Title: COMMUTATED MOVI NG CO L ‘LI NEAR MOTOR This invention relates to

commut ated novi ng-coil |inear notors which are applicable to various
carrying, conveying and transporting nmeans. 5 Conmutat ed novi ng- ébtJ?JiﬁﬁéfS
notors of the kind referred-to may be effectively contributive, for

exanple, to renote-controlled or autonat d_openlng and cl osing of curtains
and are forned to be snall and bilateralTy shiftable within a guide frane
with curtain 10 rings, so as to constitute a carrying neans for the
curtains through thae a8 s hg -eﬁﬁ lgRcr easi ngl y
widely utilised as T ) n recent
years, and are generally C|aSSIerd |nto nDV|ng magnet 15 type and
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there is shown a |inear notor of t ermwngrranet type ©n | C
per manent rrawmﬁﬁat‘éhi@hshﬁﬁ'teablaéﬂ}\lﬁiﬁ 8t i EogapITRANRJ ‘F*hrﬁiiéﬁ'gtn c

cireuits of conveyifigtldnd tPdnsporednyymedhsposed 20 el ectronmagnetic
devi ces. In this nmoving-nagnet |inear motor, however, there has been a
probl em that the el ectromagnetic devices acting as a stat or neans are
requi red 5o [Comhubstedipmdeingtbidl eaurriezmowtonst hef ethet rmimghet ic

ctate so thaf SESNEsincte: | BAY (Beh SRaRdE PR tRr opbrd IRt 0B, S
4151447 of Jexamplésr tRi demsitexicontiraliedt ber ahmmamempagmgu land near
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di sposed in two ro at arnmture se not or

are di sposed btld-a(’i@ﬁﬁiﬂe)bl%h%«ﬁ?ﬁbﬁeawﬁﬁghétlacgulde frame Wlth curtain

10 rings, so as to constitute a carrying means for the

curtains through the curtain rings.

Linear motors have been increasingly widely utilised as
carrying, conveying and transporting means in recent
years, and are generally classified into moving-magnet

15 type and moving-coil type. In U.S. Patent No. 4633108
of J. von der Heide et al, there is shown a linear motor
of the moving-magnet type in which a permanent magnet
plate is shiftable in magnetic gaps formed in magnetic
circuits of a plurality of 1linearly disposed

20 electromagnetic devices. In this moving-magnet linear
motor, however, there has been a 'problem that the @
electromagnetic devices acting as a stator means are
required to be always supplied with electric power so
that electromagnetic coils of the respective devices are

25 always kept in a heat generating state so that heat
generation is increased.

In another U.S. Patent No. 4151447 of J. von der Heide
et al, on the other hand, a moving-coil linear motor .is
disclosed in which permanent magnets as the stator means
30 are disposed in two rows and flat armature coils of two-



gap between the rows of the permanent nmagnets. In this arrangenent, the
electric power is supplied to the novable flat coils only when they are
driven as a nover 5 nmeans so that the heat generation of the coils nay be
reduced to a | arge extent. Wth this arrangenent, however, the flat coils
novabl e in the magnetic gap between the two rows of the pernanent magnet s
require the nagnetic gap to be of a size larger than the 10 thickness of
the flat coils so as to be defective im2titat the magnetic efficiency is

| owered and the entire size of the notor has to be enl arged. Furt her,

thi s notor ws the use of the flat ure cqils J S not su stive
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movi ng so en0| assenbly rne as to surround
W, that the magnetlc efficiency is lowered and the entire

size of the motor has to be enlarged. Further, this
motor shows the use of the flat armature coils but is
not suggestive to the provision of cores, so that there

15 remains a problem that magnetic efficiency cannot be
sufficiently improved in this respect.

In still another U.S. Patent No. 4439698 of Der-Jong

Chen, a moving~coil linear motor is shown to comprise a

rail assembly having a power supply pattern and a

20 solenoid assembly of three-phase coils formed to be
movable along the rail assembly. This linear motor is a

_ so-called reluctance type in which no permanent magnet
\/ is employed but a ferro-magnetic piece is included in
the rail assembly to be attracted by the solenoid

25 assembly for its movement. Since the motor of this
reluctance type is relatively low in torque, there

involves a problem that the entire motor size has to be

made larger in order that a larger torgue is to be

attained, in addition to an inherent drawback that the

30 magnetic efficiency cannot be sufficiently increased due

to the absence of any core. Further, the moving

solencid assembly is so formed as to surround the rail



assenbly, so that there is still another problemthat any support nenber
cannot be provided to the rail assenbly at its internedi ate position except
for both end portions and an el ongated rail assenbly becones 5 insufficient
in respect of support strength. In the case of a further noving-coil linear
notor disclosed in U S. Patent No. 4641065 of Osanu Shi buki et al, a

t wo- phase noving coil assenbly U-shaped in section is nounted on a stator
means of an array of pl ate-shaped 10-p®reanent nmagnets nagneti sed to have
opposite polarities in their thickness direction, so that the U shaped coil
assenbly will enclosingly oppose substantially three consecutive side faces
of the per assemblyngneosthatd thexecisi ratilk r snothers pyobhkemt shati s
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arrangenment, however, no techni que of enploying any core in the noving coil

assemdl y whi epkgeniRgel Nor 235 PRI AR 115- 481 109P IndRy SRGREY and the
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in their thickness direction, so that the U-shaped coil
assembly will enclosingly oppose substantially three
consecutive side faces of the permanent magnets, and an
exciting current is supplied to this moving coil

15 assembly through brushes from a power feeding pattern
provided along the permanent magnet array. An
arrangement in which this linear motor of Shibuki et al
is applied to curtain opening and closing has been
disclosed in Japanese Utility Model Application Laid-

20 Open Publication No. 1-103385 of Shigeru Sakagami et al,
assignors to the same assignee as in the present case.
In this linear motor and applied arrangement, however,
no technique of employing any core in the moving coil ~
assembly while keeping the assembly compact has yet been

25 reached and the problem that the magnetic efficiency
cannot be remarkably improved has been still left
unsolved.

“~

According to an embodiment in the foregoing U.S. Patent
No. 4633108 of J. von der Heide et al, in addition,
30 there is disclosed a moving-coil linear motor, in which
a mover means is formed by winding coils in three phase
system on respective three pole shoes in a series with



- 4 - respect to a core, and this nover neans is disposed to oppose through
a magnetic gap a stator neans including a row of pernmanent magnets and to
be novable along this stator neans. Wiile this notor includes the core in
the 5 noving coils of the nover nmeans, the core is shown to be nerely
opposed at one surface to one surface of the permanent magnets with the
magnetic gap interposed, and the nagnetic circuit is caused partly to have
a relatively long path |lying across tke4other surface of 10 the core and
the other surface of the pernmanent magnets, so that there still has

remai ned the problemthat the magnetic efficiency is not sufficiently

i mproved. FUFEBRECt| %ot [ COTSeANGpLhis meveroReans nifec ddsPesed Hdughout

the three-phgggosei thrdghhat mhgaeeikagapean stator mMedsSMridlddiglg tie core
has %o be Iarge enough for not allo n%r;fge | i near_ not Ol 19 have g curved
path of a reFG¥i O& PRgpent jmagnexs, r .M JPOYIRIS adong | tion
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U so that there still has remained the problem that the
magnetic efficiency is not sufficiently improved.
Further, in this linear motor, the core is made common
throughout the three-phase coils so that there has been
15 a problem in that the core has to be large enough for
not allowing the linear motor to have a curved path of a

relatively small radius.

A primary aim of the present invention is, therefore, to

provide a moving-coil linear motor which is provided

20 with cores in the moving coils to remarkably increase

the magnetic flux density in the gap for extremely

effective improvement in the magnetic efficiency, while

-/ still realising dimensional minimisation of the entire
motor to a sufficiently satisfiable extent.

25 According to the invention, there is provided a
commutated moving-coil linear motor comprising a stator
means including a permanent magnet array disposed in
said stator means to extend in the 1longitudinal
direction thereof and magnetised to have opposite poles

30 in the direction of the width of said array and also in
the longitudinal direction of the array opposite poles



- 5 - alternately at regular intervals, and a nover neans nounted for
novenent along the stator nmeans by neans of an el ectronagnetic force, said
stator means having therein a power feed pattern disposed to extend in the
5 longitudinal direction of the stator neans, said nover neans including

t hr ee- phase cores, U shaped in section for opposing at both |l eg parts of
said U shape both side faces of said permanent nagnet array of said stator
means di sposed between said both | eg=p@rts, and three- 10 phase noving
coils wound on both leg parts of said cores in bipolar systemwth end
portions of the | eg parts extendi ng Lron1the coils, the power feed pattern
in said st &ie YRy i ReIlAsughnEerYAdS ., ¢ 2R3 A mRAVRF c Heans
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power B%dehase moving coils wound on both leg parts of said cores
in bipolar system with end portions of the leg parts
extending from the coils, the power feed pattern in said
stator means applying through brushes to said moving
coils alternately positive and negative voltages for

15 exciting electromagnetically both leg parts to provide
thereto sequentially magnetic repulsion and attraction
with respect to both side faces of the permanent magnet
array.

The invention will now be described in detail, by way of
20 example, with reference to the drawings, in which:-

Figure 1 is a fragmentary perspective view of one
embodiment of a moving coil linear motor according to ~
the present invention, with part cut away;

Fig. 2 is a perspective view of a mover means in the
25 linear motor of Fig. 1 viewed at a different angle from
that of Fig. 1;

Fig. 3 is an exploded perspective view of the stator and
mover means for explaining the structure of the linear
motor of Fig. 1;



pattern in the linear :notor of Fig. 1; Figs. 5 to 12 are respectively

expl anatory views for the operation of the linear notor of Fig. 1; 5 Fig.
13 is a schematic perspective view, to an enlarged scale, of a part of the
nover means in the linear notor of Fig. 1 for explaining its 'structure;

Fig. 14 is a schematic perspective view, to an enlarged scale, of a core in
the linear notor of Fig. 1 for 10 explaining its structure; Fig. 15 shows
in a plan view a base of the nover neang i-n-the linear notor of Fig. 1;

Fig. 16 is a front elevation of the base shown in Fig. 15; 15 Fig. 17 is a
schemati c perspective view of a part of the nover neans of another

enbodi nent oFif.| ihedS ndt Fragmentanyy pPianhigwseft thacpower: fered 18 is

a perspecti Vgatitewn ia ¢heeNiNead mot¥re ofOfFiyg .CA e i n the nover means of
Fig.{17; 20 Fig. 19 is a plan view of the base of the nover neans shown in
Fig. 17, Fig. 20 is a front elevation of the base shown in Fig. 19; - 7

- Fig. 21 isFdgper speot i12e aties Yedpddtd vl \explarattome ntiewg o eiseor di ng
to anot her e i f | i r or, .acc l.,Ng to, the present invention;
Fig. 22 is agggg?iqgggl %\ﬁ g\ﬁe gg'%eenarpe)hc’e}r‘%e(f%s?aﬁr%ﬂ ]8‘f 5 yet anot her

enbodi mrent of a linear notor according to the present invention applied to

a carriergmegly fqn Qﬁerﬂ @cﬁ’é&ﬁ‘aﬂ&%&ﬂ%ﬁé&%gsirié{}d led-arfdenfafged
perspective vi éw of the carrler _neans shown In Fiqg. 22. .
scale, of a part of the mover means in the linear motor

of Fig. 1 for explaining its structure;

LJ, Fig. 14 is a schematic perspective view, to an enlarged
scale, of a core in the 1linear motor of Fig. 1 for
10 explaining its structure;

Fig. 15 shows in a plan view a base of the mover means
in the linear motor of Fig. 1;

Fig. 16 is a front elevation of the base shown in Fig.
15;

15 Fig. 17 is a schematic perspective view of a part of the
mover means of another embodiment of a 1linear motor
according to the present invention;

Fig. 18 is a perspective view, to en enlarged scale, of
a core in the mover means of Fig. 17;

20 Fig. 19 is a plan view of the base of the mover means
shown in Fig. 17;

Fig. 20 is a front elevation of the base shown in Fig.
19;



10 Referring to Figs. 1 and 2, there is shown here an enbodi nent of a
commut at ed noving-coil |inear notor according to the present invention, in
which the linear notor 10 generally conprises a stator neans 11 and a nover
means 12. The stator neans 11 conprises an 15 el ongated guide frane 13
substantially U shaped in section, a permanent nmagnet array 14 extending
substantially over the entire length of the frane 13 and disposed in a
recessed part 13a formed longitudinat|l? +n the inner bottomwall of the
guide frame 13 and a power 20 feed pattern 15 secured to one | ongitudinal
side wall of the guide frame 13. The stator nmeans 11 functions as a guide
for the no¥d@.-m@dndsi A pexspretivenviewgas: the array jof ppevpanent an

tel oggat edI ?h@he{t’sﬁt acabaas?as edls'omadﬁhéii gem%oc?améﬂtf o 2t5 ﬂmﬁlsai-sed as
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direction of the width of the array to have opposite polarities. The

per manent neta.ar§ay 14 J er nt e ' frame 13 by
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direction of the pernmanent nagnet array orma palr having a length L,
as shown i RPeRdNg; and GlasingGtainRy aRde pover feed pattern 15
conprises, as shown particularly in Fig. 4, upper and | ower conductor parts

19 and 20 arranged ,above and bel,ow alpng t side wall of the ide frane
13 thr oughiflﬁ'l%%i r‘?’ﬁ.xlaatqﬁpﬁﬁﬁeteiﬁ ‘éﬁ%‘gn‘?}é}ﬁ"g}'? ncfﬁi?fmﬂ??ﬁﬁi gﬁ?"ﬂi rection
of the fradm Fig.n22.gzag pattern turning at
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10 Referring to Figs. 1 and 2, there is shown here an
embodiment of a commutated moving-coil linear motor
according to the present invention, in which the linear
motor 10 generally comprises a stator means 11 and a
mover means 12. The stator means 11 comprises an

15 elongated guide frame 13 substantially U-shaped in
section, a permanent magnet array 14 extending
substantially over the entire length of the frame 13 and
disposed in a recessed part 13a formed longitudinally in
the inner bottom wall of the guide frame 13 and a power

20 feed pattern 15 secured to one longitudinal side wall of
the guide frame 13. The stator means 11 functions as a ~
guide for the mover means 12.

The permanent magnet array 14 is provided in an
elongated flat plate shape as shown in Fig. 3, and is so
25 magnetised as to have alternately opposite poles, i.e.,
N and S poles, at regular intervals in the longitudinal
direction and also for opposing poles in the direction
of the width of the array to have opposite polarities.
The permanent magnet array 14 is preferably mounted on
30 the guide frame 13 by urging a longitudinally extending

)



right angles at a constant pitch. In this case, the insulating zone 18 is
made to have a width L/6 at its respective portions 18a lying in the width
direction of 15 the power feed pattern, and respective portions projecting
in the width direction of the upper and | ower conductor parts 19 and 20 are
made to have a length L/3 in the longitudinal direction of the pattern 15.
The nover neans 12 is formed in an el ectromagnetic 20 device assenbly of

t hree- phase structure with respect te &  at pl ate-shaped base 21. Three
cores 22, 22a and 22b respectively forned by a |lanminate of flat U shaped

I ron plates are nounted on the base 21, preferably seated in recesses nade
-in the basepreinectipns 183 imIheregrs PREt Wb3AdipkopRrpGFROVE St Eem
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W direction of the frame 13 in zigzag pattern turning at
right angles at a constant pitch. In this case, the
insulating zone 18 is made to have a width L/6 at its
respective portions 18a lying in the width direction of
15 the power feed pattern, and respective portions
projecting in the width direction of the upper and lower
conductor parts 19 and 20 are made to have a length L/3
in the longitudinal direction of the pattern 15.

The mover means 12 is formed in an electromagnetic

20 device assembly of three-phase structure with respect to

a flat plate-shaped base 21. Three cores 22, 22a and

o 22b respectively formed by a laminate of flat U-shaped
/ iron plates are mounted on the base 21, preferably
seated in recesses made in the base, and coils 23, 23a

25 and 23b are wound in bipolar system respectively on each

of the cores 22, 22a and 22b, so as to form the moving

coils of the mover means. ' Respective parallel leg

portions of the U-shaped cores 22, 22a and 22b are

disposed on both sides of the permanent magnet array 14

30 and disposed within the recessed part 13a of the guide

frame 13 at extended ends of both legs so as to oppose

the permanent magnet array 14 disposed between the core

legs, while shoe members 24 and 24a preferably of an



10 excessively large or small and the leg portions of the cores 22, 22a and
22b are assured to be freely novable reciprocatingly in stable manner

wi t hout substantial play with respect to the guide frame 13. Further,
brushes 25, 25a and 25b are provided 15 respectively for each of the cores
22, 22a and 22b on one side and are connected to the coils 23, 23a and 23b.
The brushes are contactable with the power feed pattern 15 on the inner
side wall of the guide frame 13. PrefeBably, these brushes 25, 25a and 25b
are mounted on 20 brush supporters 26, 26a and 26b secured to one 24a of

t he shoe ngﬁgfrs 24 and 24a., The flat pl ate-shaped base 21 is forned to
have | ongi tiRFMEAtingc maferdial) axe(monnted ceaghc acnoafr thaathues,

portions, anéytipertiens’dni GadRUBLAE BF the awrdy M4ahrbhgHddt it t hi nned
side 25 edges_ 2la and 2 2 eﬁ aged uid rooves 13b apd "13c .nmade <’
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h t 22, 22 d a novi ng

respective el ectronagnet devices w t e cores a an

n
coi |'s 23, REIVAREDY MAGNAE ARTANedS Atdthe LRPAsing sidedwadlhohf a
| ongi t udi nathé ergidessed | parthasad / dan Héeprevented | Feol" Wity and 25a

for th espect | S re di spo to.be.at Jnterva al so of_L/3 and
to pas?‘iub@’?%%%¥§"€ggt ﬁ?s%a h Qtrhes[)“&%‘fraﬁ'dr%maf € e ]pﬁﬂ/vev"fggﬂ“s of the
cores 22, 22a and 22b are assured to be freely movable
reciprocatingly in stable manner without substantial
play with respect to the guide frame 13.

Further, brushes 25, 25a and 25b are provided

15 respectively for each of the cores 22, 22a and 22b on
one side and are connected to the coils 23, 23a and 23b.
-The brushes are contactable with the power feed pattern
15 on the inner side wall of the guid€ frame 13.
Preferably, these brushes 25, 25a and 25b are mounted on

20 brush supporters 26, 26a and 26b secured to one 24a of
the shoe members 24 and 24a. The flat plate-shaped base
21 is formed to have longitudinal side edges 21a and 21b
which are thinner than other portions, and the base 21 e
is mounted on the guide frame 13 with the thinned side

25 edges 21a and 21b engaged in guide grooves 13b and 13c
made adjacent longitudinal opening edges of both side
walls to oppose each other, so that the mover means 12
can be stably slidable with respect to the stator means
11.

30 When, in the foregoing structure of the mover means 12,
the length of the respective cores 22, 22a and 22b in
the longitudinal direction of the mover means 12 is t1,
this length t1 is set to be smaller than the foregoing



pattern 15 in its width direction (see broken line in Fig. 4), or in the
hei ght direction of the side walls of 10 the guide frame 13, so that the

positive and negative power voltages will be alternately applied through
t he brushes 25, 25a and 25b to the respective noving coils 23, 23a and 23b.
The operation of the foregoing noving-coil linear notor 15 10 according to

the present invention shall be referred to here. The exciting power is fed
i n any known manner fromthe power feed@attern 15 through the brushes 25,
25a and 25b to the respective three-phase noving coils 23, 23a and 23b

whi ch are wound in the bipolar systemso 20 as to be reverse directional at
-their respedengthcol/3 porit.ieonst wslid@ ,oranderespestiveoelestramagnete so

that a curreplyjudd Wit ausedcdfed! 9%, £Oh 8RAMI2D drdl anevDNKVE6€ls
dirgction through one of such two c0|f ortions but |ncﬁa1 count eriég‘gkw se

cdirection t Rougi?a RNG523p: Houndoiqn JHeFHnCOFRSc LR AL3hePEBY 3, 23a
and 23b. Acqyy thé0b¥; aMishPitudind heleagthosnalierwftkanhLyadr.e i Thexcited

to be Nopole, the ather le orti ' it ed - ] h
hat  t he Por EARRECILVE b ahdS 46 CingaBHC £oF” Sk, Fesb &Rt fye PHAALTD, o0
power feed atd a@ispdsed ctonbeoatadnteryadsi Blsst afhile3 andttonpass, 02

d 03 | s Q. b d I N : t t 12
o 02,25 i Anfi A Densiildn 0M o gCEbeior | M 6ot

wll be at suc OSI ) , re the current is fed to two
novi ng coi | patdenn 23bixo itmt widsh| dinestiahs(seet hrokenesline 548 22p

will be of such P Ardd i HF tAfe HO¥Wht "afkéct PonWber €he shaecwaslsapged an
el ectromagnetic 5 repul sion between Qﬁ%tq-'hle porti.ons of tcPe core.22 and an
opposi ndSaitherf gnkde nfFaMe Lol 8 4 etlg%rmﬁ VRa it arvayiys
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brushes 25, 25a and 25b to the respective moving coils
23, 23a and 23b.

The operation of the foregoing moving-coil linear motor

15 10 according to the present invention shall be referred
to here. The exciting power is fed in any known manner
from the power feed pattern 15 through the brushes 25,
25a and 25b to the respective'three-phase moving coils

23, 23a and 23b which are wound in the bipolar system so

20 as to be reverse directional at their respective coil
portions wound on the leg portions of each core so that

a current will be caused to flow, for example, in a

/ clockwise direction through one of such two coil
portions but in a counterclockwise direction through the

25 other coil portion, in each of the coils 23, 23a and
23b. Accordingly, when one of the leg portions of each
core is excited to be N-pole, the other leg portion is
excited to be S-pole. Assuming here that the brushes

25, 25a and 25b of the mover means 12 sliding along the

30 power feed pattern 15 are in contact therewith at three
positions 01, 02 and 03 as shown in Fig. 4 by small
double circles, then the mover means 12 will be at such



caused to occur between another core 22b and anot her opposing pair of the

magnetic p

means 12 i
position s
t he power
Fig. 4 by

of such po

oles in the array 14, the 10 nover neans 12 being thus subjected
to a driving force acting in a rightward direction in Fig. 5. As the nover

s caused to shift by the above driving force to reach the

hown in Fig. 6, the brushes 25, 25a and 25b are in contact with

15 feed pattern 15 at three points M,, M2 and M3 as shown in
small single circles, where ffle-current is now fed to two noving
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acting in a rightward direction in Fig. 5.

As the mover means 12 is caused to shift by the above
driving force to reach the position shown in Fig. 6, the
brushes 25, 25a and 25b are in contact with the power
feed pattern 15 at three points M1, M2 and M3 as shown
in Fig. 4 by small single circles, where the current is
now fed to two moving coils 23 and 23a so that the leg
portions of their cores 22 and 22a will be of such
polarities as shown in Fig. 6, whereby an
electromagnetic attraction is caused to occur between
the leg portions of the core 22 and the foregoing other
pair of the magnetic poles in the permanent magnet array
14 whereby an electromagnetic repulsion takes place
between the leg portions of the adjacent core 22a and
opposing pair of the poles in the array 14, the mover
means 12 being thus subjected to a driving force acting
in a rightward direction in Fig. 6.

In response to such sliding movement of the brushes 25,
25a and 25b along the power feed pattern 15, the
magnetic polarity of the respective cores 22, 22a and
22b is changed over sequentially as shown in Figs. 7 to
12 so that the cores 22, 22a and 22b will be



substantial |ateral play, since the shoe nenbers 24 and 24a nounted
comonly to the cores 22, 22a and 22b are di sposed between both side faces
of the pernmanent magnet 10 array 14 and both side wall faces of the
recessed part 13a in the guide frane 13 while the side edges 2la and 21b of
the base 21 are engaged in the guide grooves 13b and 13c of the frame 13.
That is, it is effectively made possible to overcone the problemthat the
cores 22, 15 22a and 22b are caused te ti2l = or deviate with respect to the
pernmanent magnet array 14 so as to collide therewith to inpair the driving
force given to the nover means 12 and physically danage the array 14.
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14,, on the Olharihamhetéun&asﬁr&ﬁenny hhlle the side edges 2l1a and
21b of the base 21 are engaged in the guide grooves 13b
and 13c of the frame 13. That is, it is effectively
made possible to overcome the problem that the cores 22,

15 22a and 22b are caused to tilt or deviate with respect
to the permanent magnet array 14 so as to collide
therewith to impair the driving force given to the mover
means 12 and physically damage the array 14. More
particularly, the mover means 12 of the linear motor 10

20 according to the present invention incorporates
effectively the cores 22, 22a and 22b, so that the motor
10 can be remarkably improved in magnetic efficiency and

_ the dAriving force with respect to the mover means 12 can

/ be also remarkably increased. Assuming here that the

25 driving force to the mover means 12 may be limited to be
of the same level as that in conventional coreless type
linear motors, the motor may be sufficiently made
smaller in size, as will be readily appreciated.

In the moving-coil 1linear motor 10 of the foregoing
30 arrangement, further, it is possible to provide thereto
a coupling member 27 which is secured to the base 21 as
-shown schematically in Fig. 13, for coupling the motor
to some other constituting member of the carrying or



5 required only to be set in the longitudinal length to be slightly |arger
and in wwdth to be slightly larger than [err], and the size

than [err]
reduction i
pref erably,

s to be realised taking into account these respects. It is
on the other hand, that the base 21 is 10 forned to have

recesses 28, 28a and 28b respectively of longitudinal |ength [err] and
, as shown in Figs. 15 and 16, so that the respective cores 22,
22a and 22b will be seated in these readsses 28, 28a and 28b. It is
n this case to set the recesses 28, 28a and 15 28b at intervals
of L/3. Further, as shown in the enbodinent illustrated in Figs. 17 to 20,
it is al so granspertingo neans« he When she cooresi nfermeda withertheat

engagi ng prp4 ' B\ A0%n Bandgn , +49 ar reyjded to
si de 20 mﬂ%gihk?cefsis 48, 4 gagr??%%l??nq?ﬁégagé ﬁ‘an&fgn}\gigéljng <!
grooves 42 ,°’2@%§“ g% ength, fil 1aK8 mass, &0 chaveyadawidth bbh amver
sfiowtheinoFgg. 424,42 ale ha® hdwd, K@ bHQeCere%a%mﬁZa and

width [err]

desirabl e i

si de faces

or of cct (9nd oniFed Gal g ERORR 88y 1ACeRaC)enaLsRdinay dehuth

to be

e
Bb. In

t he enmbodi rekhightly hdargemdthan | 3¢ heandndiror widthn ton beg.slightly he

ot her hand,

array 54 mal e ccain (B CAREL A8, &lag) FeRhltlon TR kel S JHHad "

for freely

enpl oyed.
54 and eve
10

15

20

25

30

gnet
| engt h

takingginte asaguntdthese sBEPRCSS .t he array. - 14 - For this
type of the material, practically, a rubber magnet material may be
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formed to have recesses 28, 28a and 28b respectively of
longitudinal length t1 and width 22, as shown in Figs.
15 and 16, so that the respective cores 22, 22a and 22b
will be seated in these recesses 28, 28a and 28b. It is
desirable in this case to set the recesses 28, 28a and
28b at intervals of L/3.

Further, as shown in the embodiment illustrated in Figs.
17 to 20, it is also preferable to form the base and
cores in such a manner that engaging projections 49a,
49B; 49%Aa, 49Ba; and 49Ab, 49Bb are provided to side
walls of recesses 48, 48a and 48b in the base 41 and
engaging grooves 42A, 42B; 42Aa, 42Ba; and 42Ab, 42Bb
are provided in both lower side faces of the cores 42,
42a and 42b so that when the cores 42, 42a and 42b are
placed in the recesses 48, 48a and 48b in the base 41,
the projections 49A ... 49Bb engage in the respective
grooves 42A ... 42Bb.

In the embodiment of the moving-coil linear motor shown
in Fig. 21 on the other hand, the motor may comprise as
the stator means a permanent magnet array 54 made of a
curved material which may be cut to a suitable length
for freely setting the longitudinal length of the array.

array

-’



5 direction can be set to be the nost preferable in accordance with

di nmensional and the |like conditions at an installed position of the |inear
notor. In the above arrangenent of the linear notor of the present

i nvention, further, the respective cores 10 corresponding to the
respective coils are divided so as to formnutual |y i ndependent magnetic
circuits, unlike an arrangenent in which the cores are coupled by neans of
a magnetic nmenber. For this reason, theilbase which supports these cores may
be fabricated with a resilient 15 member or the cores may be nutually
coupl ed through flexible joints and, as will be appreciated by any skilled
-in the art, Fome ItihrwartYMorOﬂ:ahheealﬂtgriﬁalmpvap&\igblldYal oag rabheryed
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to define a r (o] i erein a shifting neans
120 while a %% 1€%§?§#§§2 s%gi Sgh?ggcggﬁgg% %g§kgls fornmed to have a

slit 103B extending in the Iongltudinal direction of the franme 103 for

passing thergg h"t‘?x‘&haﬁt%éa'd]:z‘dﬁ%%éﬁt hapoege 1iHediasfotdE |6 dithosed in
an internedi ate Ition |n hei ght direction of the §U|de frane 103,
and is prOV|H€G5ﬁPFh b LPPmg e 47 WRechreSRecti¥BedoPres

Cl 0Ss- serd i oforrdspbhdingxtendhel tespdttive coils are divided so as
to form mutually independent magnetic circuits, unlike
an arrangement in which the cores are coupled by means
of a magnetic member. For this reason, the base which
supports these cores may be fabricated with a resilient

15 member or the cores may be mutually coupled through
flexible joints and, as will be appreciated by any
skilled in the art, the linear motor can readily be made
movable along a curved path.

In Figs. 22 and 23, there is shown an example in which

20 the moving-coil 1linear motor according to the present

o invention is applied to a carrier means for opening and
—/ closing curtains, with <the substantially same

' constituent parts as those in the embodiment of Figs. 1-
3 denoted by the same reference numerals as those used

25 in Figs. 1-3 but added by 90. 1In this case, the guide
frame 103 forming the stator means 101 is expanded in

the height direction (downward in Figs. 22 and 23 but
upward in Fig. 1) to define a further chamber 103A for
accommodating therein a shifting means 120 while a

30 bottom wall 121 of this chamber 103A is formed to have a
~ slit 103B extending in the longitudinal direction of the
frame 103 for passing therethrough curtain rings or
hangers. The base 111 is disposed in an intermediate



chanber 103A to dispose its extended end right above the 5 slit 103B. To
this extended end of the coupling nmenber 117, the curtain hanger 123 is
joined preferably to be integral with the nenber 117, while the hanger 123
carries wheels 122 and 122a at its upper part disposed inside the chanber
103A for rolling al ong opposing edges 10 of the slit 103B and its | ower
part extends through the slit 103B downward to the exterior. Wthin the
chanber 103A, further, a cover =méi%ber 124 which is substantially
L-shaped in section is engaged in |ocking portions 125 and 126 in the
chanber 103, so as tQ extend 15 between the base 111 and the wheels 122a
and the hanBesition ip, the.heighty direqtdan ff he Guide feane 10, into
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(not shown)137e vy qurtain hhanger1123 tisnjeinedpreferablys t& Baused to

slide in a siﬁ%iéfedaﬁi VitH Othd Gimbae LD}t Wiipe EheeChanged’ idg guide
frame 103 so thi openi ng or_closing_of the gurtains can be alised. It
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slit 103B downward to the exterior. Within the chamber
103aA, further, a cover member 124 which is
substantially L-shaped in section is engaged in locking
portions 125 and 126 in the chamber 103, so as to extend
15 between the base 111 and the wheels 122a and the hanger
123, for preventing any foreign matter from entering
into the upper part of the guide frame 103. Other
constituents and their functions are substantially the
same as those in the embodiment of Figs. 1-3.

20 In the above described carrier means for curtains with
the linear motor of the present invention, power fed
through the power feeding pattern 105 and brushes 115 to
the coils 113 (shown here only ones for one phase in -~
Figs. 22 and 23) with desired polarities in a state

25 where curtain rings (not shown) are hung to the hanger
123, then the carrier means is caused to slide in a
desired direction along the longitudinal direction of
the guide frame 103 so that opening or closing of the
curtains can be realised. It should be appreciated that

30 no weight of the curtains and so on is imparted to any
other members disposed above the base 111 during the
sliding movement of the carrier means so that the
carrier means can be smoothly driven to slide in a
relatively low load state.



CLAI M5 1. A commut at ed novi ng-coil linear notor conprising a stator
means i ncluding a permanent nmagnet array di sposed in said stator nmeans to
extend in the longitudinal direction thereof and nagnetized to have
opposite poles in the direction of the width of said array and also in the
| ongi tudi nal direction of the array opposite poles alternately at regul ar

I ntervals, and a nover neans nounted for novenent along the stator neans by
means of an el ectromagnetic force, sa d6&t-ator neans having therein a power
feed pattern di sposed to extend in the |longitudinal direction of the stator

nmeans, said nover

<for opposing at both |eg parts of sai

means i ncl uding three-phase cores, U shaped in section
&Eﬁﬂgﬁhape both side faces of said

per manent magnet array of said stator neans di sposed between said both | eg

-part’s; and three-

parts of,6 said cores
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an electromagnetic force, said stator means having
therein a power feed pattern disposed to extend in the
longitudinal direction of the stator means, said mover
means including three-phase cores, U-shaped in section
for opposing at both leg parts of said U-shape both side
faces of said permanent magnet array of said stator
means disposed between said both leg parts, and three-
phase moving coils wound on both leg parts of said cores
in bipolar system with end portions of the leg parts
extending from the coils, the power feed pattern in said
stator means applying through brushes to said moving
coils alternately positive and negative voltages for
exciting electromagnetically both leg parts to provide
thereto sequentially magnetic repulsion and attraction
with respect to both side faces of the permanent magnet

‘array.

2. A motor according to claim 1, wherein said stator
means comprises an elongated guide frame having on an
inner wall thereof a projection extending in the
longitudinal direction of said guide frame, and said
permanent magnet array is provided with a recess
extending in the longitudinal direction of the array for
receiving said projection of the guide frame.
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- 17 - 3. A notor according to claim2, wherein said projection is

di sposed substantially in the centre of an inner wall of a recessed part
formed in the guide frane to extend in the |ongitudinal direction, said

per manent nmagnet array being fitted to said projection spaced from opposi ng
side walls on both sides of the inner wall in said recessed part. 4.

not or according to claim 3, wherein said both leg parts of said cores have
end portions disposed on both sides ef1%ard pernanent nagnet array with a
cl earance between each side face of the pernmanent magnet array and each of
sai d opposing side walls of said recessed part, and shoe nenpers
respectivel3~ nount ed | M¥GFDACCOTSING ek pelaisns2 of wherein esald each
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of the basgga{aq reé‘esée S * - 18 - 7. A motor according to
claim1l1, whereln sald taFor means conprises an el ongated guide frame in
which a

4. A motor according to claim 3, wherein said both
leg parts of said cores have end portions disposed on
both sides of said permanent magnet array with a
clearance between each side face of the permanent magnet
array and each of said opposing side walls of said
recessed part, and shoe members respectively mounted in
common to said end portions of the cores on each side of
the permanent magnet array.

5. A motor according to any preceding claim, wherein
said mover means further includes a flat plate-shaped
base for mounting thereto said cores carrying said
moving coils wound thereon, and said guide frame is
substantially U-shaped in section and having in opposing
inner wall surfaces a pair of guide grooves for guiding
both side edges of said base. ~

6. A motor according to claim S5, wherein said side
edges of the base are thinner than the other portions of
the base.

* c L L] s *



chanber including an wupper part and a lower part is defined, said upper
part accommodating therein said nover neans, said |ower part accommodating
therein a shifting neans interlocked with said nover neans and having in a
bottomwal | a slit extending in the Iongitudinal direction of said guide
frame, and said nover means includes a flat plate-shaped base for mounting
thereto said cores carrying said moving coils wound thereon, said base
being provided with a connecting nenberl& or connecting the base to said
shifting means which carries wheels rollable along both side edges of said
slit, and said shifting means being extended partly out of said slit for
~coupl i ng thé-sm1WArmpﬁmanscgeréhngbFQcFlﬁémbé:sMhﬁRﬁinEﬁald statoBying
col .'rlégeagmaah%r Slingt #Ebbaldy @1oMgateddeduigscifrand N irel engone 40 the
= -~ chamber including an upper part and a lower part is
defined, said upper part accommodating therein said
mover means, said lower part accommodating therein a
shifting means interlocked with said mover means and
having in a bottom wall a slit extending in the
longitudinal direction of said guide frame, and said
mover means includes a flat plate-shaped base for
mounting thereto said cores carrying said moving coils
wound thereon, said base being provided with a
connecting member for connecting the base to said
shifting means which carries wheels rollable along both
side edges of said slit, and said shifting means being
extended partly out of said slit for coupling the

shifting means to an object to be shifted.

8. A moving coil 1linear motor substantially as
described herein with reference to the drawings.
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