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E2:Study on Spinning WItechanisIIl by Permanent帥質agnet Linear Actuation
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Abstracti Ths papcr dcscribcs an analysis of torquc chttactcristics of a noncontact spinning systcm

using lincarly actuatcd magnets.This noncontact spinning system spins thc suspended ottect(hCrc iS

all iron ball)withOut contact by thc remanent magnctization and thc lincar movcmcnt of lも ur

pcrmancnt lllagncts. In this papcr,the remanent magnctization point is modcllcd,and thc rotational
torquc of this mcchanism is calculated by IEM (IntCgral Elcment Method)analysis,The rotational

torquc is also mcasurcd using a mcasurement device 、vith strain gaugcs According to thc IEM

analysis rcsults and thc cxpcrilllcntal results, thc rotational torquc chttactcristics of thc noncontact

spinninsC systcm arc discussed.

1.Introduction

Noncontact spinning systems have been proposcd. Ikuta ct al.have proposed a noncontact magnetic gear

acting as a transIIIIssiOn mCchanism [1]. The authors havc proposcd t、vo kinds of noncontact spinning

systems using pemanent rnagnets.One system is using thc rotational disk lnagncts to va=y thC magnctic flux

filcd around the suspended ottcct[2]i thc OthCr system is using the linearly actuated magnets to approach the

suspended ottect[3].Using these two spinning systcms,the suspended ottccts(they are iron balls)haVe
been spun succcssfじ1ly、vithout contact.The analysis of rotational torquc charactcristics of thc latcr systcm

using the linearly actuated lnagncts has becn donc.Ho、vever the iron ball could not spun[4].

In this papcr, thc prototypc and thc spinning principle are introduccd. Basing on thc silnplification of thc

rcmanent magnetizations on the surface of thc iron ball, the analysis model of IEM is created, and the

rotational torque of the noncontact spinning systeIIl is calculatcd in scvcral cascs of the numbcr and the

position of the remanent points. And a measurement dcvice that is silnilar to the analysis model is setup
using strain gaugcs,and thc mcasurement experirllent is carricd out.WVhat lnodcl of the remancnt rnagnetism

on the iron ball can lnake to spin is proved.

2.Experilnental Prototype and Spinning Principle

Fig.l shows the connguration of the noncontact spinning system using linearly actuated magnets,「 rhe

mcchanislll has t、vo partsi one is a suspension part、vhich consists of a permanent lnagnet,a voice coll motor

and t、vo cddy curcnt scnsors,and thc othcris a spinning part、vhich consists of four pcmnanent rnagnets and

four VCNIts.Thc spinning part is thc suHoundings of the device sho、vn in Fig.1,and consists of four samc

and independent units.Thc magnct is installed on the linear actuator and is drivcn to approach and dcpalt

from thc suspcnded iron ball.

The principle of the spinning mcchanism can be understood ttom Fig.2.The suspended ottect in the centrc

ofthe figure is an iron ball on、vhich thcrc cxist remanent lnagnetization points.This remanent rnagnetization

causcs the ball to rotate about the veAical axis due to its attraction to the approaching magnct.The figurc

shows that magllet l approaches to the iron ball. 沖ヽhcn the magnet is ncar to the ball, thc rcmancnt is

attracted to thc ncarcst rnagnct.Ncxt,the magnet l departs frolll the ball and thc magnct II approaches to thc

ball.This tilne,the stable point、vill be at the position of facing to the magnct II.Thcorctically,repetitions of

this approach―dcpart cycle of the four lnagnets can makc thc iron ball spin.

3.単lodelling and IEttI Analysis

ln ordcr to cxalllinc thc rotational torquc of the spinning rllechanisnl,thc rcmancnt rnagnetization points、汀ere

silnplified as pemanent rnagnets.As sho、vn in Fig.3,the onc polc oflllagnets is iocatcd on the surface ofthe

iron ball, since the remanent magnetization points arc on the surface of iron ball. And thc othcr polc of

magnets is located at the centre of the iron ball for avoiding to the impact of thc rotational torquc.Moreover,

the vcrtical lnagnet is sccrr

The N polc ofthc magncti

The horizontal lnagnet is r(
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the vertical rnagnct is sccmcd as thc rcmancnt rnagnetization point for suspension on the top of the iron ball.

Thc N polc ofthe magnctis locatcd on thc top surface and the S pole is iocated atthc centre ofthe iron ball.

The horizontal rnagnet is represented as the remanent rnagnctization on thc side of the iron ba11.Fig,4 sho、vs

the IEぶ/1 analysis model、vith two remanent lnagnctization points along thc equator of thc iron ball,In the

modcl, 、vc assume that thc rotational anglc of iron ball expresses as O,the dttvc angle of the magnets for

rotation expresscs as 9. Thc sizc of thc magnet for rotation is same 、 vith thosc uscd in experilnental

prototype.
Using this analysis modcl,the rotatlonal torque、vas calculatcd.When the rcmanent lnagnetization rotatcd in

steps of 5 dcgrces from O to 360 dcgrees,the rotational torquc、vas calculated at each step.And thcnゥthe

magnets、vcre drivcn in stcps of 30 dcgrecs unti1 360 degrees.The analysis results are sho、vn in Fig,5,、vhen

thc offsct anglc bct、vccn t vヽo points is 45 degrccs. As shown in the figure,there are vanous stable points

where the torque line is zcro crossing、vith falling to the right according to the dttving angles`This rcsult

concludes that the spinning rnechanisnl can be rnade by the stttcture sho、vn in Fig.1.

4.Conclusion

The ncw model of the remanent magnetism of the spinning systcrl 、 vith pcmancnt magnets and lincar

actuators has been proposcd and thc to鴫uc has bcen analyscd by the calculatioIR.As the result,thc iron ball

can be spun、vhcn thc numbcr ofthe rcmanent rnagnctization pointis lnorc than two.
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