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ABSTRACT

This paper proposes a neW noncontact splIIIling

mechanism using disk l■ agnets and rotary actuators.In

this spiFllling mechanisnl, a magnetically suspended

OtteCt iS Splln arollnd the vertical axis by rotary disk
magnets. In ttlis paper, the structure of the proposed

mechanism is introduced,and exarnination results using

four rotary lnagnets are shOWll.

MOTIVAT10N

A noncontact spiIIIling mechanism has been developed

using permanent magnets and hnear actuators ttr

spiming a suspended otteCt[1]・In that system,four

magnets in horizontal plane approach to the levitated

OtteCt in turn,and the ottect Spins and pulsates.
This paper prOposes a neW noncontact splIIIling

mechanism using disk magnets and rotary actuators in

place of rnagnets and linear actuators.Depending on the
attangement of the numbers of magnets and the phases

of their magnetic poles,the levitated ottect haS an

equllibrillm attractive force in the horizontal plane.

Consequently, there is no pulsation in the spirllling

suspenslon state theoretically.

SPINNINC PRINCIPLE

The principle of the spinning mechanisnl can be

understood ttom FigLlre.1,a plan view of the iron ball

and four disk rnagnetso WVhen the iron ball is levitated in

the  vertical  direction  by  a  pemanent  magnetic

suspenslon systern,the four disk magnets are arranged

around the levitated ball and in the same horizontal

planc as the ball.Each magnet has two magnetic poles
in the radial direction(see Figtlre.1).The magnetic

poles of the four disk rnagnets are arranged in a parallel
conaguration, and reverse between twO attacent

magnetS.All the disk lnagnets rotate at same speed.

The remanent magnetization on the sllrface of the iron

ball is used here for spin control. The iron ball has

various  remanent  magnetizatioIIs. The  strongest

magnetization deterlnines whichヽ vlll be the upper side

of the ball during suspenslon. The next strongest

F18ure.l Principlc of spinning rnechanism

Figure。2 Photograph of noncontact spinning inechanism

remanent magnetization, indicated in Figtlre.1, causes

the ball to rotate about the vertical axis due to attraction

tO the four disk magnets, We assumed the remanent
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and、vill rotate so as to face disk magnet I.At the same

tilne,the four rnagnets are each rotating.Consequently,

when the remanent magnetization faces magnet I, the
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iron ball has rotated 90 degrees, and the four magnets

have rotated 90 degrees as well. At this point, the

remanent lnagnetization、 vlll thcn be attracted to magnet

II. Theoretically, repetitions of this attraction―rotation

cycle can make the iron ball spin at the same rotation

speed as the four rnagnets.

NONCONTACT SPINNING臣 IECHANISIM

FigLIre.2 is a photograph of the proposed noncontact

spirlning lnechanism.The lnechanisII has t、vo partsi the

suspenslon component, 、 vhich consists of a permanent

magnet,aVCM(volCe c01l motor)and tWO eddy current

sensors;and the spiIIning component,which consists of

four disk magnets and four rotary motors, cach

containing a gear reductor and an encoder.

In the suspension component, a pttmanent magnet,

moving along、 vith the slider ofthe VCWI,levitates the

iron ball steadlly in the vertical direction.

In the spiIIning component,four identical disk rnagnets

、vere installed on the rotary motors' shais.The motors

were installed on the rail― 念ames, along which the

magnets'positions could be attusted in the vertical and
horizolltal directions.The follr magnets were attuSted tO
be in the same horizontal plane as the levitated ball and

all the same distance l併oln the levitated ball.

EXPERI帥 IENTAL EXAWIINAT10N

臣Iagnetic Flux Density of Disk Magnet

To exanline the magnetic characteristic of the disk

magnet and the influence of the distance bet、 アeen the

magnet and tte levitated ball,the magnetic aux density

o f  t h e  d i s k  m a g n e t  w a s  m e a s u r e d  u s i n g  a  g a u s s―m e t e r .

The nux density弱 、s recorded at distance of 20■lrn,30

■lln,50 rnnl,70 rnnl and 100 EIn l併om the disk―Inagnet,

as the magnet rotated.The measllrernent data are showll

in FigLlre.3.From the dataラit can be seen that the flux

density curves resemble sine ctlrves at all points,and

smaller distance yields greater nux density.It means

that the innuence on the remanent rnagnetization on the

ball sllrface is periodic while the magnet is rotating;the

magnet generates a greater force at the point nearer the

levitated ball,

SPinning ExPerilnent

ln order to examine the feasibility of the noncontact

spinning approach, spinning experilnents 、vere carried

o u t  w i t h  t h e  p r o t o t y p e  a t t h e  d i s t a n c e  o f  7 5  1 1 m  b e t w e e n

the disk magnets and the levitated ball.

When the ball 、 vas suspended steadily and was in a

relative static ttate,a rotation speed of O.5 rps was input

into the control system of the spirlning part,and then all

disk magnets were driven to rotate at the same rotation

speed. Consequently, the levitated ball began to spin

iom the zero rotation state due to attraction of the

second remanent IIlagnetization to the rotation magnets.
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Figure。4 Experilnental results ofrotated ball

The spin direction 、 vas opposite that of the rotation

magnets.

Figllre.4(a)shOWS the experimental results that the

ball's rotation speed responds to the rotation speed of

the magnets. The rotation speed of the magnets was

input after approxilnately 2 second, and the responses

were recorded for 20 seconds,Figllre.4(a)indiCates that

、vhile the magnets begin to rotate, the levitated ball is

spun as hrell. ]=owever, the ball's rotation speed is

auctuating, the average approximately cquals to the

speed of the magnets. After several minutes, the ball's

rotation speed becomes stable as sho、、砲 in Figure.4(b).

CONCLUSION

A noncontact spilllling method using disk magnets and

rotary motors has been proposed. A prototype of the

s p i m i n g  s y s t e m  w a s  c o n s t r u c t e d  t o  v e r t t  t h e  p r O p o s e d

method. Noncontact spirlning experilnents using the

prototype 、vere performed. The examination results

indicate that a levitated iron ball can be spun using the

remanent rnagnetizations and the rotation disk rnagnets.
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