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ABSTRACT

This Paper describes a 2 DOF magnetic suspension

s y s t e m  f o r  a  s t i c k  t y p e  o b i e c t  u S i n g  a  r o t a r y  g e a r e d  m o―

tor and a disk magnet. In this systeHl,the suspension

force is provided by a disk―type permanentIIlagnet and

is controlled by a magnetic aux Path COntrol lllechaロ

nism.This suspension systeIIl rnust controltwo degrees

of freedom of a stick for complete noncontact suspenロ

sion.A vertical displacement and a horizontal rotation

of the object should be controlled. This paper proves

the feasibility of the noncontact suspension system for

such a system by controlling these two movements sio

multaneously. A theoretical analysis will be done on

the model of this stlspension systeIIl and a numerical

simulation validate the feasibility of the system.

1  lNTRODUCT10N

Magnetic suspenslon is technology for supporting or

mttiputting otteCtS Without contact by means of mag―

nctic forccse Wiagnctic suspenslon systcm has many ad―

vantages, which arc no contact, no friction, no dirt and

lubrication free. 1」sing thcsc advantages,Inany magnctic

suspension lncchanisms have been proposed[1]. Electro―

magnetic suspcnslon systems are widely used that control

thc coil currcnt. Recently,ho、veveL mechanical rnagnetic

suspcnslon systcms havc bccn dcvclopcd[2]. As onc of

thc rnechanical control suspcnslon system,a ncw typc of

mcchanical suspcnslon mechanism is proposed[3].How―

cvcr,thc complctc noncontact suspcnslon of a stick does

not realized.

This paper discuss whatis nccessary for complete non―

contact suspcnsion.We can alrcady pcrforln the 2 DOF

suspcnslon systcln for thc suspension systcm with variable

nux path mechanism[4].Another conditions for complcte

noncontact suspenslon are investigated. First,thc suspcn―

slon principle with variable nux path mechanisnl ls ex―

plaincd,and a prototypc systcm is introducedo Structtral
cxamination is camcd out and ncccssary DOF ofcontrolis

verifled.A model fbr the suspenslon system is introduccd

加d the linear controt theory proves the feasibility ofcom―

plete suspcnslo■. Finally,a silnulation result validate the

suspcnslon systcm.

2  SusPENS10N SYSTEWI

2.F Prブ″c″姥ゲSクッタ″ざヴο″

The principle of this magnetic suspenslon systcrn can

be undcrstood in Fig. 1. A schcmatic diagranl showing a

disk PWI,hvo F―type iron cores and a rectangular suspcn―
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Figure l:Principle ofsuspenslon inechanism、vith vaHable rlux path.

slon ottcct.Figurc(a)shOWS that the magnctic polcs of

thc PM arc aligncd in thc vcrtical direction. In this casc,

the facing angle ofthe N polc and S polc to each core are

samc,so alllnagnetic nux l予。m thc N polc is absorbed intO

thc S pole.As there is no nux 3owing through the suspen―

slo■o明ect,nO attractivc forcc generates.

Figure(b)shOWS thc PM rotatcd a ccrtain angle.The

facing arca ofthc N pole becomes bigger than the S pole

in the right corc. Some ofthe dux in the right core flow

through the suspenslon ottcct and the attractive forcc is

gcncratcd.According to this proccss that is called variable
nux path,thc attractive force is changed ittonl zero,Inaxl―

Inllln,and zero,rnaxirnuコn to zero as the Pぶ江rotates in one

revolutlon.

2.2 凸 ヮ タガ初¢″筋 ′P殉 わ ryPタ ザ S物ッ タ″ざ'ο″ツ ざ姥初

An cxperimcntal prototype of the proposed magnetic

suspenslon system was constttcted. The prototype con―

sists rnainly of a disk PM,a rotary acmator cOntaining a

rcduction gear and an encodcL a pair ofF―type pem alloy

corcs,a rcctangular pcrm alloy suspenslon ottCCt and ttvo

eddy cuttcnt scnsors.Thc disk PM,which is in thc cen…

t e r  o f t h e  F―t y p e  c o r c s , i s  a  n c o d y m i u m  m a g n c t a n d  m a g…

nctizcd in thc radial directlo■. Thc control system ofthe

magnctic suspcnslon system is a DSP controller9 showllin

Fig. 2. According to thc signals froln the sensors and cn―

codett the DSP controller calculatcs thc cuttent to control

the rotary acmator that drivcs the PM,

NN、 we can not rcalizcd complete noncontact suspcn…

slo■using this deviccc Wc usc a linear guide for the sus―

pcnded otteCt and the DOFs of thc ottcCt Were restricted
in only vcrtical direction.

3  CoMPLETE NONCONTACT SUSPENS10N

For complctc noncontact support, all six dcgrccs of

frccdom(DOF)ofthC Suspended ottect ShOuld bc consid―
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Figurc 2:Conllguration ofsuspenston system.

Figurc 3:Symbols and lmodcl of suspcnsion systern.

ered about stabiliけFor considcration,symbols ofthc sus―

pension systcna are shown in Fig.3. Thc z axis is dcancd
as thc vcrtical dircction which is from down to up in thc

shcct and the y axis is dcflncd from thc lcft to thc right in

thc ngure and thc x axis is thc axis through thc shcct.

J.プ Cο ″ざ′姥 惚 ガο″ザ ″2CttSα ヮ COガ 殉 ′Dθ ダ

Thc translation along thc x axis and thc y axis havc

rcstoration forccs by thc magnctic latcral force.  Samc

forcc restorcs thc rotation motion about thc z axis. And

thc rotation about thc x axis can be stabilizcd by thc round

shaped stick o明cct.COnscqucntly9thc DOFs which should

be controllcd arc thc transiation along thc z axis and thc ro―

tation about thc x axis.

J.2 勉 して姥力″gα″ブcθ″″θ〃αあ,カゥQだ弱パ″″

To modcl ofthc systenl,thc t、vo cquations ofthc mo―

tion are derivcd as

7 7 2彦=メ1+ん -77 2θ

rφ=_九 Jl+めι2

(1 )

( 2 )

We assumc thc attractivc forcc bch〃ccn cach corc and thc

faced p4車ofthC Suspcnded ottCCt as

∴=んザ・  0
The statc variablcs arc thc displaccmcnt zラthc rotation φ,
and thctr dcrivativcs.Thc statc spacc cquations can bc ob―
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Figurc 4:Simulation rcsult ofcomplcte noncontact suspcnsion systcm.

taincd by lincarization as

力=九 "十 b句

y =σ ″       ( 5 )

Thc conditions of cqullibrium arc balance of thc forcc

and thc momcnt. Considcring thesc conditions,thc dctcr―

■linant ofthc controllability rnatrix can bc obtaincd as

64ん6 cos4 θo dn8 θ。(デ告十】岩汗(為―サ籍ゾ・0
Thc controllability dcpcnds o thc last parcnthesis.It mcans

the diffcrcnt air gaps arc rcquircd.

J.J  ハイク初crげcα′ざ力切ク′αガο″

A numcrical sirllulation、vas carricd out to validatc thc

fcasibility.Thc fccdback gains are calculatcd by thc LQR

mcthods.Thc rcsultis shown in Fig.4 and vcrify thc com―

plctc noncontact suspcnslon systcm.

4 CoNCLUS10N

Conditions ofthc completc noncontact suspcnsion sys―

tcnl、vith variablc dux path mcchanisrll for stick shapcd

OttCCt Can bc obtained by thc lincar control thcory and it

has bcen verifled by a numcrical silnulation.Exanlinations

on cxpcrilncntal prototypc is rcquircd.
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