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Improvement of Magnetic Stiffness on the Proto-model of Contact-free Two-dimensional Micro Positioning
Actuator by using Diamagnetic Graphite Plate
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Recently, we could obtain several useful experimental results about the planar contact-free micro motion using a
PG plate above two-dimensional Halbach permanent magnet (2D-Halbach PM) array with zero-power supply. To
realize practical use of a precise micro positioning of PG plate by using our novel technique, it is necessary to
investigate all components of the magnetic stiffness exactly. In this paper, we mainly describe the method of improved
magnetic stiffness of PG plate carrying out contact-free magnetic levitation above 2D Halbach PM array, and report
some experimental results of the diamagnetic force which corresponds to the magnetic stiffness acting on the PG plate

in two displacement directions.

Keywords:

contact-free, diamagnetic graphite, magnetic stiffness, Halbach PM array, micro motion, zero-power.

1 [XL®HIC

SEEE, MEMS 12817 5 7 — 7R 25 L5, &
B v — 7 BEEEEAN A TS U7 .o 27 4,
BEE AT VAT AOREENCIE, A —D
ERENSE A A TS XY AT —URNBEL ShTH 5,
INHDOT 7 Fan—FTERINBERE LT,
(EREERRE), [FA LR /A XL R, A
TF VA - BIFVF—| BET LN, ZhbEFHRR
fzb~A708 « F—ary T I Far—FDRHRE
PDHEETHD, FEMENT (FA LR 74X
A ] ORTHEIRREAEE SO0, FFRCWEOTK
etk & 7 HHER K AR ORHEERIA L, =|RICE
By UTRERE ETTHIUE, 13 RICET S il
BOBRERTRETH , 1 OBEEEMEO X 5 2
HIIAETHHZ b, (BAVTF A BrRL
F—] ZHMERIZERTED, DFED, Z OB
BHZ LB H|IE Sy TS BIL, RiRo~A 27 a -
B—a e T Fam—F RO LS ZOOMERE
T T RIREMES BV, D CTEERFEINER CTh 5,
2001 4ELIF%, EPFL-LSRO1 @ H. Bleuler 5%, =R
WICBWTENRTEREERITRBEE T 774 b
(Pylorytic Graphite : PG) #D /3w ¥ 7 Hg5% &M

SEARSE . OKNEEE, T970-8034 f@BIR X T BRI
FTER 30, B LEESEMFERKITYR,

FEL XL

e-mail: haruhiko_s@fukushima-nct.acjp
TEEEE CEEREERE

(57)

U7z 7 5 A R A — VT B RFZER0[1], PG R
ERIEAERREEFIRA LY =7 « a7 2
THWREED TV D[2], F£72 2004 FELEIE, Frox
& EPFL-LSRO1 7NV —7O-—#$LRFFRIZE Y, PG
W& - IR 7 F o o — 2\ C BT A RSE 2 8
I}, 2006 4, Halbach BEFIKARA BTy VTSR
% 95 PG HRICKARER/NR TS0, Rk
WEE 525 Z L2k Y, PG RS IEREfLEREN I 5
FNR[3,4], RLLFRIC Halbach BIA & iz kK ARBER
ETTF 4 A7 KD PG NI R SRR EEE T 5
TNERFE L[S, & 522007 42LLKE, Fig. 1 TmRd
K97 ¥t (2D) 1Z Halbach B4 S 7=k /AREE -
TRy VTR E TS PG GBI R VW, TkGT
FEEfi~ A 7 nBREE T VOB E, FHaxMAICTF
BT &7 [6-10],

Fx DG N—TBFET 72 PG Hax AWz e T

Fig. 1 Passive magnetic levitation of octagonal PG plate
sample above 2D-Halbach PM array at room temperature.
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Fig.3 Magnetic flux density distribution of 2D-Halbach
PM array. (above 1 mm )
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Fig. 5 Schematic illustration of experimental set for the
displacement of octagonal PG plate sample.
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Fig. 6 Displaced direction of an octagonal PG plate
depending on how to approach with a small PM piece.
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Fig. 7 Relationship between the displacement of PG plate
and the gap of approaching PM piece (N-pole).
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Fig. 8 Schematic illustration of experimental set for the
diamagnetic repulsion force acting on octagonal PG plate
above 2D Halbach PM array.
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Fig. 9 Diamagnetic repulsion force acting on an octagonal
PG plate sample variation of its displacement
in direction A and direction B.
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Fig. 10 Schematic illustration for the improving method of
magnetic stiffness of octagonal PG plate sample.
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Fig. 11 Adapter unit for improving magnetic stiffness

by using four PM pieces above at point B.
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Fig. 12 Result for the improvement of diamagnetic
repulsion force in direction A.(concept A )
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Fig. 13 Result for the improvement of diamagnetic
repulsion force in direction B.(concept A )
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Fig. 14 Result for the improvement of diamagnetic
repulsion force in direction A.(concept B )
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Fig. 15 Result for the improvement of diamagnetic
repulsion force in direction B.(concept B )
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