SPECI FI GATI ON LI NEAR MOTOR 5

FI ELD OF THE | NVENTI ON The present invention relates to a
novabl e magnet type linear nmotor with the pur pose of i nproving notor
efficiency and of sinplifying the manufacture of the not or . 10
BACKGROUND ART In recent years, fervent efforts have been nade
on the devel opnent of |inear not or . Japanese Pat ent
Application 10-118358 descri bes a conventional type |inear not or .
15 Description will be given below on the conventional type |linear
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a conventional type |inear

LINEAR MOTOR

FIELD OF THE INVENTION
The present invention relates to a movable magnet type linear motor with the
purpose of improving motor efficiency and of simplifying the manufacture of the

motor.

BACKGROUND ART

In recent years, fervent efforts have been made on the development of linear
motor.

Japanese Patent Application 10-118358 describes a conventional type linear
motor.

Description will be given below on the conventional type linear motor as
described above referring to the drawings.

Fig. 14 is a cross-sectional plan view of a conventional type linear motor, and
Fig. 15 is a cross-sectional view along the line A—Ain Fig. 14.

Aninner yoke 1 is designed in form of quadratic prism by laminating a multiple
of thin plates 2, each of which is in approximately rectangular shape and has high
magnetic permeability. An outer yoke 3 is designed in form of quadratic prism by
laminating a multiple of thin plates 4, each of which is in approximately rectangular
shape and has high magnetic permeability. ~ Slots 6 and 7 are cut out in axial
direction 5, and three magnetic poles 8, 9 and 10 are formed. The surface of the

outer yoke 3 having the magnetic poles 8, 9 and 10 is directed toward the inner yoke

not or ,

view along the line AAAin Fig. 14.



An_.inner. yoke 1 is designed in formof quadratic prismby lanmnating a
multiple 20 of thin plates 2, each of which is in approxi mately

rectangul ar shape and has hi gh magneti c perneability. An outer yoke
3 is designed in formof quadratic prism by |l am nating a nultiple of
thin plates 4, each of which is in approximtely rectangul ar shape

and has high magnetic perneability. Slots 6 and 7 are cut out in axial
direction 5, and three nagnetic poles 8,9 and 10 are forned. The surface of
the 25 outer yoke 3 having the nmagnetic poles 8 9 and 10 is directed
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14 are connected in paraliel.

A movable unit 15 comprises a pair of planar permanent magnets 16 and 17

magnetized in opposed directions of the inner yoke 1 and the outer yoke 3, a
10  permanent magnet holder 18, and ashaft 19. The permanent magnets 16 and 17
are fixed by a permanent magnet holder 18 with a given spacing in axial direction so
that directions of magnetization are opposite to each other, and these magnets are
disposed in the gap 11 between the inner yoke 1 and the outer yoke 3.
Description will be given now on operation of the linear motor with the above
15 arrangement.

A magnetic flux generated from the permanent magnet 16 passes through the
gap 11, the inner yoke 1, the gap 11, the permanent magnet 17, the outer yoke 3,
and the gap 11 and retums to the permanent magnet 16, and a static magnetic field
is generatedin the gap 11.  In the inner yoke 1 and the outer yoke 3, the magnetic

20 flux circulates in the planes of the thin plates 2 and 4.

When AC current is supplied to the coil 14, different magnetic poles are
altemately generated in axial direction at the magnetic poles 8, 9, and 10. By
magnetically atracting and repelling action of the permanent magnets 16 and 17 of
the movable unit 15, thrust force is generated, which is proportional to the magnitude

25  of electric current flowing through the coil 14 and to magnetic flux density of the



are fixed by a permanent magnet holder 18 with a given spacing in axial

direction so that directions of magnetization are opposite to each
other, and these magnets are di sposed in the gap 11 between the
i nner yoke 1 and the outer yoke 3. Description will be given

now on operation of the Iinear notor with the above 15 arrangenent

A magnetic flux generated fromthe pernmanent magnet 16 passes through the
gap 11, the inner yoke 1, the gap 11, the pernanent nagnet 17, the outer
yoke 3, and the gap 11 and returns to the permanent nmagnet 16, and a
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reciprocally P ge%?veér? QISHH%F yoke 1 and the outer yoke 3 each designed in form of

quadratic prism. When the shaft 19 is disposed at axially rotated position during

manufacture, balance is lost in the distance between the permanent magnets 16

and 17 and the inner yoke 1 or the distance between the permanent magnets 16

10 and 17 and the outer yoke 3. This leads to instability of the thrust force of the linear

motor.

DISCLOSURE OF THE INVENTION
To solve the above problems of the conventional example, it is an object of the
15 presentinvention to provide a linear motor, in which the thrust force of the linear
motor is not turned to unstable even when the shaft 19 is disposed at axially rotated
position during manufacture and motor efficiency can be improved and yokes can be
manufactured in easier manner.
Also, when the permanent magnets 16 and 17 are disposed at deviated
20 positions closer to the inner yoke 1 or to the outer yoke 3 during manufacture,
balance is lost in the distance between the permanent magnets 16 and 17 and the
inner yoke 1 or in the distance between the permanent magnets 16 and 17 and the
otheryoke 3. Thus, the force to directly aftract the permanent magnets 16 and 17
toward the inner yoke 1 or the outer yoke 3 is increased.  As a result, sliding loss is

25  increased on the bearings 20 via the movable unit 15 and the shaft 19.



wi t.h the novable unit 15 in synchronization with the frequency of AC
current The conventional arrangenent as descri bed above is
advant ageous in that the i nner yoke 1 and the outer yoke 3 can be
manuf actured in easier manner. 5 However, planar pernmanent nagnets 16
and 17 are arranged in parallel in the gap 11 between the inner yoke
1 and the outer yoke 3 each designed in form of quadratic prism Wen
the shaft 19 is disposed at axially rotated position during

manuf acture, balance is lost in the distance between the permanent nagnets
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positions cl orsn%rrméro the inner yoke 1 or to the outer yoke 3 during
manuf act ur e, bal ance is lost in the distance between the permanent
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to directly a&érﬁgncsteg Q?’no%‘lﬁl%ﬂﬁ %ﬁ%‘ﬁ@ﬁ tsﬁar}eear?d}%vﬂ% the central axis at the
intersection of X-axis and Y-axis, an inner yoke arranged on inner side of the

10  movable unit with a given spacing in radial direction of the movable unit and being
formed by laminating a multiple of thin plates each in approximately rectangular
shape and having high magnetic permeability arranged in parallel to one of X-axis or
Y-axis, an outer yoke arranged on outer side of the movable unit with a given
spacing in radial direction of the movable unit and being formed by laminating a

15  multiple of thin plates each in approximately rectangular shape and having high
magnetic permeability arranged in the same direction as the thin plates of the inner
yoke, and a pair of permanent magnets magnetized in a direction to connect the
inner yoke with the outer yoke and mounted on the movable unit to be retainedin a
gap between the inner yoke and the outer yoke.

20 As aresult, even when the shaft is disposed at axially rotated position during
the manufacture, the thrust force of the linear motor is not tumed to unstable. Iron
loss of the inner yoke and the outer yoke is reduced. Motor efficiency is improved,
and this facilitates the manufacture of the linear motor.

Also, the present invention provides the linear motor as described above,

25  wherein a pair of permanent magnets magnetized in radial direction around the



toward_the inner yoke 1 or the outer yoke 3 is increased. As a result,
sliding loss is 25 increased on the bearings 20 via the novable unit 15
and the shaft 19. 3

It is another object of the present invention to provide a linear notor, in
whi ch, even when pernmanent magnets are di sposed at devi ated positions
closer to the I nner yoke or the outer yoke during nmanufacture, the
force to directly attract the per manent magnets toward the inner yoke
or the outer yoke is not increased, and 5 the notor efficiency is
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unit and bei ng J AhEBEmhehfThGHi 3faf the inner yoke or the outer yoke is not

increased.
Further, the present invention provides the linear motor as described above,
wherein the inner yoke is formed by laminating a multiple of thin plates of the same

10  shape and the same dimension, and the outer yoke is formed by laminating a
multiple of thin plates of the same shape and the same dimension.

As aresult, it is possible to manufacture the linear motor in easier manner.
Also, the present invention provides the linear motor as described above,
wherein radius of curvature of inner periphery of the outer yoke is equal to radius of

15  curvature of inner periphery of the slot, and radius of curvature of outer periphery of
the outer yoke is equal to radius of curvature of outer periphery of the slot, and radius
of curvature of outer periphery of the outer yoke or the slotis greater than the radius
of curvature of the inner periphery of the outer yoke or the slot.

As aresul, itis possible to design the linear motor in compact size.

20 Further, the present invention provides the linear motor as described above,
wherein outer peripheral end of each of the outermost sides in laminating direction of
the thin plates of the inner yoke and an end surface of the permanent magnet are on
a line, which connects inner peripheral end of each of the outermost sides in
laminating direction of the thin plates of the outer yoke with the intersection of X-axis

25 andY-axs.



15~ mutiple of thin plates each in approxi mately rectangul ar shape and
havi ng hi gh magnetic perneability arranged in the sane direction as
the thin plates of the inner yoke, and a pair of permanent nagnets
magnetized in a direction to connect the i nner yoke with the outer
yoke and nounted on the novable unit to be retained in a gap between
the inner yoke and the outer yoke. 20 As a result, even when the
shaft is disposed at axially rotated position during t he

manuf acture, the thrust force of the linear notor is not turned to

unstable. Iron Aocorqi?ég}?g%ér%gsiglg?orieaggéntggtgmggﬁ?gm I?tguter yoke i s reduced.
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As aresult, the inner yoke can be integrated to a single component, and this
facilitates the assembling procedure.
Further, the present invention provides the linear motor as described above,
wherein two outer yokes are arranged symmetrically with respect to Y-axis, and the
10  two outer yokes are integrated by two outer yoke support members disposed on
each of the outermost sides in laminating direction of the thin plates of the outer
yokes.
As aresult, the outer yokes can be integrated to a single component, and this
facilitates the assembling procedure.
15 Also, the present invention provides a linear motor, which comprises a
movable unit in cylindrical shape having central axis thereof at the intersection of X-
axis and Y-axis, an inner yoke arranged on inner side of the movable unit with a
given spacing in radial direction of the movable unit and being formed by laminating
a multiple of thin plates each in approximately rectangular shape and having high
20  magnetic permeability arranged in parallel to one of X-axis or Y-axis, an outer yoke
arranged on outer side of the movable unit with a given spacing in radial direction of
the movable unit and being formed by laminating a multiple of thin plates each in
approximately rectangular shape and having high magnetic permeability arrangedin
the same direction as the thin plates of the inner yoke, a base in planar shape for

25  retaining the inner yoke and the outer yoke, a cylinder mounted on the base astobe



5.: at «deviated positions doser to the inner yoke or the outer yoke, the
force to directly attract the permanent nmagnets toward the inner
yoke or the outer yoke is not i ncreased. Further, the
present invention provides the |inear notor as descri bed above,

wherein the inner yoke is formed by lamnating a nultiple of thin plates of
the same 10 shape and the sane di nension, and the outer yoke is fornmed by
| am nating a multiple of thin plates of the sane shape and the sane
di mensi on. As a result, it is possible to manufacture the
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5 Therefore, sliding loss between the piston and the cylinder is also notincreased, and

10  this facilitates the manufacture of the linear motor.
Further, the present invention provide a linear motor, which comprises a

movable unit in cylindrical shape and having the central axis at the intersection of X-
axis and Y-axis, an inner yoke arranged on inner side of the movable unit with a
given spacing in radial direction of the movable unit and being formed by laminating

15 amultiple of thin plates each in approximately rectangular shape and having high
magnetic permeability arranged in parallel to one of X-axis or Y-axis, an outer yoke
arranged on auter side of the movable unit with a given spacing in radial direction of
the movable unit, being formed by laminating a multiple of thin plates each in
approximately rectangular shape and having high magnetic permeability arranged in

20 the same direction as the thin plates of the inner yoke, and forming a first magnetic
pole, a second magnetic pole and a third magnetic pole by arranging two slots cut
outin the laminating direction of the thin plates, a coil wound on the second magnetic
pole of the outer yoke and forming altemately different magnetic poles at the first
magnetic pole, the second magnetic pole and the third magnetic pole, a base in

25 planar shape for retaining the inner yoke and the outer yoke, bearings mounted on



Accordi ngly, it is possible to reduce the anbunt of nagnets.

Al so, the present invention provides the |inear notor as described above,
wherein two i nner yokes are arranged synmmetrically with respect to Y-axis,
and the two i nner yokes are integrated by two i nner yoke support
menbers di sposed inside 5 the inner yoke and positioned separately in
direction of Y-axis. As a result, the inner yoke can be
integrated to a single conponent, and this facilitates the
assenbl i ng procedure. Further, the present invention provides
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manufacture, thrust force of the linear motor is not tumed to unstable. Ironloss in

the inner yoke and the outer yoke is reduced, and motor efficiency is improved, and
this facilitates the manufacture of the linear motor.

10 According to another aspect of the present invention, a pair of permanent
magnets magnetized in radial direction around the central axis are retained in a gap
between the inner yoke and the outer yoke with a given spacing in paraliel to the
central axis so that directions of magnetization are opposite to each other. Even
when the permanent magnets are disposed at deviated positions closer to the inner

15  yoke or the outer yoke during manufacture, the force to directly atiract the permanent
magnets toward the inner yoke or the outer yoke is not increased, and sliding loss on
the sliding portions can be reduced.

According to still another aspect of the present invention, the inner yoke is
formed by thin plates of the same shape and the same dimension, and the outer

20 yokeis formed by thin plates of the same shape and the same dimension.

Because the inner yoke and the outer yoke can be easily manufactured, this
facilitates the manufacture of the linear motor.

According to still another aspect of the present invention, radius of curvature of
inner periphery of the outer yoke is equal to radius of curvature of inner periphery of

25  the slot, and radius of curvature of outer periphery of the outer yoke is equal to radius



amultiple of thin plates each in approxi mately rectangul ar shape and
havi ng high 20 magnetic perneability arranged in parallel to one of
X-axis or Y-axis, an outer yoke arranged on outer side of the
movabl e unit with a given spacing in radial direction of t he novabl e
unit and being forned by lamnating a nultiple of thin plates each in
approxi mately rectangul ar shape and havi ng hi gh magnetic perneability
arranged in the sane direction as the thin plates of the inner yoke,
a base in planar shape for 25 retaining the inner yoke and the outer
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the thin plates of the inner yoke and an end surface of the permanent magnets are

on a line, which connects inner periphery of each of the outermost sides in
laminating direction of the thin plates of the outer yoke with the intersection of X-axis
10 andY-axis. As aresult, the amount of magnets can be reduced.

According to still another aspect of the present invention, two inner yokes are
disposed symmetrically with respect to Y-axds, and the two inner yokes are
integrated by two inner yoke support members provided inside the two inner yokes
and positioned separately in direction of Y-axis. As a result, the two inner yokes

15 can beintegrated to a single component, and this facilitates the assembling
procedure.

According to still another aspect of the present invention, two outer yokes are
disposed symmetrically with respect to Y-axis, and the two outer yokes are
integrated by two outer yoke support members arranged at each of the outermost

20 sides inlaminating direction of the thin plates of the two outer yokes. As a result,
the two outer yokes are integrated to a single component, and this facilitates the
assembling of the linear motor.

According to still another aspect of the present invention, the linear motor
comprises a movable unit of cylindrical shape having central axis thereof at the

25  intersection of X-axis and Y-axis, an inner yoke arranged on inner side of the



10- this facilitates the manufacture of the |inear notor.

Further, the present invention provide a |linear notor, which conprises a

novabl e unit in cylindrical shape and having the central axis at the

i.ntersection of X- axis and Y-axis, an inner yoke arranged on inner

side of the novable unit with a gi ven spacing in radial direction of

the novabl e unit and being fornmed by lamnating 15 a multiple of thin

pl ates each in approxi mately rectangul ar shape and havi ng hi gh

magnetic perneability arranged in parallel to one of X-axis or Y-axis, an
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permeability in the same direction as the thin plates of the inner yoke, a base in

planar shape for retaining the inner yoke and the outer yoke, a cylinder mounted on
the base as to be positioned at the center of X-axis and Y-axis, a pair of permanent
10 magnets magnetized in a direction to connect the inner yoke with the outer yoke and
arranged on the movable unit to be retained in a gap between the inner yoke and
the outer yoke with a given spacing in parallel to the central axis so that directions of
magnetization are opposite to each other, a piston disposed at forward end of a shatft
integrated with the movable unit and placed in the cylinder, and a spring mounted on
15 theshaft. Evenwhen the permanent magnets are disposed at deviated position
closer to the inner yoke or the outer yoke, the force to directly attract the permanent
magnets toward the inner yoke or the outer yoke is notincreased. Therefore,
sliding loss between the piston and the cylinder is notincreased, and this facilitates

the manufacture of the linear motor.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional plan view of a linear motor of a first embodiment of
the present invention;
Fig. 2 is a cross-sectional view along X-axis in Fig. 1;
25 Fig. 3 is a cross-sectional plan view of a linear motor of a second embodiment

10



the base to be positioned at the center of X-axis and Y-axis, a pair of

per manent magnets magnetized in a direction to connect the inner
yoke with the outer yoke and nount ed on the novable unit to be
retained in a gap between the inner yoke and the outer yoke with a

given spacing in parallel to the central axis so that directions of 5
magneti zation are opposite to each other. Because the novable unit is

designed in cylindrical shape, even when the shaft is di sposed at
axially rotated position during manuf acture, thrust force of the

| i near notor 4 o0 unstable. Iron loss in t he i nner yoke
and t he outepfégggsféﬁﬁ%gﬁ%ﬁéd, and notor efficiency is inproved, and
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to anot her aspect e present 1nvention, a pair of pernane
magnets magngld ntidvédghal direction around the central axis are retained
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magneti zation ar ié_'ﬁb%%%ﬁ g‘”?%%%@fﬁ%ﬁgﬂnﬁgaﬁﬂné aﬁeﬁr‘lé}?%%\%per manent
magnets age d;ﬁio AR at devi ated positions closer to the inner 15 yoke or
the outer yol?e uring manufacture, the force to directly attract the

per manent J i e is not

i ncreased, and sfﬁ@?ﬁ%ﬁg&@%hﬂa%%Iét@ﬁ@aﬁé?%ﬁéu%ﬁﬁk?ﬁ@é%n e reduced.
Accordi ng toeﬁ@ighib\e?\gm her aspect of the present invention, the inner yoke
i's for y Thin plates of the sane shape and the sane di nension,

ame. i mens: on. - Fig. 7R ORI kW o ek e or A R BFBGBRRAES "F e "
re;gttsiolr?/ manuf %et&éfeq\tin%ﬂhﬁn; facilitates the manufacture of the |linear

10 Fig. 8 is a cross-sectional view along the line A—Ain Fig. 7;
Fig. 9is a cross-sectional plan view of a linear motor of a fith embodiment of
the present invention;
Fig. 10is a plan view of an inner yoke of a sixth embodiment of the present
invention;
15 Fig. 11 is a front view of the inner yoke of the above embodiment;
Fig. 12is a plan view of an outer yoke of a seventh embodiment of the present
invention;
Fig. 13 is a cross-sectional front view of a linear compressor of an eighth
embodiment of the present invention;
20 Fig. 14 is a cross-sectional plan view of a conventional type linear motor; and

Fig. 15 is a cross-sectional front view of a conventional type linear motor.

BEST MODE FOR CARRYING OUT THE INVENTION
Description will be given below on embodiments of a linear motor of the

25  presentinvention referring to the drawings.

11



Aceording to still another aspect of the present invention, radius of
curvature of I nner periphery of the outer yoke is equal to radius of
curvature of inner periphery of 25 the slot, and radius of curvature of
outer periphery of the outer yoke is equal to radius

of curvature of outer periphery of the slot. Radius of
curvature of outer periphery of the outer yoke or the slot is
greater than the radius of curvature of inner periphery of t he outer
yoke orthe slot. This nakes it possible to design the linear notor in
conpact Size(Exm%Ie1 According to still another aspect of the present
I nvention, it'i1s Hes?gned I n such manner that outer periphery of

each of the out erste 5es chdohaaN3idwt ol Bt of afnoar mitiFot i 1

pl ates of the inner yoke and an end s ce o per manent magnets are

O e b o 8PS OB BT Sl Reath St 1 s 1
nter secti on of % Bl ie Ak 21 Rhs XeAtl Sis AfarfinbRBUIdh o KiPY Al &Y magnet s

can be reduced. ccording to er asp of" 't he

PreSent | eihh G 401 UL Gl Te A o e movale PR i Bl |V W th

respect to Y-ax I nnér yo ated by two

i nneryoke sugRaLL A IRIPSaRng akidRdrettH of thel & AUt 24 Sind PiBifiple of

thin plates 23 each in approximately rectangular shape and having high magnetic
permeability are laminated in axial direction of one of X-axis or Y-axis. An outer
yoke is disposed on outer side of the movable unit 21 withagap 39 of a

10  predetermined spacing in radial direction of the movable unit21. A muiltiple of thin
plates 25 each in approximately rectangular shape and having high magnetic
permeability are laminated one upon anather in the same direction as the thin plates
23 of the inner yoke 22 as described above. Two slots 26 and 27 are cut outin
laminating direction of the thin plates 25, and a first magnetic pole 28, a second

15  magnetic pole 29, and a third magnetic pole 30 are formed.

A surface of the outer yoke 24 having the magnetic poles 28, 29 and 30is
retained on a planar base 89 at a position opposite to the inner yoke 22 so thata
magnetic path 20 is formed along the surfaces of the thin plates 23 and 25.

Coils 32 are wound around the second magnetic pole 29 so that different

20  magnetic poles are provided alternately on the three magnetic poles 28, 29 and 30
of the outer yoke 24. The coils 32 are wound on the two outer yokes 24 individually,
and coils 32 are electrically connected in parallel.

Here, magnetic steel trip (35H440; manufactured by Nippon Steel Corporation)
is used as the thin plates 23 and 25, which make up the inner yokes 22 and the

25  outer yokes 24 respectively. The surface of each thin plate has highly saturated

12



and positioned separately in direction of Y-axis. As a result, the two

I nner yokes 15 can be integrated to a single conponent and this
facilitates the assenbling procedure. According to
still another aspect of the present invention, two outer yokes are

di sposed symmetrically with respect to Y-axis, and the two outer yokes are
I ntegrated by two outer yoke support nenbers arranged at each of the
outernost 20 sides in lamnating direction of the thin plates of the two
outer yokes. As a result, the two outer yokes are integrated to a
singl e Comoﬂ?d%euc?ﬁ‘uﬂdbﬁé@aﬁéw&dréfoﬁf dhBthe surface is Wii@nof the 1inear
not or . According to sti anot her aspect of the present

i nvention, the bk _hot or conprises a novable unit of cylindrical
shape having centr axis thereof at the 25 intersection of X-axis and

Y-axi s, an inner
" ! TMQ}% &ﬁe uni t Eé‘& aIbejaeﬁrét ﬁﬁ&wentma %I alangiar ection of

9 a glven s aC|ng I'n

th bl dggq“ R4 g%ﬁ%q | f thi

pl gt rensjvgacﬁ I'n appr oxi mr?ﬁ]agn?tggtlgg%hﬁgﬁ &X:yI'l %ﬁa %1%/d| ﬁgeh?g "

magnet i ¢ Ber palih hindchdiAt Hnbfjokb 229 k§oRland=bérdanent 2"
ge er si

outer yoké arran on -0 nnva AV a gl ven spacing
in magnet holder 35 and ashaft 36. A magnet of rare earth element of Nd-Fe-B type

is preferably used as the first permanent magnet 33 and the second permanent
magnetic 34. These permanent magnets are fixed by the permanent magnet
holder 35 with a given spacing and in parallel to the ceniral axis so that directions of

10  magnetization are opposite to each other, and these are disposed in a gap between
the inner yoke 22 and the outer yoke 24.

As bearings 37 used to smoothly move the shaft 36 in reciprocal movement,
linear ball bearings, oil-retaining metal bearings, etc. as conventionally used may be
selected.

15 Now, description will be given on operation of a linear motor with the above
arrangement.

A magnetic path 20 (shown by solid line) of magnetic fluxes generated from
the first permanent magnet 33 and the second permanent magnet 34 encloses the
slot26 orthe slot 27. It passes through the first permanent magnet 33, the gap 38,

20 theinner yoke 22, the gap 38, the second permanent magnet 34, the gap 39, the
outer yoke 24, and the gap 39 and retums to the first permanent magnet 33 and
generates static magnetic fields in the gaps 38 and 39.  In the inner yoke 22 and
the outer yoke 24, it circulates in the planes of the thin plates 23 and 25.

When AC current is supplied to the coil 32, different magnetic poles are

25  altemately generated in axdal direction on the first magnetic pole 28, the second

13



5. radial direction of the novable unit and being formed by |Iam nating a

multiple of thin pl ates each in approximately rectangul ar shape and
havi ng hi gh magnetic perneability in the sane direction as the thin
plates of the inner yoke, a base in pl anar shape for retaining the
I nner yoke and the outer yoke, a cylinder nounted on the base as to

be positioned at the center of X-axis and Y-axis, a pair of permanent 10
magnets magnetized in a direction to connect the inner yoke with the outer

yoke and arranged on the novable unit to be retained in a gap
between the imagk eudgéﬂszg%dmemurd pﬁeﬂélﬁo%rsdl089n"(&gh€t|@at@édﬁ&ﬁ‘aﬁd)30' ng in
parallel to the cen axi s so that directions”of magneti zation are
opposite to ﬂ% va&sléamﬂ)w méﬂé%rﬂa:%?ﬁ'nﬁbnétsﬁ%ﬂt
integrated wt e ana Ie unit and placed int cylinder, and a spring

mounted on ]tﬁeséé&ﬁdﬁgﬁﬁénepose éﬁ@&%ér@%o&ﬁéaﬁaﬁatﬁ\r[}&%@éEro?bﬁoﬁ’élﬁposed at

devi ated position to the i nner yoke or the er yoke, the

force to dirgg éh'}égﬁih{?g%‘?éleéﬂ?@ |ncrease3nag?emﬂ %ﬁé}@to?thb%ﬁésfbey_ ner

yoke or the outer~yo 'S not heretore oss

et veen tae R 8 1RAerefitthadiiess bty f8seddefRARSbnt ABGnYS RS, | Lates

t he nmanuf acture o near BRI EF

DESCRI PTI ON WDP@ Vsb sectional plan

view of a |I%al‘ notor o efonosctall %ﬂaervﬁh%elﬂno |é‘ur‘ﬁtrét3|ﬁ|z pr esent

I nventi on; I tional view along X-axis in
he synd"lrorlu_Jzaton gx’l:ﬁ%ef%qp df ARSctire

Fig. 1; -sectironal plan view of a |inear notor
of a second embog FRNase the movable unit 21 is designed in cylindrical shape, and the inner

10
yoke 22 and the outer yoke 24 are disposed on inner side and outer side of the

10  movable unit 21 respectively with a given spacing in radial direction of the movable
unit 21 in the gaps 38 and 39.  The first permanent magnet 33 and the second
permanent magnet 34 are magnetized in the direction from the inner yoke 22 to the
outer yoke 24.

Therefore, even when the shaft 36 is disposed at axially rotated position during

15  manufacture, balance is kept well in the distance between the first permanent
magnet 33 or the second permanent magnet 34 and the inner yoke, or in the
distance between the first permanent magnet 33 or the second permanent magnet
34 and the outer yoke 24 because the movable unit 21 is designed in cylindrical
shape. Thus, thrust force of the linear motor is not tumed to unstable.

20 The inner yoke 22 and the outer yoke 24 can be produced by laminating a
multiple of the thin plates 23 and 25 each in approximately rectangular shape and
having high magnetic permeability, and this contributes to simplification of the
manufacture of the linear motor.

The magnetic path 20 of the magnetic fluxes generated from the first

25  permanent magnet 33 and the second permanent magnet 34 circulates in the

14



of the present invention; Fig. 4 is a cross-sectional plan

view of a linear notor of a third enbodi nent of t he present

i nventi on; Fig. 5is a front viewof athin plate to nake up
an. inner yoke in the above 5 enbodi nent; Fig. 6 is a front
view of a thin plate to make up an outer yoke in the above

enbodi nment ; Fig. 7 is a cross-sectional front view of a |linear
notor of a fourth enbodi nent of the present invention; 10

Fig. 8 is a cross-sectional viewalong the line A- Ain Fig. 7;

Fig. 9is a crp%?lésﬁﬁﬁégﬁﬂ‘ﬂétegbé‘ﬁnaégmﬁémﬁeNoRS%éaﬁaﬁ'@OU@yBké%%t,S a plan

enbodi nent of esent 1 nvent

view of an i ng@ﬁeﬂtﬂgﬁﬁ‘@ﬁe& ééé?rc@lgfé eQB Fﬁwlrpﬁlstégﬁéanﬂzs th

e
i nventi on; he Tnner yoke 'of % he above

embodi Ment  tand 19 gene eF ﬁfdn%t:ﬁ’dﬁt Werﬁébn%ﬁéﬂxego%lé)g a
ey sdfert o5

sevent h enbodi nent o
electric current which is proportional to square of the magnetic flux density and is

5 also proportional to square of plate thickness of the material of the yoke. Because
the inner yoke 22 and the outer yoke 24 are made up with a multiple of thin plates 23
and 25 each having high magnetic permeability and with insulated surface, itis
possible to eliminate generation of eddy current aimost completely, and to
extensively reduce ironloss.  As a result, motor efficiency can be improved.

10 As described above, the linear motor according to the present embodiment
comprises a movable unit in cylindrical shape with its central axis at an intersection of
X-axis and Y-axis, an inner yoke disposed on inner side of the movable unit with a
given spacing in radial direction of the movable unit and a multiple of thin plates each
in approximately rectangular shape and having high magnetic permeability and

15 laminated in parallel to one of X-axis or Y-axis, an outer yoke disposed on outer side
of the movable unit with a given spacing in radial direction of the movable unit and
being formed by laminating a multiple of thin plates each in approximately
rectangular shape and having high magnetic permeability, the thin plates being
laminated in the same direction as the direction of the thin plates of the inner yoke,

20  and having a first magnetic pole, a second magnetic pole and a third magnetic pole
in two slots which are cut out in laminating direction of the thin plates, a coil wound
on the second magnetic pole of the outer yoke and forming altemately different
magnetic poles on the first, the second and the third magnetic poles, a base for
retaining the inner yoke and the outer yoke, bearings mounted on the base so as to

25  be positioned at the center of the X-axis and Y-axis respectively, and a pair of

15



Fi.g. 13 s a cross-sectional front view of a |linear conpressor of an eighth

enbodi nent of the present invention; 20 Fig. 14 is a cross-sectional
pl an view of a conventional type linear notor; and _ Fig. 15 is
a cross-sectional front view of a conventional type linear nmotor.

BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Description will be

gi ven bel ow on enbodi nents of a |linear notor of the 25 present invention
referring to the draw ngs.

11 (Exarrpl e 1) Fig. 1 is a cross-sectional
plan view of a8t rRagpe rﬂﬁ‘%{e 'dr8GBh 1 He inger okewﬁ?th resent
i nventi on, angerfgl g. rtlt2 I's a cr ssigsde'@tal 5%%? vVl ew éftong XIrsin Fig. 1.

dyY .
e s koo AT
v o S e ot o
2pPr 0x Ll B SRAPE e AKLAOLE PR Sebpe e o 010

out er 5  unitis designed in cylindrical shape even in case the shaft is arranged at axially

St

rotated position at the tme of manufacture, the thrust force of the linear motor is not
tumed to unstable.  Iron loss of the inner yoke and the outer yoke is reduced and
motor efficiency is improved, and the procedure to manufacture the linear motor can
be simplified.

10 In the present embodiment, two sets each of the inner yokes and the outer
yokes are used, while the same effect can be obtained when three sets or more of
these yokes are used.

(Example 2)
Fig. 3is a cross-sectional plan view of a second embodiment of the linear

15  motor of the present invention. Cross-sectional view along X-axis of the linear
motor is the same as Fig. 2 as given above.

According to the present embodiment, in the linear motor of Example 1, there
are provided a pair of a first permanent magnet 41 and a second permanent magnet
42 in C-shaped or cylindrical shape and magnetized in radial direction around the

20  central axis. The first permanent magnet 41 and the second permanent magnet 42
are fixed by a permanent magnet holder 35 with a given spacing in axial direction so
that directions of magnetization are alterately tumed to opposite direction, and

these are disposed in a gap between the inner yoke 22 and the outer yoke 24.

25

16



yoke is di sposed on outer side of the novable unit 21 with a gap 39 of a

10 predeterm ned spacing in radial

mul tiple of thin
and havi ng hi gh magnetic
in the sane direction as the thin plates

descri bed above.

direction of the novable unit 21. A

pl ates 25 each in approxi mately rectangul ar shape
perneability are | am nated one upon anot her
23 of the inner yoke 22 as

Two slots 26 and 27 are cut out i

n

| am nati ng

direction of the thin plates 25, and a first nagnetic pole 28, a second 15
magnetic pole 29, and a third magnetic pole 30 are forned.
surface of the outer yoke 24 having the magnetic poles 28,29 and 30 is

retained on a pl anar

that a

pl ates 23 and 25.

magneti c po
alternately

so that different
he three nmagnetic poles 28,29 and 30

20

yoke 24. The coils 32 are wound on the two outer yokes 24 i
and coils 32 are electrically connected.in.parallel

magneti c_stee

is used %s the thin

the 25 outer

hi ghly saturated

10

15

20

A

base 89 at a position opposite to the inner yoke 22 so
magnetic path 20 is formed along the surfaces of the thin
Coils 32 are wound around the second
magneti c pol es are provided

of the outer

ndi vi dual | y,

Her e,
r poration)

the i.nner yokes 22 and

trip (31?440; manuf gcgured by Ni pponySt eel
pl gt es 23 and gS' 9;h nakefugY
yokds %24 respect ively surfade of each t
% 3 S~
b
o
~
g ——- - L 4 —>E“" X
b
+
o
o
g .~e»F:
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O
o
)
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o
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d
e
24~
41,42

hin pl ate has
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In the conventional arrangement, planar permanent magnets 16 and 17 are

disposed in parallel in a gap between an inner yoke 1 and an outer yoke 3 each in

form of quadratic prism as shown in Table 1.

In case the permanent magnets 16

and 17 are disposed at positions closer to the inner yoke 1 during manufacture, the

25

17

force to attract the permanent magﬁets directly toward the inner yoke 1 is increased.



magnetisc flux density and | ow core | oss, and the surface is provided with

an insulating film The novable unit 21 conprises a pair
of a first permanent nagnet 33 and a second pernmanent magnet 34 in
C-shaped or cylindrical shape magnetized ina 5 di rection connecting
the inner yoke 22 with the outer yoke 24, and a pernmanent magnet

hol der 35 and a shaft 36. A magnet of rare earth elenment of Nd-Fe-B type
is preferably used as the first pernmanent nmagnet 33 and the second
per manent magneti c 34. These pernmanent nmagnets are fixed by the

permanent magnetn e jinear MSbARIth e a%\yé‘arﬁ’angéﬁﬁ@ﬁ‘t, ﬁ%%%@ﬁéﬂﬁeﬁﬁ&n@ﬁr allel to

the central axis so that directions of 1 magnet i zati on are opposite to

h ot her, ' ' it ' k
o a1 he oREneERARiFeddonparfitneft MlagRBPaP e RPBsed ot psiidridto LBERT VO

r yoke earings 37 us to snoothly nove

th haft 364 ' | ; il
€ sha tdthe fnﬁﬁr‘ )Ei(i;@‘éé'or W@Bﬁ’c@rty%(e 2 rgq/eé/lna'tte{bgﬁg\r%brh g@%@kﬁ%%gown

oil-retaining neta arings, etc.

e or et a1 At nERBEELRY, kRl Id dRen SRR DAREREH BBngE 4R || nea

not or vviththea arrangenen

H b . . _ . _ ' T
él manentd mogiBe2 iRl B rRAREE o WL R JBREI AL SRR, Spedtcallffin ' 1"

t 26 t I ' t 33,
The gap 98, oyPbedtanidoBBARAG X Wb DS b ek BCkRERACTRME O
34, the gap gﬁgletégﬁg}cr%e%gﬁ‘h@ef&&%g EreAlith ﬁ@?carﬁl%ﬂﬁd%%] %g%%ﬁ%?s to the

first perman nerates s I'c nmagneti c ds in

the gaps 38 3ﬁﬂar3i%agr4e% 1% % 1 *ﬁﬁe&%kgqgnd the outer yoke 2 each in form of

quadratic prism are used, the force to directly attract the permanent magnets 41 and

10  42ioward the inner yoke 22 or the outer yoke 24 (the force 1o affract in the direction
of X-axis) is decreased, and sliding loss on the bearings 37 can be decreased.

Both the inner yoke 22 and the outer yoke 24 can be formed by laminating
many thin plates 23 and 25 each in approximately rectangular shape and having
high magnetic permeability, and the linear motor can be produced in easier manner.

15 As described above, the linear motor according to the present embodiment
comprises an inner yoke and an outer yoke arranged at a given spacing in parallel to
the central axis, and a pair of permanent magnets magnetized in radial direction
around the central axis at the center are retained in a gap between the inner yoke
and the outer yoke so that the directions of magnetization are opposite to each other.

20  Even when the permanent magnets are arranged at deviated position closer to the
inner yoke or the outer yoke, the force to directly attract the permanent magnets to
the inner yoke or the outer yoke is not increased, and sliding loss on the bearings |
can be reduced.

(Example 3)

25 Fig. 4is a cross-sectional plan view of a third embodiment of the linear motor of

18



t be out:er yoke 24, it circulates in the planes of the thin plates 23 and

25.

When AC current is supplied to the coil 32, different

magneti c poles are 25 alternately generated in axial direction on the
first magnetic pole 28, the second

13

magnetic pole 29, and the third magnetic pole 30. By

magnetic attracti on and repul sion of the novable unit 21 with
respect to the first pernmanent magnet 33 and t he second permanent
magnet 34,

magni t ude of

gener at ed

magnet 34. T
t he novabl e
current.
cylindrical E%ape,

there occurs an axial thrust force proportional to t he

g@ p?@éerni iﬁn@ﬁ{:ﬁ.e "Hig. 316a FOnt RS thin bla%@%ﬂ?ﬁfﬁ éyoRé ofthe 1 uxes

romt I rst™ permanent magnet e 'second per manent

Efrﬁ@?nté'rlvelntri]on, LAGFRNEE G it isw gfél( @ﬁ\ F\S/I\n&tg Eﬂ{'\ﬁ EQ'H zolfe‘?ﬂ glgher with

synchroni z guency of AC
this case, the novable unit 21 is designed in

esent'nvgﬂﬁ ‘he i nner yoke 22 and the outer yoke 24 are

di sposed ‘on i nneA. s s, AL GHLGT ARy ke 1y roRY BRLE- B L
Ion o ? e

respectively with a given spacing In radra

unit 21 ig t@aﬁ&%ﬁ&% Alihiatds 51 firb}ég?‘;%rgm“rg'

per manent“ magnet

to the

10

15

20

25

direc novabl e

nd the second
4 are gnetri ze g@?ﬁ%%%ﬁﬂ%%‘oﬁnner yoke 22
de&&r‘e%r in %%E%n?eﬂshape and in the same dimension and having high magnetic

@

permeability are used to form the inner yoke 50, and a multiple of the thin plates are
laminated in parallel to one of X-axis or Y-axis using a jig so that the radius R1 on
outer periphery of the inner yoke 50 is smaller by a given value than the radius R2
on inner periphery of the movable unit 21.

Also, thin plates 53 each in approximately rectangular shape and having high
magnetic permeability and in the same shape and the same dimension are used as
the outer yoke 52, and a multiple of the thin plates 53 are laminated in the same
direction as the thin plates 51 of the inner yoke using a jig so that radius R3 on inner
periphery of the outer yoke 52 is greater by a given value than radius R4 on outer
periphery of the movable unit 21.

In the linear motor with the above arrangement, thin plates of the same shape
and the same dimension are laminated to form the inner yoke, and the thin plates of
the same shape and the same dimension are laminated to form the outer yoke.
Because the inner yoke and the outer yoke can be formed in easier manner, this
facilitates the manufacture of the linear motor.

(Example 4)

Fig. 7 is a cross-sectional front view of a fourth embodiment of the linear motor

of the presentinvention. Fig. 8is a cross-sectional view along the line A— Ain Fig.

7.
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Therefore, even when the shaft 36 is disposed at axially rotated position

during 15 manufacture, balance is kept well in the distance between the
first permanent magnet 33 or the second permanent magnet 34 and the
i nner yoke, or in the di stance between the first pernmanent magnet 33
or the second permanent magnet 34 and the outer yoke 24 because the
novabl e unit 21 is designed in cylindrical shape. Thus, thrust force
of the linear notor is nottunmed to unstable. 20 The inner yoke 22
and the outer yoke 24 can be produced by |lam nating a mul ti pl e of

the thin plates A3oqfly i Brsehiordl i THRlNeA A EidinpBHape, and

havi ng hi gh nagneti1 c pernea ity, and thni's confributes to sinplification
path 120 of 1 RATHAN St &f fEprl ity el thee anhanino high megReAE0 O 1 ©
rlrzgnet > an%ﬁ&ﬁﬁfﬁ?gﬁg@fc’g&% ﬁ%er?ﬁ%ﬁ)l ﬁ%ewggwﬁ%hﬁﬁh?maﬁ nner yoke
22 and the, e Yfiatfo P of ey By BENGBEBRIAE dhif SR BEdL 41 © | (e
current i g a Ghffl ReYthRePefpfer) Bfa S84 hAEalbd #5F3diud B inalure R7 of

outer periphery of the outer yoke 60 is equal to radius of curvature R8 of outer

periphery of the slot 62. It is designed in such manner that the radius of curvature
R7 of outer periphery of the outer yoke and the radius of curvature R8 of outer
periphery of the slot 62 are greater than the radius of curvature R5 of inner periphery
10 ofthe outer yoke 60 and the radius of curvature R6 of inner periphery of the slot 62.
Specifically, on inner periphery of the outer yoke 60, if the center of X-axis and
Y-axis is supposed to be the center of the radius of curvature R5, the center of the
radius of curvature R6 is at a position deviated from the center of Xand Y axes in the
direction of X-axis by a dimension A of an opening of the slot 62.  Also, on outer
15  periphery of the slot 62, if the center of X and Y axes is supposed to be the center of
the radius of curvature R8, outer periphery of the outer yoke 60 has its radius of
curvature R7 at a position deviated from the center of X and Y axes in direction of X-
axis, deviated by the dimension B on back portion of the outer yoke 60.
In the linear motor with the above arrangement, the radius of curvature R5 on
20  inner periphery of the outer yoke 60 is equal to the radius of curvature R6 of inner
periphery of the slot.  Thus, in any of cross-sections in parallel to X-axis of the outer
yoke 60, the dimension A of the opening of the slot 62 is the same.  The radius of
curvature R7 of outer periphery of the outer yoke 60 is equal to the radius of
curvature R8 of outer periphery of the slot 62.  Thus, in any of cross-sections in

25  parallel to X-axis, it is equal to the dimension B on back portion of the outer yoke 60.
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el*ectrrc current which is proportional to square of the magnetic fl ux
density and is 5 al so proportional to square of plate thickness of the
mat eri al of the yoke. Because the inner yoke 22 and the outer yoke
24 are nmade up with a nultiple of thin plates 23 and 25 each having
hi gh magnetic perneability and with insulated surface, it is

possible to elimnate generation of eddy current alnost conpletely, and to
extensively reduce iron loss. As a result, notor efficiency can be

i mproved. 10 As described above, the linear notor according to the
present. ermborieRpe in any of the HPHIaRS ! e BatAYIE B drfieridn Adkihe 2l shape

with its central axis at an intersection o X-axis and Y-axis, an

i nner yoke dép%ﬁ?@%@ﬂ%%l&té@%ﬁhééﬂﬁeﬁiﬁe %W&Hﬁﬂﬁé)omorﬁfgﬁguge{ gi ven

spacing in radial” direction of the novable unit an thin

pl ates each yokegp 1N approxi mately rectangul ar shape and having high
magnetic permeability and 15 laminated in parallel to one of X-axis or
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X-axis apfl YaRgtis pb&se Bldedighthe 1B AoBAh cofbact size.

As described above, in the linear motor of the present embodiment, the radius

of curvature of inner periphery of the outer yoke is equal to the radius of curvature of
inner periphery of the slot, and the radius of curvature of outer periphery of the outer
yoke is equal to the radius of curvature of outer periphery of the slot.  The radius of
15  curvature of outer periphery of the outer yoke or the slot are greater than the radius
of curvature of inner periphery of the outer yoke or the slot, and it is possible to
design the linear motor in compact size.
(Example 5)
Fig. 9is a cross-sectional plan view of a fifth embodiment of the linear motor of
20 thepresentinvention. The cross-sectional front view of the linear motor is the same
asin Fig. 2 as given above.
According to this embodiment, in the linear motor of Example 2, it is designed
in such manner that outer peripheral end D of each of the outermost sides of the thin
plate 68 of the inner yoke 67 in laminating direction and an end surface of the

25  permanent magnet are on a line, which connects an inner peripheral end C (of each
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15: . per manent magnets nagnetized in a direction to connect

the inner yoke with the outer yoke and provided on the novable unit
and retained in a gap between the i nner yoke and t he outer yoke
with a given spacing in parallel to the central axis so t hat

directions of nmagnetization are opposite to each other. Because the novabl e
5 unit is designed in cylindrical shape even in case the shaft is

arranged at axially rotated position at the tinme of manufacture,
the thrust force of the linear nmotor is not _ turned to unstable.
ef 1 ci oncy | & e cUBRte KBEoMEn1S10 b Tk B | o BRI recton) (o
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directions of magnetization are alternately directed in opposite direction, and these
are arranged in a gap between the inner yoke 67 and the outer yoke 65.
Now, description will be given on operation of the linear motor with the above
arrangement.
10 A magnetic path 31 (shownby N — S) of magnetic fluxes generated from the
first permanent magnet 69 and the second permanent magnet 70 encloses the slot
26 ortheslot27. Then, it passes via the first permanent magnet 69, the gap 38,
the inner yoke 67, the gap 38, the second permanent magnet 70, the gap 39, the
outer yoke 65, and the gap 39 and goes back to the first permanent magnet 69, and
15 static magnetic fields are generated in the gaps 38 and 39. The magnetic path 31
circulates in the planes of the thin plates 66 and 68 in the inner yoke 67 and the outer
yoke 65. It circulates in the directions of magnetization of the first permanent
magnet 69 and the second permanent magnet 70 respectively in the first permanent
magnet 69 and the second permanent magnet 70 and in the gaps, i.e. in radial
20  direction toward the cenfral axis.
Therefore, magnets can be fully utilized without waste, and the amount of
magnets can be reduced.
As described above, according to the linear motor of the present embodiment,
the outer periphery of each of the outermost sides of the thin plate of the inner yoke

25 inlaminating direction and the end surface of the permanent magnet are on aline,
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are previded a pair of a first permanent magnet 41 and a second pernanent

magnet 42 in C-shaped or cylindrical shape and magnetized in radi al

direction around the 20 central axis. The first permanent nagnet 41 and
t he second permanent nagnet 42 are fixed by a permanent nagnet

hol der 35 with a given spacing in axial direction so t hat directions

of magnetization are alternately turned to opposite direction, and
these are disposed in a gap between the inner yoke 22 and the outer yoke
24. 25 16

> which connelcfethd inner periphery of each of the outermost sides in laminating
direction of the thin plates of the outer yoke with the intersection of X-axis and Y-axis.
This makes it possible to reduce the amount of magnets.
(Example 6)

5 Fig. 10is a plan view of an inner yoke in a sixth embodiment of the present
invention.  Fig. 11 is a front view, and overall arrangement as a linear motor is the
same as in Fig. 1 and Fig. 2 as given above.

According to the present embodiment, in the linear motor of Example 1 or 2,
two inner yokes 71 are arranged symmetrically with respect to Y-axis, and the two

10  inneryokes 71 are integrated by two inner yoke support members 72, which are
inside the inner yokes 71 and are positioned separately in direction of Y-axis. Each
of the inner yoke support members 72 has a bolt hole 73, and it is used to fix the
support member to a base 89.

Therefore, the inner yokes are integrated to a single component, and this

15 facilitates the assembling procedure. Also, the accuracy of assembling with the
movable unit 21 can be maintained in easier manner.

As described above, in the linear motor of the present invention, two inner
yokes are arranged symmetrically with respect to Y-axis, and the two inner yokes
are integrated by two inner yoke support members, which are inside the two inner

20  yokes and are positioned separately in the direction of Y-axis. The inner yokes are
integrated in a single component, and this facilitates the assembling procedure.

If the inner yoke support members are made of nonmagnetic stainless steel
such as SUS 304, iron loss can be reduced and motor efficiency can be improved.
(Example 7)

25 Fig. 12 is a plan view of an outer yoke in a seventh embodiment of the present
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10~ .« 15 20 In the conventional arrangenent, planar

per manent nmagnets 16 and 17 are di sposed in parallel in a gap between
an inner yoke 1 and an outer yoke 3 each in formof quadratic prismas
shown in Table 1. In case the permanent nmagnets 16 and 17 are disposed

at positions closer to the inner yoke 1 during manufacture, the 25 force
to attract the permanent magnets directly toward the inner yoke 1 is

I ncr eased. 17 In
the linear notor with the above arrangenent, in case the first permanent

TROnel 1 el 35004) SehEBREN s RRE g SER AR RS RaFRia o0 Lo
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According to the present embodiment, in the linear motor of Example 1 or 2,
two outer yokes 75 are amranged symmetrically with respect to Y-axis, and the two

5 outer yokes 75 are integrated by two outer yoke support members 76 disposed at
each of the outermost positions in laminating direction of the thin plates of the outer
yokes. Each of the outer yokes 76 has a hole for bolt 77, and these are used to fix
the support members to a base 89.

Therefore, the outer yokes are integrated to a single component, and this

10 facilitates the assembling procedure.  Also, the accuracy of assembling with the
movable unit 21 can be maintained in easier manner.

As described above, in the linear motor of the present embodiment, two outer
yokes are arranged symmetrically with respect to Y-axis, and the two outer yokes
are integrated by two outer yoke support members arranged at each of the

15 outermost sides in laminating direction of the thin plates of the two outer yokes.
The two outer yokes are integrated to a single component, and this facilitates the
assembling procedure.

If the outer yoke support members are made of nonmagnetic stainless steel
such as SUS 304, iron loss can be reduced and motor efficiency can be improved.

20 (Example 8)

Fig. 13 is a cross-sectional front view of an eighth embodiment of a linear
compressor according to the present invention.

A linear compressor 80 comprises a cylinder 81, a piston 82 placed in the
cylinder 81 so that it can be reciprocally moved, a compression chamber 84 formed

25 asfacingtoahead 83 of the piston 82, and a suction valve 85 and a discharge valve
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I ne Tabl.ee 1 during manufacture, the force to directly attract the pernmanent
magnets 41 5 and 42 toward the inner yoke 22 or the outer yoke 24 is
decreased. Specifically, if it i s supposed that the force al ong
X-axis is 1, the value of cos [err] is decreased as the angle [err]
I's increased. Therefore, conpared with the conventional case where the

pl anar magnets 16 and 17 and the inner yoke 1 and the outer yoke 2 each in
f orm of guadratic prismare used, the force to directly attract the
per manent magnets 41 and 10 42 toward the inner yoke 22 or the outer yoke
24 (the forc i ' ' : PN R-Y O ased,
and sliding %ggbghb%ﬁ%%’ggrslé @ng‘s"%i?ﬁ%{r?% p&sggggi@g?éo%?&oh%&ﬁﬁé@ot h the
i nner yoke 2%,and the outer yoke 24 can be forned by | am nating many
thin plates 23 and 25 each in approxi mately rectangul ar shape and havi ng
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10 A magnetic flux 31 coming out of an N pole of a first permanent magnet 33

passes through a gap 38, an inner yoke 22, the gap 38, an S pole of a second
permanent magnet 34, an N pole of the permanent magnet 34, a gap 39, an outer
yoke 24, and the gap 39 and goes back to the S pole of the permanent magnet 33,
and static magnetic fields are generated in the gap 38 and the gap 39.  In the inner

15  yoke 22 and the outer yoke 24, the magnetic flux circulates in the planes of the thin
plates 23 and 25.

When AC current is supplied to the coil 32, different magnetic poles are
altemately generated in axial direction on the magnetic poles 28, 29, and 30. By
the magnetically attracting and repelling actions of the permanent magnets 33 and

20 34 and the movable unit 21, thrust force is generated in proportional to the
magnitude of electric current flowing through the coil 32 and to the magnetic flux
density of the permanent magnets 33 and 34. As aresult, the piston 82is
reciprocally moved together with the movable unit21. When the pressure in the
compression chamber 84 is low, expanded gas is sucked into the compression

25  chamber 84 via the suction valve 85. When the pressure in the chamber is high,
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18+« . the present invention. Fig. 5is a front view of a

thin plate of the inner yoke of the present invention, and Fig. 6 is
a front viewof a thin plate of the outer yoke of the pr esent

i nventi on. According to the present enbodinent, in the linear
not or as described in 5 Example 1 or 2, thin plates 51 each in

approxi mately rectangul ar shape and designed in the sane shape and
in the sane di nmension and having hi gh magnetic perneability are used

to formthe inner yoke 50, and a multiple of the thin plates are

|ani nat ed | n BapaldLel ol Q18 ef ot ol Ftlrindf B o ikdhehth [did L he

radi us Rl on peri p ery o I nner yoke by a
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Shape, and eV, Ml v yPBUAGH ¥R Bobd e b2, 330 fn:'.af?p. :
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the linear compressor 80 only between the piston 82 and the cylinder 81.
Therefore, mechanical sliding loss of the linear compressor can be reduced, and
compressor efficiency can be increased.
The magnetic flux 31 generated from the permanent magnets 33 and 34
10  dirculates in the planes of the thin plates 23 and 25 in the outer yoke 24. When the
magnetic flux 31 circulates in the planes of the thin plates 23 and 25, it generates
eddy current in the direction perpendicular to the magneticflux31. Thisisan
electric current, which is proportional to square of the magnetic flux density and is
also proportional to square of plate pressure of the yoke material. The inner yoke
15 22 and the outer yoke 24 have high magnetic permeability and have the insulated
surfaces and these yokes are formed by laminating a multiple of thin plates 23 and
25. Therefore, itis possible to eliminate generation of eddy current aimost
completely, and iron loss is extensively reduced.  Thus, compressor efficiency can
be improved.
20 Because the inner yoke 22 and the outer yoke 24 are formed by laminating a
multiple of thin plates 23 and 25 in simple manner, the linear compressor 80 can be
produced in simple manner.
In the above, description has been given on an example where the coil 32is
wound on the outer yoke 24, while the coil 32 may be wound on the inner yoke 22.

25 in the above, description has been given on an example having 3 magnetic
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In the |4 near notor with the above arrangenent, thin plates of the sane
shape and the sane dinension are lamnated to formthe inner yoke,
and the thin pl ates of t he sane shape and the same di nension are

| am nated to formthe outer yoke. 20 Because the inner yoke and the
outer yoke can be forned in easier manner, this facilitates the
manuf acture of the |inear notor. (Exanpl e 4) Fig. 7 1s
a cross-sectional front view of a fourth enbodi ment of the |inear notor

of the present invention. Fig. 8 is a cross-sectional view along the line A

- Ain Fig. 19
According to e %’P'(laesne'rsfl SORBSSOb 2 c%esngln dwr\i\alnrqggiv\atth?mnero\fokEXZZ anFe 1 or 2,
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I n such manne rad| us of curvature R5 of inner periphery of the
out er yoke 605)?%32&3%” to radius of curvature R6 of inner periphery
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curvature

and Y-axis, an inner yoke arranged on inner side of the movable unit with a given
spacing in radial direction of the movable unit and being formed by laminating a
multiple of thin plates each in approximately rectangular shape and having high
magnetic permeability in axial direction of one of X-axis or Y-axis, an outer yoke

10  arranged on outer side of the movable unit with a given spacing in radial direction of
the movable unit and being formed by laminating a multiple of thin plates each in
approximately rectangular shape and having high magnetic permeability in the same
direction as the thin plates of the inner yoke, a base in planar shape for retaining the
inner yoke and the outer yoke, a cylinder mounted so as to be positioned at the

15 center of X-avds and Y-axis, the movable unit being designed in such manner thata
pair of C-shaped or cylindrical permanent magnets magnetized from the inner yoke
side to the outer yoke side are retained in a gap between the inner yoke and the
outer yoke, a piston arranged at forward end of a shatt integrated with the movable
unit and placed in the cylinder, and a spring mounted on the shaft. Even when the

20  permanent magnets are disposed at deviated positions closer to the inner yoke or
the outer yoke at the time of manufacture, the force to directly attract the permanent
magnets toward the inner yoke or the outer yoke is notincreased. Therefore,
sliding loss between the piston and the cylinder is not increased, and the linear motor
can be manufactured in easier manner.

25
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R7,of outer periphery of the outer yoke and the radius of curvature R8 of

out er peri phery of the slot 62 are greater than the radius of
curvature R5 of inner periphery 10 of the outer yoke 60 and the radius of
curvature R6 of inner periphery of the slot 62. Speci fically,

on inner periphery of the outer yoke 60, if the center of X-axis and
Y-axis i s supposed to be the center of the radius of curvature R5, the
center of the radius of curvature R6 is at a position deviated from
the center of X and Y axes in the direction of X-axis by a dinension

A of an opening of the slot 62 Wﬁ%ﬁ?lﬁ'\/ peri phery of the slot
62, if the center of X and Y a%dsﬁ]ggmg‘gpposl'e |o be the center of
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60. of one of X-axis or Y-axis, an outer yoke arranged on outer side o?%e movable unit

with a given spacing in radial direction of the movable unit and being formed by

10 laminating a multiple of thin plates each in approximately rectangular shape and
having high magnetic permeability arranged in the same direction as the thin plates
of the inner yoke, and forming a first magnetic pole, a second magnetic pole and a
third magnetic pole by arranging two slots being cut out in the laminating direction of
the thin plates, a coil wound on the second magnetic pole of the outer yoke and for

15  generating alternately different magnetic poles at the first magnetic pole, the second
magnetic pole and the third magnetic pole, a base for retaining the inner yoke and
the outer yoke, bearings mounted on the base to be positioned at the center of X-
axis and Y-axis and a pair of permanent magnets magnetized in a direction
connecting the inner yoke with the outer yoke and mounted on the movable unit, the

20 magnets are retained in a gap between the inner yoke and the outer yoke with a
given spacing in paraliel to the central axis so that directions of magnetization are
opposite to each other. Because the movable unit is designed in cylindrical shape,
even when the shaftis arranged at axially rotated position during manufacture, the
thrust force of the linear motor is not decreased.  Iron loss of the inner yoke and the

25  outer yoke is reduced, and motor efficiency is improved.  Also, this facilitates the
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Therefore, in any of the thin plates of the outer yoke 60, the dinmension A
of the opening of the slot 62 is the sane as the dinension B on back
portion of the outer yoke 60. Al so, in the shape of the
coil 63, a radius R10 of outer periphery of the coil 63 is 5 greater
than a radius RO of inner periphery of the coil 63. The radius of curvature
R7 of outer periphery of the outer yoke 60 and the radius of curvature RS
of outer peri phery of the slot 62 are designed greater than the
radi us of curvature R5 of inner peri phery of the outer yoke 60 and
the radius o &Hﬂ I nner periphery of the slot 62. As
a result, thftra'n col %E%%&ﬁg% eqwgftbgl y accomodated in the slot 62, 10 and
it is possibletgc&ﬁ' ' _g'-%- Iy As
descri bed above, 1n (?h%{&lélnﬁg]aelr’é%t o?f%gﬂfﬁg?grgeseﬁt%g%@tﬂg}ﬁ, t he radius
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inner yoke or the outer yoke during manufacture, the force to directly attract the

permanent magnets toward the inner yoke or the outer yoke is not increased, and
10 sliding loss on the sliding portions can be decreased.

According to still another aspect of the invention, the inner yoke in the invention
described in claim 1 or 2 is formed by thin plates of the same shape and the same
dimension, and the outer yoke is formed by thin plates of the same shape and the
same dimension. Thus, the inner yoke and the outer yoke can be produced in

15  easier manner, and this fadilitates the manufacture of the linear motor.

According to yet still another aspect of the present invention, in the invention
described in claim 1 or 2, radius of curvature of inner periphery of the outer yoke is
equal to radius of curvature of inner periphery of the slot, and radius of curvature of
outer periphery of the outer yoke is equal to radius of curvature of outer periphery of

20 theslot. The radius of curvature of outer periphery of the outer yoke or the slotis
greater than the radius of curvature of outer periphery of the outer yoke or the slot.
This makes it possible to design the linear motor in compact size.

According to yet still another aspect of the present invention, in addition to the

invention described in dlaim 1, itis designed in such manner that outer periphery of

25  each of the two outermost sides in laminating direction of the thin plates of the inner
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as*in Fig. 2 as given above. According to this enbodi nent, in
the linear notor of Exanple 2, it is designed I n such manner that
outer peripheral end D of each of the outernost sides of the thin

plate 68 of the inner yoke 67 in lam nating direction and an end surface of
the 25 per manent magnet are on a line, which connects an inner

peri pheral end C (of each

21 of the outernost sides of the thin plate 66 of the
outer yoke 65 in lam nating direction) with the intersection of

X-axis and Y‘&?@a?g(?nzﬁng surface of%nﬁﬁﬁerﬁﬁ{déﬁ&eﬂé oﬁ?ﬂ@%%ﬁﬂ@ﬁﬁe&’s second

per manent mazjnet netized rn radi rection toward the
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Now, descri pbé&fbl%'réd&?tf%i%’ﬁ&urﬂ@fﬁ%&ﬁ&éi on of the linear nmotor with the

above arrangenen magnetic path 31 (shown by N [err] S)

of magnetic Tl uxgs AGRALTEAGN LG d3Fect of the present invention, in the invention

described in dlaim 1 or 2, two inner yokes are arranged symmetrically with respect to

Y-axis, and the two inner yokes are integrated by two inner yoke support members

disposed inside the two inner yokes and positioned separately in direction of Y-axis.

Thus, the inner yokes are integrated to a single component, and this facilitates the
10  assembiing procedure.

According fo yet still another aspect of the present invention, in the invention
described in daim 1 or 2, two outer yokes are arranged symmetrically with respect to
Y-axis, and the two outer yokes are integrated by two outer yoke support members
disposed on each of the outermost sides in laminating direction of the thin plates of

15 thetwoouter yokes. Thus, the two outer yokes are integrated to a single
component, and this facilitates the assembling procedure.

According to still another aspect of the present invention, the invention provides
a linear motor, which comprises a movable unit in cylindrical shape having its central
ads at the intersection of X-avds and Y-axis, an inner yoke arranged on inner side of

20 the movable unit with a given spacing in radial direction of the movable unit and
being formed by laminating a multiple of thin plates each in approximately
rectangular shape and having high magnetic permeability in the axial direction of one
of X-axis or Y-axis, an outer yoke arranged on outer side of the movable unit with a
given spacing in radial direction of the movable unit and being formed by laminating

25  amultiple of thin plates each in approximately rectangular shape and having high
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fisrst permanent magnet 69 and the second permanent magnet 70 encl oses the

sl ot 26 or the slot 27. Then, it passes via the first pernanent
magnet 69, the gap 38, the i nner yoke 67, the gap 38, the second
per mmnent magnet 70, the gap 39, the outer yoke 65, and the gap 39

and goes back to the first permanent magnet 69, and 15 static

magneti cfields are generated in the gaps 38 and 39. The magnetic path 31
circulates in the planes of the thin plates 66 and 68 in the inner yoke 67
and the outer yoke 65. It circulates in the directions of

magneti zati Oﬁlagrﬁeﬁ%%@rrﬁéefbﬁi iR ﬁfe’?éﬁ%’ﬁireﬁﬁon as mé"ﬁ‘lglgﬁrfétesﬁ& rllit?é’iﬂnér}%ké,%c ond

per manent nagn respectively i1n the first mane magnet 69
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outermost  si flas JRe hATIH Yt Yoke with a given spacing in paralle! to the central axis so

that directions of magnetization are opposite to each other, a piston mounted at

forward end of a shaft integrated with the movable unit and placed in the cylinder,

and a spring mounted onthe shaft. Even when the permanent magnets are at

10  deviated position closer to the inner yoke or the outer yoke during manufacture, the
force to directly attract the permanent magnets toward the inner yoke or the outer

yokeis notincreased. Therefore, sliding loss between the piston and the cylinder is

not increased, and this facilitates the manufacture of the linear motor.
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divrecticon of the thin plates of the outer yoke with the intersection of

X-axis and Y-axis. This nakes it possible to reduce the anpunt of
magnet s. (Exanpl e 6) 5 Fig. 10 is a plan view of an inner
yoke in a sixth enbodi nent of the present invention. Fig. 11 is
afrontview, and overall arrangement as a |linear notoristhe sanme as
in Fig. 1 and Fig. 2 as given above. According to the present
enbodi ment, in the linear notor of Exanple 1 or 2, two i nner yokes
71 are arranged symetrically with respect to Y-axis, and the two 10

I nner yokes 71 are integrated b Ié@(}%MEB‘?S‘ support nenbers 72, which
are I nsi de the i nner yokes and are positioned separately in

direction of Y- a1<i SAIin'éQ’FItﬁotor CPTSP?é.?'SP%ﬁ@vw@s'ﬁitmgﬁ@g@ﬁ%“gﬁ“?erS 72 has a

bolt hole 73, and it I's used 0 a base 89.
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I mproved.

of thin plates each in approximately rectangular shape and having high magnetic
10  permeability aranged in the same direction as the thin plates of the inner yoke, and
forming a first magnetic pole, a second magnetic pole, and a third magnetic pole by
arranging two slots cut out in the laminating direction of the thin plates, a coil wound
on the second magnetic pole of the outer yoke and for forming altemately different
magnetic poles at the first magnetic pole, the second magnetic pole, and the third
15  magnetic pole, a base for retaining the inner yoke and the outer yoke, bearings
mounted on the base to be positioned at the center of X-axis and Y-axis, a pair of
permanent magnets magnetized in a direction to connect the inner yoke with the
outer yoke and arranged on the movable unit to be retained in a gap between the
inner yoke and the outer yoke with a given spacing in parallel to the central axis so
20 that directions of magnetization are opposite to each other, and a shait integrated

with the movable unit and pivotally supporied on the bearings.
2. Alinear motor according to claim 1, wherein a pair of permanent magnets

magnetized in radial direction around the central axis are arranged with a given

25  spadngin parallel to the central axis so that directions of magnetization are opposite
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25 +« Fig. 12 is a plan view of an outer yoke in a seventh enbodi nent of

t he present 23

i nvention. Overall arrangenent as a linear notor is the sanme as in Fig. 1
and Fig. 2 as given above. According to the present
enbodi nent, in the linear notor of Exanple 1 or 2, two outer yokes

75 are arranged symmetrically with respect to Y-axis, and the two 5
outer yokes 75 are integrated by two outer yoke support nenbers 76 di sposed
at each of the outernost positions in lamnating direction of the

thin plates Bfeﬁhsgﬁgtaﬁtﬁlsaid ma'gnet!BEﬁéﬁre gﬁléé):in%fgéphfe t %e%ﬁé%kggnrgas a

t
to

hol e for bolt ese are use e support nenbers to a
base 89. Therefore, the outer yokes are integrated to a single
the outer yoke re, y ; 9 9
conponent, 8 thlg 10 facilitates the assenbling procedure. Al so, the
accuracy of assenbling with the novabl e unit 21 can be nmaintained in
easi er manner. As descri bed above, in the linear notor of the

present embodi Mgnta jaPeidith Boording to AR 2AMFeBh ARG yONIRRHleGal | ¥ v th

respect to Y-axi's, an %e o O &r yokes are 1ntegrated by two
1 d :

Cam nat iy abF BB SR H ks B8 Sae Rhens o s Liiah, <! ces 11

and the outer yoke is formed by laminating a multiple of thin plates of the same

shape and the same dimension.

4. Alinear motor according to claim 1 or 2, wherein radius of curvature of
10 inner periphery of the outer yoke is equal to radius of curvature of inner periphery of
the slot, and radius of curvature of outer periphery of the outer yoke is equal to radius
of curvature of outer periphery of the slot, and radius of curvature of outer periphery
of the outer yoke or the slotis greater than the radius of curvature of the inner
periphery of the outer yoke or the slot.
15
5. Alinear motor according to claim 2, wherein outer peripheral end of each
of the outermost sides in laminating direction of the thin plates of the inner yoke and
an end surface of the permanent magnet are on a line, which connects inner
peripheral end of each of the outermost sides in laminating direction of the thin plates

20  ofthe outer yoke with the intersection of X-axis and Y-axis.

6. Alinear motor according to daim 1 or 2, wherein two inner yokes are
arranged symmetrically with respect to Y-axis, and the two inner yokes are
integrated by two inner yoke support members disposed inside the inner yoke and

25  positioned separately in direction of Y-axis.

3
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The twa outer yokes are integrated to a single conmponent, and this
facilitates the assenbl i ng procedure. I f the outer yoke

support nenbers are made of nonmagnetic stainless steel

304, iron |loss can be reduced and notor efficiency can be inproved.

(Exanpl e 8)

ei ght h enbodi nent of a |inear

i nventi on.

pi ston 82,
24

in the conpression c

20

Fig. 13 is a cross-sectional front view of an

ge va

moved redprocal | §. A linear motor according to claim 1 or 2, wherein two outer yokes are

5

10

15

20

25

arranged symmetrically with respect to Y-axis, and the two outer yokes are
integrated by two outer yoke support members disposed on each of the outermost

sides in laminating direction of the thin plates of the outer yokes.

9. Alinear motor according to claim 8, wherein said outer yoke support

members are made of a nonmagnetic material.

10. Alinear compressor, comprising a movable unit in cylindrical shape and
having the cenfral axis at the intersection of X-axds and Y-axis, an inner yoke
arranged on inner side of the movable unit with a given spacing in radial direction of
the movable unit and being formed by laminating a multiple of thin plates each in
approximately rectangular shape and having high magnetic permeability arranged in
parallel to one of X-axis or Y-axis, an outer yoke arranged on outer side of the
movable unit with a given spacing in radial direction of the movable unit, being
formed by laminating a multiple of thin plates each in approximately rectangular
shape and having high magnetic permeability arranged in the same direction as the
thin plates of the inner yoke, and forming a first magnetic pole, a second magnetic
pole and a third magnetic pole by arranging two slots cut out in the laminating
direction of the thin plates, a coil wound on the second magnetic pole of the outer
yoke and forming alternately different magnetic poles at the first magnetic pole, the

second magnetic pole and the third magnetic pole, a base in planar shape for

A, )

conpressor according to the present
A linear conpressor 80 conprises a cylinder 81, a
pi ston 82 placed in the cylinder 81 so that it can be reciprocally

noved, a conpresgi Oﬂ'iwm&ﬁrﬁg&ﬂﬂgﬁmﬁg@ % ﬁ]@ﬁh?t%dkes@p&ﬁad 83 of the

and a suction .

members areih cﬁ&f%%ﬂﬂ%@@&hc%at@ﬁed In response to gas pressure
an%er 4. The |inear conpressor 80

conprises a linear notor 87 for reciprocally noving t he piston 82

and a resonant spring 88 for supporting the piston 82 so that it can be

such as SUS

5



The arrangenent of the linear notor 87 is the same as the |inear notor
described in Exanple 1 and Exanple 2, and detail ed description is not given
her e. In the linear conpressor 8 with the above arrangenent,
description wll be given now on its operation. 10 A magnetic
flux 31 com ng out of an N pole of a first permanent magnet 33

passes through a gap 38, an inner yoke 22, the gap 38, an S pole of a
second per mmnent magnet 34, an N pole of the permanent magnet 34, a
gap 39, an outer yoke 24, and the gap 39 and goes back to the S pole
of the per mg&&hin%ﬁﬁer?ég%amf the OH%P?O](%E QH/IF_ELIg dforf thebdse @se gener at ed

in the gap 38 and™t he ga t nner yoke 22 and the outer yoke

24, th ki ' 2 Svid Syl j | at 23
and o5, | Posfored S i RS End PR Apaerpertatert Ao, i P or ent

ti I i ; ard j i th
magnet ¢ pol SrgEisgn adiedph BgRhEhIRRTIAENN o B yolG dBThoRbP L

repel L1 N aCtdraRsmBlel OB LERARL ARSI Sakbrrfidmalop 3 kb movabl e

unit 21, thrust Torce Is generat magni t ude

of el ectr%,ct &g&é%a mw&%@@%‘?}ﬁe%ﬁé&}é&%a{ F?ﬁb?]ﬁrgpgneti c flux

density o per mafent g a resu € piston 82 is

reci procal |y (et B9 EiEbolleht LoD 2B en Wl ned e I chliey BLRgEur e I

t he co ession ch expan gas 1s sucke o the

cOM €551 0N 5 3o et B i Geind SO ERRER U €,

t he chanber i's
the shatt.

A
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cofpressed gas is sucked into the conpression chanber 84 via the discharge

val ve 86, and it works as a |linear conpressor 80. The
direct-driven type linear notor 87 is integrated with the piston 82, and
t he ~piston 82 is reciprocally nmoved within the cylinder 81 as the
novabl e unit 21 of the 5 | i near notor 87 is reciprocally noved. The
mechani cal sliding loss is generated in the linear conpressor 80
only between the piston 82 and the cylinder 81. Ther ef or e,
mechani cal sliding |oss of the |inear conpressor can be reduced, and
conpressor efficiency can be increasg8sTRACT The magnetic flux 31

generated fromthe permanent magnets 33 and 34 10 circulates in the

pl anes of the thige ﬂ%s EQrem the
magnetic flux 31 mPﬂeg%at es 1n't aQ'rr;'es 0 {’ﬁ@'%%?ﬁnﬁat es 23 and 25, it
gener at es 8[?%%6 ngcuﬂ iR TR Ac3r t he
magnetic fl u)?fﬁggfn sﬁji'@{%ra‘tbérﬂaﬁ g‘?:??lgc Clﬁnt Iﬁél S proportional

to square of Jh& JJRQ eﬁt@bﬁoﬁ@&ﬁ%ﬁs&sﬁ% le upjt 21 in .ﬁ&cakee%@&na' to

square of plate pres ure 0 materi € i nner yo 22 and

Lhe out or 5V oleyadyatipyd ogl Pﬁgﬁ}ﬁérg&%Bﬁ%%g LY BRI Joﬂégéns.“' at ed

surfaces and es are ftorne a frul thin plates

23 and a{&ﬁgedT&ﬁﬁﬁér%r o b hoch %?th sgﬁl @EQ?@S.W g of eddy

current al nos conp |ron yre uced

Thus, conpregg e ridvable! unit oy aﬁé‘ﬂemg formed Bﬁlahmhﬂﬁ Sqnulhple of thin plates each
in approximately rectangular shape and having high magnetic permeability arranged
in direction of X-axis, an outer yoke 24 arranged on outer side of the movable unit

10  with a given spacing in radial direction of the movable unit 21 and being formed by
laminating a multiple of thin plates 25 each in approximately rectangular shape
arranged in the same direction as the thin plates 23 of the inner yoke 22, and a pair
of permanent magnets 33 and 34 magnetized in a direction from the inner yoke 22
to the outer yoke 24.

15 Therefore, the thrust force of the linear motor is not tumed to unstable, and
motor efficiency can be improved, and this facilitates the manufacture of the linear

motor.
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20 - Because the inner yoke 22 and the outer yoke 24 are formed by

| am nating a multiple of thin plates 23 and 25 in sinple manner, the
| i near conpressor 80 can be produced in sinple manner.

In the above, description has been given on an exanple where the coil 32 is
wound on the outer yoke 24, while the coil 32 may be wound on the inner
yoke 22. 25 In the above, description Ag&d3been given on an exanple

havi ng 3 nagnetic 26

poles, while it is al sible to design in such manner that the inner
yoke 22 and thﬁé yQke 24, the magnets 33 and 34, and the coil

32 are connected in series 1M axi al direction. As .
descri bed above, the linear notor of the present enbodi ment conprises a 5

novabl e unit of cylindrical shape having the central axis at the

i ntersection of X-axis and Y-axis, an inner yoke arranged on inner
side of the novable unit with a given spacing in radial direction of
t he novabl e unit and being forned by |lam nating a mul tiple of thin

pl ates each in approxi mately rectangul ar shape and havi ng hi gh _
magnetic perneability in axial direction of ¥ne of X-axis or Y-axis, an
outer yoke 10 arranged on outer side of thF novabl e unit with a given
spacing in radial direction of 1

|

E——

LAMINATING DIRECTION

OF THIN PLATES



t hes novabl e unit and being forned by lamnating a nultiple of thin plates
each in approxi mately rectangul ar shape and havi ng hi gh magnetic
perneability in the sane direction as the thin plates of the inner
yoke, a base in planar shape for retaining the i nner yoke and the
outer yoke, a cylinder nounted so as to_be positioned at the 15 center of
X-axis and Y-axis, the novable unit bei%élaesigned I n such manner that a
pair of C-shaped or cylindrical permanent nagnets magneti zed fromthe inner
yoke Si thgzouter yoke side are retained in a gap between the
I nner yoke and't e outer yoke, a piston arranged at forward end of a
shaft integrated with the novabl e unit and placed in the cylinder,
and a spring nounted on the shaft. Even when the 20 per manent magnets
are di sposed at deviated positions closer to the inner yoke or t he
outer yoke at the time of manufacture, the force to directly attract the
per manent - magnets toward the inner yoke or the outer yoke is not
i ncreased. Therefore, sliding | oss between the piston and the

cylinder is not increa8e8, ahd2t e | ine Qaqmtor can be nmanuf act ured

i i . 25 39 24 27
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As descr.d bed above, according to an aspect of the present invention, the

|'i near notor of the invention conprises a novable unit in
cylindrical shape having the central axis at the intersection of
X-axis and Y-axis, an inner yoke arranged on inner 5 side of the novable
unit with a given spacing in radial direction of the novable unit

and being fornmed by lamnating a nultiple 3¥18hin plates each in

approxi mat el y rect angul ar shape and havi ng hi gh magnetic
perneability arr inaxial direction -of one of X-axis or Y-axis,
an outer yoke a&i#%;% outer side of the novable unit with a

gi ven spacing in radial direction of the novable unit and being formed by
10 lamnating a multiple of thin plates each in approxnmately rectangul ar
shape and havi ng hi gh magnetic perneability arranged in the sane
direction as the thin plates of the inner yoke, and formng a first
magneti c pole, a second nagnetic pole and a third magnetic pol e by
arranging two slots being cut out in the lam nating direction of t he

thin plates, a coil wound on the second nmagretic pole of the outer yoke and
for 15 generating alternately different narnetic poles at the first

magneti c pole, the second magnetic poje and the third magnetic pol e,
a base for retaining the inner yoke and { the outer yoke, bearings
mount ed on the base to be positioned at er of X- axis and
Y-axis and a pair of pernmane ne i } a<gLLg;tion
connecti ng #&he i nner ; yokle an t=d t he novabl e
unit, the Z0 magnefs—are—tet-mk —q g?p ¢ ' ke and
the outer yeke with af—/——— g ifn { the—cemjral axis
so that dirdctions of ' L her .
Because théznpvabl e upit— gree—a—yl it ndE ) even when
the shaft ig g}ranged=a£=aﬁga' O atet Ot BRuactire, the
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thrust force of the linear notor is not decreased. Iron [oss of the inner
yoke and the 25 outer yoke is reduced, and notor efficiency is inproved.
Also, this facilitates the

28 manuf acture of the |inear notor. Accor di ng
to anot her aspect of the present invention, in addition to the

invention described in claiml, it is d84idned in such manner that a pair
of per manent magnets magnetized in radial direction around the
central axis are disposed in a gap 5 bet ween the inner yoke and the
outer yoke mﬁth en spacing in parallel to the central axis so
that directions 553 zation are opposite to each other. Even

when the permanent are di sposed at deviated positions to closer to
t he _inner yoke or the outer yoke during manufacture, the force to
directly attract the per mmnent magnets toward the inner yoke or the
outer yoke is not increased, and 10 sliding |oss on the sliding portions
can be decreased. According to still another aspect of the

i nvention, the inner yoke in the invention described in claim1 or 2
is formed by thin plates of the same shape and the sane di nensi on,
and the outer yoke is fornmed by thin plates of the sane shape and the

same di mensi on. Thus, the inner yoke and the outer yoke can be produced in

Y
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15 . easier manner, and this facilitates the manufacture of the |inear

not or . According to yet still another aspect of the present
invention, in the invention described in claim11 or. 2, radius of
curvature of inner periphery of the outer yoke is equal to radius of

curvature of inner periphery of the slot, and radius of curvature of
outer periphery of the outer yoke is eqLﬁM13() radi us of curvature of outer
peri phery of 20 the slot. The radius of curvature of outer periphery of

t he outer’ yoke he slot is greater than the radius of curvature
of outer perip jﬁ% fﬁe outer yoke or the slot. This makes it
possible to deS| Ae™inear notor in conpact size. Accor di ng
to yet still another aspect of the present invention, in addition to the

invention described in claiml, it is designed in such manner that outer
peri phery of 25 each of the two outernost sides in lamnating direction
of the thin plates of the inner

29 yoke and an end surface of the permanent nagnet are on
a line, which connects i nnef periphery of each of the outernost
sides in lamnating directiqn of tjhe thin pl ates of the outer yoke
with the intersection of X-gxis and Y-axis. As aresult, it is

possi ble to reduce the anmougt of n gne%§1 According to yet stil
anot her aspect of the prese+t i Nt in the i nvention

FIG. 6
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described in claim1 or 2, two inner yokes are arranged symetrically with
and the two i nner yokes are integrated by two

respect to Y- axi s,

i nner yoke support nenbers di sposed inside the two i nner yokes and

positioned separately in direction of Y-axis. Thus, the inner yokes

are integrated to a single conponent, and this facilitates the 10

assenbl i ng procedure. Acco6fliBg to yet still another aspect of

the present invention, in the invention described in claim1 or 2, .
Y- axi s,

two outer yokes are arranged symetrically with respect to
and the two outer yokes are integrated by two outer yoke support nenbers
di sposed on each of the outernost sides in lamnating direction of the thin

pl ates of 15 Erg wo;puter yokes. Thus, the two outer yokes are
Nagk e conmponent, and this facilitates the

integrated to
assenbl i ng procedure. According to still another aspect of the
present invention, the invention provides a linear notor, which

conprises a novable unit in cylindrical shape having its central

axis at the intersection of X-axis and Y-axis, an inner yoke arranged on
‘inner side of 20 the novable unit with a given spacing in radial
direction of the novable unit and ~ being fornmed by |lam nating a
multiple of thin plates each in ap mat el y rect@hgul ar shape and

1IX

havi ng hi gh magnetic perneability i e axial direction pf one of
X-axis or Y-ax¥ss 0 b novabl e unit
o o e AN Nk o e v Tt ant
being formed py-Tantnhalfi ng - Z5-
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magnetic perneability in the same direction as the thin plates of the inner

yoke, a base in planar shape for retaining the inner yoke and the
outer yoke, a cylinder nount ed on the base to be positioned at the
center of X-axis and Y-axis, a pair of per manent magnets- nagneti zed

in a direction connecting the inner yoke with the 5 outer yoke and

di sposed on the novable unit to be reta¥hdd in a gap between the

i nner yoke and the outer yoke with a given spacing in parallel to the
central axis so IJEE Egat di rections of nagnetization are opposite to
each other, a pilst rolWt ed at forward end of a shaft integrated
with the novable uni.t and placed in the cylinder, and a spring
nounted on the shaft. Even when the permanent nagnets are at- 10 devi ated
position closer to the inner yoke or the outer yoke during manufacture, the
force to directly attract the permanent magnets toward the inner yoke or
the outer yoke is not increased. Therefore, sliding |oss between the
pi ston and the cylinder is not increased, and this facilitates the
manuf acture of the |inear notor. :
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31, . | WHAT |'S CLAI MED | S:

1. Alinear notor, conprising a novable unit in cylindrical shape having
central axis at the intersection of X-axis and Y-axis, an inner yoke

arranged on inner side of the novable unit with a given spacing in
radial direction of the novable unit 5 and being fornmed by |am nating
a multiple of thin plates each in approxi matel8/13 rectangul ar shape

and havi ng high nagnetic perneability in parallel to one of X-axis
or Y-axis, an outer yoke arranged on outer side of the novable unit with a

gi ven spacing in radial direction of the novable unit, being
formed by lam nating a Igg of thin plates each in
approxi mately rectangul ar dpe~and havi ng hi gh magnetic 10

perneability arranged in the sane direction as the thin plates of the inner
yoke, and

LAMINATING DIRECTION
OF THIN PLATES
-



formng.a first magnetic pole, a second magnetic pole, and a third nagnetic

pol e by arranging two slots cut out in the lamnating direction of
the thin plates, a coil wound on the second nagnetic pole of the
outer yoke and for formng alternately different magneti c pol es at
the first magnetic pole, the second nmagnetic pole, and the third 15
magneti c pole, a base for retaining t he97 Ader yoke and the outer yoke,
beari ngs nount ed on the base to be positioned at the center of
X-axi s and Y-axi pair of per manent magnets nagnetized in a
direction to co%t he‘llir(pmr yoke with the out er yoke and
arranged on the I"e t to be retained in a gap between the

i nner yoke and the outer yoke with a given spacing in parallel to the

central axis so 20 that directions of magnetization are opposite to
each other, and a shaft integrated wi th the novable unit and
pivotally supported on the bearings. 2. A linear notor

according to claiml1l, wherein a pair of pernanent nmagnets
magnetized in radial direction_around the central axis are arranged with a

gi ven 25 spacing in parall ¢l Ef the central axis so that directions of
magneti zation are opposite | 2
32 32 1
71
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to each.other, and said magnets being retained in a gap between the inner
yoke and t he outer yoke. 3. Alinear notor according to
claiml1l or 2, wherein the inner yoke is forned 5 by lam nating a
multiple of thin plates of the sane shape and the same di nension,

and the outer yoke is forned by lamnating a nultiple of thi-n plates of the
same shape and the sanme di nensi oh0/13 4. A linear notor
according to claiml or 2, wherein radius of curvature of 10 inner

peri phery of the outer yoke is equal to radius of curvature of inner

peri phery of the slot, and radius of curvature of outer periphery of
the outer yo(l;FLﬁquleo radi us of curvature of outer periphery of
the slot, and r BN df&eurvature of outer periphery of the outer
yoke or the slot is greater than the radius of curvature of the inner

peri phery of the outer yoke or the slot 15 5. A linear notor
according to claim2, wherein outer peripheral end of each of the
outernost sides in lamnating direction of the thin plates of the inner
yoke and an end surface of the permanent nmagnet are on a line, which
connects i nner peri pheral end of each of the outernost sides in

| am nating direction of the thin plates 20 of the outer yoke with the

i ntersection of X-axis and Y-axis. 6. A linear notor
according to claiml or 2, wherein two inner yokes are arranged
symmetrically with respect to Y-axis, and the two inner yokes are

\
/
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I ntegrated by two i nner yoke support nenbers di sposed inside the inner yoke
and 25 positioned separately in direction of Y-axis.
7. Alinear notor according to daim6, wherein the inneryoke support
menbers are nmade of a nonmagnetic material. 8. A linear notor
according to claim1l1 or 2, wherein two outer yokes are 5 arranged
symetrically with respect to Y-axis, aht/the two outer yokes are
i ntegrated by two outer yoke support nenbers di sposed on each of the
out er nost de Ep | am nating direction of the thin plates of the
out er yokes. ' 9. Alinear notor according to daim38, wherein
~ said outeryoke support 10 menbers are nade of a nonmagnetic materi al

10. A linear conpressor, conprising a novable unit in cylindrical shape and
having the central axis at the intersection of X-axis and Y-axis, an inner
yoke arranged on inner side of the novable unit with a given spacing
in radial direction of 15 the novable unit and being fornmed by | am nating
a multiple of thin plates each in
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approxi.nately rectangul ar shape and having high magnetic perneability
arranged in parallel to one of X-axis or Y-axis, an outer yoke
arranged on outer side of the.. novabl e unit with a given spacing in
radi al direction of the novable unit, being formed by |am nating a
mul tiple of thin plates each in approxi g?#y rectangular 20 shape and
havi ng hi gh nagnetic perneability arrangg fn the sane direction as the
thin plates of the inner yoke, and formng a first magnetic pole, a second
magneti c pole and a third nmagnetic pole by arranging two slots cut
out in the Inftanglé_ direction of the thin plates, a coil wound on
t he second n pdl'e of the outer yoke and formng alternately
di fferent magnetic poles at tshe first nagnetic pole, the 25 second
magneti c pole and the third nmagnetic pole, a base in planar shape for
retaining the inner yoke and the outer yoke, a cylinder nmounted on the base
to be positioned at the center of X-axis and Y-axis, a pair of

per manent magnets magnetized in a direction to connect the inner yoke
with the outer yoke and nounted on the novable unit to be retained in
a gap between the inner yokixgnd the outer 5 yoke with a given spacing

.in parallel to the cen S so that directiéns a; magneti zati on
are opposite to:fach ot her, a piston nounted Jt $ o rTﬁFnd of a shaft
e

integrated with bl e uniﬂ and plac8H in thé cylilnder, and a spring
nount ed on /
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