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introductiOn

Curcntly,Magnctic suspcnsion systems that control attractivc ttrccs by attusting thc air gap bctween thc

pcrmanent magnct and the suspcnded Ottect have bccn proposed[1].ThC noncontact manipuladon systems
alsO have bccn developed using thc atr gap cOntrol method[2]and the dux path cOntrol mcthod[3],MorCOVeL

a noncontact spinning systelll has been prOposcd by mcans ofthc afr gap cOntrol lllcthOd using the pcmmanent

inagncts and the lincar actuators[4]. ThiS papCr analyzcs thc rotatiOnal tOrquc characteristics Of this

noncontact spinning systclll by mcans of cxperilllcntal exalllinatiOns.In this papeL thc expcrilncntal prototypc

and thc spinning principlc arc intrOduced.Basing on thc siinplincation of the rcillancnt illagnctizations On the

surtacc of the iron ball,thc illeasurement devicc、 vas sctup.Thc rotational tOrquc、 vas calculated and incasurcd
using the l■10dcl and the lllcasurelllcnt devicc.SOmc cxpcrilllcntal results arc shO、vn and discusscd.
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(a)1llustratiOn orcxpcrirncntal prototypc (b)Spinning pttnciplc using pcrillancnt inagncts
Fig,l Expcl・1lncntal prototypc and spinning principlc

Expcttmental prototvpe and spinnin忠 っ高nciple         ｀
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Fig。1(a)ShOWS thC illustration Of thc noncOntact spinning mcchanism.Thc mechanisin prototypc has twO

partsithc suspension part and the spinning pa丈 .The suspcnsion partis atthe ccnter of devicc and cOnsists Of a

pcnnancnt magnct,a VCM(voicC COil mOtOr),and tWO Cddy current scnsors,An iron ball as thc suspcndcd

OttCCt iS iCvitated without cOntact by mcans Of the suspcnsion part.Thc spinnillg part is at the Outsidc of the

dcvice and consists of fbur samc and indcpcndent units,,Each unit cOnsists of a penllancnt lnagnct,a lincar

actuator motors,a・sensor targct,and an cddy current scnsoL The pcmanent rnagnct is installed on thc tOp of

slider Ofthe lincar actuator and is driven tO approach and depart frolll the suspcnded irOn ball.

The principle of the spinning mcchanism can bc undcrstood廿 om Fig.1(b),WhiCh ShOws a plan vicw Of an

iron baH and丘 )ur magncts.Thc suspendcd ottcctin thc ccntcr ofthe dgure is an iron bali On which thcrc cxist

remanent magnetization points.Thc sttOngcst inagnetizatiOn dctcrlnincs、vhich、vill bc the uppcr side of thc
baH duttng suspenslon.The next strongcst magnctizatiOn is assuined in the hOrizOntal planc and shO、vn in Fig.
1(b).ThiS rclnancnt magnetization causes the levitatcd bali to rotatc about thc vcrtical axis duc tO its

attraction to thc approaching inagnet,Four FnagnCts arc installcd pel‐pcndiculartO each othcn The agure sh。、vs
that magnct r approachcs to thc iron ball.ヽVhcn the lmagnct is near tO the ball,thc rcmancnt is attractcd to thc

inagnct.Next,thc lmagnct l departs ttOrn thc ball and the lmagnet II approachcs tO the ball.Four rnagncts arc

drivcn tO movc by sinc、 vavcs that have same amplitudc, salne frcquency, and diミcrent phasc. Thc phase
difHercnce bctwcen twO attacCnt magnets is 90 degrces.As a result,the ttur magncts approach thc iron ball by

turns, Consequcntly, based On thc repctitions Of thesc approaches and apartness, the magnctization

continuousiy fあccs the ncarcst rnagnet and the ball is rotatcd.

Rcmanent mattnetizatton simpliScatiOn and expcdmental examination

ln order to exalminc thc pettsmance of the rOtational tOrquc of this noncOntact spinning mechanis■1, thc
rcmancnt rnagnctization point on the suボacc Ofthe irOn baH、vas sirnpliSed tO a sillaH pcrlllanent FnagnCt,and

an cxpcrimcntal incasurcment dcvice、vas sctup by mcans ofthc strain gaugcs Sortorquc.
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(b)WlCasured rotationa1 lorquc rcsults
Fig.2 Mcasureincnt cxpcttincnt、vith onc rclnancntinagnctization point as S polc

Firstly,、vc assumc that thc diameter of the irOn ball is 30 111in,and thcre is only Onc remanent llaagnetization

point as S polc on the suボacc of the trOn ball, Thc sirrlplitcation of thc rcmancnt magnctization and thc

experimental rcsults are shown in Fig.2_Fig.2(a)sl10WS the simpliScatiOn Ofthc rcmanent magnctization and

thc photograph ofthe incasurcment device.In the expcrimcnt,thc rcmanent rnagnctizatiOn、vas silnplitcd to a

s m a l i  n e o d y m i u m  p e r m a n e n t  m a g n e t . T h c  m a g n c t  w i t h  a  d i a m e t c r  O f  5  m m‐a n d  a  l e n g t h  b f  1 5  m m  t t a s

attached to an alurlinum pipe that is instaHcd on a rotation stagc. Thc N pole ofinagnet is instaHed at the

rotation ccnteL and thc S poic is sccmcd as on the surface of an iron baH.Tw7o pteces of strain gauges、vith the

typc of KFG-2-350-D31-23、 verc pasted on thc sy■lrrlct理/side of the alu■linum pipc.Sincc the magnets、 verc

driven by thc sine、vave、vith the ditterent phasc of 90 degrees,thc mcasurcrnent startcd fronl the positiOn

、vhen the rcmancnt rnagnetization、vas ttacing to thc ncarcst inagnet.ヽVhcn the rcmanent lnagnctization rotatcd

in steps of 5 dcgrees ttom O to 360 dcgrccs,thc rotational torquc、vas mcasured at each step.And thcn,the

品agnets、vere drivcn in stcps of30 dcgrces unti1 360 dcgrces.

Thc mcasurcd rcsuits arc shown in Fig.2(b). In thC agurc,the torquc is cxprcssed with respcct to thc

rotational anglc of the remanent magnctization. 軸 c ho高zontal axis cxprcsscs the rotational angic of thc

remanent rnagnetization,and the vcrtical axis cxprcsses the torquc around thc vettical axis,and thc paramctcrs

on thc top of ttgure express the magncts' Inovcment Ongle. The intcrscction 、vhcrc the do、vn、vard―sloping

scction of torque graph intcrsccts thc ho克zontal axis is callcd a Stabic point.When the rcmanent rnagnetization

point is at the stable point,thc torquc cquals zcro,and if thc remancnt lnagnetization rotatcs around the stablc

pointぅthe dircction of thc tOrquc will lnake the remancnt FIlagnetization point returll to thc stablc point.If the

stablc point rnovcs,thc rcmancnt rnagnetization point、vill fbHo、v it.As a result,thc iron ball.spins.

In Fig.2(b),thC rOtational torque is varying when thc rcmancnt magnetization is rotating and the magncts are

moving.Ho、 veveL all the stable points are conccntratcd in several narro、v ranges.This result indicatcs that thc

mcchanisHl can spin thc iron bali only in a narro、v range,but not in thc、vhole revolution,whcn thcrc is only

onc remanent rnagnetization on thc surtacc of thc iron ball.Ho、veveL thc iron ball has bcen spun succcssfully

in actual experiinent using this lncchanism.Conscquently,thc lnodcl、vith oniy one remanent lnagnctizatiOn is

insufhcient,

Conclusion

ln this papcL thc prototype and thc spinning pttnciple of the noncontact spinning mcchanism using lincarly

actuated magnets 、 vcrc introduccd. And the torque pcrforrnancc 、 vas exanlined 、vith onc remancnt

magnetization by expcriFnCnt.Thc resuitindicated that thc rmodcl、vas insufficient.No、v,、VC arC cxa■lining thc

torquc pettslTnance using some connplcx modcis、vith more than one rcmanentlnagnctization.
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