; e3eMz/ M () L++. 6& Tz/zI MAR 2003 DESCRTPTI ON LI NEAR MOTOR 5TE Cﬁ\I/AR 2003
Fi ELDThe present invention relates to a linear notor, noreparticu

rélate$ to a linear notor able to use astacked nenber conprised of a
plurality of|{g T ”lmTetsstacked together as a stator

(platen). 10B ! Expl ai ni ng the principle of a Sawer |inear

mot or, as shown igefhG. 12) it is conprised of a platen (stgahpsdolhi69prised
of a magnetic thick plate on whose ﬂ%ﬁq@eﬂgﬁfcﬁﬁpeat edly forned platen dots
D at a spatial periodl5of the dot pi novabl e menber (traveling
menber) 20 conprised of a permanent nagnet M for generating a biasmagnetic
flux) first and second yokes Y1 (Y2) bonded tothe nagnetic pole surface to
be arranged in parallel tothe direckiIBBARfM@BORNCce and provided with first
and second20branched magnetic path Legs A and A' (B and
B'),series-connected first and second A-phase excitationcoils CA and CA
wound arourd the figgdmenehs eeaic branchedmagnetic path legs A and A° of
the first yoke Yl,series-connected first and second B-phase

excitation25coi | s Uhepde8entwouven biounglaftesf to st 1andaygeotelr, more

br anchednmagnet i at d B of th.e secon oke .Y2)_ andtwo_ pol e
teeth (projecti affgé) I‘ieiﬁeﬂkAr?rﬂ} (ﬁi”m?g’ 18 A4 D2 t he
bot t om ends ofstficdd fnéhbaa}dcc&wm @rfcslqﬁdmrﬁty 6fRRddhd €0s shedits A (H

and B') and arranged30in the direction of advance at intervals of 1/2 of
t hedot pitch mtagyed togethnmmshad stedien | PlRhen)l.eg maybe forned with
only one | e t oot vent of several , the spatial phase held
wi t h respg@t to th@"“lm&sneds‘{}'ﬂ t%e“e i :1 4 MAR 2003 - 2
/ JP01/ 01533 dot E£x31 dilvei iy ai:r@pddtr&@ues otfhe sawyerFainker, moltexr,nt erval
tween the first branched magaetl c path | eg éB and _second branched
magneti ¢ pat h 3% §hawn in)FI¢ d¢ t‘ﬁaF°’E‘H€1§B t9hi2 plased distRtP&dpect to
the ol 0sest daigs dfrfhad st (d2d bl ghletsd rt%qfcb@%laftea@xa%%slay s@raaldey P/ 2.
Further, the interval between the second branc magnetic path leg A and
the first br ancshedanﬁfgmsllwc iimmed @ aterns d@é:ts $o athat spled ixdatiextigshases

with resp 0ses! re_shi i t he direct.ion of ad ance by
10 exactl s(S\P/ZfJ %’Eg (ﬁ% azﬁoﬁﬁg’& %ﬂr(ltzrea g‘llr gef"@'c“Pl port

and floats sl |zg;ht~.by.pabewéa 6fl%\ §lellirfnaﬁenﬁfmi§l®e|p|bﬁteﬂ dén éya bingva paassuri zed
air. As showmn in FIG 12A if a H phase current _of thelllustrated polarity

is flown 1St I‘f}a&i’gﬁ?l&nlf}"t’he figst ﬁ‘é‘lds sgcore YPKESt YandY2dcBRAIRIpKRse

excitation coighy GRoAMiHpoAAle he raeeond %Qk%rifgn eat iANbYrbgehi 3%
magnetic flux due to the pérnmanent nagnet but a?so the alternating

magnetic fl ux tdhsaedinecheoaezfohdveueetaatd nnowﬁed&itmt trg@ndseeendnd

st rengt hengd 0 e ntl rtion a in the
air gap bgﬁmeté%a%heh%?;%%eeétﬁh %%% %ﬁleisecglng bf% rﬁ&e(dﬁlzégneti c path leg
B' and the cl ezasiesdeiohnek tadd flﬁsa:ndmsi rs@m@lnyi e phalsieC @ixof tditdwr he pol e

teeth KH to the _closest dots D1 and an alternatin netic flux
QS i s appli ed <Cd1=hEA RN CtAeé’PHnéBaB?“?ﬂet}’fel F%Fsﬁr%ﬂﬁ:ﬁ&ﬁ: géf“f‘g EQ’[ h leg

in a directiRRyncAnee!dath AW e ahicaa neeneld Cr £} 41X, ySive apy £Xt i ngui shed
magnetic flux portion b is forned. On the other hand, the magnetlc fl ux
conpri sed series-connected first and second B- phase excitation
25 coils CB and CB’ wound around the first and second branched
magnetic path legs B and B’ of the second yoke Y2, and
two pole teeth (projecting poles) KA and KA' (KB and KB')
formed at each of the bottom ends of the first and second
branched magnetic path legs A and A' (B and B') and arranged
30 in the direction of advance at intervals of 1/2 of the
dot pitch P. Here, each branched magnetic path leg may

be formed with only one pole tooth, but in the event of

several, the spatial phase held with respect to the closest

[HRRA A
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of, the concentrated nmagnetic flux fromthe second branched 30 magnetic path
leg B of the second yoke Y2 branched via the inside of the pl at eg] 40MAR 2003
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 ' MAR
2003 - 3 PCT/JPOL/ 01533 magnetic path le@ A are delayed in the direction

of advance by exactly P/4 with respect to the closest dots Eh5sandei339.
Therefore) the ¢l osest .dot 15 and 4 |1 the pole,teeth KAin th
direction of adRFE8TyAERaABPR L eR et mager e PO tnee: ol ettt n ca
of the second yanedes tRENELF St ttdh d10E Ana PHOEREGd th t1eg di T €8 | 8AgOf
advance by exactly P/4 with respect to the closest dots D10 and D9 due to

t he ot her branciecbmbhidgnenchdéd mwagneior datfl yied [ ¢BOsdst sidt sAthammd DI

Il th | teeth KA, i 0 directi ite.to the di ti f
ggvance.e 'I?'(r)\erGef eee,s‘ﬁre"ﬂllﬂr‘%?tsaeﬁwl“{ 13‘%?5@0 '%%IOOEhfgf&ﬁ%&s}Lgf?%%n%ﬂo?l back

force in theg r%ﬁ@e&if@%ﬁ@gamimcﬁam CHJh\ﬁHndkerﬁ}ecéié’c@ﬁd ppe first

yoke Y1 as a whole is balanced. That is, a thrust branched magnetic fl ux
portion d is 1Fwsrternt steiintérval begupebcthvesecond prarchedmagietoic t he

first branched magnetic path.l A .and _the clpsest_dots,.D15 d,D19._ while
2 bul | back Tor &P T Sl MAAnEbrctFPay BEPErRRScneeRaEAs BRER ARG Re i r

gap between thgdalér taettndiA tid df isec Phdyanghad ragedt cepathel eg A
and 20 the closest dots D10 and D9) so the first yoke Yl itself beconmes a
stabl e poi nt ofcldrestagieid @ra whdditiesh iFottdre iddirecden, ofs aswamre P¥I G

éLﬁle—D i f an lé—prg%‘saect(iuyr rpe/]lt_ of the illustrated polarity is supplied to only
'f) The movable member 20 has a pressurized aixr ejection

port and floats slightly above the surface of the platen
10 by blown pressurized air. As shown in FIG. 12aA, if a
B-phase current of the illustrated polarity is flown
15 through only the terminals of the first and second B-phase
excitation coils CB and CB' of the second yoke Y2, not
only the bias magnetic flux due to the permanent magnet
M, but also the alternating magnetic £lux due to the second
excitation coil CB’ are superposed and strengthened to
20 generate a concentrated magnetic flux portion a in the
air gap between the pole teeth KB’ of the second branched
) magnetic path leg B' and the closest dots D1 and D2 and
strongly magnetically draw the pole teeth KB' to the
closest dots D1 and D2. Also, an alternating magnetiec 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
bis 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



25 termnals of the first and second A-phase excitation coils CA and CA of
the first yoke Y1) the air gap between the pole teeth KA of the f)irst
branched magnetic path leg A and the closest dots D15 and D19 sw {dhMAR 2608
whrat” had been the thrust branched magnetic flux portion d 30 i nmedi ately
before to the concentrated nmagnetic. flux3pertion a conprised of the bias
magnetic flux plus the alternating magnetic flux fromthe seeomoh@xsistation

coil CA superp , [ I W . ' MAR
2003 - 4 per RO REh el g SRAYER L Enp IR SEEA of pavindel
pul | back branched esa@teti @/l withokleispect t6 the e€xbsegui dbed pmgnanidc fl ux

portion b, so the closest dots D15 and D14 strongly magnetical |y draw t he
pol e teeth KA 334 -aBvenefages the gdoseetufstaPimhanfoRbb R ne e Pode On

t he ot her hand, a,bragnched g ic . f.lux to_f he. c ent rat qilmgnetic
flux at the fi rts?tetg‘r Z(%cﬁgd t%g%@%e%tﬁgﬁho}feadigg}:gt ﬁg ??%Sp&?g‘fgl t hr ough

the inside of hmagnpltaken dR mseas poloOUFethRAT bf SfhaBd conaopdahensahed
magnetic path legs H and 10 H of the second yoke Ya. The pole teeth KH of

the first bran®aeaerdgnpetd paghi| egodesd dehtheofiraetiepi afurdrance

magnetic flux portion,bh t he .t hr nghe LG, T p [ d,

whi | e the pol eB egf‘%clilzy g{kt ﬁéttge%%tﬁagg?agghg]agan’gégﬁ%a%%% JE)%F% ﬁ{ég %ﬂdsw’ tch
fromthe concepbratededth@@idrx Hdanched mboReditof1ie. pAk ¢ badkndrgnched
magnetic flux portion c. Therefore, due to the switching of the two-phase

current, the nb$gbrdofigfbefoss RdfansdsPByPutacthy PPie teetPn&Puditg the
excitati 02 Pat E?B@?e%igh%ppogge‘a% 12l d‘ﬂ’rEEtf‘oBWBFp §§§n%gr_rent) there

are four excitation patterns of the excitation coils) s y one round of
‘the excitati onTpareépns, the thmeaht d nmthkediPéc tivandesdivance amdsthrd

ds b itch, worth of distance. Ln th f th
Cui tohing of 1 RELLRBSRREBECE ¥R S uSRAR ALEBPEAOPSmaERBr SRED AFPERe pol o

25 teeth novi ngefzteeu?eahhr vak kiagehgdxangneis ca fyna P01 s i9g dnkeat he

concentrated nmagnetic Tlux portion a. To realize a planar |inear notor

havi ng a novabFkat is, a thrust branched magnetic fEux portion 4 is
15 generated in the air gap between the pole teeth KA of the
first branched magnetic path leg A and the closest dots
D15 and D14, while a pullback force branched magnetic flux
portion c is generated in the air gap between the pole
teeth KA’ of the second branched magnetic path leg A’ and
20 the closest dots D10 and D9, so the first yoke Y1 itself
becomes a stable point of the magnetic attraction
) potential.
Next, as shown in FIG. 12B, if an A-phase current
of the illustrated polarity is supplied to only the
25 terminals of the first and second A-phase excitation coils
CA and CA’ of the first yoke Y1, the air gap between the
pole teeth KA of the first branched magnetic path 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



menber which noves planarly in the Y-axis and Y-axial direction using such

a Sawyer, linear nmotor, for exanple) 30 as seen in Japanese Unexanhq€ﬂ1 2003
Pat ent Publication (Kokai) No. 9-261999) as shown in FIG 13 and? Aﬁi

there are provided a platen 10 formed on the platen surface with square-top
platen dots D arranged in a matrix and a 4'-' ,9 4 MAR 2003 - 5 -
PCT/-JP01/ 01533 conposite novabl e menber conprised of X-axiswmnmabhﬂsnfnbers

rz)gr gﬁrlelngt 3'['['?12&\7 axi s anﬂgbqﬁqta ?;%t%gl}:e%t %QE)QY%&IE %ﬁm % di rec on and

Y- axi s novabl e Yraminesy sna%(?ﬁédi&wmguet;rdmﬁwhapem hy ecitimguiehed eeth KA
and KA'" (KB and KB') parallel to the X-axis and able to nmove in only the
Y-axi al direct imagnetq fdgxneerEdopyba §QphRe tCiNREE I s DS @ﬁﬁppéﬂar

di cul |
bul Sat i on of -t HETRVA Be dnsbie st b Fan e fot e teetd AU 80afbing
FIG 15) ths yaeus¥loasdr¥sthebrogake mévieer lzmanohwhémgjmm Rapat,h

| egs, the nutual ]y independent phase excitation coils CU CV, and CW(CU )
CV, and CW) \ﬁobﬁﬂn‘ﬂse thm‘efBpén%é@rmagmtq%lqﬁmai%mwnv}:1§nd w

(U) V') and W Qg the ?S?anar chred esc‘il%p%é@ﬂ fe%o?\h&? h%%k?s

field of use o Re® &bove I near ere’is knomn
a devi ce nount masysttﬁrﬁcﬁ&mrtml fhagda dﬂb\talbzl plaeeher0 pasised phaoaghy at
the bottom surface of a platen held suspended down wi th an_actuator for

sliding in thetﬁGrﬁéFsﬁlﬁéétF8ﬁ°Gﬂ prensiedo mrgnetdCe Pt 1&g & &Rduni | e
hol di ng an gl egl rNi G, e\ i ARDUN KA. iThQ g@qeekegrthostbc ofe¥heeriRLQ a

t hrough hole etc. 25 of a su strate arranged under the platen. The platen
‘s§rV|ng as thebsaabhedemagnetzw dah tleg pl swatchifear thet extisghdshed on

Its surface mnth ten ots_arrange ma ) co i sed of
a single thlckmBP 5&8F|8°ﬁ§f83 gltFtEP8kgéf83F gfa?ﬁﬁe?oWﬁgﬁ 8%f a
bl ock material f1%kepekeson bf Whitset Rhek ppliat € c@RANKE! Co TR | Sdcdisd Used as

the platen) an eddy current naturalli occurs due to the magnetic flux
passi ng throughr?ﬁéhieﬁsm%l@%l‘é mayh deenp’ §BitRk IaomdhsetPRrARtrated) 4

VAR 2003 3P B R neE Rl Piud AN AP LLERIRE gt 1A BRAntHRaPRUERLO8S

(iron |l oss) fore 1t s to obtalin a high speed,
hi gh thrust foftexnpeabliennenb@hezrdoael adge ¢armhntsuapahnhy o redgui r ed.

As will be undg&gt ggsgrgH}EQStCh%haC%%L% Ecmember 20 advances by

exactly P/4. If including the excitation patterns of FIGS.
12C and 12D, with a two-phase current, there are four
20 excitation patterns of the excitation coils, so by one
round of the excitation patterns, the movable member 20
) advances four times and proceeds by exactly one pitch worth
of distance. In the process of the switching of the
two-phase current, a thrust force is generated at the pole
25 teeth moving from the thrust branched magnetic flux
portion @ to the concentrated magnetic flux portion a.
To realize a planar linear motor having a movable
member which moves 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



5 curve a of the dependency of the thrust force versus speed shown in FIG
16) the higher the frequency the driving periodic current (current Mse

i s made and the higher the speed of the advance, the nore rapidl3  AAR 2003
thrust force falls and the nuch worse the efficiency (speed x thrust 10

f orce/ power consunption) becones. The preSent inventors took note of the
fact- that it is possible to suppress the occurrence of thereldyoif/0i128¢ and

real ize a hioh capgeds ol GB,LBIUSLyRAd Wonl:gEbichansy Rl angbvbbigar ot or

by using a stacke er conprise Furalit magneti ¢ sheets

(for example, aehbieglknN2eShatingts tiiwe {divapdd PHJ; ety boeepaeelhekasheet
edge surfaces of the’stacked menber (surface where edges of plurality of
sheets appear PRdpXRal(KH )and Khe ppratdhelakl EBen¥naxincapdapbhedbes

arranged in a nmatrix_b ching,?2 te. o l,at e ug,f . ?in n eddy
current does ngpvga%Pl§nggs§hfh¥08§§a§hg32§§§ gh ?ﬁ e?fgggg fggﬁég

surfaces) of thempegaebby nBOEhE) sthepelshaped pyojeansaghpeoeeseicaher and
occurrence of an eddy current can be suppressed) so it is expected to be
possi bl e to reXRi 28d2BAy (Kymshd@®) pagalialute, thegh-exiscavdcybhranar

| i near notor. L ng t r of. £ .t f, no X[, al | £ menber
and the row of t%l %gégtg%lgrfele%%o g'%gcl%nlgﬁ%cgéﬁg maggg ahn %E?ggﬁz{he
concentrated nmageappért! pxaper soonh 30 extpughbshedrpegactutakl ux portion,
and branched magnetic flux portion (thrust branched magnetic flux portion

and pul | back bF§hehéanfBéRetic flux portion) nove in a cyclic manner along
L1, SOUESL! | EabRRCEIORE L dnRld S yineafiof g WERUED of vhe,
‘mMyvabl e menbermadabbeesembenyg 2h¥ (20Xdi decingntheoadhence, as shown
in FIG. 15, the yokes Y1 and Y2 may be given three branched
magnetic path legs, the mutually independent phase
excitation coils CU, CV, and CW (CU’, CcV', and CW') wound
15 around the branched magnetic path legs U, V, and W (U,
V', and W), and a three-phase current supplied to these
coils.

As a field of use of the above planar linear motor,

for example, there is known a device mounting system
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



the direction of arrangenent of the pole tooth row of the nonoaxi al novable
mepber and row of closest dots is the 5 sheet edge direction of the
magnetic sheets, the magnetic circuit for the advancing magnetic{f4 MAR 2003
formed in the thicknesses of the magnetic sheets in parallel to the joined
surfaces, so advance of a nonoaxi al novablée -nenber in the sheet edge
direction beconmes possible and the above 10 advantages can fe/281 aheed. The

magnet flux in the stacked .menber) howey IS fract ar. bl ocked at the
j oi ned surfacesc}b%aaﬁ%eer%glncef‘ls _roers?gﬁatﬁé%pf’ge%ielgi% égglofl l!qséér)l)oir{l%gteual |y
possible to fordAd thegeebre £t Gt tEQEual 66\t g aMRoRetdgedd Unig®h al ong
the normal direction of the joined surfaces and advance of the nonoaxi al

nmovabl e menber tihruste fogceamodpbéet member amd g dianae surrends ceprcddny on
n) .is . Ther ef or

di cul . h h d ' ' i,bl -
nt | mow - eversfoRBSHAEERr Vi T3 LOFE GBURRE A FRPR 3 R SRR ARG SFRREAE ot or
using a stagked nmenber ?ﬁ' a BI at ea.e Ther ftglre irn ¥i€(\)/v of VteheS abovee
problem th otﬁu&}’te Br© é‘ep BREATEPRY St iOF Fg P8 r e TS & 4 Sh BRY glf
bl b i t g L di . ¢ o
of ‘2 st acked medser Sa M &) S AT, el e eey, MR B0RAR 7O

menber of the paRgicldic thettentadcarpleatepuase)pievmd@eaahtigbhepheghelri gh
thrust, high efficiency linear notor. DI SCLOSURE OF | NVENTION To sol ve the
above probl en) thifespead LEheadyanra -hEhsompre seri dlyyehe thrust £8TF6rm a

magnetic circuighar 5 %”%z;%t hﬂghaﬂoi‘glléﬁg eN@s FREDELES f(FBéeﬁﬁgg‘gﬁgf.\E%t ed

magnetic flux and branched nagnetic for the novable ne ong the
sheet edge1@i r fotricerl powetrh e onisaciped omg nbercomes .
) The present inventors took note of the fact that it

is possible to suppress the occurrence of the eddy force
and realize a high speed, high thrust, and high efficiency
planar linear motor by using a stacked member comprised

15 of a plurality of magnetic sheets (for example, a thickness
of not more than 1 mm), using the par#llel sheet edge
surfaces of the stacked member (surface where edges of
plurality of sheets appear in parallel) as the platen,
and forming the platen dots arranged in a matrix by etching

20 etc. the platen surface. Since an eddy current does not
easily pass through the stacked interfaces (joined

) 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 magnetié flux portion, and branched magnetic
flux portion (thrust branched magnetic f£lux portion and
pullback branched magnetic flux portion) move in a cyelic

manner along the row direction in the magnetic circuit



(1 4 MAR 2003 - 8 PCIT/JPOL/ 01533 and causi ng magneti c coupling between one
set of pole teeth of the novable nenber and the platen dots in the normal
direction of the joined surfaces of the stacked nmenber by arrandi hgﬂAR 2003
staggered one set of pole teeth in a 5 predeternined spatial phase
relationship wthin one pitch in the norogl direction of the joined
surf-aces. That is, the present invention provides a |linear paledo;pf9yi ded

with a platen having a platen surface fornedq.with a plural.ity of pl.aten
dots arranged ir}r?rg‘e_%atlpi gﬁﬁrﬁliﬁe a?ﬁm;"hcﬁ’l@ g&\?aEVB E‘F‘éﬁb?ﬁh% nf?gao’%f“r?]pol e
tooth pattern 'nRAYIY memdRlr Qlivahck8aaliodd (HEEF& Mirfe A dM! &8y 2 Or
nore) pole teeth for generating an advanci ng nagnetic flux wth the cl osest

dots anong t he thleatiémedation vficaerangérent atfrtheapoliketpathl fev shadte edge
surfaces of the 15 stacked nber conprised of the plurality of ,nagnetic
sheets st acked™PFgaM &L &?"tr;ﬁ’é‘epl ral‘?d‘%rfé’r"’ei"& Fﬁ@sfﬁtn%é*r ’tﬁg‘ﬁ’fgnet ic
teeth of the peheeitoghBePditEEPioh A HABEGnLRIE My rd D @A aghRAllA]
phase relation with thée closest dots arranged in the sheet edge "direction

20 (Y-directiomjireuitthdoraghet advahedng. magnehie, flvwe D fmumred iof thad e

teeth of the pole tooth pattern_are arranged . st ered wthin one dot pitch
(P) in the nor M ¥nes&eS P ke NAFIR Lﬁ']\‘%fca%gld’f Re 9 HeFeet s.

The spatial phggenkel duvkhBessSPeEavahdd1® FChan@Sda kD1 AR membey t he
normal direction is shifted by increnents of the spatial phase difference

(P/2n). That idn the sheat gidgehdizechipn Bycanrs pois§ibdet andi the adayect to
t he cl osest,, dot when any spati al, .pha I's p) axe assigned as p-P/ 4, p,
p+pl 4, andt‘%+PF§"ﬁHetﬁgr?:sz?éaé‘g%ﬁ- 19/*’5%16‘- 6, p, p+P/6) 30 p+P/3) and p+P/ 2

when n=3,' and as pThe thaghret/ 41 ux B8 thR spakkdd meRbér,phdWeXergnd sp+P/ 2
when n=4. According to this confiquration) since all of the 2n nunber of
pol e teeth of FREXPStES &t bloskes #thdhe Jjoined surfaces and the

magnetic resistance is high, so it is not actually possible
to form a magnetic circuit for an advancing magnetic flux
15 along the normal direction of the 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



" ,1 4 MAR 2003 _ g _ PCT/JPA /01533 spatial phases held wth respect to
the cl osest dots arrayed in the sheet edge direction (Y-axial direction) of
nmagnetic sheet, the X-axis novable nenber does not receive a thfusMAROREES
to the Y-axial direction, but the 5 2n nunber of pole teeth of the pole
pattern of the X-axis novabl e nenber are arranged staggered shifted in
phase in one dot pitch P in the normal direction of the joipgdesiypiages of

t he nagnetic sheets) so the magnetic circujit for the advangcin netic
o 1 T or ned AR AN AiRe BREBELLE il LIS BEEPBRAGTOE REVTADROS HERED:
Further, the 2genybes PipPe! fehbethafl thE PPAEeRELEE NN thbENSLAXRS

novabl e nmenber have spatial phases held with respect to the closest dots
arranged in thdinectrhbndofetheofodhetiheurbaned elir theesbhickkd meghetr c

sheets shifted, by exactlg I 5 increngnts of the_spati al ghgse di fference
(P/2n), so magh¥t PEFRREIPEngE2aPETESuSBE RPERCEnRBOLPOEEEEDIPS®ar ranged in

the X-axials diﬁ?&ﬁia{?@}miﬂﬁ%téﬁé&taf hagel PﬁiQ@i&%éﬁiﬁ'wﬂ!ﬂﬁpbhgf‘??%ﬁ
successively onh the 2n nunber of pole teeth of the pole tooth pattern
| ateral | y el onjjat eble 20ormal hdiX¥eakiah dirtbeéi poided sorfaecesycl e of

combi nati on of the concentrated nagnetic,flux and brancaed nagmetic f 1 ux)
and the X-axis novabPREmbfbeFPROREESERENLTYERLAGR| DEPRIERE - LAPSPT

direction due 9y §PrrMi%bd 45 #d PUalBhIMVinga gThtid Bub@YceSt HERed! 1S
possible to realize a nonoaxi al novabl e menber gi'ving thrust in the norma

direction of twetho mdusakitcas ofl atlem siodskedrppgldr inia matpbxsabde to
realize utjlizatign of a st c%ed nge ; nma ne%ic heets as_a Laten and
possi bl e tL pr%9| eaﬁﬁfepﬁﬁgﬂ §p%g§T ﬂ#gﬁ YHPEst” RPoh g??FﬁlBﬁES FPnear
‘mptor. The thrugvih@r&es@EtSf Odt theaPol 2nt pfidre W tLhHidw Iwgéheobranched
gnetic flux to the concentrated nmagnetic flux, but the branched nmagnetic
fl ux and conce®¥ rAxXR) Pole teeth for generating an advancing magnetic
flux with the closest dots among the platen dots, wherein
the platen has the parallel sheet edge surfaces of the
15 stacked membexr comprised of the plurality of magnetic
sheets stacked together as the platen and wherein the 2n
number of magnetic teeth of the pole tooth pattern are
arranged laterally in equal spatial phase relation with
the closest dots arranged in the sheet edge direction
20 (Y-direction) of the magnetic sheets. Further, 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. The spatial
phase held with respect to the closest dot arranged in
25 the normal direction is shifted by increments of the
spatial phase difference (P/2n). That is, the spatial
phases held by the pole teeth with respect to the closest
dots, when any spatial phase is p, are aésignéd aé b-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



,1 4 MAR 2003 - 10 PCT/JPO1/01533 nmagnetic flux occur at pole teeth of
different yokes, so a rotational noment acting on the X-axis novabl e menber
occurs alternately in the forward and reverse directions . Thel ki YARr2008e
speed of novenent, however, the smaller 5 the ratio of the rotational
vibration with respect to the speed of travel. The pole teeth where the
exti-ngui shed magnetic flux portion occurs differs the nost,pde@bijcssahal f

of a pitch) anong,t.he pqle teet ram.t he pol e teet re the
concentrated ne ettJTa(c31 qulﬁfeosc?herqsdf "ﬁlnrph[ hr}ees%aescgt of° a&pﬁ a%eOnseﬁf dt'ljés)'?sng a

nmagneti c sheet awyed an RinekResetOkddle! BiiRebilibna (¥i-b&ha1t ke reREARIN)C
circuit forned along the sheet edge direction inherently finds it hard to
hol d magneti ¢ eduplagne:is tdhewdi,e ttheetr apticr eaveh ey menimy dagretiaf | ux | S

parts occur, so there is _no need to generate an alternating magnetic fl ux
of a strength &X&EHY éxfﬂﬁ{jﬁ?sg?ﬁﬁetﬁ% tb*f%?r?db‘r?elll rqu%%d%_t"%et Sor ee
of freedom of deshdfpes bBECHERS Abet) dth@heass1 8f pat £ ¥8n RIEIAd kNAK 1Ot Or)
the spatial phase difference held by an pole toot% of the 20 concentrated

magneti c flux povebde memhbere ars arnreamgedfs tasgerad =3fi ffrethciredhegmet i c
fluxes wth respect t he, cl psest ts is Pl4 _while the tial .phase

di fference hel d%b9nfh§° oPé%fﬁo hl%&c}b%&%% cl%drerﬁatdhoéf iocfsg?' xjgﬁg‘eﬁs}e
pole tooth of theralkar ol ehehrRagRBeNEtdkeétsiX 46 thle?madheltid Berease of a
t hree- phase linear notor, the spatial phase difference held by an pole

tooth of the céezehheaadvereipemagnetic £Aex he pormed ackondpithenshggitr of
br anched neti.c fluxes w th re ct t st i P/ 6 ile the
r’r%“] d]g]gedlrectl]pnt ﬁg 3:211% stta%]ﬁ_le%g]m%%g)se% FQJ(}ttsh%xS t./he nig{]

spatial phase §i rence o e toot one branchéd mag ic flux
and the pol e t aaibeef ofhpolieheeethaocheterpynet ipatilebn Wt theespeniid 0 the
closest dots is P/3. Therefore, in the case of a three-phase |inear notor,

it is preferabM@vablgsPenbsaghave: serédplphasgs held with respect to

the closest dots arranged in the normal direction of the
joined surface of the magnetic sheets shifted by exactly

15 increments of the spatial phase difference (P/2n), so
magnetic couplings are caused with the closest dots
arranged in the X-axial direction, the thrust force in
the X-axial direction acts successively on the 2n number
of pole teeth of the pole tooth pattern laterally elongated

20 in the Y-axial direction due to the cycle of combination
of the concentrated magnetic flux and branched magnetic

) flux, and the X-axis movable member moves translationally
in the X-axial direction due to so-called "crawling
motion".

25 In this way, since it is possible to realize a
monoaxial movable member 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 magnetic sheets as a platen and possible to provide

30 a high speed, high thrust, high efficiency linear motor.
The thrust force acts on the pole teeth switching from
the branched magnetic flux to the concentrated magnetic

flux, but the branched magnetic flux and concentrated



,'.1 4 MAR 2003 - 11 PCT/JPD /01533 thickness of not nore than 1/3 of the
pitch. In general, in the case of an n-phase linear notor, it iprMFEeﬂmgle
to use a magnetic sheet having a thickness of not nore than 1/ h of e
prtch. The greater the nunber of phases, 5 the thinner the sheets. Wth
three or nore phases, magnetic coupling il hard to occur at both of the
pair- of pole teeth where the weak branched nagnetic fl ux oGetfspe5013531e

excess nagnet i l.in n | i t . Q@ Lopg kS CuUt af f
and can be put ﬁ\a%%%g:elci glﬁﬁegggﬁgs%'gfg&]’foeg&&%qo %t%hgggrggg?égs' Shrﬁ.g'sRa%ﬁer) a
hi gher efficieacyotattibnaexmesmead beeihyhenXthsi %-anyabhevabbbenegbeirng
thrust in the perpendicular direction conpared with the Y-axis novable
menber giving olEcygs ahtereatebstiregye forerrd apd reNexspodEyeehéoppesent

[ [ [ |l inited he 15 x-axi bl I
| near notor aAltenddobr thecApepd 1 BpoalBNEL BoURIRE EhelsmRalelC

not or conprjse@nef ratpbad€rtneskbadishatketbr@oben with aesperaxical taevabl e
menber giving thrust in a normal direction of the joined surfaces of the

st acked nenber speedraift BErYedi-nce the platen is a stacked nenber of

' h , b Kk ] l, ' -
nonmetal 1§ ¢ mat bri af DOCRRER: ERCA Mo eyt OB AR o REp L IE oy

Further) it ispbotibACeSewry diF AraVtHe MESESs I hekyeleal £ v dopstcithe
pl aten can al so be 25 fabricated easily. Further, the |eakage magnetic fl ux
can be reduced®BfB9athegReiectepthefizgmchheprotBnterblt Whers. tRSte that the

spatial phige £ehakhopsPLl AL F18xS8E0l PRI cLbE dPYA! gr gRTbEr

side and the set o osest the platen side is relative) so I nstead
'32 of giving ausiaggarmagmetinganest hayvimwe apbhdeknelsat obnshthbianbayft he
pol

e teeth of ghe,rmvable menber,. it.is als 0S iaglLEt I ve a st gered
arrangement i n2tREtphadds BRIRESASHFHT DR ‘E’E’lée‘& Naiid gﬁssﬁﬂa&nﬁgg in
~,1 4 MAR 2008ired€ion inherently finds it hard to hold magnetic

couplings with pole teeth where extinguished magnetic flux
15 parts occur, 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 two-phase linear motor, the

spatial phase difference held by an pole tooth of the
20 concentrated magnetic flux portion and the pole teeth of
the pair of branched magnetic fluxes with respect to the
K ) 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
maénetic fluxes with respect to the closest dots is B/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



PCT/ JPOL1/ 01533 the X-axial direction of the platen side. Wien the X-axis
nmoyabl e menber has a group of patterns conprised of a pole toot hl\g'ammr P03
arranged repeatedly in the normal direction of the joined surfaces, 1t I
possible 5 to obtain stable travel and high output of the X-axis novabl e
menber. A pair of patterns are fornmed cenptised of the above pole tooth
pattern as a first pole tooth pattern and a second pol e t ooide/pat ks

di . | 1Q di ' ' . Th
St hogor od arr angEAIeTy o oy ReE 8D EhRR T o Tt A ey TR SePEpii oy

arrangement of jihenseeard Bel &nPRlpKrEfe 8l fndd NanSHEWERLIN G Abdeferidle
X-direction |line passing through the pattern center. Both staggered
arrangement s art® juselR e@nedliprahaet daninshshithiginesd (A maharereo t he

cl osest dots arrang i nt not lrection of the joined rfaces of the
magneti ¢ sheet §h6fn ﬁ%@ f’:lfr Ege&fg%og*ﬂe p%ﬁ?agrf?lr amf tdﬁlénbjseercc?f\fg pﬁ’@@tel’?’
pattern, regpeghe’tninndrthed shlesty.d WitH Qe JOhRided BHasEENt

si mul t aneously 20 act on the X-axis novable nmenber, the rotational nonents

are cancel ed omagaetiict cdonpddad Hise hagdeltioriossuer adt AtdnAf ihg @aion. Wen

t he X-axis novahl e er_.h a_qr.ou ttern ti.segd of the first
pol e pattern af g%ﬁ%ﬁ%eg& ‘gﬁﬁﬁf%&engﬁgﬁdrﬂ?aé}?g‘ee gﬁgg}gﬁé?eﬁymf é’ﬁggtresdl y in
the normal direet kae ekctbe hoynEtisUEd@RSERNg | dori Sunpets Sirb st olp® i3@Aith eObt ai n

stabl e travel and high output of the X-axis novable nember . It is
preferabl e to PEeBE§SSdcphésprahail apdarandhePWy tohesabbydbe brdsfovabl e

menber and, - afio$ O R e 3% o5 EE TRYCAL 1, Na e RO Wr £248% Ay R O Of

t he magnetic
‘ ) be expected from the X-axis movable member giving thrust

in the perpendicular direction compared with the Y-axis
movable member giving thrust in the sheet edge direction.
Therefore, the present invention is not limited to the
15 X-axis movable member of a 2D planar linear motor and has
sufficient value of use as a one-dimensional linear motor
comprised of a platen using a stacked member and a
monoaxial movable member giving thrust in a normal
direction of the joined surfaces of the stacked member.
20 Further, since the platen is a stacked member of magnetic
sheets, it may be a stacked member with plastic or other
. ) nonmetallic materials sandwiched between dots in the
X-axial direction. FPurther, 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 poies-of the movable member side and thé 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



sheets connected in an in-plane perpendicular relationship) but here two
X-axis novabl e menbers and two Y-axis novable nenbers are arraqga?
diagonally with ,1 4 MAR 2003 - 13 PCT/JPO /07.533 respect tid & AR 203,
poi nt of the plane of the conposite novabl e nenber and arrange the pole
tooth pattern of one X-axis novable nmenber2 and the pole tooth pattern of
the -other X-axis novable nmenber line symetrically with 5 rpesReet/eifst he

X-direction line passing.through.the center _point of .the plane. The
rotational no ﬁF 355&? hglfg Pé?np8%nfh8fp?ﬁ§eﬁlSﬁgeof the conposite

movabl e menber act s yieRut h@RCAYIsYnd v 1€ mleRibeer Kk 280y ¥ SYEoFepEt EEEREONS,
the rotational nonents are cancel ed out) and the rotational 10 vibration of

the conposite compblisedepfes pola twindile pediteya ekrirangeticdenndtedveinre

tabl e t | in the X-axial directj d. Y-axial__direct] b
real i zed from IO BpERRE GiaseEie8 # Shectetied FaTERcenr L ISEERBs BT eN oF

DRAW NGS 155 Fl Go dpleaid RaBRECLLYGeY! GWaOhikHeoaepgEAbFCRREI QULRLIsON of a
2- phase planar linear notor according to a first enbodi nent of the present

i nvention. Fl GnoRabldeameebepecti ve view of an X-axis novabl e nenber in the

tor. 20 FIG 3 i | ' f th tial . ph relati hi p, bet
the pol e teeth of tAPSERAS RANEBPE REROEYTAFY GHIRIAFAfbLS CRFGPEYPS 5

side view of agoXeaxbdthOpakkerfedbes £€e8ti foibetsodlii phtdekAChhana 25
FIGS. 5A to 5D are sectional views of the states cut along the line H-H,
line HH) |inesacond pade kpathApatiars| eepgraked. iB theangchmadatic pl an

vi ew of an, X-axis vabl er Vi f te ' th a
first pol e183<0 ?66‘?%‘%68&%%&% fs{;%%%g’%&% gggggﬁ%tpaaz%‘e'r ?B%I?If]@%&}gfé)ga pl an
‘viYew of the rehgkbiigemneh8ngenment ofrXtapbsenmpvabhepactbensanddeXeaxi s
novabl e nmenbers. FIG B is a perspective view of the schematic 1 ~ MAR

2003 - 14 PCTFSPEEFERIIZTERRT FRRR MG foRDES S8FORI PRI PAFXSFE AERLEINEN a
3-phase pl anar o} hiigdt s BPLOSu 8GR - Ak 2 2P 904 sa@e@rggﬁﬁreagﬁhaa@resent

i nvention. FIG a plan view of the relative spatia ase bet ween
t he pol e teethpattehn Xeakes.noBabheshegberednadrpangemenbssarfl én 10 is a

side view of the 58X SndBY3RLE. FEOREh: SR ANWIPR Kegybat EhregL! on:
closest dots arranged in the normal direction of the joined
surfaces of the magnetic sheets of the first pole tooth
pattern and the second tooth pattern, respectively. Since
a forward and reverse rotational moment simultaneously
20 act on the X-axis movable member, the rotational moments
are canceled out and it is possible to eliminate rotational
) 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



FI.GS. 11A to 11F are sectional views of the states 10 cut along the line
W-W) l[ine V-V, line U-U, line WW line V-V) andllneUU’lllp[fFAREZUE3
FIGS. 12A to 12D are progressive views of the operation for explaining t
principle of a Sawyer notor (two-phase linear notor). 15 FIG 13 is a
perspective view of the schematic configustion of a conventional 2-phase
pl anar linear nmotor. FIGS . 14A is a plan view of a two- th§eﬂglﬁnﬁg i near
nmotor in FIG 13, FIG 14B is a ri si de V|em10f t he 20 sane two- %ase

pl anar |inear FSEHECtHEQ ?b&cﬂrh"@ﬁg§°&nﬁ:r Bht the R 2ne °nfet§‘§rrE°{“R85|3tT’c?se

| i near notor. p t I anar
| i near notor, Eﬁ gab%?mlegbgrr %‘8 é&s’? eé)%/ltg]vtgof E‘ﬂé!og;l;%le ptaﬁrte%grg%gzgn% anar
l'inear notor) &ndxElsGmovablies membez5ahdobhevpeleotobhd pamtetrhr ed- hase
linear notor. FIG 16 is a graph_of a conparison of the characteristic

curves of the 8éﬁéﬁd§né%léfmPW@b@ﬁrE§Pb§ér§&§etﬁemyﬁééacéﬂ lhaidvabl e

menber in the ked
member. 50 7 HECTEROLE PO CARBTRECHDT Tt PReETIPCh B @SS clntel? Pl
1 is a perspecpoiatvewvwisf pllhaegeTies alo taaionglr abmentdban 2-thwsengleanar
| i near notor accordin - 1S PCT/JPO1/01533 to a first enbodi nent of the
pr esent |nventPBhntFP%.t§e|BlénﬁengEEflQﬁmQPéﬁﬁﬁfmaﬁaklﬁxwgmHBVaBFésnenber
in the notor ti A} | S
between the. pol e rserheor e s et wba SRE A P B e A S, FiG
9 is a side vi eotatianaX- apmentevabeeccancbbedsent, |anﬁhEhé&aatat1dna&ction;
and FIGS. 5 to, D are se t|onal vi ews of th state cut al on he |ine
BOH, 1B W eBraRiSa SR tRd panaate ey b, a8 frdfoLt EPE 1 1o
G 3 pOftloﬂé éhﬁm§ﬁ3€easaﬁﬁméﬁhéukdﬂb EWGblkBt&&@eElgh theakeangahgned
the same reference '' ~ nunerals and explanations thereof will be omitted.
The two- phase Bizagtippnand ¥mﬂ¥#akﬁd%#ﬁQ$¥9ﬁxﬁﬂnﬁhﬂ:rﬁ§1é6#§rﬁ§9m dpPwa
pl aten 50 havi p syrf 5 h a plurality of platen dots
D arranged in Qgigd L?%ﬁglagé ggggn%g ggg%§% I'e menber 70 conprised of
two X-axis novabl e BnthrBEBOXIamdonDFYDExW$Naﬁvable menbers 20Y connect ed
by a support plate 30 in_an in- Iane endi cul ar | ati onshi_p. The
conposi te Hovabl e nEffer 176%hds SrBPEEEh FzgﬂegleeFSEtPSHeﬁéﬂt (not shown)
and 20 noves ptaRfxgXr#bibe f aatd -Hha¥d phbhnkraboneathBosdtf 2c800hihge
platen 50 by the blown pressurized air. This two-phase planar |inear notor
i s enployed fokcexafprétasmhadimentseinhbhel Bresens FGNFE§F°nandler is
provided with a Cof‘%i\?t Eri‘QSLe%e %891:5'913‘151@ b¥ Qg Szhﬁx?ti ah1ROSI ti on
by suction, noves i 0 a test positron then escends to con nue to press
down terninaISmeﬁbehethkhe mbeotrC socket for a predetermned tine, then
suitably thereafter gs t he Ig and, |nse£ In_an exh position. Wth
this IC te handle? pFafeRi®d Yiewo° ﬁBBr?BatéﬂﬁpB 888& upsi de down
fromthe il I Usiéﬁieﬂoﬁéﬁiﬁ bt D HRRSHb & e NBYEPH & fTRIKREK - AR i BDNMEFaBh anarl y
al ong the platen surface dlrectlg under t he platen 50 using the contrast
_tyansfer as apeier and platen dot

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 ; schematic plan view of an x-axis.hoﬁable
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. B8 is a perspective view of the schematic



,1 4 MAR 2003 - 16 PCT/JPOLl/ 01533 The platen 50 is a stacked nenber

corrprl sed of a plurality of magnetic sheets T stacked together. Aﬁ sBﬁB/n [wa
FIG 1 and FIG 2, the paral | el sheet edge surfaces are used as & é %
surface 51. The magneti c sheets 5 T are for exanple silicon steel sheets
coated with insulating films of for exanpl4e -0.35 to 0.5 nmthickness. The
dot -pitch of the pI aten dots D (one spatial period) is forsexaspeisagveral
nm Each of th b erss20Y..1 vanci ng
in the sheet ega lﬁ%g??éﬁ }@ gvéln‘gl Egllrgeg(?}’gﬁ?egﬁgﬁﬁbgnégng‘talggséﬁegts T.
The first and peanad yokearYhotd¥Z)actok@ihg tdea pesigndaembsdimest sbaped
projecting pole teeth KA and KA (KH and KB') parallel with the X-axis. 15
The pol e t eet htRkeaxpaagerRN nVRR%kigAd KH x) of the first and second branched
nmagneti c pathlegs nd ) f t f e..Y. e f the
X-axi s novabl e rrerr‘neré’1 GBQLare;?]Inaq}% r?“fhg ggx#éﬂg?‘?éc %%9%1% ng in

FIG 4 and shaveeeéWeah &Ra8tpalepba&eh Mthhéexmﬁistmeébiéﬂen&hmessmdots D
arranged in the sheet edge direction of the magnetic sheets T. The lengths
in the Y-axi alPlatgnrdetPen of the pole teeth KAx and KA X (KBx and KB x)

are two pitches' wo ofol £ | at t
bet ween them are al g%&f \/\/%Op|€g%1ml'cgevmr?hwp° ggeﬁgné’ttﬁ %%2%%¥r%§pol e
teeth KAXx and &éex iKBﬁ(hand Kiklix) aieetcepentedly arrayed for each dot pitch

(one spatial period = P) in the normal direction (X-axial direction) of the

j oi ned surfaces of ?F@Smabﬁét Fe LhEctke Tseetionad roveY ok ddtd. s¥_t_®%own in
FIG 3 el G ai g DORE Blnd OPLI [ ALY XshkHy oK ddn g iy o1 10 2
| aterally arranged set e tooth pattern) fitfing in one pitch are
‘ayranged st aggkimel erhmndnkldetUpUt th FRGt h®. nor rral di rectl on of the

] 0i ned surfaces of ets 1 4 MAR 2003

- PCT/ JPOL/ 01533T. Fﬁf&% ?95 §° Sg | aF® REQEECRRI 1S W VS e%{)eE’Peto

t hecl osest dotsp&¥d 1GE0EdP éi}ﬂaﬂi}{i@ tdd 8etiheRplecoshi fdpmpyr ieESAENt S
of the spatial phase difference (P/9).In the pole tooth pattern 61
surrounded by {¥eotRka®et LiRaRR PPReIln FIG 3, the pole tooth KAX is in
regi sterw th the cl st . got . D t wegpe on a
occurs in lEshe air ggf)@aslgh%amglﬁelg %gggi)g’é ﬁfej%ol e t%%%héwéﬁg%&st agger ed
by exactly haldomf pyecatiwhhobspeconventienal odeghagotpynanel tmeagap as
shown in FI G 105C beconmes an extingui shed magnetic flux portion b) thepole
tooth KBX is s'?qargcb%‘red advanced by exactly P/ 4 fronthe closest dot D) the
air gap shown in Flfzec$B 1ecarespiud Miaekobraagebegnaeenstiagat | 1bndwrtion

c) the pole toothKB x is sta gered del a %ed by exactly P/4 fromthe
cl osest 15dot MO%RE IheF Er g p ERwnldB @ righpctiiesviee ofrthe

tbranchi ngemagighd ¢whl-Phak¥ bi 2had 1A KotBES JHB’ REEE{PYls SFLdips @
group of patterns conpiised of the abovegroup of e tooth patterns 61
repeated in theleé# ad atlue reame otwat phaseel phexh !prem:od 20The pol e teeth KAx

and KA x (KBx and f each poletooth pattern al spatlal
ases w it X oanociiid) ¥a 80 dlAeCy 28k b B Sl i Faan Mhie S iR S
rection( Y- axp@ednht neﬁidm)ndﬁort hergagnes tdheckright s2avhviewldeXXiaxi s

movabl e menber 60X does not recejve thrust forceZSin the Y-axial direction,

the pole teet FaU% HHE KPHAFKIXIARAKE )3T (MQH i RShE IF 1 4G g IR
X-axi al digect e u r fggnetic flux is
formed al ozgng t %ice\’eafae‘gggg %?%e%%lﬁgntﬂ é?h%ﬂﬁf%gﬁled neggoer In the state
shown in FIG 3 ancFIEG 16 {exaiguapbnoBla stemmaximon cof-gihase current)

the pole tooth KB x generajes a thrusi branched netic flux ortlon d, so
in the procesERATAGTELHE HC FORYEReO - PhGs e‘?:‘iﬁg‘sel?ﬂ‘fyt%tctﬂéel—’ﬁ

current, a thrystefdndfe aglerdBst PRe b FaEROMember indt MR LO03 whe'l&

PCT/ JP01/ 01533 KB x in the X-axial directi on) in the second swtching
process, a thrajes rlortoen aks 2 dnladie npot er taotandKA'sX a 15 tialvkexd anemiier .
dlrectlon in the thi it ching , t S cts on the pole
tooth KHx Pn the x%églﬁ%%%|$%€t?g%§§§’§% ?@t%ﬁjf%ﬁﬁ'gﬁ%ﬁchi ng process,
a thrust force act st NEnpSdEnéoeth XAx in the X-axial direction. An
X-axial direction thrust force acts successively on the four pole teeth of
each pol e tooth patRE¥n 511$a@epar$gee¢bwaww|mftﬁee Geixexal di recti on by
the cycle of 1OCrrb|n cgf{] 5 ncenratedyma netic flux or.lonaand
br anched magnétd ‘qu ‘?Ifl % a4, PAREFBy PR § MNP IAS 9 60X
noves translationally in the X-axial direction by a so-called "crawing
notion". O course) it noves translationally in the X-axial direction even
IS in the case of a platen conprised of a block material. In this way)
since it is possible to realize an X-axis novabl e nenber 60X giving thrust
|n the normal dlrectlon of the 10| ned surfaces of the stacked nenber, it is

o o . -, = o o, Y Y



20 magnetic sheets T as the platen 50. As will be understood fromthe
characteristic curve ~i of the dependency of the thrust force versus speed
shown in FIG 16, even if nmaking the frequency of the drive period current
(current pul se) higher and maki ng the speed of advance higher, the thrust
25 force does not fall that nmuch up to theshigh speed region (2 nisec).
Therefore) it becones possible to realize a high spee~3) hhﬁ@ﬁﬁ@{“ﬁ§3ﬁﬂd

hi gh efficiency |inear tor pat hase rel ationship b en, t he
X- si de pol e teé:PnaK%% :{3 qﬁ?p aclﬁlfiiog" n&t\;\é‘\%&%
menber 60X and jihg BEE‘EEE&'%& Dlaw@flgaexd X-rh)hhe? méva1d mdinRG! QN tife t he

platen 50 side is relative, so instead of giving a staggered arrangenent
anong t he pol errtoe:@u:h BAG .ardd ikA'ax pL&BX varew I(E >C)he S|ptat|19.1p@3@|stﬁl e to give a
st agger ed 14

R 2003 19 PCT/JPA /0153 r nt _anong t | at en
dots D arrange&elﬁtlll‘? s I&PSFWGFPe ¢ APLR ?gt aéﬁl(femg’fﬁ‘gﬁﬁﬁnber
of dots on fhelleenNaflldic€en MW CFIC. S4ef@rarreuae §Pe‘UBf.S a\fpul dxhe
di sadvantageous in the production of the platen 50. 5 It would be

real i zabl e howewsnabile mesbeasseceh dnpitheel-ekials@dkectien:orndi FAGShe

d I t of _hi t h f d t f . plat Si
v st for e alts WBnEPREFRoPEet EBRTL A Thi 7y WA (o COE BABRBNERS |~

magnetic flux pgnll angl,teigelB- ﬁonwﬁbrﬁtaﬂ rraﬁ@enﬁefiux PRr¥x@n 8). the
t hrust branched magnetlc fl ux portlon d and the concentrat ed magneti c fl ux

portion a occur Natet hrapoim R¥éot B b6 RIe Fppportéopskihe samey asothpisenal
nmonent acti §9 on 2&8 X1§X'Sd”?&?bl§4”Eqbe5§%1§n%%p%ﬁsbkgm%lE%&Q?tel A

f orwar d ana r ever di F8cfSns “Ps and e i'S nmovabl e menber noves
«fnansl ati onal | yuale@ag sWahid lehpi1anbaiionsaltheireo®t winl blee oliighed.t he speed

‘of travel, however, the smaller the ratiqQ of the rotational. )
The two-phase planar linear motor of this embodiment
is comprised of a platen 50 having a platen surface 51
formed with a plurality of platen dots D arranged in a
15 matrix and a composite movable member 70 comprised of two
X-axis movable members 60X and two Y-axis movable members
20Yiconnected by a support plate 30 in an in-plane
perpendicular relationship. The composite movable member
70 has a preséurized air ejection port (not shown) and
20 moves planarly while floating slightly above the surface
of the platen 50 by the blown pressurized air.

. ) This two-phase planar linear motor is employed for
example as an IC test handler. The IC test handler is
provided with a contact transfer which holds an IC at the

25 entry position by suction, moves it to a test position,
then descends to continue to press down terminals of the
IC on the IC socket for a predetermined time, then sultably
-thereafter raises the IC and inserts it in an exit
position. With this IC test handler, the platen 50 is

30 supported suspended upside down from the illustrated
state. The composite movable member 70 moves planarly

along the platen surface directly under the platen 50 using

the contrast transfer as a base.



vibration with respect to the speed of travel. Here, considering the

rel ati onship between the dot 20 pitch P of the platen 50 (sane af phﬁﬁh of
pole teeth of X-axis novable nenber 60X) and the magnetic sheet & +, 2003
t hi ckness of the nmagnetic sheets T may be |l ess or nore than the dot pitch)
but for achieving high speed, high thrusgpy and high efficiency, it is
preferably less than 25 the dot pitch. Taking note of the pQl &t gakh Wwhere
t he extingui shed magnetic fl ux rs i.n the nmagnet|] lrcuit,

ortion b occ c
the pole teeth havel#® %Pr?%%‘f_?@l’e%a?'nc%t?‘g‘?‘ﬁe'“?ﬂ?%t‘_’?'&? _%‘# %fa‘?)i lity of
the movabl e {Tg%itﬁﬁfa JW%fafnggh\é_%ticSQh%lgta§aﬁ’s%%%!k@'aegobgtﬁgﬂ%s dHyder

the 30 pole ere the éxtinguis magnetic fluX portion b occurs
differ the nosinamphg 1 len@dBGL e2f htlie quatdikl @bl shéeetddgherer fdees
concentrated magnetic_flux portion a occurs. There is a sPa,tiaI ghase

di fference of &ffuged as wheypd bR SUDEACHCTLyPRS BIBHE e cHReqhRrefore,
as 1n this TP or | dhedddiy £3961 Hlo %é’éﬁ%}?@e&?'&&%ﬂﬁﬂﬁ sheets T
thin half of a pitch) t

havi ng a thi ckness w e magnetic circuit fornmed
al ong the sheeinsdget dig €dtlimen oifnher eatdmpXe A5 tohéur 8l mno thdlcknesmgneti c

coupling with pole teeth where the extingujshed magnetic fl uyx portiqn
occurs, so theﬁ'éei@%(?lrfé'éh ah tdb?\é’rlaﬁ%erhr#%sta'n( en@‘pi?&dﬁi PETAN of a

strength exactiy €4 iKY NdeddiaPigs. magnetic flux and the degree of
freedom of design Is increased. This is also 10 an advantage of using a

st acked nenber as @&Egdlatedn.the Y) akkist hevabienwembars p? @Y ars B0 moyad st acked
menber of gnetic sheets T) it, be .a stacked nber. with, plastjc or

ot her non taI'T‘?'?,b%ft ﬁ%#@%%%os}b%ﬁ%%‘t?%o%?%t%% -'a%?fja"’fi
sthyrection. Furdiheddeidn)i SfeheRagBEBLY shiedt:s ar.Ovhder { £6ESIRD she@loMeen t he
"dots . The platen can also be fabricated easily. Further) the |eakage

magnetic fl ux ¥aeshdy édded kilee dmithrerragt darr s teiPeeshantd i buted to.
g(‘g group of %%%técecﬁhtrl&pgwiwntiegiﬁ'ﬁ a%dcﬁkf YRBOLNGS ) gq%fd?ﬁlaéf% qf for
npl e the padletoo tiern anong the four types pol e toot
patterns repearsd Xatax@se- pi tch
15 The pole teeth KAy and KA'y (KBx and KB'y) 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 (KByx and KB'y) 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 joineé surface§~of fhe magnetic éhééts T to form
rows of teeth. As shown in FIG. 3 and FIG. 5, the pole
30 teeth XAy and XA’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



intervals in the X-axial direction. Here, if the pole tooth pattern 61 is
made the first pole tooth pattern. and fox exanple, as shown in FIlg, MARlZD[B
a second pol e tooth pattern 25 62 relating to the pole teeth Kax, Ka'x,

Kbx, and Kb'x is forned apart fromthe first pole tooth pattern in the X
axial direction) and if the staggered arrgngenment of the spatial phase
relationship held with respect to the cl osest dots arrangeq, ?ﬂ, Bppolgﬁaamal

direction of the pole 30 teeth H x the Tirst” po
tooth pattern dndF f‘ﬁé@ag&g’leeﬁpért)ﬁér}ggﬁéﬁte%@lé Het FFﬁEPFFG Wt FReespect

to the X-directdi1pddiNgoks méwgatﬂf eH@MNL b PRa P {88k LD LR sBile@lpRr d
and reverse rotational nonent x MAR 2003 - 21 PCIT/JPO1/ 01533 act

si mul t aneous| y byn inleer edeantiss orfo\mtel espmmxhér phaXe <d ftflearematent (iRi¢dl. nonent s
are canceled out and the rotational vibration can be elimnated. This is

because the poI e t odtntKgPR 1S t?‘PlEhﬁartstterﬁofﬁ sugFrasad BYrF%B“’Ph§°§oI e
tooth 5 KaXs %Q‘?Lns?ﬁﬂ@d J.BOIFQ .oqt htpet O%rl@ Q%)ot?xh%Apoﬁg §R0 P%E"EQEI he

first pole toot pattern 61 an "t hépo ot hKa' xotf't he secon e tooth
pattern 62, thepthethet kKa'sesttt detf D,st poheehmmhlteﬁammgmtamd fiilepol et oot h

Kbx of the second pole tooth pajtern 62}9rand the pole tooth 10 KAx of the
first pole tooPRT5APPeENCBIUERAR NEND AL IR R551eWS 1PhEISecdRd bBRe

tooth pattern Q%ma\feomexﬁ@nfs sp@ég@érmao%ﬁ%waﬂy m%% b@tt:heweltﬁsest

dots. In this enbodi ment, asS expl ained above, X-axi's novabl e nenbers
and Y-axi s novakebpemtnberthe@yoses tlBot dnddtecd imoan asm- g¥lcre in FIG.

er pendi cul t|onsh| to forma cogposite, pov er 70. shown
L LA SR LT R ST G S B
‘rrzrrbers 20Y ar godker 8HEEH KBAGI @ltlaygeired havaacked Byt BRaeeniep /ROERbmO Of

e plane of the conposite novable nmenber 20 70) and the pole tooth
patterns 61 of tbﬁecéPsFﬁé sobxPs FBeapi®e gepbeRewsokn (BiGnchRdbaagmesic

oL 505, by oo Ao B RUE TS0 RS CRO L ol ent P (e
arranged to bekBixnks tapgered dedayddebPSexaciYedt/4if domehkzcpasssng
through the cegter p?ﬁﬂgtgg air gap shown in FIG. 5A becomes the thrust
branching magnetic flux portion 4. 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 KAy and KA'y (KBx and KB'y) 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 XA’y (KBy
and KB'y) fit within one pitch in the X-axial direction,
s0 a magnetic circuit for the advancing magnetic flux is
formed along the sheet eage 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'y 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



of the plane. The rotational nonent about the center point O of the plane
of the conposite novabl e nenber 70 acts sinultaneously in the fo{j\ﬁaﬁgRa%h
reverse directions ) the rotational nonents are cancel ed out, am
rotational 30 vibration of the conposite novable nenber 70 as a whol e can
be elimnated and therefore stable travell8in the X-axial direction and
Y-axial direction can be realized from!|ow speed travel topdi/ghnigeees

perspect i ve vi SRkt At RECBAENAE cOLbHrFgoPa Hancor AR A P hebtbe monber

ina three-phaﬁﬂo@éaaara liniaat FokrRle a6€6! 6h Nthd Pod eSe6oRH RAWODL NEé of 5
the present invention, FIG 9 is a plan view of the relative spatial phase

bet ween t he poXeaxiael hdbfeahiomaxin hbeabhérdrewbétclaimgpwa@@ﬁsﬁiots FIG 10
is a side vie

bl e disection,
and F1GS. 11a C04SF SPECRCRTPRRar GREWECLE TRECALKPES T A D 1 ho

line W-W 5 |iggrécedon, ldde 14 tHe fbh&ehv‘éwtéhﬂﬁg\b%caaﬂ ld rt@xﬂ&étl n
FIG 9. Note that in FIG 8 to FIGS. 11A to 11F, portions the same as in

FIG 15 are asmm@theogahberm@ dootmEAerial Shang- &% hrdkitnestsi ather eof
are omtted. Furt jons. the Sein the first 15 enbodi ment will
not b ol & udedt ok kiEE] 4 £EFLIOR PRIGEoedlicd "eth " Rhpde PV TR\
of an pol e toaike Faulxepdl 8l datNBE dddifbole tderptitairnds 1 aGitexrailyy an

X-axi s novabl e nenber 80Wof the present enbodi nent are arranged staggered
in the one-dote}pngated mivhe né-aotadl dbreetionrPufthaecyelect sur faces of

to the o dSesicuiy i St e | qite ey BT welin R IE shdch ETENTS
0) t he spati alarp:i'laﬂetnched magnetic flux portion cd, whereby the X-axis

movable membexr 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

200 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'y) 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

KAy and KA’y (KBy and KB'y), it is possible to give a staggered



difference (P/6). The pole tooth KUx in the pole tooth 25 pattern 81
surrounded by the two-dot chain line in FIG 9 is in register vm'ih t he
cl'osest dot D. A concentrated magnetic flux portion a occurs in.1keMARr 2003
shown in FIG 11F and the pole tooth KVX is staggered advanced by exactly
P/3 with respect to the closest dot D; -i a8FFG 30 11E, the air gap becones
th' e weak branched magnetic flux not shown and the pol e tosdthsdekoissa

staggered del aé(??axﬁ é&%?ta'm%né/ ﬁxé%qrgtte&ed&l.é)%eéi‘ﬁg%e?;qixﬁﬁgeif-lf)éi%ﬁllD’

agai n a weak branc ma net results not s 4 MAR
2UU3 - 23 PCTd:JP@&iDdrBSeBtawega:patéﬁhesmoéﬂiéoor}t\emhmb'eﬁ of agges edndel ayed
by exactly half a pitch vmth respect to the closest dot. As shown in FIG
11C, the air gepe HREDHS SHef 2681 MANSHRIY ey rRAQTITY Lix '-iﬂ)rttl}lcﬁl WU t he

pole tooth KV ig | psest dot
D) the air gapﬁshoﬁéé\%ﬁ% ﬁ%a%rgg%%é?ﬁcﬁ irgurét ﬁrg{l\% rr%lg;n% ic flux
portion d and thesgpui® BOdaldiable KéwORr eth ativ@ncLsle b:yf exaslayel/ 6 With

respect to the closest dot D, and the air gag shown in FIG 11A becones a
pul | back branche® f@aﬂr&gﬂéﬁacor |WTpGP@| gavelopmenk-akikighpascd sifber 80X

" has a group to%crec‘{lgspsf cro e p| O{In t({prd)lq%@er}#)oth pattern 81 repeated

I n the X-axial I on ‘a n this three-phase planar

| i near notor, a 15 Signmeat tﬁfesltrﬁatgrteﬁ aet&lcux the pble teethl savilvoiched
magnetic fl uxs&_ ortion _cd separately_are generated at the yokes Y1l and Y2.
This is becaus&Fhe EREUsh iRFARAIES RAInSHd S dgth RRE 8% kMR separat el y

around thegyo ana&rﬁ%e@maaﬂ%u%%wi meclcaanfa' Othati & b%%ched

t hree- phase 20 | near “notor of this enbodi nent can use
'cynf i guration t(ifgrtd‘tad flvk poboibmeEnénd the concentrated magnetlc flux

portion a occur at the pole teeth of the opposite yokes,
so 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 (samé 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



y Even in such a three-phase planar linear notor) in the same way as the
first enbodinent, it is possible to realize an X-axis novabl e

gi'ving thrust in the 25 normal direction of the joined surfacersnfor);qu[thgQﬂm
stacked nenber, so use of the stacked nenber of the magnetic sheets T as
the platen 50 can be nmade practical and r@al-i zati on of a high speed, high
thrust, and high efficiency planar notor becones possible. ;30 ;4180394 €
teeth where the, extingui sh?d magnetjc [l ux %Polrétéon b occurs}hdiffer tge
most, that is,PhEFR- oFPeXBfPER: aRohy PRES poMROILBEREf 1t R T2Fe keth

where the conc g | ti 0&C inkNat PR3 ~1 4
MAR 2003 - 24 g%%%l‘gﬁhgfﬁ‘%‘a&%leg?éngﬁg?ga H ’P'régh‘e‘?i% BRiERAas ng a

t hi ckness of writhinhedif @fpatphtchhethagaginet ic céuchiftof oemedl alwpng he

sheet edge directiqn inherently finds it  hard to hold magpetic caupl|ng
with pol e teet heuidieet I‘?é‘g«?xfiil}réﬁﬁi'céﬁﬁdlﬁhﬁﬁﬁ?@” ¥ lﬁopt"'r"gntﬁclb‘glr% SO
there is na n . d her ' g | ; th
exactly ex'f3 [ n%ﬁ%‘?ﬁggﬁé@%ﬁa@n@gﬂgfpﬁ?ﬁ F%f lggngﬁtgtg giég)r%,glor?g’ﬁge%}gm of
design is i ncrmageetid¢ nflie pasetich acthrge- phatbepéabarnbdi nead tot or of

this enbodi mrent, the 10 spati al ghase differenc? hel d bg an gol e tooth of a
concentrated rEgHeY3te an@LRGTRREInG| BagREEFC F 1P KO haf r SEFEREERChed

magneti c fluxesyyidly '&2PEE4ui Onihe £hOSESLs dRASnEE1E/ P1uphhhg the spati al
phase differ enceﬂoﬁ‘n{ hgﬁgolﬁeutootﬁ@of one b?anciréd :Fragne?i c flux portion c

and 15 t he poldegoee hobHf faeeddrrobrdeshen heagimcreaseédx Pbisi da aAlepth

t to the cl t, dot P[3. Therefore, inth f _a three-ph
[inear motidr) 91 FLVEREIEE BT PGSR SEREDRL PENBRECRE WF RACEAI ckness of

'nzt nmore than g Scdr | N@iddé Chhe MpDALER C560UP! 4 NGt ek batMemBti 8gui shed 20
fragnetic flux part b is hard to occur due to the joined surfaces, the
i nval i d magnethagshetic eheete Fedib MY R StAgkehasabey whghaiasteidupl i ng

s hard to occul Gty AOUlle LhPy PRI faOLr RIS LEEAD: (KVE BOCEVK §9cEI G 11)

where the thi magnet i1 c Tl uxes occur, t he magnetic coupling
consuned i n stioppihey X texjpabodesecbions Futtlhéf, abd tanmbdt peacessange in
the thrUStISf Orr?oep?:fox}i ee 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 one-pitch
P ) 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 Kay, Ka'y, Kbx, and Kb'x is
formed apart from the first pole tooth pattern in the X
axial direction, and if the staggered arrangement of the
sﬁafial phaseirelationship held Qith resﬁect;ﬁo the
closest dots arranged in the X-axial direction of the pole
30 teeth KAy, KA'x, KBy, KB'yxy 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



progression. Note that it is of course also possible to realize a
four-phase or higher linear nmotor. '30 | NDUSTRI AL APPL| CABI LI TY [AMAR 2003
expl di ned above) the linear nmotor according to the present invention has a
monoaxi al novabl e menber giving thrust in a normal direction of the joined
surfaces i , ,1 4 MAR 2003 - 25 PCT/JHKQ1/.01533 of the stacked nenber, so
use. of the stacked nenber of the magnetic sheets as the plggggpﬁggugg made
practical and a high speed, high thrust) and high efficiency 'notor can be
provi ded) so i3csufiBBl&angpugd¥ ABt tBAl Y-axis Bevrkiejmembex ff¥y i RE

rachinery 2 TRe WhttifEh UBNEREs £ REMER Y GRkRdY RER FOrEGIbREET.
provided with @ipkatesnleas Be a1 iniaiedurhase § bedtdsei the popleutabthy of

pl aten dots arrapged ina matrix 5 and an X-axi s novabl e el enent having an
pol e tooth patKBxnoRathrgfarsst peleatopthspabherphap fhpsrade hoegdr of 2

ol osest dots. alBhat HE bl ST eridre)® Pt e LR ne L LGt |\,
the platen hasgdp dfheneakakkel pshectostlyuvdar &1 ahdt bResperéetosenber
conpri sed Ka'y of the second pole tooth pattern 62, the pole tooth
KA'x of the first pole tooth pattern and the pole tooth
Kby of the second pole tooth pattern 62, and the pole tooth
10 KAy of the first pole tooth pattern 61 and the pole tooth
f) 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 ©
of the plane. The rotational moment about the center point
O of the plane of the composite movable member 70 acts
simultaneously in the forward and reverse difections. the
rotational moments are canceled out, and the rotational
30 vibration 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.



of a plurality of magnetic sheets stacked together as the platen surface)
the 2n nunber of magnetic teeth of the pole tooth pattern are arrfggﬁﬁlR
latérally in a relation having an equal spatial phase relation he h2003
the cl osest dots arranged in the sheet edge 15 direction of the nagnetic
sheets) the 2n nunber of pole teeth of -thkhe pole tooth pattern are arranged
staggered within one dot pitch (P) in the normal direction,&f/ ;441941535 ned
surfaces of the magnetic_sheet )L and the spatial phase held with respect to
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109 & ()- 4 1@%h&a@bs 3 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 KWy in FIG. 11) where
the thin branched magnetic fluxes occur, so the magnetic
25 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 moteor.
“30 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
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