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1. Introduction

So far,for avoid sample contaHlination there are more

and more requirements of environment in science

experilnents and manufacturing, Hence, noncontact

manipulation is being devcloped.Col■ lpare、vith contact

manipulation,there are no contanlination,less friction and

elirllination of lubricants in noncontact ltnanipulation.Our

purpose is using a perlnanent magnet suspenslon
mechanism to dcvelop noncontact nlicromanipulation

system. It can be apphed in such flelds in 、 vhich

ultra―clean environment is needed to avoid sample

contanlination, such as serliconductor processing and

biotechnology experilnents,etc.

In this investigation,a suspenslon systein in、vhich the

suspended ottect iS manipulated in the horizontal plane is
bullt.It makes a spherical ottect rOtate along the
suspenslon axis、vithout inechanical contacts.In this papeL

the principle of suspenslon and rotation of this systein is

explained and experilnental exaHlination is perforlnence.

2. Rotation httechanism

2.1. Prototype Rotatiom System

U s e  S I (ふれK S ) T h e  S u s p e n s l o n  s y s t e m  w i t h  a  p e m a n e n t

magnct and linear actuator is already proposed[1].The

method for stabilization is attusting the air gap for control

ofthe attractive force.APM(permanent magnet)iS driven

by a linear actuator and the air gap is controlled. In

comparison  to  the  electrical  control  mcthod  of

electromagnetic suspenslon systclns, this suspension

method  is  supposcd as  a mechanical noncontact

suspension system.

A rotation lnechanisln can be bulld using same、vay.A

prototype system is shown in Figure l. An spherical
O,jeCt iS Suspended in the central position of prototype.

Fronl the flgure 、ve can sec that there are flve VCNlt

actuators, which drive the flve PMs respectivcly. The

position ofthe Fnagnetis sensed by lneans ofeddy current
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Figurc 2:Strategy for rotation
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Figure 3:RemnantlnagnetisIIl on equator of

spherical o瑚ect

sensott When thc iron ball is suspended,through control

the motion of upper rnagnetthe height ofiron ball can be

attuStCd tO make the iron ball and fourhorizontal magnets
in the same horizontal plane. And through control the

approaching order of four horizontal magnets 、 ve can

make the iron ball rotate along suspenslon axis,

2.2. Principle of Rotation WItechanism

Figure 2 sho、vs thc control strategy for rotation of the
OtteCt With linear PM drivc mechanisms,This igure
shows the horizontal section including the otteCt.The
OtteCt iS 10cated in the centre position,and four magnets
are located in right angles around thc otteCt・
The suspended otteCt iS a ferromagnetic material,and
therc is remnant rnagnetisHl on thc surface ofit.When the
OtteCt iS Suspended,the induence of rclrmant magnetism
is lnostly in thc vertical direction of suspcnslon.Ho、veveL

there is still remnant lnagnetism. Figure 3 shows nux
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Position of

Perinancnt小ブragnet

density on the equator of the sphcrical o,ject during

levitation. As sho、vn in the flgure, we can see the

lllinilnunl point.And、vhen a PM in the horizontal plane

approaches the ottect,the Ottect of the minimum point

faces to the PM.And、 vhen the PN生、vithdraws and the

n e x t  P M  m a g n e t  a p p r o a c h e s , t h e  o t t e C t  r O t a t e s  9 0  d e g r e e s .

When the magnet approaches the iron ball altematively,

the iron ball can be rotated along the suspenslon axis.

3. ExPerilmental ExaHlination

3.1. Control System

Figure 4 shows the conflguration of control system for

rotation.This systenl consists from four position feedback

control system.In each systenl,a refcrence position signal

、vhich phase is 90 degrees difference from next system.

This phase difference keeps the approaching order ofPN生s

and the otteCt rotates with synchronous motions ofPMs.

3。2. ExperiIIlental results

Figure 5 shows the results of rotational speeds of the

OtteCt When various frequency reference signals are

applied, The diagonal line indicates the case that the

O t t e C t  S p e e d  i s  s y n c h r o n o u s  w i t h  i n p u t  f r e q u e n c y . A c t u a l

speed are little slow from synchronous motion. The

reason is that the remnant lnagnetisIIn lninilnum point is

moves as the ottect rOtates.When inputis over l Hz,it
can be seen asynchronous lnotion.

Figure 6 sho、vs the result of rotational speed 、vhen

reference frequency is a ralllp input.Thc speed follo、vs

input frequency 、vith vibration. We can see, ho、veveL

about l Hz the otteCt StOp rotating.

4. Conclusion

As the one step of the development of the noncontact

manipulation, a noncontact rotatlom mechanism 、 vith

linear actuators and PMs has becn developed. The

mechanisnl consists of fbur linear actuated lnagnets.And

the relltmant magnetization of the spherical o町ect is

utilized.

SuHInary ofthis paper are

l.A noncontact spinning control rnethod using rellmant

magnetization、 vas developed,

2.An experilnent exanlination、 vas carried out and it

was succeeded.
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Figure 4:Control systelll for rotation
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Figure 5:Experilnental result ofrotational speed about

input frequency of PM
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Figure 6:Experirllental result ofrotational speed

when inputis ramp
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