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Magnetic Suspension Systenl by F拘区PattI Control

Using Rotary Ac的航or
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Abstract,This paper proposes a magnctic suspension systcm using a perrnanent IIlagnet and a

rotary motor.In this suspcnsion systenl,the suspcnsion force is controlled by varying the angle

ofthe perlnallent rllagnet driven by the acmator sO as to change the magnetic nux path.This

syste1l can generate a zero attractive force,change the polahty of the stator poles and realize

zero po、ver control for any suspcnsion position.

l  lntroduction

Magnetic suspcnslon is tcchnology for supporting an o町ect by mcans of a magnctic force.

So far,many kinds of rnagnetic lcvitation systems have bcen proposcd and devclopcd.These

magnetic levitation systcrns use different methods to control the suspenslon forcc. Two

impOnant type of systems are elcctromagnetic suspenslon systems,which control thc coil

current so as to changc thc magnctic force in order to levitate an o明cct stably[1];and
magnetic levitation systcms,、vhich use pcmanent lnagncts control the magnetic rcluctance

so asto vary the suspenslon force in order to achicve stable suspenslon.Moreover,therc are

two lncthods for controlling magnetic rcluctancc: changing the air gap by moving the

pemancnt magnet[2]and varying thc allx by changing thc dux path ofthc magnctic circuit.
This paper proposes a magnetic suspenslon systcFn that controls the suspenslon forcc by

vttylng thc nux path using a pcrlnancnt disk magnct and a rotary acmator.This magnctic

suspenslon systctIII can gencrate a zero suspenslon forcc,change thc poladty of the stator

poles and realize zcro powcr control for any suspenslon posltlon.

2 Suspenslon PrinciPle

The suspension phnciplc of this magnetic suspension systern can be understood from

Figurc l,a schematic diagram showing a peEnancnt disk magnct,師ro aspectant F―typc iron

co的s and a rectangular suspcnsion o巧ect.Figurc l(a)shOWS that thc magnetic poles of thc

magnet are aligned in thc vertical dircction,The rnagnetic nux comes from the N pole and is

absorbed into the S polc through thc iron core.BccttsC nO nux is nowing through the

側spensiOn ottcct,thCre is no attractivc force.Howevcr,Figure l(b)shOWS that ater the

magnet has rotatcd a ccrtain angle,some ofthe nux nows through the suspenslo■o明ect,and
attactive force is generated.

轟 Gm盟夕
n』 ュGm盟夕

n】

nnagnet

(0                    (b)
Figurc l:E)ifferent aux path by difFercnt anglc ofperlnanent rnagnet



3  Prototype of nttagnetic Suspension System

A prototype of thc proposcd magnetic suspenslon systcm was constRICted,as showll in

Figure l.This prototypc consists rnainly of a perlnanent disk magnet, a rotary acmatOr

containing a gear reductor and an cncoder, a pair of aspectant F― typc pcmalloy cores,a

rcctangular pcrmalloy suspenslon o巧ect and two cddy current sensors.The pcrmanent disk
magnet was rnagnetized so that its two lnagnetic polcs iay in the radial direction.

4  Basic Exanlinanon and suspension Experilxlent

To exanline thc charactcdstics of the suspcnslon systerllll,many basic expe五ments were

perfomaed.The magnctic nllx densities of the magnet were measllred through one rotation
using a gauss―meter at different distanccs偉om the maBnet.The resultting nux density cllrves

resemble sinc cllrves at all points,and smaller distancc yielded greater allx density.The

maBIletic allx densities between the permalloy cores and thc suspenslon otteCt Were

m e a s l l r e d  a s  w e l l . A  g r a p h  o f  t h e  r e l a t i o n s h i p  b e t w e e n  a u x  d e n s i t y  a n d  t h e  r o t a t i o n  a n g l e  o f

the magnet resemblcs a sine curve as、vell;this system can generatc a zero atactive force and

change the polanty of thc stator poles. ぶ 江orcover, because of flux leakage, the atactive

forces ofthc two cores are different even when they are in the same position and same angle.

In ordcr to overcome the difference between the atractive forces of the two cores,the

suspenslon ottcct Was installed on a linear rail.The suspenslon expeiIIlents were carrled out

using this suspcnslon system.Figure 2 shows the results for a O.l rltm stepwise dowllward

movement of thc suspenslon o瑚eCt.The rcsults indicate that the suspenslo■o町ect can be
levitated stably and the systenl can realize zcro power control.
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5  Conclusion

The magnetic suspenslon system proposed hcrc controls the suspenslon force by vawing

t h e  n u x  p a t h  b y  m e a n s  o f a  p e m t t n c n t  m a g n e t  a n d  a  r o t a r y  m o t o r . T h e  r e s u l t s  o f a  b a s i s  s t t d y

of the relationship between magnet rotation angle and resultant aux and some suspenslon

cxpe五ments indicate that this system can levitate the suspenslon ottcCt Stably,gencratc a zero
suspenslon force,change the polanty of the stator poles and realizc zero power control for

any suspension position.
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