Trial manufacture of the repulsive type balance
magnetic levitation system using permanent
magnets
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Trial manufacture of the repulsive type balance magnetic levitation

system using permanent magnets
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The repulsive type magnetic bearing system, which has the passive control utilizing the
repulsive forces and active control along axial direction, is superior compared to other mag-
nctic bearings in respect to reduce the number of peripheral devices. The repulsive type
magnetic bearing has special features such as the soft and constant stiffness for passive
control axes. Hence this system can be applied for a special device without impulse distur-
bance and mechanical contact for the levitator shaft. In this paper we make & proposition
to apply to a thermobalance using the repulsive type magnetic levitation system. If our
system can be applied, the accuracy of measurement and sensitivity will be high owing to
null mechanical contacts of the levitator. This paper reports the configuration and non-
contact levitation characteristics of the trial manufacture and introduces the differential
thermobalance configuration made as a next plan.

Key Words: Magnetic levitation, permanent magnet, repulsive force, stiffness, ther-

mobalance.

1 BUBHIC

BUCREZ I BT 2 IEREC TIEER L L o
L, BaR(LICfE, HEMAIEER R EEREDRIE TR,
BEORREENSBO TOw v S d i omss
PEOTRHINE LTHA SR TV, FHCEEETR
ST B 5 IS LA AT 220, B
M, MHETEE L EATRETH S LV I RIS ERD. L
L 5 el 2 7O S ROFHIERE B E
ENWEL 720, HEHOBHLCE 2 X MEDR

Mige: ABRA, T 930-8555, HIGEM 3190, BUAYTY
ALK EF L A7 L1445, email: ohji@eng.toyama-u.ac.jp

(83)

BN D, FELHRET 5 KR RS ET (1]
i3, TR 5 E0 S b 4 #ESRIRISKIFL, 1
BMOAZBINISHET A ik, B4R
HHHEFZEFOIR M2, HHERSCERASDE
VB2 AR NS S B 2 LARETH B, T
O LT LRSI RBHE /MUY 5135 H7EF
L, SRABADORRENICL 2XFHFRDOEE,
REYEEH OB REERHOF TR,
{, PO—TEETH A L) EHE 70, Eiox
5 BRI e NELD e WIRRECOIEE &
ZRT2ULEL DA,

I T, WHPEORER LRSS 2/ ML L

503



AXRAEMF&RE Vol 9, No. 4 (2001)

BEZ ERE~OEAEE LS. BSEERFRICIIE
TR [2) LD, FEEANE FRFOHIEE
RN BE T 2 HFAMbN AL, K [2] Tid
ST IR 2700, FELERSELL
&, SRERAEICNT AR IATTRE T 5.
R HE B bR NEEE L2 RET 5
BSUR LR L UTRESKR 3) DB #E R 5.
BOMEBEO—ETH HRESTL, HEYHLR
¥l & OBEFIOELEFIICHIET 2EBTHY, &
EHRFFAEZE (TG/DTA) RREEERETT
(DSC) &b 5, BEGHTHERHESSIZII,
KPR ET AP0 COBER 2 BINA 2 L8
Y, BV EEREARERETUL

BT TH S, /-, HEWEHEREOMRY

BB INERBLIZ SO Y S ML S N -iBRERE 21T
5 Z LT, P i X ABENELAIND S Z LAt
vy, & O ZHEBIBISIA SR L 2 2 EEE iR b
A Adrh b ED L URENATH S Z L 2 ER
¥ 5 LT ORI S ESOERM L LT
#HTE%,

FWTIE, ERIOMMELETAVRBEZRYET

B7-DISKARGRO KRR EIT, EFNVER
TOIEERNE LRBCOREIC OV TRR, B&WEE
FRCOREBRTOTERIIOVWTRETT 5. Btk
12, X DBERLEFVE LTAARBEAVWRE
B EOREBTRI LB L =D TR 5.

2 RSEERRORME

2.1 FKABADRERE

B LRROBEHIBR L, EBEEEE/NMULYT
AIOIZRBAEERR (HhEHE) OREOES L
HRREE 25, BB D SOERISNT 5/
LeERT 5L, HHERGOZERERLIL (Y
RELHRCT 2 TR N2 HR T EDEL
bh3,. Lal, 2 MOXARERLEET 255K
O, ERERLLL T4 283, BLbo)E
bRWHTFBILIcR B, XoT, HEHERADZEHRY
HEEL /PR BT S LEND S, I TIIRARE
WCORBIFALLIT, ZLEOHFHHEES
1L BE 3T 5 -0 DAARAEEB IOV TRE
35 [4.

Fig.1 \CfleskBaRd. AARGHIZRADICE
BENIAA TR (OB (60 x20%x3, A

504

4 Magnetic matcrial Z  Non-magnetic material
’iﬂ {Iron)
|

A

y A
Stator PM i Rotor PM
Unit : mm
Material Dimensions
Rotor PM Nd-Fe-B 6®x2% x3
Stator PM Nd-Fe-B | 14959 x8
Magnctic material [ fron (§45C) 169 x14% x8

Fig. 1: Configurations of permanent magnets
and magnetic material.
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Fig. 2: Characteristics of repulsive forces along
axial direction.
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Fig. 3: Flux lines around the permanent magnet
section.
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Fig. 4: Proposed configuration of the repulsive
. type balance magnetic levitation system.
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Fig. 5: Configuration of the permanent magnet
section.
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Fig. 6: Characteristic of the sensor signal.
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Table 1: Parameters of the system.

Parameter Symbol Value
Mass of the levitator m 0.083 kg
Axial stiffness 2 2.32 x 10° N/m
Steady repulsive force F. 17N
Steady current le 0.45A
Resistance 8.911Q
Inductance L 62.4 x 1073 H
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Fig. 7: Controller block diagram.
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Fig. 9: Steady levitation characteristics for axial

4 y
control.

L ——

§0.075% 3
% 0.065

1 o.osﬂ i 1 i 2 2 i " Ak i 2 i A i i

0 0.2 04 0.6 0.8 1

Time (s)
Fig. 10: Steady levitation characteristics for
beam control.
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Fig. 11: Differential thermobalance including re-
pulsive type magnetic levitation system.
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Fig. 12: Principle of the differential thermobal-
ance using repulsive type magnetic levitation
system.
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