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‘DESCRI PTI ON LI NEAR MOTOR TECHNI CAL FI ELD The present invention re{ Zt @i t? 3
| inéar notor, nore particularly relates to a linear notor able toluas R 200
.stacked nenber c 1 plurality of magnetic sheets stacked together
as a stator (pl aﬁ%ﬂ,ﬂﬂﬁWJND ART Explaining the principle of a Sawer
linear notor) as shown In 12, it is conprised of a plategprfsdoaffAkis 10
conprised of a magnetic thick plate on g@gﬁp rd‘e\ﬁce is repeatedly forned
pl aten dots D jrad peri od of t R [ P and a novabl e nenber
(traveling ne WMEMWM' sed of a permanent nmagnet M for generating a

bi as magnetic fl UX y0lob 0S nd second yokes Y1 (Y2) bonded to the magnetic
pol e surface to be é’?o?'anged in paral | el INBAR MOBORecti on of advance and
provided with first and second branched nagnetic path legs A and A (B and
B'), series-connected first and second A-phase excitation coils CA and CA
wound around the firstrpadiceaPd gympnched magnetic path legs A and A" of

the first yoke Y1, series-connected first and second B-phase excitation
coils CB and CB woundhe pumdenheinventicmdedatesdtdrahinedrmeteyi aore h

|l egs B and B' of _the ,secaon ok 2 nd t ol e teeth rojectin ol es
KAgand KA (KB aﬁarﬁé‘c)uﬁfaorg‘r%cfegta\geéc f* thd 5t oﬁfgabﬂlﬁ%euﬁ 5t anZ:I
second branched ma@r&idCmaber! @lpAi W of a B uand iRy cdth A @ehdetst he
direction of advance at intervals of 1/2 of the dot pitch P. Here, each
branched magnet i tgeked dparthase FsommEtatiam @ateanine pole tooth, but in
the event of ,geveral, jal ase held with respect to the cl osest
1 4 MAR 20031-6 2 PU#%WAﬁS of the platen dots Dis the sane.
FL(rt her, the interval Bxgilwden ddhate patineiaieched ragaelied pdhkalregohord)

and second branched ma%neti C gath Ieg’t A, (B'épi s set so that the spati al
phases with resp@ SB8¥PhancFH8est? ddtts 1§ EOBPERFEE R it RlRE e AELAERT ) of

advance by exacthyy Rompi¥dd'@p al Raghdkalcvahik&t peatet Ba #Be2RdsRrgached
magnetic path leg A and the first branched magnetic path leg Bis set so
that the spatial iphaseeatiediy dopmed pd aten dodsedt adotas spag iAd meriadh t he
direction of ,advance, by, 10 exactly P/ 4. T novabl e mher, .20 has, a
pressuri zed elu?r éljr%eglfileo%o%(?r]t)%cglng ?rl"é)éﬁ ’é‘ggfpgﬁt'??“?% 1(“)v(rel:‘%:taﬁ'eelsllfl gggbgfr)t he
pl aten 10 by bl owen pempstisedesf a perAanshewiadime EIMGEot2dfenéfa filly phbias
current of the illustrated polarity is flown 15 through onl ga)the term nal s

of the first and™é88&td Bidse fdXsit a0 ecords veeandtchY2éf PPREeCeOnd
yoke Y2, not onl ypleh@alnes itBgeald Guideredd® be hReaRge@RIANpa¥RANEL Mo but
al so the alternating magnetic flux due to the second excitation coil CB
are superposed atdesiivegthenaf advancgans nrevidedwidit faret angyaecprdf | ux
portion a in,the,al ol eeat B 0fn t ond branched
magneti c pat ﬁbl egqjg‘%ca%? '?rﬁteg\éﬁeletgscte%%t otlge 1%art%(§l a{l% Js}ﬁ ﬁgl'y

magneti cal | y dr awetriespalomniesateld KR'rsito ahlde selconds i -phihas eDexaid abi onAl s0)
an alternating magnetic flux 25 is gpplied . tqQ the pole teeth of the
Fitr et branched magade: 6 At AL yoRnAREoBRA dha GhrBEM PRS0 PERRCBRds
magnetic flux, spagne®tld ?mhsh%qsmga% Q' fd Xe Or i bydite fr Med. On the
other hand, the magnetic flux conprised of the concentrated magnetic flux
fromthe second Beaziesc¢ondesdgietfiirsparmd egcendop -prhasseexad tpsiiony?2
branched vi a,t he i nsi.d » B n_10 es .t hrou t fi.r a

second brancﬁged ﬁggﬁest?%qpna‘{ E%I g’ﬁ@‘ %%%uﬁgﬁ%‘fe ths i rs‘% s%%l?gdﬁ§a%€?e?he
pol e teeth KA of mabaeftiikcSipathanelaesds anf 4' MR ) FIecchd RoiKel B2/ GiB3
magnetic path Ieg A are delayed in the direction of advance b%qexact I% Pl 4
with respect to tHe BPd&cieelBt PTREeahin®ipol efe it dnd KinelKd A KE bt s
D15 and D14 pul | 0 i i i C y

branched 5 nagneffiE’%ﬁfelauéga%%S%hmeﬁgo egb%ggtoﬂ %&i\&go the gg\égﬁdggga#gﬁe d
magneti c path | ehprAnchedceagnenit hpath Legsio@andf A'ad® anck BHy aedazttandéd
with respect to the cl osest ts D10 and D9 due to the_other bhranched

dog
magnetic fluxl AdBoflenGhy¥ectnoncPrdsadyansesaplansryvadspat| 1{ ReCpofFBet eet h
KA" in ?0 a diregtions 0$i t t i i o] nGe T e e,
the thrust in thgbhigéggpo%'o eggﬁa%ggﬂaﬁggkhggguﬁfgg§gggo?gghigg%hé9§
reverse directi obhenfibchhedaghtht bealy one pole tooth, but in the event of

several, the spatial phase held with respect to the closest



perfectly and the first yoke Yl ,as a whole is balanced. That is, a thrust
branched magnetic flux portion d is 15 generated in the air gap between the
pole teeth KA of the first branched magnetic path leg A and the ¢lloddt 2003
dots D15 and D14 ) while a pull back force branched magnetic flux portion c
is generated in the air gap between the pol @ teeth KA of the second
branched magnetic path leg A and 20 the cl osest dots D10 andpd?9sr&Qoishe
first yoke Y1 itsglf 0j f t] r i

ot ent L al - next, SereRERHE 1R A B odf, FRERHALS, AL AP
illustrated pol aetwden HW!figtht bradhddanmd€idipwtls Dégthe (B)rahgand
second A-phase excitation coils CA and CA of the first yoke Y1, the air
gap between the pecendkdtanchest magnetisipaineed miBnetlisc gak B9 eghat and
t he cl osest dots N 15 ar‘_liq: D14 ﬁlvm t ches frorg what t]:ad Aeen he stthré’ésés ar
branched nmagneti c BP polrat aFo erﬁped:i astp(ﬁcyt bet or € {0 FHE tonteht Tt ed
magnetic fl uxsporstyiGn e GeMH & ath ¥c f itsh b RS dRONEd iy féxcplyspybe
alternating nmagnetic flux fromthe second excitation coil CA superposed,
whil e the pol e t Fathex., phetinteptohletween-thg\Rezgnd branchped/mprme Pis33

branched nagneti th |eg A Lich L I.b C etj c
flux portion c tgaa&;hqu)& ?\ngﬂ?é\r’]\l{éggn%%%gﬁ %%nge%dﬁ%g%%g? qupﬂg% Itglsest
dots D15 and D14 i rsetglae nagnetilal dpa whraw ghees 601wl §1e ef dis féc eintlo aganci ng
5 thrust occurs at the novabl e menber 20. On the other hand, a branched

magnetic flux to FOSAsthdddhdst rhiddathdietthe dipechiamef iadtanrakhed

magneti c pathgl e he first yoke Y1 through the inside of the platen
10 passes th?8ugﬁ:’(t%h("e{f]’f)%rs/t4 ‘and second branched magnetic path legs B and 10

B{ of the second yoke T mbrablel membetr 2 Khaxf at beessusizédlminapsttion
magnetic path leg B switch_fromthe extingui shed magnefic flux portion b to
the thrust br anclet S EREERUR LpSRELBNAHOVRRERE THE BoF F adls, s Eoi
the second branched yRINQC RAldEU80 R 5w t ofy fond e earcentaAat ege b
magnetic flux portion a to the pull back branched magnetic flux portion c.

Therefore, due t®-thassaunieny off tthe tivolyprrat et i thel srolbove
menber 20 advanc y . i i i A of
FIGS. 12C angglz%?l%sﬁ(gﬁ?é(oglgéu;}:seelj"};lﬁgrap?n?? %re%gﬁégk'gﬁ%é%%‘g%i%ﬁg I on
patterns of the esxditmtieom cmilss O dnd AR obuhdeobetbrdexokeattRonnot

patterns, the novahle er 20 advances four_ tines and proceeds by exactly
e, b1 toh vort h G ST G0 =S PRARE Ehioddds G 1 S8 FREAGHGR ; Mednet
two- phase currenty, Butsd ther£ecésnenes Madhetli d PeuRU e 28 tReidedBnd ng
fromthe thrust branched magnetic flux portion d to the concentrated

magnetic flux porpicdrtation qadd) iGR arpl awaerpeaedr andt sEraagrhgnadnteabl e
menber whi ch o§ovVeR il AN Y ddhddift b ﬁna?d}{iea{r@@}fﬂx %J:g&téhprh Ubr g%éUCh

a Sawyer linear motor) for exanple, 30 as seen in Japanes hexam n
Pat ent Publicati el HelpabetheendtRE19dle tametsthdR ofh tHeGsekdmahdriain@hetd,

there are provided el S d0 for Y00 Lhe plaLen: S5Eacs: "hhl B9|35g 1 oP

strongly magnetically draw the pole teeth KB' to the
closest dots D1 and D2. Also, an alternating magnetic flux

25 is applied to the pole teeth CB of the first branched
magnetic path leg B in a direction canceling out the bias
magnetic flux, so an extinguished magnetic flux portion
b is formed. On the other hand, the magnetic flux comprised
of the concentrated magnetic flux from the second branched

30 magnetic path leg B' of the second yoke Y2 branched via
the inside of the platen 10 passes through the first and

second branched magnetic path legs A and A' of the first

yoke Y1, but the pole teeth KA of the first branched



1 4 MAR 2003 - 5 PCT/JPOL/ 01533 conposite novabl e nenber conprised of
X-axj s novabl e nenbers 20 having stripe-shaped projecting pole teeth KA and
KA (KB and KB') parallel to the Y-axis and able to nove in onlg t Rggga
X-axial direction and Y-axis novable 5 nenbers 20Y having strip Ls pe
projecting pole teeth KA and KA' (KB and KB?3) -parallel to the X-axis and
able to nove in only the Y-axial direction - all connected bypca/fdpPRAEL

Phe vibrat i on or BAPERECORE BF 1A b FRP0 donbrE S08e bbbl U Al

advance, as showpy RxGkely P74, wifth telspec¥l tandh¥2ciagele @oten puly emd
branched magnetic path legs) the mutually i ndependent phase excitation

coils CU) Cv, an®léew Thoerefoye, the adwsesipdatsiBlasmdnbléneubl dHhedle

magnetic path |egs . and (U, V._..and W and t hr ee-phase current
supplied to thesge(?gi)"l lé.A /&é‘ atf'\ﬁ;el (La%ld:eocftluo_éle °off “’%‘%’é"gﬁo% pqnaen rraﬂcﬁ?eea#l_
nmotor, for exanph@hnleftarcesi xkdipivine #eYkCeedRA! BE SNEIRIBAY Bravnichidyy a
nmovabl e nenmber noving planarly at tpe bottom surface of a platen held
suspended down whegnghigcpashodegor’ Hnatiarf iim tthe diregitignr eft mdivagicet he
bottom surface of the_plate i l.e.hql ding.an el ectronic _device

inserting the el éé’t F(’)‘ﬁlgcﬁ e\r%i/\ggwilﬁ:[ho rzfstpﬁ%otué:ﬁ ﬁggecg g.esgS\éSfQ'Sa%ggbsatnrdate

arranged under tpbe ghates. tHéeo thét BrHedhédhatmdtie Flakor Aeedeaingllyf,or
the planar linear notor is forned on its surface with platen dots arranged

ina mtrix etc, thesglpgessmecitde P andkiDfymililhitdie podiee tpgddetkA in

material (t h?&k §t ﬁqlre@:!t"ito%) oga%{oaﬁ(l:eSQ:OOft tyi%tr{%tne'bifala'dvg}l? fore, if

this thick plate nagnetic nat is used as the platen, an eddy current
natural |y occursTHeeeforikehethagukrtustfinthpaddiregti onoafradvendasinde thfe t he
pl aten, so the AC netizin .1 ~ MAR 2003 - 6 PGT/JPOL/ 01533

Charact er i stic | BUIGUPCHNAoRRE HBURS | BREeTHE S HARISon ZPSEPaRacthOtEes: o
it is difficult pareliany ankl GheSpeedt Rioktl thrust af QheteNpyapheameEoer
and a large current capacity is required. As will be understood fromthe
characteristic 5Thatvdsa &f tirasdeprrdaiad granedichfdax pordd oredsdss speed
shown in FI 16 i_gh deiyi | odl G, cur. t
(current pulGése) gh%%ateﬂegngﬁt%ES%%%%&P%%%%@J%% é]%legg{v%%%g? ;*hfé%ﬁgre
rapidly the thrustrker beahahles magnichtd crpalthwdiegeat Ardetheccknsgstspeed X

thrust 10 force/ power c¢onsu i,Qn) becaones.. The present inventors tqok note
of the fact that Dip a8 Sk i df)a Ripprhack EREB AT A TBnar G fay=
force and realizgogthbahcSRBEGLnirglt ddi¥StthedRd riggh Skftvele®N G edlRNY

| i near notor by u5|ng a Stacked nenber conprised 15 of a plurality of
magnetic sheets tR8thekBmsife the sificomdedsanrhrdt masretifapathnhgg RAispAg t he
paral l el she e S t S k qunﬁr r.fa e, of
plurality ofﬁiheggg ggéégggiﬁgggrQFPe%ﬁgégyihe p §t§§$55n38F§?§?n§€?E§§

pl at en dots arrahgedmes a swhbile ppiatclifngh20megoetiilke apitabenionr f ace.
Since an eddy current does not easily pass through the stacked interfaces
({ oi ned ( surfacgggeBFIFﬁe magneti c sheets, the current resistance becones
hi gher and occurrencengktanagdghoid HeNFIGAN 108, SYEPRASACBha8@ icurirent
expected to be possible to realize 25 a high speed, high thrust, high
efficiency planaPfl theatlhyssratpg peRiarg tivhd sr 6WPBRLigEI &0t evidll dhea
nmonoaxi al noyabl ; ek I | i.ng sane
mat ch and m{fngg?ggggg%ggt%rtgl%egg%léﬁgelﬁgg?ﬁﬁé ﬁoﬁ?e%ng%étfé‘%iﬁgﬁ%’gﬁ%d
magnetic fl ux pochi end and ofr ahehed rsagiyekiec Yill, uxhpoairogayp t be tseehr ahehed

magnetic flux portion and pull back branched rragneti c flux forti on)_nove in
a cyclic manner BPYRgEERED: B Ofr &bl SATRL PRanfhgAcrreneticupath leg A

and the closest dots D15 and D14 switches from what had
been the thrust branched magnetic flux portion d

30 immediately before to the concentrated magnetic flux
portion a comprised of the bias magnetic flux plus the
alternating magnetic flux from the second excitation coil

CA superposed, while the pole teeth KA' of the second



1 4 MAR 2003 PCT/ JPOL1/ 01533 forned in the plane including the two rows, the

monoaxi al  nmovabl e menber advances at ong tthe row directton—so-—whenthe
direction of arrangenent of the pole tooth row of the nmonoaxial rfbkaMAR 2003
menber and row of closest dots is the 5 sheet edge direction of the

magneti c sheets, the magnetic circuit for -tke-advancing magnetic flux is
formed in the thicknesses of the magnetic sheets in parallel deg,dpd€/d19ianed
surfaces, so advance of .a nmonoaxi al vahl e ,irepber i n e

di rection beconegrﬁgs?gliegl 'e“agﬁ&%tlﬁe pgbqglvzl%fo Aad%/@lln %%e?%gné’g% %%fgig%‘e: - (
The magnet flux bRahkdedt aaled tiRMIanx poweion d *d ehaexad nyuiiiked at
the joined surfaces and the magnetic resistance s high, so it is not
actual |y possi bl magoetdienfdupagastionchr cs® t therclas ety Aedisn® Lbagmet D3 4f | ux
15 along the normal_ direction of t j pined. surfaces d,advance_ of t.he
Tonoax! ol movabl & THERERY MHSEREL bt REITRAY SRR BTG SeRE 1B e Gy AR
(direction pesperfiragltapct@rsher ThRehofdBEedhéSdt @). DA tHPXYLY Band,
Therefore, up until now) everyone has given up on devel opnent of a 20

pl anar |inear noedrragthed aagnedkied fhvrbee farmathe paneemiratedbmagnetig ew

of the above prohlem ohj.ect .of the present . nvepiion is real.ize a
nonoaxi al novabl gll!f'é(n%é&%gel ?%‘ﬁa tlﬁlﬁ%‘f ?‘%"‘[ é{ér%rcnﬁﬁgéilree%ﬁ%%%oe? &"®
joined surfaces gbxa siagkeshgremper iasddthef alne pnabkhnQo 2asldd thabugh Of
t he stacked nmenber of the ma%geti c sheets as a platen and provide a high

speed, high thrusbe Higetemndcisesopd ibreaches srgngtdc. leos BvEd ON
To solve the,gboye %ee@eéé}fa :}J%%S yaeViryed E*Met G e3% R%eaﬁnk%xbn\fgpts'ton
is to forma magnetl c circult (6] gener at | ng n advanci ng magneti c ux

(¢oncentrat ed nmaprahiched magaadibrpachacgrdgsei tchffxroy ther ekbhénpniahled

menber al ong the sheet ,edge direction g: t he_ st acked U\Enber 1-4- NMAR 2003
_ 8 PCT/ JPOL/ 01839784 Cc & ¥¥n kg Bt B tRobBfi hE*BEFWBLANEREISBRIBL LIS e
teeth of the novahhg perRebnald (S 1R ahen JdleS tide thh&pN W fMedndli §&c6hgn of
the joined surfaces of the stacked nenber arrangi ng staggered one set of
pole teeth in a BrpnchedepasneticatmileshBsevitrhtixnmithe apraeatsasedi tch
in the nornal.di i o] ] Ol suyr f 1 i r .

i nvention pr (l)§/i dé‘ggée??ﬁeg#%ﬁ%%ﬂ%&g% gédg{/}mgt ula{%tca){ Z’ﬁ al&l‘g\?/ﬁeﬁgsgsg%gtl &n
surface formed wflhxapphktiiahi ky aheplefioae,dduse aor ahgedwitchimat X tared 10
an X-axis novabl e el epent havi ng an %ole tooth pattern h hgvi ng a set of at
| east 2n (where ﬁ‘"Ps’pQﬁanFé‘@'éF & 06y "‘r?ﬁ’tag’)lep eobEEe R PEVARERE &Y ng an
advanci ng nagnet egalbledy »v4 h ftifhench gaeay e 2xARAE ibRepPL 8éLis UH Prcs.
wherein the platen has the parallel sheet edge surfaces of the 15 stacked
menber conprised18f Bnd BROnaMith of twegpdeise shaaeatst dbrae BIgedioay as
the platen agd Wogeel0 (BE 2ACRUTRET o6f ARORGH:GaLIEHN 8L 15NC BOLG. Ll
pattern are arrange aterally in equal spatial phase relati oh w th the

cl osest dots arranged pf the sheétacdge dateernen Ehe(NModabketmembesof 20he
magneti c sheets. Further,_ the 2n nunber of pale teeth qf the | e t00
Bartern are. ar r aNEAREEAGHRTEE EPHTRY BRE ASA=PY S 2EOLY, 9P¢ M Hed) HAF Eh
direction of thegfolngdankelaces @het beoeR@RCLIEC thBeaws tchRagSpat itdle phase
held with respect to the closest dot arranged in 25 the normal direction is
shifted by incref¥atphaset¢lersemti & thrusE ereerdsngenerpraf atrkhe palet he
spati al phas h y o] e h e e ots,
when any spa?ﬁsal %%é—igem%ggﬁ? grgghagis‘?g\#e‘gngg: gggﬁ&hgg I“B?Bﬁhgaaz u%+P/2
when n=2, as p-PpdrthoR/ @, tp, thePconcafitpalfed, magdepiP/ 21\thepors3Ipnand as
p-3P/ 8. p-P/4, p-P/8, p, p+P.8, p+P/4, P+3P/ 8. and p+P/2 when n=4.
According to this conFPghratiaR, 2sPhg8az1}isearnBosATnYAB&PI0R PBVEPLEet h

of the pole tootf.pabletRiBAYRoves planarly in the Y-axis and Y-axial
direction using such a Sawyer linear motor, for example,
30 as seen in Japanese Unexamined Patent Publication (Kokai)
No. 9-261944, as shown in FIG. 13 and FIG. 14, there are
provided a platen 10 formed on the platen surface with

square-top platen dots D arranged in a matrix and a



' ~1 4 MAR cu03 g _ PCT/JPO1/.01533 spati al phases heI d W|th respect to

the cl osest dofs arrayed i n the sheet edge directi-on{Y—axiat—direecti-en)—of
maghetic ‘sheet, the X-axi s novabl e nmember does not receive a t hr gt MAR 2603
to the Y-axial direction, but the 5 2n nunber of pole teeth of the pole
pattern of the X-axis novable menmber are arganged staggered shifted in
phase in one dot pitch P in the normal di rect| on of the joi ne@-,swﬂ‘,aﬁeg of
the magnetic sheets

SO c circuit apcin e
lux 1o for med SUTRPS TS RIS némieh v atot ShelrSr ng" 0% HavRE s
Further, the 2n fempebera haalHy tseetlbeofshta@edoclreglaetctlagnp@tetBeexhams
novabl e nmenber have spatlal phases held with respect to the cl osest dots

arranged in the amd ngd' dKBeenidoXBOf nawa}ldheto sthe ateawks tand mlghet ke
sheets shifted Bﬁ' exa.ctl %g anrfrrents oé\}the gatl a ngse dllnffeéﬁnce
(P/2n)) so magndt?¥s ctlipt? 0P X eANERY MTRERRR PR Ei 3 %bE SMBYFRAGed i n
the X-axial @ rqeémpétrstit@ytnauﬁgf@tfﬁpénsﬁ‘agea( ﬁi‘bi‘écﬁ'iﬁ&c 698 8ekth
successively on the 2n nunber of pole teeth he pole tooth pattern

lateral |y el ongafkedand kKN t(K8 wndxik®) ddarxiioh tuethe Xtﬁ@cw@@d oible

conbi nati on of the concentrate etic X an .branch c.fl ux,
and the X-axis nbYvdif mfs",} Qt PXrAé alfill&?gl R9R i ﬁg ed by

direction due thsaus@ét@dp seewtxongnnaﬁlm plaéafnpébbéna\a&u_lstnce it is
possible to realize a nonoaxial novable menber giving thrust in the nornal

direction of ther¢wukershiPaces of the stacked menber, it is possible to

realize utiljzzation (3)% %llié@ckteod ljgg@%%r tﬁgt O %euﬁn%ﬂ,egﬁl?sg§lgnpg t &, and

possible to prOV|de r'gh spee hi g I Ci ency |near
nptor. The thrustotabre metisens 2br pmbe)teerhngv\theha@gai&cem abeshoanched
magnetic flux to, the concentrated ma net|c flux, but the branched nmagn t|c

flux and concent¥hfd§- 15 1H§RR 1_and, Y2pRdy OPAY PRIER RAG RRARC S

occur at pole tepidhdidibdehentqyOkege ﬁ@t@ai@}aihégﬁenmnﬁhéﬁé' ng on
the X-axis nmovabl e nenber occurs alternately in the forward and reverse

directions. The ¢xgheatidre cpbbe ©F. nBVenemd ,Chol®Wer CVt handngil lerw@indhe
rati o of th\(iﬁr otaa%élgn(al ﬁ/é bb?éxﬁgﬁe ma%{:gé §% EQ i?goslpee‘gl o; % ?f Sb The

pole teeth ere exTi hgurs magnet I ¢ X por n occlrs rs the
nost, that is, hdlfan8 w')pi teddd aaniged Wethae ecuesdnt fauppliled pod eciesd h
V\/nere the 10 concentrated magnetic flux occurs. In the case of a platen (

using a magneti MRt having a thickness of within half a pitch, the

magnetic circuit forngd along d b sheebredde 8bo06!pPind AN ndidids it
hard to hol d nmagnetic couplings with pole teeth where extinguished

magnet i cf | ux 15 fraf texaperle) thereei® knowno medeviee geeerbing afYaFe®rnating

20 providing a movable member moving planarly at the bottom
surface of a platen held suspended down with an actuator
( ‘ for sliding in the normal direction of the bottom surface
of the platen while holding an electronic device and
inserting the electronic device into a through hole etc.
25 of a substrate arranged under the platen.

The platen serving as the stator essential for the
planar linear motor is formed on its surface with platen
dots arranged in a matrix etc., so is comprised of a single
thick plate magnetic material (thick steel plate} formed

30 of a block material. Therefore, if this thick plate
magnetic material is used as the platen, an eddy current
naturally occurs due to the magnetic flux passing through

the inside of the platen, so the AC magnetizing



magnetic flux of a strength exactly extinguishing the bias magnetic fl ux

and \t he degree of freedom of design is Tncreased. In the case of &

t wo- phase |inear notor) the spatial phase difference held by an ﬂoLeMARmZﬂﬁf?

of the 20 concentrated nmagnetic flux portion and the pole teeth of the pair

of branched magnetic fluxes with respect t-o6the closest dots is P/4, while

the spatial phase difference held by the pole tooth of one braaghed/e1s3s

magnetic flux an h al.a t,a0 t t tq i

P13 25 In the cebe ittt Tadiody Sl oI pBLBSCELs TIRA 16ez) S0

difference held hyngagnpekeokeoih iaf qiligieaneensd rawdinmagnedh Gsgdak, AigH he

pole teeth of the pair of branched magnetic fluxes with respect to the

cl osest dots is mRhgusthifloacehmoyphiearePhasc2 B 3 rarie B RERE PR Aidot h

of 30 one branched netig flux. h t f r. hr. d
is ggg%é’é?gt OA%‘wJ’l'idbé u&d%?osﬁ:s?ol%gkgpgu. tﬁ%%h%#g teg{lﬁsr}[‘ﬁhr]:g

magnetic flux with re hé “Cl 0Se erefore,

shoot wi th & 5 PUtVE dEneeBEhaehel o b RO R R FobSE A Bickd |
than 113 of the Bhhl (ofl Rrendl, i Witeasen Afdyalasand near, (mgor.

it is preferable to use a nagnhetic sheet ness of not nore
than 1/ n of the pexdodithewrreaiter(dure eminiperl s&f) plsasesie antdhéhtehihigdrent he

sheets. Wth three or nore phases, nagnetic coupling jSs hard to occur at
both of the pair 5 pBEedt ttﬁevﬂl‘%\‘%“‘??ve theaRoh a‘?’?cq%éidlyrrﬁ Retlugt fpree

occurs, so the exeqS$ FRINHE rtRP WIS o VheURE iid] HcIPNisR@ A& thrust
progression is cut off and can be put to use in the thrust 10 force of the

progressi on. 1Rat e c e powgre rcafshimg tdrps))  draromese. expected fromthe X-axis
nmgvabl e menber giving, thrust in the perpendicular directi.on co red w.th
the Y-axis novabl e menber pﬁie\?ieﬁ’é: tlﬁ?'ugttglrrs\ ﬁéks %gf’ (gglg%h%itfaeccr?%cl)lr?% it

Therefore) the pAgsebesibientooBuppress thel dE€cuipeite 5 theaddynToalee
menber of a 2D planar linear nmotor and_has, sufficient value of use as a
one- di nensi onal PRReRf2hbdEEr2 8diFhy FRERd ofh igth ERTdF tyusARG i aht SEEd G imeeiYer

and a nmonoaxi al pRYaRle MRS WSy BisSly iaR saca@q&reﬁaheq‘iﬁ@%c:éb%rqfsetdhe

joined surfaces of the stacked nenber.” 20 Further) since the platen is a
st acked nenbé$ obfmmgdaetrad igheef madnetimysheetsstikedampibera Whtllkkplesst i ¢
or other nonnetal lic terials _sandw ched het n dot.s .in .t he X-axial

di rection. Furth&fF Iﬁ°{£aims?rr?otr.' r?é‘cgssmé"ﬁy tuc?lg‘ \35"?’ e 1:’rae]'iaelslseels %e ev\t/-'eeenda";[ene

dots. The pl at ensaafazles0 d¥e tHe fsalydkedl ebrdadd | (surfidddaihedeh&edgakage
magnetic flux can_be reduced and a hi gher efficiency can be contributed to.
Note that the spREMERIFYsOE ShaatehSpRFfetifed i &ddt af P &Ladtehe

novabl e menmber sihdg AHEmiAg SR pohitehAf®Ss a9bfigRla iRG RLELER B deching

relative, so instead 30 of giving a staggered arrangenent in the phase
rel ati onshi p2&noegct-hé&hgolpd atteat Isugifacige Fdnglel anreddyr cuirrepng dpes not

fﬁZSLnge;O dgit ‘S’egrgrsgt%gg%%[s%d HAIETHY Jeaddia RIASS Ffled | QLsildy among
surfaces) of the magnetic sheets, the current resistance
becomes higher and occurrence of an eddy current can be
suppressed, so it is expected to be possible to realize
25 a high speed, high thrust, high efficiency planar linear
motor.

By making the row of pole teeth of a monoaxial movable
member and the row of closest platen dots facing the same
match and making the concentrated magnetic flux portion,

30 extinguished magnetic flux portion, and branched magnetic
flux portion (thrust branched magnetic flux portion and

pullback branched magnetic flux portion) move in a cyclic

manner along the row direction in the magnetic circuit



7 4 MAR 2003 - 12 PCT/JPOL1/01533 the X-axial direction of the platen side.
Wien the X- axi s novabl e nenber has a group of patterns—conprised-of-a—pole———
tooth pattern arranged repeatedly in the normal direction of th jo'ml\(Rd 003
surfaces, it is possible 5 to obtain stable travel and high outp tl‘ t%e

X-axi s nmovabl e nenber. A pair of patterns.ame fornmed conprised of the above

pol e tooth pattern as a first pule tooth pattern and a second,¢l&,}AQN

pattern separated in the normal_ 10 directjon fromthe first pole tooth
Pt ern. The. ot aggEMed £nath ket st AT Ehe: EBB) B0 Y ot e BraAT Ly

the staggered arpghggieNheRbet8a98000d Q?Bﬁ%pé‘ﬁé et &y %ieréét{‘ieoéyrgﬂﬁtufﬂé%

about the X-direction |ine passing through the pattern center. Bot
st aggered arrangehen@israceéibn 45 apcdngemehtisef tdleappdashopthetowvaf the
respect to the closest ,dots arranged in the normal direction of the jQined

surfaces of the PRGREXAEIsMO¥RLIS Mabem AR gave Aol S5&Y 4t sand th
second tooth pattgeas é&é@eé:{fé!@l:%on%P‘E@leamgﬁﬁﬁ@ﬁg e%@y%ﬁéa nlandd sQnal

nmonent si nul taneously 20 act on the axl s novable ne e rotati onal
nonents are cancelieduddt famdthe advpoesnpl wagoeeicnfhat ei s dicatnaxhaln the
vi bration. When the X-axi s novable nmenber has a group of patterns conprised

of the first pol ENPSIERESTEEN®Lsedifd HFARE it (RGP WS i ¢ S %9 nhRly

repeatedly in theongeumkydiEngek], Ofc Havdifcd VNEInSHEd BLLE Indval Fe RRWHLY €
to again obtain Stable travel and high output of the X-axis novabl e nenber.

It is preferabl einotkerdhient @dgieedprantiohibecomempos sipliehandbolve alawe s

novabl e nmenb and_Y-axi s nmovable 30 nenb noving in the sheet edge
di rection of % heaﬁﬁaﬁ% 9E P &Y ?ecg%ntea&nee in an in-plane perpendicul ar

r¢lationship) but her ehleWma¥ndt F1xvahl & heeEhackedntepe rY- Aviwevaryaklse
menbers are arranged diagonally with 1 4 MAR 2003 - 13 PCT/JPOL1/ 01533
respect to the cE&REFRCEGACIoPLArkss ate tdfe thnd nashsysifac afo\val etenber

and arrange the Rbeﬁfett‘l%tPeQﬁH&gx(Qeqs R%gh?@ﬁa&'&% i%%é@'aecm%%%itbﬂ%
pole tooth pattern~of the other X-axis vabl e nenber |1 ne syrnetrically
wWith 5 respect t oot her-aimamnie it |dineuwias Sorgat hadwagic e meantedri odlutx of
the plane. T?? rg %%Bo%ﬁe g%¥%§1€g¥¥gCJﬁg%(§¥“éﬂé joined surfaces and
advance of the monoaxial movable member in the normal
direction of the joined surfaces (direction perpendicular
to the sheet edge direction) is impossible. Therefore,
up until now, everyone has given up on development of a
20 planar linear motor using a stacked member as a platen.
Therefore, in view of the above problem, the object
( of the present invention is to realize a monoaxial movable
member giving thrust in the normal direction of the joined
surfaces of a stacked member and thereby enabling
25 utilization of the stacked member of the magnetic sheets
as a platen and provide a high speed, high thrust, high
efficiency linear motor.
DISCLOSURE OF INVENTION
© To solve the above problem, the means devised by the
30 present invention is to form a magnetic circuit for
generating an advancing magnetic flux (concentrated

magnetic flux and branched magnetic flux) for the movable

member along the sheet edge direction of the stacked member



poi nt of the plane of the conposite novabl e nenber acts sinmultaneously in

t he forward and reverse directions) the rotational nonents are cz1n[;e|ﬂARl 2003
out, and'the rotational 10 vibration of the conposite novabl e nmenber as a
whol e can be eliminated and therefore stable travel in the X-axial
direction and Y-axial direction can be real gzed from|ow speed travel to

hi gh speed travel. BRI EF DESCRI PTION OF DRAWNGS 15 FIG 1 |spcg/a%{ﬁjqeﬁtl ve
vi ew of the general confjguration of a 2-phase planar |inear

according to a fPREtCAHIIH H‘éﬁﬂe(‘}flct%u®¥b%%lli’tetlwt‘?\¢@n?116rﬁeq:1’ép°21‘? §egth
perspective vi ew, f 0.Fl a
pl an vi ew of the gpa ﬁ°@ﬁi§§8n§\éﬁm. onsﬁb%hﬁe?\}\ég%n I(3(8%0 ﬁ Fge'?ﬁogfdaflhe
X-axis nmovabl e mimaeetaad pEatde cjehsxedFlsGrfécles o fsittie \glte\&k@‘d afembeaxi S
movabl e nmenber seen in the X-axial direction. 25 FIGS. 5A to 5D are
sectional views BY BRE2BEARGs StagIgrERg Onfe SEitnefBPoBe teetd BH2 | i ne

A -A, and lijpe Al axi s
movabl e marrbefF1 h 6Fﬁ§@855"r§88§ oﬂ‘ ?félr ns%ggrj%g@%hgﬁgga‘?} ?vag{ 336% oot h
pattern and secotid phkenbembh ﬂatrteeltﬁonFlo(ﬁ thel Jodnpldasutifawesf. t he

rel ati ve arrangenent of X-axis novable nenbers and Y-axi s novabl e nenbers.
FIG 8 is a perspecti ¥8afi afoftheh@resgsfatinyention providesyarligepr 14

PCT/ JPOLJ01533 ¢ i [

S anar 1 near o RELEUAN Al Rt AU RIPIS A FTDEED it o PBB3Rea
invention. FIG @itk a planaview of pheterlddts arypaiged iphasmabriet aedn
the pole teeth of the X.axis npvabl e nenber and platen_dots. FIG 10 is a

si de vi ew of 1§ he3®- éxP§1ﬁDU‘SHPE’lﬁeﬁ'ﬁ€f“e§§e|1i‘a"r’r“‘9hénxp8ﬂ'l altOditle OA T GS.
11A to 11F are seaw%gala ¥eeWsrohtt heagkakas (&Qesat nak@ngnt hRebiRe WE- W
line V-V, line Line WW line V-V, and line LU in FIG 9. FIGS
12A to 12D are ppe'gmess)vreow eveetth fide g@mratnm Ror aéxpnaimgngagnetlc
principle o_f a er t.ar a | i tor 5 El 13,1is a
Per apent | ve vi ontolk FaCR s i BB s, AFPha THE Prasede Bolsnar e shase
pl anar |inear notae. pEhGen h4A Itheaplalra[ll‘elleWheétaeﬁ\g@ phafa celsadr t'Jhd’lear
notor in FIG 13, FIG 14Bis a right side view of the 20 sane two-phase

pl anar |ineat3 mofGRCkEAdmEmBe T feMPT igef; 9ft thReRIYFALALYs Qe MARSSS S o
l'inear nmotor. FlGhel?d bEaéthaE‘oé‘é%Pfa@ aARdeNahdt bheseRRasgerbanar
linear notor, FIG 15B is a right side view of the sane three-phase pl anar
linear notor) anduRb€r ¢8COmagngtis teesh vifewhef pohe Santht Rr&sephagae
| i near notor. f ri . h S
cUrves of the depsidddey oprASHR il SJURLEPFRLEL BREsELPERELERN k) En
nmenber in the casae wtnesestheopbahemansea hhocherraheeitaledglddmeatibacked
menber. 30 BEST EG OUT THE | NVENJI ON Fi r st nbodi nt FIG 1
is a perspect?ve Wi \?VrSFttIHB g8heflr PBAPESIFaFPERTEr EUBEBRAsetBraddr
i near motor accaubas of hot ML ARYE tndoRCTLIPRYIEES bectitinded
enbodi nent of the present invention; IS a perspective view of an
Xtaxi s movabl e néfBEgeradiethin one #Pepetcﬂs (E)pf rthe ewreﬁltcilmreeawal
bhase relationship Bl 4830 ell'0uleheeb &% Rndl mbfife i &R JHNARLE SolBIDET
and platen dots |s a Si e VI ew o axl's m)va seen in
t he X-axial di rephaee hamd FILGB rEApéOtSBoathesembseaal dur_emraﬁgehemt ates
cut alongthell i ne AAAin FIG 3.
Not e t hat i n2¥l G"-hf PBrTﬁPG déreEGFPPoﬁé FHé%Sﬂe%sWﬁBE'@%éﬁ AEFFRe 13 and
FIG 14 are assi g?ﬁ@ﬁh}epﬁég@ H?E?E?@ﬁ@e( (BYRY al STﬁQE’ %P' gRat Lgasihher eof
will be onitted. The two-phase planar [inear notor of this enbodiment is
conpri sed of a pphaeastiehdlnghe pbieehesth fwiddh FTespectetonwthd clgdestal ity
of platen dots D aErangﬁgklghy spatial phase is p, are assigned as p-P/4,

p, p+P/4, and p+P/2 when n=2, as p-P/3, p-P/6, p, p+P/6,
30 p+P/3, and p+P/2 when n=3, and as p-3P/8, p-P/4, p-P/8,

p. p+P/8, p+P/4, p+3P/8, and p+P/2 when n=4.

According to this configuration, since all of the

2n number of pole teeth of the pole tooth pattern have



15 matrix and a conposite novable member 70 conprised of two X-axis novable
rren‘qers 60X and two Y-axis novabl e nenbers 20Y connected by a support plate
30 in an in-plane per pendi cul ar rel ationshi p. The conposite mivabMAR ratider
70 has a pressurized air ejection port (not shown) and 20 noves planarly
while floating slightly above the surface-of9 t-he platen 50 by the bl own
pressurized air. Thi s tvvo phase planar |inear notor is enpl oygd,§RL /8%l e

as an | C test handl S er_is rovrd vvrthacon C
transfer which hSP&S gr} %aéitestﬁ’ H’fgm i fesd’s 14 otn° b c]t(?s"hs‘: cé’j‘/‘.'eés it to
a test position, atrhe?eoeaeert@t% 5P e@@Nleldglee dlie cRtADH Oterwaxtlerlmdaele% tdfort)he

IC on the I C socket for a predetermned tine, then suitably thereafter
rai ses the | C an@fi magnted it sheedn &g Jb@suts arevalite) menker Gloestnot

handl er, the platen R0 is ported sus d do fr

i | lustrated stat@SCfAYS 8w§8§ g ﬁﬁgﬁﬁl n@h%okf afb{)?‘rt\fﬁsr V\glnc’d} 33 g:h‘ge t he
pl aten surfaceg d'z'heﬁhtnlée!éngfr éhe tr&é\tx%éfah@sbagetﬁste@ﬁﬁr&ﬁtcﬁé a:n%f;ers as
a base. 1 ~ MAR IIJ?>CT/\JP01/01533 The platen 50 is a stacked
menber conpri sedm@t/aéplm meathet:y agfe rapeatded siteagered tsoikied @tmseAs
shown in FIG 1 and FLG g tge pFraIIelé sheet .edge Sur rfaces qhe used as
the pl aten surfac® B81® FRE RASRBtFciinEhe < %rn‘a]a Tt ]e%rﬁﬁ sq PO

steel sheets coalgdféiclely oESUhathagnbtiobsRéetsd] €XAHY taynEr id Arluid
t hi ckness. The dot pitch of the platen dots D (one spatial period) is for

exanpl e several @or Ehehadvanaeny- lﬁ%a%e‘h%ﬁ/aﬁil‘é‘ dsnberned el org £hmwhisled 10

menber advanc i t. e ( | t he
magneti c sheget)s dgfhteaqf%régztion %&‘seet?gh yo es %% F‘P’{({he&} 0jant
hgve stri pe-shapadmbled odt ipad epaeetdiceifh the gl &ba i mraf KB:@ :paar:aié el
with the X-axis. 15 The pole teeth KAx and KA X (KBx and KB x) of the first
and second brancﬁ‘@éfaﬂ?&ﬁné‘ﬁ“@eﬁatl‘ﬁ"leeﬁgaﬁléﬁdpﬂ'“@ﬁ B8 dgwyi tix rteﬁé’eﬁtré"P
yoke Y1 of each @hel BeoXe@% §oRBVAPLENFRADEA SLIRD% Arfa T | Blrddt idif of @Nieal
direction as shown in FIG 4 and have equal spatial phases with respect to
20 the closest ddednBdaspxfgee¢ PR the mteﬁgﬁi\ﬁt%cﬁﬁmaﬁ byhexaedaat i c

sheets T. Th Ien ths_ in the Y Xi al on of A t and
KA x ( KBx ang5 Q) (i ttvvo pi ttc egspaq:l é’f“t engﬂte gpe;%he?%octs D.
The intervals betn\a@erethhemmpamlgso alr\sD qadaﬂﬂe:mumrﬁﬁe m‘lc&&dtengiﬂs

However, the pole teeth KAx and KA x (KBx .and KB x) are repeated! arrayed
for each dot pi t BFrEB8&9s J & ithe ﬁ‘erai’i}%‘]— HHregriohs ddyedih 17‘8-\ ’%/Frf’

(X-axial directi @pk ffakhaij @ipedtsuhf 26es Shcdbes (PENPLdL etheetxsnmmberform
rows of teeth. As shown in FIG 3 and FIG 5) the pole 30 teeth KAX and

KA' X (KBx, KB' x) ofoppk¢ dieedhaof dthe nple toatdhpatitsen Yamrakloehopaatedn)
fittingino pi;t.c re_aLkang r ot_ i .

nor mal di rec??onléf t!P%egj %%%%g §g¥§gggg§0§9?x%§ ?aﬂg}ne (:lqgstr?efecéﬁ'glh%té[gﬁ/l&R
2s3 - 17 PCT/ JP6Zt/ @he33ohcehtrbited malgaetdat rfaluxphaﬂebrhak:ﬁew tnhgnespect

to the cl osest d s arran i.n _the nor direction are shifted.b

i hicrements of th é‘ﬁat?‘éﬁl%g(eadﬁlfsf'@?’eggé “%er I“}?Vterfet’p'Bf‘@&PooP\ﬁaﬂ)é?tern
61 surrounded byihheneWg-dlia? @Rt tliione duré loGsod.callh@ P OlcgahAainfy KAX i's
in register with the closest dot D, a concentrated nagnetic flux portion a
occurs in the ai Mogapnds shown in FIG 5D, the pole tooth KA x is staggered
by exactly half a pit e e .cl . t ir _gap as
Shown 1 n 1 G2 10 5C baboltd 2aa8e: Mg st ‘endRERtE IR (5 Fein & Che (
pol e toot h KHX rmoabagganed\o&dba@caﬁnibyeremmh)y th4-utsrtomnt tteteclmn dot D,

the air gap shown in FIG 5B becones a pul |l back branched magnetic f| ux
portion ¢, the pGPé‘eFééf’ﬁ RE xhesieingfesuyiaseayed bYeeshatkedprambedm t he

closest 15 dot Dj.and e 93P A9 el T B2 PAORCSPTES thldk i Eib

br anchi ng magnetr C ??ux poiraﬂt’%%n d. EacheX- axiils ?rovaﬁ menber §gx ﬁasele
group of patternesfcmagneséd sheehs alsowae pdadep ahdpoloesuoateh tpapirevigetl
repeated in the X-axial direction at a one-pitch period. 20 ,The pole teeth

Kax and KA X3¢ kBR BhaEP@PS§d ofP LB 1P E ¢ d0Eh sAEdsisnsY JireAn BOER Al
spatial phases the tﬁi»aget fbectehec@soeestthqobmg %ré%rrgewtehtas %Q%ﬁnt
edge direction (Y-axial direction) of the nmagnet sheets T, so while the
X-axi s novabl e nEhbebrSﬁthdemagnetnecénua thr ube toncenﬁﬁatedtm@gn@ax¢al
direction, the pole teeth KAx and KA X &gBX and KB ' X) fit within one _pitch
in the X-axial dFFBEtrBHt theabragrbed. magpelic ﬁontﬁ@da893ﬁ8Pﬁ§aﬁﬁ8netrc
flux is formed al ong the sheet edge direction of the stacked nenber. In the
state shown in FIG 3 and FIG 5 (excitation 30 state due to A-phase
current) , the pole tooth KB x generates a thrust branched magnetic fl ux
portion d, so in the process of switching fromthe A-phase current to the
H-phase current, a thrust force acts on the poIe tooth 1 4 MAR 2003 - le

M rnssA | A AN 17N o Y 1 o



5 direction, and in the fourth switching process, a thrust force acts on
the pole tooth KAx in the X-axial direction. An X-axial direction thrust
force acts successively on the four pole teeth of each pole to&igogﬁttern
61 laterally elongated in the Y-axial direction by the cycle oft AR 2003
conbi nati on of the concentrated magnetic {fIix portion a ( and branched
magnetic flux portion cd, whereby the X-axis novabl e nenber GR¥/s30V&%533
translationally | he. X-axial directiaqn b - I "Cr i tion".
o “Course) 1t oPBIREERSFRPRoRSTTE 4 HoAY st Pt cereRt yake R B e
case of a platenacespats6dadl mdmBheCkcBRhgr bal thenxt Bk$sWayvablaCRembeirs
possible to realize an X-axis novabl e nmenber 60X giving thrust in the
normal directi ono6furfea} berRately figeébeoforverdtank agvieamsedirpetions.
possi ble to realj tilization _of stacked nenber of 2 etjc.sheets T
as the platen 50&ﬁ§sHﬁﬁhﬁrb%hﬁnagFS?OSE %Pgﬁpfﬁg'c §P§8ngrgﬁﬁb%&ﬁi%§ of
the dependency othkhgathsust ther €8t¥eisHS1SPERHa D6 with Hdspeldt toveRel f
maki ng the frequency of the drive period current (current pulse) higher and
maki ng the speedsefeddeénésaNedher, the thrust 25 force does not fall that
much up to the high s d_reqgi Sec).+..rher re,. it p bl e
to realize a high speggfg ﬂ?g% ?%?éétwmeaned qegﬁﬁé:s}‘%&lﬁgrl?gf F‘?ﬁg’gﬁiﬁnggrﬁg The
spati al phase repatkc@8ahdPchLs WEHEE e theShélet paliad et hhEAK ind KAt Xh( KBX
and KB X) of each X-axis novable 30 nenber 60X and the platen dots D
arranged in the ¥maRpakhgi pedei §aesh fremptieenolg &egéhi yhegeatihge) so

i nstead of giyin t | e t KA' x
(KBx and Ke'ly | opfeBheaateR pabh SEOE R BR08s, n Rl ShER e 0081 200
PCT/ JPO1/ 01533 apmsangeaamdgmenihg $ieepllatwinglet shDcxmessged wihthhe Xaadfi al
direction at the_platen 5Q side. The nuynber og dotédgg t he pl aten surface,
however) is enor ARECRo HH DAgRAE HELGFBAGVERTAGR AL s%‘F&&uSF?Sn of
the platen 50. 5ghteweibf REneeadhitzgblkenhgWgvenard tBeneasemalgnathlcat en of
a small area or with the devel opnment of high precision techniques for
production of pl 8PERIINGEEmPPRRUEEE ty Whergce st gt hehed Imagnetiie flux
switching fr a ) nghe t] ortl .
concent rat e imaRef Fo 49T paet {Bra g pE Aeei sBYhete ke’ By tnaring
portion d and t hmagnaténtfhixedfnagitatdng tth axapolyiextingpciaiing thlecbpatke

teeth of the opposite gok?i, SO a rgtational n?nEnt gctin n the X-axis
movabl e nember 6BXIBEELFs It H* aPPEr HBEPFIFEPUA d*aRG°PBVErs € P8ctFons 15
and the X-axis nmpMabkas8BNMDEh ERE BRYESoEranswélpRASL! YiRkQPIm¥Lbh, t BRe
rotational vibration. The higher the speed of travel, however, the smaller

the ratio of thespataplonrhrsei BLafrPsaPGRt heddsP¥cant BOLRe toPEBI O theavel .
o a8 | obbEnt FLELAOHEORP. ELIRER SO 0 D Bhantet b Ot on
magneti ¢ sheets Thetpwir of branched magnetic fluxes with respect to the
( closest dots is P/4, while the spatial phase difference
held by the pole tooth of one branched magnetic flux and
the pole tooth of the other branched magnetic flux is p/2.

25 In the case of a three-phase linear motor, the spatial
phase difference held by an pole tooth of the concentrated
magnetic flux and the pole teeth of the pair of branched
magnetic fluxes with respect to the closest dots is P/6,
while the spatial phase difference of the pole tooth of

30 one branched magnetic flux and the pole tooth of the other
branched magnetic flux with respect to the closest dots

is P/3. Therefore, in the case of a three-phase linear

motor, it is preferable to use a magnetic sheet with a



i i hd: MAR: 2903
t hi ckness of the magnetic sheets T may be |l ess or nore than the t ﬂ t CH
but for achieving high speed, high thrust, and high efficiency, it is
preferably | ess than 25 the dot pitch. Taking note of the pole teeth where
t he extingui shed magnetic flux portion b occurs in the magnetic circuit,
the pole teeth have no direct relevance to the-thrust force or stability of
t he novabl e nenber. They are just so to say assigned in seriesr/fot1d1653
the 30 pole teet he cextinguish t . i S
Gitor {he met SESEEeE Bf BoboBprer ERaTTRLs of LRI Bt
concentrated maghaat kel bH¥ePOEt 4@ pILSerBinddemb idr a ixpdls plreFfeandle
difference of half a 1 4 MAR 2003 - 20 PCT/JPOL/ 01533 pitch. Therefore,
as in this enbodit@edse ianmagaetdse siteet flaniag 50 Wsidqerymd itosHeRYe T

as in this embodiense | e st HpaRRS ino
arong the shoot &30 87 Peak, bherwhErfin; T A lTE Ha ey ¥R

coupling wi thspoltdet edtibneherde Rtedtls NgWithed HragNeld tndddpHddsd on
occurs, so there is no need to generate an alternating magnetic flux of a
strength exact | ymagnietd§ soupd itige i IdanthdifetdGETy @BE d??d'gt et def ga by
freedom of designg.s.{n0Gr e, .S, ] 0 e i
ctacked menber a8 TP STER LI Wt fithd delitkalil RAINANLE0% Al bRAES
menber of nagnetise sheeégcdssihaghytbe Govhhike dcorendmsd viir s tpipasitnie tive

ot her nonnetallic materials sandw ched between dots in the X-axial
direction. Furth@Fogdressdoot spekbbh pni5cep e Ritydor REBsER LhR S & he

dots. The plggen fgq.lgeaggotﬁ)g Jlﬂ:?fé%igﬂ‘e'e%%it %r,FHrﬁf@{ertéﬁ:ﬂ&aéﬁ?%ﬁrl pean

magnetic flux can be reduceda r efficiency tan be cont
The group of pol det eepkrcshdwirom £hé& X 3axhs mesyadrids ri¥gnkterr @i vamrgathofusftor

le th l et h patt .61 t he .f t f .pole.toQth .
pat 161 ns. 1 peat 6"t 8B SFPECACHL AILE S e CRTRRTRC iRt T RS | 1

the pole tooth pablablebhehberbgevihe tiredt Ral enboside PAdRS Qi raed ilar.
exanple, as shown in FIG 6) if a second pole tooth pattern 25 62 rel ating

to the pol e teet FhRELEOKE x EheHPY effR tkH By et gy e Rfarki®irtaf thRe §he st
pol e tooth pattekn.iLn.t i i i.0 L 51 39S E£Lna
arrangemnent g# t?n‘eag(ggt{agréﬁzéslg&?g%gﬁ&%ﬁsEPpBEgPé V\H&Eer;éspect té‘tﬁ‘gs
cl osest dots arr amdddciientheaXuaxofilush ascai@re olindms poial 0 rtezat mokAx)

KA X, KBx, KB X of the fi t | t oot h tt t
arrangem);nt are ?:Pﬁ'grgﬁﬁ:q\re?ﬁfi an\ﬂ %r%e é‘%‘tg tggrétﬁa?gcqsﬁ%ﬁ%@%qg%qe fe L1

passing through hbacR&ihd’ MoVABILY metbied’ WaNVG N HYRIAS S& Ol noment
1 4 MAR 2003 - 21 PCT/JP01/ 01533 act sinultaneously on the X-axis novabl e

menber 60X, so tRéIPELALPORAl tﬂ?ﬁnﬁﬁti§e§r suxincepe@otiheangackedr Beabesnal
vibration capybe @li-ghRat ed; ,IBiS,d ?éla%%?auﬁgé E%agﬂleg hoRb &y KF Klagli)ettli%

first pole tooth pattern and the po t oot aX of the second pole tooth
pattern 62, the pbeetsooih K8X bé ahetdcked mmmken ouith pdatsdric 6 anterhe

pfle tooth Ka'X ggn%g%aigggn%aQ@f%a %O%gn w&% %% %%c&é@%'%géétf%ﬁéke

X-axial direction. Further, it is not necessary to provide
recesses between the dots. The platen can also be
25 fabricated easily. Further, the leakage magnetic flux can
be reduced and a higher efficiency can be contributed to.
Note that the spatial phase relationship between the
set of poles of the movable member side and the set of
closest dots of the platen side is relative, so instead
30 of giving a staggered arrangement in the phase
relationship among the pole teeth of the movable member,
it is also possible to give a staggered arrangement in

the phase relationship among the platen dots arranged in



KA X of the first pole tooth pattern and the pole tooth Kbx of the second
pol g tooth pattern 62, and the pole tooth 10 KAx of the first pole tooth
pattern 61 and the pole tooth ( Kb' X of the second pole tooth pattern 62
have the same spatial phases with respect to the closest dots. 1d HiRs2003
enbodi nent, as expl ai ned above, X-axis mavaly e nenbers 60X and Y-axis
movabl e menbers 20Y are 15 connected in an in-plane perpendi QH&/%Mémsas
relationship to rmea_conposi.t e nmpvabl nber _70. As .shown in FI 7, th
two X-axis mvange%ﬁﬁéﬂgRGékrﬁﬁﬁ1Pﬂo°$- zgg‘les prJrB\FSBI §1%&nbers 20V are
arranged di agonal |y WyhBnl €8@8Chx48 hdealSLORMHRY Ris @ §Folp@PbaBeePhst Ne
conposi te novabl e nenber 20 70, and the pole tooth patterns 61 of one of

t he X-axis novabkemperiedsof0X fdyeartcivath mpegristrinc apaiahgledgsepeatedlB) iB' )
and the pole tootH patter §,61 of, the other pf the E—axis poviabl e _mepbers
60X (branched mag GtIf%r%f_ 1Ir§§_§lﬂ,n%€ the Jptyeq et Ac&Tgelt ¢ BRSFLRLS _
symetric aboyt tBecRPaXndist8pheORrhiBe hAaPRIFhNGulPLRUSR the &eRb&ls Poi nt
O of the plane. The rotational nonent about thé center point O of the plane
of the conpositempuwahbeemembbber. 70 acts sinmultaneously in the forward and
reverse directions, the rotatjonal nonents are cancel ed, out, and th

ot at; onal | 30 vibrati BrPBiE (b AHHSIAR 8- Aot AERES AL SRR RF ADEBPEYEan
be elimnated angotbBergbehepatalkrt hkayelrirlct Be1¥- *¥boh BateeknoRnaNG
Y-axial direction can be realized fromlow speed travel to high speed
travel . 1 ~ MARc20G3pol22topCl/ pROLAEILS538P8aesrd EnbbsHennormElG 8 is a
perspective yliew,of the schematic confjquration of an X-axi.s npvabl e nber
"n &t hr co. phbsedsrgaasop RES ths EPFREEITY £80:R ntdid e RhRur 48,
t e present inveakrafAgemeor 8fi ¢ha phiaBtvipeweOkobllh pakaékirveanpathal phase

between the pole teeth of an X-axis novabl e nenber and platen dots, FIG 10
is a side view oftaAIRradi ITFANGSNEN Frethdhes8EROPA RPke RAaDLeAn areetindn,

and £ G5, 114 1 0sihkeREe cS8600LNAMe U Iy &l 1416 19 BR B hg2tARGULA ERE

line W-W, |line , i ne -U, ine WW [ine V-V, Ine U in

FIG 9. Note thapatheFnGece8tew.F| BSthlthaggetieH, aporngementileagangnas in

FIG 15 are Si ?ne .E\Ee ?‘ame refe encehnurr?lr%I S an?1 exgl anations_t her eof
are omtted. FurPRE 1 oPf'P8Rs *ERB-38RETAR PR fihglf’ r SE5REC r’rt58di Hﬁnt wi |
not be alluded telodbetdotdabkeahgethiiKihe KdPma KM rekldish &b/ thle POin &IV X

of an pole tooth pattern 81 in one pitch in the X-axial _direction in an
X-axi s movabl e nBHEERCBEWPHS tRRMBIREENE ERBBAFnRAL TP of WFF BnRRYE stARbRr ed
in the one-dot pLheBegf dhd RnkhSe SO &R o BatLEEPN O rddPed Givied, SUs{REeS Of
the magnetic sheets T. Further, they have spatial phases held wth respect
to the cl osest datfoxwazadgeddi nevhesaornthtdpnadt momeshi siwdlbgneausdrent s
of the spati p e di ff erence (P/6 The |l e tooth i e pole tooth
25 pattern 8 su??gu%’ge%ﬁ%y}?t xelé “(o‘)(?&lec gﬁ%elri'nggfnré‘:%lgn%g Tcﬁm%ré%% ster
with the cl osestagletcdnclexbbuerndidiiedis possible to eliminate rotational

e

( vibration.
When the X-axis movable member has a group of patterns
comprised of the first pole pattern and second pole pattern
25 arranged alternately repeatedly in the normal direction
of the joined surfaces, it is possible to again obtain
stable travel and high output of the X-axis movable member.
It is preferable to configure the planar linear motor
by the above X-axis movable member and Y-axis movable
30 member moving in the sheet edge direction of the magnetic
sheets connected in an in-plane perpendicular
relationship, but here two X-axis movable members and two

Y-axis movable members are arranged diagonally with



magnetic flux portion a occurs in the air gap shown in FIG 11F and the

pol e tooth KVx is staggered advanced by exactly P/3 with respect to the
closest dot D in FIG 30 11E, the air gap becones the weak brapch
magnetic flux not shown and the pole tooth KWK is staggered del i)/e(j&tﬂ/zuw
exactly P/3 fromthe closest dot D, and in FRG. 11D, again a weak branched
magnetic flux results not shown in the 1 b MAR 2003 - 23 533
air gap. The pole tooth KU X is staggered del ayed by exactl Eﬂjgdgﬁé{s’({g%h
with respect to tHRSREUsdSt th6t Cepses Pt Pi-Ithe Piepe RE Bhe RPPPELBRES

t he exti ngui shed {%&Eﬁt i n h I t i
st agger ed del aye y éegnae{:n{[}:f%}- %?‘E)dt fa(r}%%p’lg%qu%ogggtg SS%QB)E? eegflrgga%ne
shown in FIG 11K -acxmsovdisldé heebrant hate et tso th Uxa posin ovf dthad

the pole tooth Kw X is staggered advanced by exactly P/6 with respect to
the closest dot BthAH X 1RXEs rmefeP ke digmber B e 139mBebsHeal hy pWithack

branched 10 gnet | p 1Oy 5 3 @aXl

group of pat {rgr n?écsgone{)ér'%négd%% ){)kr?eﬁpeoﬁ-@éec}%% ﬁg%%?ée/]?lﬁé&f re%ea’g: ggé%ﬁﬁg
X-axi al directiopdintope- phéaldng emhel Sotaidhas ridhiect phase phan@sntéenear
notor, a 15 concentrated magnetic flux portion a and a branched magnetic

flux portion cd RPdatdd it Sl dd cAmRe k@ MoMakify Nembeh; 3Cts
because the exci t%d‘ﬁ%aqpééésp}r&h‘éhégg%M%ﬁ %\0@%@@ &tfﬁééeisﬁx,aég nd

t he yokes Y1 and e rest ‘of the I guration of the ree- phase
pl anar |inear notmrtafidrdl nesnoodtsrente cammassieed e tcordnd urted | ot aof i dainel
first enbodi nent. Even jin such_ a three-phasgpg%gnar i pear notor, in the

| i
same way as tifle MR ERDATGRS OMPPELSESs 1eomeBYPr .85 o Whake can

ngvabl e menmber 8@ @iMiliGdd¥d!Shd Rhkkerd2eNtABh edtF86LE Ofn Ofnd he. 4.0i £ed
surfaces of the stacked nenber, so use of the stacked menber of the

magneti ¢ sheets PRixgeatiomplandey -5xicdndbpregtdonprant beareahtizedaf¥omtion of
a high speed) hi g%bt i ef fici nar not or becones
3 Sy Py SRR

possi ble. 30 The I hgui shéd” magnetic flux portion b
occurs differ the nostsBRIERIDESCRIETIONfOR IRAWINGSEINONG the pole teeth from
the pole teeth where the concentrated nagnetic flux portion a occurs. In

the case 13 MAR 2DG3 G- 24 1 PC/RPEHFASYE oft &Y ppht R LBFRE 3l magnet i ¢
sheet having a thidgheigas i 3¥ B BabhagePbisRart NEnORENRS¢Sr ¥ ding
fornmed along the sheet edge direction inherently finds it hard to hold
magneti ¢ coupl i ngonia figH e ekadingnt of Hhrex@rergRshirventdemet i ¢ | ux
portion occurs, so th [ 0. ne te t t] '
FrLx of a strength exddtly ot Mo SHBETRE bTLEW 68 80 8! offs "ROEH LS
degree of freedomenbedesirgnthies maowgeased. I n the case of a three-phase

pl anar |inear.,_notor of_ this enbodi nent, ,tehwe olP ts atial phase difference

hel d by an p&Pe toothEﬁG?i3 is a plan vi e spatial phase
relationship between the pole teeth of the X-axis movable

( member and platen dots.
FIG. 4 is a side view of an X-axis movable member
seen in the X-axial direction.
25 FIGS. 5A to 5D are sectional views of the states cut
along the line B'-B’, line B-B, line A’'-A', and line A-A
in FIG. 3.
FIG. 6 is a schematic plan view of an X-axis movable
member having a group of patterns having both a first pole
30 tooth pattern and second pole tooth pattern.
FIG. 7 is a plan view of the relative arrangement
of X-axis movable members and Y-axis movable members.

FIG. 8 is a perspective view of the schematic



concentrated nmagnetic flux and the pole teeth of the pair of branched
magnetic fluxes with respect to the closest dots is P/6, while the spati al
phase ‘di fference of the pole tooth of one branched magnetic f1ud kxmihdwus
and 15 the pole tooth of another branched magnetic flux portion d with
respect to the closest dots is P/3. Therefare,-in the case of a three-phase
li'near notor, it is preferable to use a magnetic sheet W th ackfueekiess of

not nore than 1/ 3 of..the_pi.tch. .Magneti ¢ .coupl | Wit h.the .extingui.shed 20
mgneti c flux paFPOEPRTRRIE S SRt A % JoRBL omeah el Ah s s HRES

invalid magneticphibhu¥rcannkar adieadacadddinglitbanegdebydneapetimen@URE NY
is hard to occur at both of the pair of pole teeth (KVX and KW in FIG 11)
where the thin bthecbhseseagndmvenftiigtes occur, so the magnetic 25 coupling

consuned i n stopping progression_is, cut off and.can_be put .tq use in
the thrust force of t ggprggggsgi% 20 Not R t gﬂtqﬁ:rF%agﬂv@oﬁBS&lgﬁSBEase
possible to real pzewaehodhePpaie @ecthiber then®akxiBt AbvaBle! NOMBER Ang
APPLI CABI LI TY As expl ai ned above) the linear notor according to the present

i nventi on has a pdasawri detsovabl e nenber giving thrust in a notrma
direction of the joingq suagaces .% 4 NARCﬁ§Q% - 22 .PCT/ JPOL/ 0153 eof

t he stacked nenber, s Gseldr 1Fn L ARKEF ISP S Fﬁésnﬁaxé i€ BREECE as
the platen can bgegRdgénphraet ixCakiand & ddcdiozmpeed, high thrust, and high
ef ficiency notor can be provided, so is suitable for use not only in a

device 5 mounting sysFT&@S-bddAqlteo 13K rEer eecthaRalevigrWsopheth@aftalss

types of equipTeRL 0L JIRGNLASI Yine k] ALARR,2003 BCT PP 03333 20,

CLAIMS 1. A lInear notor “provi wth a platen having a plafen surface

fgrmed with a pl biaki vyvof apldatidmedat-o7 dmr @Iged 9i.n a matrix 5 and an X-axis

novabl e el enent havin% an pqgle tooth pattern having a set of at |east 2n
7% e

(where n is an integefiGF-218A t&r Gr& PEEGR S Heexsi 8§ &eadvanci ng

magnetic. flux w pRetleiehogest eﬂﬁiﬁiﬁﬂﬁﬁgtﬁg?ﬂﬁ@léﬁﬁa §aWYeli RBRbY
notor characterized in that the platen has 10 the parallel sheet edge

surfaces of the dtuokedamenBdnesgmmatoad -of a plurality of magnetic sheets
stacked togefher as thgpl ghen Surage, JNG.20 2uEP8E Rhomaangti teeth of

t he pole too pattern~are arrange eral’ly in rel athon "havi ng an equal
spati al phase rekahifdpulraltdon lf taheosivesrdiondadt 2 -phhaegedanart hd nelaget
edge 15 direction of the magnetic sheets) the 2n nunber of pole teeth of
the pole tooth pQPFBFn are arranged staggered within one dot pitch (P) in

the normal direction ekgkhe1iRi 1@ pyahactsy off & haydmald p1ahaet s1nald the
spatial phase held with respect to the closest dot arranged in the nornma

direction is shimp&arbyn F&Gemddt s FFG.204Bhd sspatrightpride dieweodntde

(P/2n). 20 same two-phase planar linear motor, and FIG. 14C is a front

view of the same two-phase linear motor.

( FIG. 15A is a plan view of a conventional three-phase
planar linear motor, FIG. 15B is a right side view of the
same three-phase planar linear motor, and FIG. 15C is a

25 front view of the same three-phase linear motor.

FIG. 16 is a graph of a comparison of the
characteristic curves of the dependency of the thrust
versus the speed of the movable member in the cases where
the platen is a block material and is a stacked member.

30 BEST MODE FOR CARRYING OUT THE INVENTION

First Embodiment

FIG. 1 is a perspective view of the general

configuration of a 2-phase planar linear motor according



2. Alinear notor as set forth in claim1, characterized in that the X-axis
novabl e menber has a group of patterns conprised of the pole tooth pattern
arranged repeatedly in the normal direction. 25 3 . A linear nojdr MAR 2603
forth in claim1, characterized in that said X-axis novabl e nenber has said
pol e tooth pattern as a first pole tooth pat§ern, and a second pole tooth
pattern formed apart fromthe first pole tooth pattern in thegeh PI3‘§.}01533
direction, the st:ag ered rra ment of tg‘%flrst e tooth attr-‘:]{)tg

tial

the 30 staggered“8rFahyd A& 1 Ee Odn 50 1P &5
1 ~ MAR 2003 27 PEThJ é}é éé@%v@h@:?éwr@f add onstl s Qﬁlﬁﬁ’ﬂé hen®HReGln thd he
cl osest dots arrange he normal direction of the joined surfaces of the

magneti c sheets fekny; LFﬂiG symist @i @laint lviress pdcttheo sipad D4ldiphecte on | i ne
passing through th at inear notor as set fqQrth.n an e
Craimol Lo 3) cHATACLERFDLR BSCHEEPAEHS RUIOSRtD ROV & AoV aHIA sed
of said X-axis npuaBLe ARANSTaBEW &b s 2F1% . MRVADIL STRRDE e WhYF G XN 2L
sheet edge direction of the magnetic sheets connected in an in-plane

per pendi cul ar remavabdshingmbed Seeh linnéhe Kowouiadsddeectdonh anchFellGﬁ 4)
characterized in_that fwo of said, X- e .nmenhers and 't

Y- axi s novabl e néﬁbgf’sg]ar%rﬁr?%ﬁﬁbﬁn%ra‘ébﬁ%?I‘#vﬁ}t‘h Frahfs Ut \Q@%‘@n

point in the planenef gthe, corpaskty, mwael g Jebgrgandnénat Raint Pegpohe
tooth patterns of one of the X-axis novabl e nmenbers and 15 the pol e tooth
patterns of the oNh&e thathin XI&i ¢ hoREfF e nepbaitd oasethe rrams @eethiosewi t h
respect to an, X-dir ion,lin Si throuhthe el p0|nt n the

pl ane. 6. A ?near ?r‘t%#orqgs se o%rtﬁql naraeny Squnefdcetl ai ms b é‘frence
Ear acterized i nnuhatratBeahld @kpaahadfione thgreIf wilhedles o&ﬁﬁt&‘e@.

t hi ckness of not nore than half the%&ltch of the platen dots. r 7. A linear
motor as set forth | nTBEaFWPcPhaRe RtanAT Addear PRECTIHE thiiscpRbedisent,i d

g‘g?get' c sheets 4§ QohBir3%sRaSS 00 Ak BN &d haR iy ”2:‘1 aRidnC s e 1 aten
. Ah. AS. AF N ASU. AfoB@R. ASthy b MMTAGIA® ASa pAye: ey NOoAG) DAR TARBGR@ A 3\ |, y.

ASh ASy. Af f @ ANS21.

o ART 1 | BRSREX AP SRR MGV AREDPEREE L] § SRRFLsed of two
3%5 cgU] ca] cal] ca] gah&akcapeabralhemerd ®'0x and] ewa] v adxid ahadledhenbers

0
nx. zupkf a\ VU] ca] 24Fc SPRAREERCapyapc SMPRPES] BAPES] 39 é& @R dRUPIEF&] ca] ca] ¢
a] ca] caj ca] ca] CU]? %Qﬁ%%ﬁh%@-@@ﬂi&%ﬁéh?g =Y#HT0| Mgt i te movable member
{vqgl ga\WJ] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ¢
a]j ca] cal] ca] ca] capca]asa]acaly]ega}l@‘a]zeai' air ejection port (not shown) and

411" QB-$ %rg28IEPE & R L +0+++| [ { ca]
ca] ca] ca] ca] 2%] calca !A f%% th1 S]]lcgal]célﬁljybg’]wga?gueu? %?Jca] c
a] ca] ca] Ca] cal C pf~ the platen 50 by the blown pressurized air.
.G ..*//]]"'0c0011%$2_2223Y3 3334K44444 wr mhc XU calcalc Lca] caj ca
](:a] ca] ca] ca] ca] ca] cafFbafc ]"BaPE‘&F@aP 3]“@5] &a}leuf' }’58 ca]g l‘f
a] ca] ca! 48889, example as an IC test handler. The IC test handler is
) KAy <<<$=>@y>>>\ ?<@X @A\ AYA7BsBBBCzupkf a\ WJ] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] caprayidpday s thca]au ad tk dreagfea) whichUrebde dArc d)Ccakcablpcal ¢

I CC Coc?c JudxJJ
R uokt [T caPaUPBER ZoPOR L RAOr a7, AHE LRy AEPVRRUAT 50 4] B&F & RR8} EAPBA) cal
ca] ca] ca] ca] ca] cahen] gakkenlis 6b] ot Lihe to press down terminals of the

KDKKLLM MVIVML NNNCECQz OOCB P PPP ()rr()gXXXXR RARR} wr ngb caJ ca] caU] ca] ca]c
aU] c IC on the IC so%cet or a predetermrlr?te]cl)%lme,] th]en éJéu t.l.tbll/

o) cal RS S FaRTEREE R A S e B R ST RN AL D) oty oh
ca] ca] ca] ca] ca] cppealiahcajdahcahdas] ag] cabtahaapfdakcakha] pahtahcapcakcal caj

cal ca] ca] ca! Y2YNWZT]]!*~) WZ b o v KaPadbbc9cc?dde$eeeee| wr mhb] Xnhc”X]
Jcalc aU c 30 supported sSuspended upside down from the illustrated

a] ca] ca] ca] ca] ca a o o cal] ca
0] ca] ca] ca] cal caf A e Bal FABaCCRRCRARG: 1P oy b RERPRFI 171 FPre8qRERRAZIA W] ¢
a] ca] ca] ca] ca] cahJ]Lea];aa}e:ph)]amahcalﬁae]@ahda]eea]tya}m@e}zcah@a;}xmﬂem]sca}cm]lga] ca
] ca] ca] ca] ca] ca] ca] caU] ca! ssst 3xVy yhyyyyy\ {*{i {p{{]]|

YR} (~ ~~~@ | wr mrhBeYRPBE YL cAF@BFESFcaFca] BaF€a] ca] ca] ca] ca] ca] ca] ca] ca] ca
U] ca] ca] calU] ca] caU] ca] caU] ca] caU] ca] ca]ca] caUcalca]c a !

D+cV| #7Z: t R{vql gb] XU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]l calU] calcal]c alc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca! 78: EL[ >yN- dLwY?zt nhb\ V{ vqgl gb] XU] cal] caU] cal] ca
U] caU] caU] cal] cal] caU] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
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5 T are for example silicon steel sheets coated with
insulating films of for example 0.35 to 0.5 mm thickness.
The dot pitch of the platen dots D (one spatial period)
is for example several mm.
Each of the Y-axis movable members 20Y is a movable
10 member advancing in the sheet edge direction (Y-axial
( direction) of the magnetic sheets T. The first and second
yokes Y1 (Y2), like in the past, have stripe-shaped
projecting pole teeth KA and KA' (KB and KB') parallel with
the X-axis.
15 The pole teeth KAy and KA'x (KBx and KB'x) of the first
and second branched magnetic path legs A and A' (B and
B') of the first yoke Y1 of each of the X-axis movable
members 60X are flat in the Y-axial direction as shown
in FIG. 4 and have equal spatial phases with respect to
20 the closest dots D arranged in the sheet edge direction
of the magnetic sheets T. The lengths in the Y-axial
( direction of the pole teeth KAy and KA'y (KBx and KB'x) are
two pitches’' worth of length of the platen dots D. The
intervals between them are also two pitches' worth of
25 length. However, the pole teeth KAx and KA'y (KBy and KB'y)
are repeatedly arrayed for each dot pitch (one spatial
period = P) in the normal direction (X-axial direction)
of the joined surfaces of the magnetic sheets T to form
rows of teeth. As shown in FIG. 3 and FIG. 5, the pole
30 teeth KAy and KA'y (KBy, KB'x) comprising a laterally
arranged set (pole tooth pattern) fitting in one pitch
are arranged staggered within one dot pitch in the normal

direction of the joined surfaces of the magnetic sheets
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In the pole tooth pattern 61 surrounded by the two-dot
5 chain line in FIG. 3, the pole tooth KAx is in register
with the closest dot D, a concentrated magnetic flux
portion a occurs in the air gap as shown in FIG. 5D, the
pole tooth KA'y is staggered by exactly half a pitch with
respect to the closest dot D, the air gap as shown in FIG.
10 5C becomes an extinguished magnetic flux portion b, the
{ pole tooth KBy is staggered advanced by exactly P/4 from
the closest dot D, the air gap shown in FIG. 5B becomes
a pullback branched magnetic flux portion ¢, the pole tooth
KB'y is staggered delayed by exactly P/4 from the closest
15 dot D, and the air gap shown in FIG. 5A becomes the thrust
branching magnetic flux portion d. Each X-axis movable
member 60X has a group of patterns comprised of the above
group of pole tooth patterns 61 repeated in the X-axial
direction at a one-pitch period.
20 The pole teeth KAx and KA'y (KBx and KB'x) of each pole
tooth pattern 61 all have equal spatial phases with respect
( to the closest dots D arranged in the sheet edge diréction
(Y-axial direction) of the magnet sheets T, so while the
X-axis movable member 60X does not receive thrust force
25 in the Y-axial direction, the pole teeth KAy and KA'y (KBy
and KB'y) fit within one pitch in the X-axial direction,
so a magnetic circuit for the advancing magnetic flux is
formed along the sheet edge direction of the stacked
member. In the state shown in FIG. 3 and FIG. 5 (excitation
30 state due to A-phase current), the pole tooth KB'x generates
a thrust branched magnetic flux portion d, so in the

process of switching from the A-phase current to the

B-phase current, a thrust force acts on the pole tooth
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X-axial direction, in the third switching process, a
thrust force acts on the pole tooth KBx in the X-axial

S direction, and in the fourth switching process, a thrust
force acts on the pole tooth KAy in the X-axial direction.
An X-axial direction thrust force acts successively on
the four pole teeth of each pole tooth pattern 61 laterally
elongated in the Y-axial direction by the cycle of
10 combination of the concentrated magnetic flux portion a
( and branched magnetic flux portion cd, whereby the X-axis
movable member 60X moves translationally in the X-axial
direction by a so-called "crawling motion". Of course,
it moves translationally in the X-axial direction even
15 in the case of a platen comprised of a block material.
In this way, since it is possible to realize an X-axis
movable member 60X giving thrust in the normal direction
of the joined surfaces of the stacked member, it is
possible to realize utilization of a stacked member of

20 magnetic sheets T as the platen 50. As will be understood

from the characteristic curve B of the dependency of the

( thrust force versus speed shown in FIG. 16, even if making
the frequency of the drive period current (current pulse)
higher and making the speed of advance higher, the thrust

25 force does not fall that much up to the high speed region
(2 m/sec). Therefore, it becomes possible to realize a
high speed, high thrust, and high efficiency linear motor.

The spatial phase relationship between the X-side

pole teeth KAy and KA'x (KBx and KB'yx) of each X-axis movable

30 member 60X and the platen dots D arranged in the X-axial
direction at the platen 50 side is relative, so instead

of giving a staggered arrangement among the pole teeth

KAx and KA'x (KBx and KB'x), it is possible to give a staggered
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the platen surface, however, is enormous, so this would

be disadvantageous in the production of the platen 50.
5 It would be realizable however in the case of a platen
of a small area or with the development of high precision
techniques for production of platens.
Since a thrust force acts on the pole teeth switching
from a thrust branched magnetic flux portion 4 to a
10 concentrated magnetic flux portion a, the thrust branched
( magnetic flux portion 4@ and the concentrated magnetic flux
portion a occur at the pole teeth of the opposite yokes,
s0 a rotational moment acting on the X-axis movable member
60X occurs in alternately forward and reverse directions
15 and the X-axis movable member 60X moves translationally
along with the rotational vibration. The higher the speed
of travel, however, the smaller the ratio of the rotational
vibration with respect to the speed of travel.
Here, considering the relationship between the dot
20 pitch P of the platen 50 (same as pitch of pole teeth of
X-axis movable member 60X) and the magnetic sheets T, the
thickness of the magnetic sheets T may be less or more
than the dot pitch, but for achieving high speed, high
thrust, and high efficiency, it is preferably less than
25 the dot pitch. Taking note of the pole teeth where the
extinguished magnetic flux portion b occurs in the
magnetic circuit, the pole teeth have no direct relevance
to the thrust force or stability of the movable member.
They are just so to say assigned in series. Further, the
30 pole teeth where the extinguished magnetic flux portion
b occurs differ the most among the pole teeth from the
pole teeth where the concentrated magnetic flux portion

a occurs. There is a spatial phase difference of half a
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within half of a pitch, the magnetic circuit formed along
the sheet edge direction inherently finds it hard to hold
5 magnetic coupling with pole teeth where the extinguished
magnetic flux portion occurs, so there is no need to
generate an alternating magnetic flux of a strength
exactly extinguishing the bias magnetic f£lux and the
degree of freedom of design is increased. This is also
10 an advantage of using a stacked member as a platen.

{ Further, since the platen 50 is a stacked member of
magnetic sheets T, it may be a stacked member with plastic
or other nonmetallic materials sandwiched between dots
in the X-axial direction. Further, it is not necessary

15 to provide recesses between the dots. The platen can also
be fabricated easily. Further, the leakage magnetic flux
can be reduced and a higher efficiency can be contributed
to.

The group of pole teeth shown in FIG. 3 corresponds

20 to an array of for example the pole tooth pattern 61 among
the four types of pole tooth patterns repeated at oane-pitch

( intervals in the X-axial direction. Here, if the pole tooth
pattern 61 is made the first pole tooth pattern, and for
example, as shown in FIG. 6, if a second pole tooth pattern

25 62 relating to the pole teeth Kayx, Ka'yx, Kbx, and Kb’y is
formed apart from the first pole tooth pattern in the X
axial direction, and if the staggered arrangement of the
spatial phase relationship held with respect to the
closest dots arranged in the X-axial direction of the pole

30 teeth KAy, KA'y, KBy, KBy of the first pole tooth pattern
and the staggered arrangement are line symmetric with

respect to the X-direction line L; passing through the

pattern center,_a forward and reverse rotational moment
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KBy of the first pole tooth pattern 61 and the pole tooth
Ka'y of the second pole tooth pattern 62, the pole tooth
KA'y of the first pole tooth pattern and the pole tooth
Kby of the second pole tooth pattern 62, and the pole tooth
10 KAx of the first pole tooth pattern 61 and the pole tooth
( Kb'y of the second pole tooth pattern 62 have the same
spatial phases with respect to the closest dots.
In this embodiment, as explained above, X-axis
movable members 60X and Y-axis movable members 20Y are
15 connected in an in-plane perpendicular relationship to
form a composite movable member 70. As shown in FIG. 7,
the two X-axis movable members 60X and two Y-axis movable
members 20Y are arranged diagonally with respect to the
center point O of the plane of the composite movable member
20 70, and the pole tooth patterns 61 of one of the X-axis
movable members 60X (branched magnetic path legs A, A',
( B, B') and the pole tooth patterns 61 of the other of the
‘ X-axis movable members 60X (branched magnetic path legs
A, A', B, B') are arranged to be line symmetric about the
25 X-direction line L, passing through the center point O
of the plane. The rotational moment about the center point
O of the plane of the composite movable membexr 70 acts
simultaneously in the forward and reverse directions, the
rotational moments are canceled out, and the rotational
30 wvibration of the composite movable member 70 as a whole
can be eliminated and therefore stable travel in the
X-axial direction and Y-axial direction can be realized

from low speed travel to high speed travel.
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spatial phase between the pole teeth of an X-axis movable
member and platen dots, FIG. 10 is a side view of an X-axis
movable member seen in the X-axial direction, and FIGS.
11A to 11F are sectional views of the states cut along

10 the line W'-W', line V-V, line U'-U', line W-W, line V-V,
( and line U-U in FIG. 9. Note that in FIG. 8 to FIGS. 11lA
to 11F, portions the same as in FIG. 15 are assigned the
same reference numerals and explanations thereof are
omitted. Further, portions the same as in the first
15 embodiment will not be alluded to.

The six pole teeth KUy, KVx, KWy, KU'x, KV'x, and KW'y
of an pole tooth pattern 81 in one pitch in the X-axial
direction in an X-axis movable member 80W of the present
embodiment are arranged staggered in the one-dot pitch

20 P in the normal direction of the joined surfaces of the
magnetic sheets T. Further, they have spatial phases held
( with respect to the closest dots arranged in the normal
direction shifted by increments of the spatial phase
difference (P/6). The pole tooth KUy in the pole tooth
25 pattern 81 surrounded by the two-dot chain line in FIG.
9 is in register with the closest dot D. A concentrated
magnetic flux portion a occurs in the air gap shown in
FIG. 11F and the pole tooth KVx is staggered advanced by
exactly P/3 with respect to the closest dot D; in FIG.
30 11E, the air gap becomes the weak branched magnetic flux
not shown and the pole tooth KWy is staggered delayed by
exactly P/3 from the closest dot D; and in FIG. 11D, again

a weak branched magnetic flux results not shown in the
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in FIG. 11C, the air gap becomes the extinguished magnetic
Elux portion.g_and the pole tooth KV'yx is staggered delayed
5 by exactly P/6 from the closest dot D, the air gap shown
in FIG. 11B becomes the thrust branched magnetic flux
portion d and the pole tooth KW'y is staggered advanced
by exactly P/6 with respect to the closest dot D, and the
air gap shown in FIG. 11A becomes a pullback branched
10 magnetic flux portion c. The X-axis movable member 80X

(’ has a group of patterns comprised of the pole tooth pattern
81 repeated in the X-axial direction at one-pitch
intervals.

In this three-phase planar linear motor, a
15 concentrated magnetic flux portion a and a branched
magnetic flux portion cd separately are generated at the
yokes Y1 and Y2. This is because the excitation coils of
the same phase are wound separately around the yokes Y1
and Y2. The rest of the configuration of the three-phase
20 planar linear motor of this embodiment can use the
configuration of the first embodiment.

( Even in such a three-phase planar linear motor, in
the same way as the first embodiment, it is possible to
realize an X-axis movable member 80X giving thrust in the

25 normal direction of the joined surfaces of the stacked
member, so use of the stacked member of the magnetic sheets
T as the platen 50 can be made practical and realization
of a high speed, high thrust, and high efficiency planar
motor becomes possible.

30 The pole teeth where the extinguished magnetic flux
portion b occurs differ the most, that is, half of a pitch,

among the pole teeth from the pole teeth where the

concentrated magnetic flux portion a occurs. In the case
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ﬁ!§@qgee)nsigq&a(yagEgB?p sheet having a thickness of
within half a pitch, the magnetic circuit formed along

the sheet edge direction inherently finds it hard to hold
magnetic coupling with pole teeth where the extinguished
magnetic flux portion occurs, so there is no need to
generate an alternating magnetic flux of a strength
exactly extinguishing the bias magnetic flux and the
degree of freedom of design is increased. In the case of
a three-phase planar linear motor of this embodiment, the
spatial phase difference held by an pole tooth of a
concentrated magnetic flux and the pole teeth of the pair
of branched magnetic fluxes with respect to the closest
dots is P/6, while the spatial phase difference of the
pole tooth of one branched magnetic flux portion ¢ and
the pole tooth of another branched magnetic flux portion
d with respect to the closest dots is P/3. Therefore, in
the case of a three-phase linear motor, it is preferable
to use a magnetic sheet with a thickness of not more than
1/3 of the pitch. Magnetic coupling with the extinguished
magnetic flux part b is hard to occur due to the joined
surfaces, the invalid magnetic flux can be reduced, and
simultaneously magnetic coupling is hard to occur at both
of the pair of pole teeth (KVy and KWx in FIG. 11) where
the thin branched magnetic fluxes occur, so the magnetic
coupling consumed in stopping the progression is cut off
and can be put to use in the thrust force of the
progression.

Note that it is of course also possible to realize
a four-phase or higher linear motor.

INDUSTRIAL APPLICABILITY

As explained above, the linear motor according to
the present invention has a monoaxial movable member

giving thrust in a normal direction of the joined surfaces

) - zf
() -
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the magnetic sheets as the platen can be made practical
and a high speed, high thrust, and high efficiency motor
can be provided, so is suitable for use not only in a device

S mounting system, but also an IC test handler or other

various types of equipment or machinery.
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CLAIMS

1. A linear motor provided with a platen having a platen
surface formed with a plurality of platen dots arranged in a matrix
5 and an X-axis movable element having an pole tooth pattern having
a set of at least 2n (where n is an integer of 2 or more) pole
teeth for generating an advancing magnetic flux with the closest

dots among the platen dots,
) said linear motor characterized in that the platen has
10 the parallel sheet edge surfaces of the stacked member comprised
of a plurality of magnetic sheets stacked together as the platen
surface, the 2n number of magnetic teeth of the pole tooth pattern
are arranged laterally in a relation having an equal spatial phase
relation held with the closest dots arranged in the sheet edge
15 direction of the magnetic sheets, the 2n number of pole teeth of
the pole tooth pattern are arranged staggered within one dot pitch
(P) in the normal direction of the joined surfaces of the magnetic
sheets, and the spatial phase held with respect to the closest
dot arranged in the normal direction is shifted by increments of

20 the spatial phase difference (P/2n).

) 2. A linear motor as set forth in claim 1, characterized
in that the X-axis movable member has a group of patterns comprised
of the pole tooth pattern arranged repeatedly in the normal

direction.

25 3. A linear motor as set forth in claim 1,characterized in
that said X-axis movable member has said pole tooth pattern as
a first pole tooth pattern, and a second pole tooth pattern formed
apart from the first pole tooth pattern in the normal direction,
the staggered arrangement of the first pole tooth pattern and the

30 staggered arrangement of the second pole tooth pattern in spatial



91094 T& ()-" &L09& ()-!i!S 109& ()- 10 10 10Y S: 109%& ()-OrPl :10% & ()-!:
f10% : & ()-GL$&L0% & ()- ! S10%&' ()-s 1044 1044 1044! ., 10%4& ()-ga?r P1
1y940% ()-S10% & ()-f!110% & ()-110% & ()-!#10%: & ()-f , 10% & [ )MAR @M
1T d( A0 ()-T P(mPA0%& ()-T "110% & ()- T3

$10% & ()-s! 10% & ()-T! 10% & ()- TG ]~dE:/ 10:

10: 7$10% & ()-931110% & ()-/' $10% & (R7L .gl0% & ()-L, z 1085 &7y 053
+110% & ()-~ 1 ~@XxY:/ 10:z#10% & ()-s5910% & ()- ! 10% & ()- s

110% & ()-gSI10% & ()- 19%40% & ()- 10:}7?:/

10:°110% & ()-s@10% & ()-! qZ940%& ()-!Z9%40%& ()-s!10% & ()-!10% & () - El +d}
[9:/ 10:1 ' 30%40% ()-f! '3%40% & ()-f @ 10% & ()-!s@ 10%& ()- Ss@! 10%
& ()-S! | PEpseouRlIYiaggljip heid withypenRet tor the gYhpsnst dots arranged

& ()-f @ 10%& L)1 s@H 10%& () -SLSnL0% & Ly-ox 1008 & (1 - " JSiHeadi ng
13]c" " %é‘d??r%&'z‘éf'éaf@l‘é%ﬁig‘(’%éﬁ%h%é%g‘f‘%g i‘é’]'cc/éﬁecét%ltr}\lgo%% c'?t"lggadi ng
63] ¢c" " Heheietg F8imd likeasymme 88] ¢c'witleadsnge®3oc'tAe" Dedimadt iRar Agmaph

Font Q L<#|*18 bi p[ xBy" & . C- 4AC
KRYes ?4y?%‘ﬁflgﬁ\%P3§P§5‘%*??T§ﬁ9 $20347;
<>AB! PNEFI JKMEOPORSLAM®¥ ddyr saaedgfas) ketsesrtir| {n Lary WXy @@ ddaiiams 1New

RomanAri al Courier New'h Root EntryWrdDocunent .
| #SYR ( )t9+3 .~ chayagheriaed by having a composite movable member comprised

<=>7? G\BCREFGEY d KRRV VYK b € aBBCA 6f GhiilsknBPIBHE Sidnb¥YY hblifig
in the sheet edge direction of the magnetic sheets connected in
) an in-plane perpendicular relationship.

10 5. A linear motor as set forth in claim 4, characterized
in that two of said X-axis movable members and two of said Y-axis
movable members are arranged diagonally with respect to a center
point in the plane of the composite movable member and in that
the pole tooth patterns of one of the X-axis movable members and

15 the pole tooth patterns of the other of the X-axis movable members
are line symmetric with respect to an X-direction line passing
through the center point in the plane.

6. A linear motor as set forth in any one of claims 1
to 5, characterized in that the thickness of the magnetic sheets

20 is a thickness of not more than half the pitch of the platen dots.

) 7. A linea.[r motor as set forth in claim 6, characterized
in that the thickness of said magnetic sheets is a thickness of

not more than 1/n the pitch of the platen dots.



