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Abstract, This paper dcscribes a zero po、ver control lncthod for a mcchanical magnctic suspellsion

systcin that suspension forccs arc controllcd by lllotion of perlllancnt FnagnCts.メ【spring is illstallcd ill
the magnctic suspensiOn devicc to counterbalance the graviけfOrCe Ofthc suspended obicCt.An inncr
intcgral fcedback loop is introduced to achieve zero actuator currcnt in a balancc statc.The principic

ofthc suspension mcchanism is cxplained and mOdcllcd,and numcrical sirnulations and cxpcrirllcntal

rcsults arc sho、vll lor thc fcasibility study and conflrmation ofthc proposcd zero po、vcr cOntrol rncthod.

1.Zero Power Suspension System

Convcyancc vehiclcs havc becn in incrcasing demand because ofthc nccd ttr an uitratclean cnvironmcnt

in nlany flclds, such as scHliconductor processillg, biOtechnology cxpcriincnts and nlatcrial processing.

Magnetic suspcnsion mcchanism is uscfui for such an cnvironlllcnt.FroHl a vic、v poillt of cost)、vhcn、vc usc a

magnctic suspcnsion systclm as a conveyance vehiclc, the magnetic suspcnslon systcnl including illagncts,

controllcr, battc■ん and amplifler havc to bc implcmcntcd On thc vchiclc. And as thc vchicle is drivcn by a

battc〔y installcd on thc vchiclc,the cnergy consumption bccomes a big problcnl.As a countcr incasure,a zero

powcr control systcm using a hybttd magnct has bccn proposcd[1].A hybrid magnet is coinbincd of a

permanent magnct and an clcctromagnct,and a zcro po、ver control lllcans that thcrc is no cncrgy loss、vhen

the systcnl is thc cquilibrium statc. In this papcr)a ne、v typc Of zcro po、vcr control systcFl ヽVhich uses a

perlnancnt inagnct,a linear actuator,and a spring.
An outlinc of the suspcnslon system is shown in Fig`1[2].TllC Suspcnsion systcm consists of a

pcrmancnt magnct,an actuator and a mass.Thc pcrmanent magnct(PM)gcnCratcs the suspension forcc;thc
actuator perttrms thc suspension control;and thc ferromagnctic cclling acts as a track.Thc suspcnsion dcvicc

is hung froln the fcrrolmagnetic cclling by thc attractive forcゃ ofthe P障 1. Whcn thc suspcnsion device is

suspcndcd, thc suspcnslon direction is vcrtical, and thc PM 律 性ractive forcc has tO bc balanccd to tlle

gravitational force of thc suspcnsion devicc. And thc actuator maintains the stability of the systcm by
attuSdng ofthc distancc between thc PM and thc mass so as to keep the propcr air gap.Whcn thc gap ls iarger

than the balance gap, thc actuator incrcascs its distance in rcsponse to thc magnct's il10tiOn frolll thc

cquilibrium position to、vards the cclling and 、vhen the gap is smaller than thc balancc gapぅ thc actuator
dccreases its distancc in responsc to thc magnet's illotion a、vay fronn thc cciling.In this、vay,thc suspension

mechanism is able to lcvitatc stably、vithout contact.

2.Principle oF Zero Power Suspension System

A model ofthc lcvitation systcm is sho、vn in Fig.2.Thc modcl consists Of a permancntlllagnet part and a

framc part. T、vo parts arc connected by a spring and a dumper. Actuator forcc acts both t、vo part in the

oppositc directions.According to thc model,the motion cquations ofthc fralne part and the magnet part are

indicated as
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where,″。and″l reprcsent thc masscs ofthc framc patt and thc magnet paA,z is thc displaccnlcnt,あis thC
forcc of VCM,ぁlis the attractivc forcc ofthc pcrmancnt magnct,which is assumed as the invcrsc propo止ion
to the square ofthc air gap.

Sum of(1)and(2)indた筑es that in the equilibttum stttc thc attracjve ttrceぁhas tO be balanced to thc

gravitational force of thc wholc suspended device(初。+″21)g.And from(1),if thCrc is nO spring installed in

parallcl to thc actuator;that means the spring constantたs is zero,the actuator forccあsuppotts thc tamc pa克
、vcight″2。g、Consequcntly,thc actuator rcquires continuous currcnt,and vast energy consumption is prOduccd.
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Ho、vcvcr ifthcrc is a spring,′夕20g can be suppOrtcd by thc sp高1lg ttrce of thc ttrst tcrm in tllc ri31lt Sidc Of(1)
and んCan bc cOntroHcd tO zcro.This is thc principle of the zcro powcr control lllcthod for inagnctic
suspcnsiOn systetll as sho、vn in Fig. 1.

Thc block diagram ofthc suspensiOn systclll is shO、vn in Fig。3.Thcrc are t、vO largc PE)fccdback 100ps
and a local intcgral たcdback loOp. T、vo PE)feedback 100ps illakc thc suspcnsion systclll stable. Thc 10、ver
loop is fOr thc displacclllcnt ofthc Sranlc part and thc upper 100p is ttr thc l・clati、rc displaccnlcnt bct、vccll thc
nlagnct part and fl‐ainc palt.Thc inncr currcnt illtcgl・al fccdback 100p is uscd to inlplcnlcnt zcrO po、vcr colltrol.
Vヽhcn current no、vs thrOugh tlnc /ヽ(〕M circuit, をhis intcgral fccdback loop rcduccs the currcnt Tllc currcnt

rcduction affccts thc distancc bct、vcen the fraine palt and the magnct part,and thc rcsuiting distancc variation

causcs the spring icngth and the gcncrating force to changc. ミlヽcn thc spring 丘)1‐cc bccOnlcs cqual tO thc
舟ame part wcightthc Vc障l currcllt rcachcs zcro.

3.Experil■ental Exttlnination

Fig.4 sho、vs thc results ofthc cxpcriFnentS that a 10 grams、vcight、vas rcrnoved frorll thc frame part as a
stcp disttrbance.Figurc(a)shOWS the result without zcro power control,and(b)ShOWS the result with zero

powcr cOntrol.From the current graph of(a),atter removing the weight,the current valuc is cOnvcrged to
about-0.005(A).HowCVCr in(a),thC Currcnt is converging to zcroぅ

 and thc variatiOn valucs of thc

displaccments 20 and zl― る arc grcater than(a).It Can be verincd that thc integral feedback 100p actcd alld the

currcnts ofthc V(】M、 vas reduccd.Conscquently thc zcro po、vcr control can bc rcalized,

4.COnclusion

AL zcro power control rncthod for a rncchanicai nlagnetic suspcnsiOn systcrll、vas proposcd.It can be seen
that a parallcl spring tO thc actuator and a 10cal integral fcedback 100p realizcs zcro po、

vcr control.
Expcriinental cxalllinatiOns、vere carricd out and thcy support the fcasibility ofthc prOposal.
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(a) VヽithOut zero powcr cOntrol

Fig.4 Expcrilllcntal rcsuit


