1 2QOB & T BRICERHT 5 2 Lick
D BROREIZH DEEERD 5 BIKARA & ot
DD RSy M AlEE LK AR WAL E TLET S
(XOBAEDIREE). Z L TQOENE TRABH 2T LENS
B L, KA T 2@ & Tl 5 &, A E ]
EHEOLN@OOH AICEHAEE A 5. kel & &kx b
BEDREA IR LT R4 2 & T LRI RIS ES) 2 584
SH5.

2.4 FERT L

flf s 27 L% Figd \Z7-d. 4 HORA ZaAf LE—H
WCZENENNARE 2 20ad) 5 LEEEBEEZ AL, BV AD
KAMEA D, NAFIZF FRICEA < L ICHIE L Tna. [F
HERERE Tl LR & KA & DZERRZFHAI L 22 W =®, B
LN LDENETNDRA ZAaAL)NVE—HF DN EE AT A I
X VB EEROFLLELUWERECEE L TH <.

3. BRBHSRADETIVE

3. AR ADER

BERORMEIZ D DR R R TR T D72, HTAA—
2 —Z MV, BREROFRE FInV ORI A2 RIE Lz, HE
EEROFNS, HIES & T 58Kk E R ESE, SEkFmOKk
KBRS OB ERH N, TOMNBEEZ~—7 Uiz, BIEHE

—656—

Position of permanent magnet

Eddy current/-
sensor

stator

Permanent
magnet

Iron ball

Eddy current
sensor

v

A/D converter

D-SPACE(DSP)

MATLAB/Simulink
r 4

D/A converter

A/D converter

Power amp

Position of iron ball

A

Fig. 2 Configuration of Magnetic Suspension System

permanent magnet

iron ball

)
al

Y m

Y

i

I
4
N ) ! remanent
1 '@ magnetization

movement of permanent magnet =%

———ep

spinning movement of iron ball —>

Fig. 3 Spin principle of spinning mechanism

=l =

Position of
Horizontal Magnet Permanent Magnet
System (X1)
|
| Controller [ Position of
Horizontal Magnet Permanent Magnet
System (Y1)
PD
Controll —
I Position of

[Horizontal Magnet]

Permanent Magnet

System (X2)

PD

HF

Controller

Horizontal Magnet|

Position of
Permanent Magnet

System (Y2)

[

Controller [

Fig.4 Block diagram of the spinning system




8.0

40

20

Magnetic Flux Density [mT}

0.0

0 1 2 3 4
Rotational Angle [pirad.]

Fig.5 Magnetic flux density along equator of iron ball

z

o

Remanent magnetization
for suspension

Permanent
magnet

Remanent magnetization
for rotation

Fig.6 Modeling for remanent magnetization point

§ N Lsin,
X

Lcose [N

III
L
>

Fig.7 IEM model with one remanent point on equator
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Fig.8 IEM results with one remanent point on equator
(L=4mm, P=26mm.)
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Fig.9 IEM results with one remanent point on equator
(L=10mm, P=39mm.)
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Fig.10 Angle relationship of stable points of Fig.9
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Fig.11 IEM results with one remanent point at the upper
position where is 45 degree from equator
(L=10mm, P=39mm.)
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Fig.12 Angle relationship of stable points of Fig.11
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Fig.13 IEM model with two remanent points on equator
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Fig.14 IEM results with two remanent points on the equator
and 45 degree between each other along the equator
(L=10mm, P=39mm.)
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Fig.16 IEM results with two remanent points and 45 degree
between each other along the equator.
Point A is on the equator; Point B is at the upper position
where is 45 degree from the equator.
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Fig.21 Experimental results with one remanent point
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