ELECTRI C MOTOR The present invention relates to an electric motor, and nore
particularly to an electric notor for rotating a recordi ng nmediumsuch as a
magnetic disk in a magnetic recording device for witing and readi ng
magneti ¢ recording signals in and fromthe, recording nedium Exanpl es of
conventidenal electric notors of this type ﬁre shown for exanpl e 2ni2)gpangse t
Uility Mbddel Kokai Publication No. 135863/1985 and Japanese Utility Model
Kokai Publication No. 104779/ 1986. o expl ained with reference
to Fig. 1, Fig. 2. and Fig. 3. RefegyﬁggRrbr@??ﬁg Fig. 1 and Fig. 2, a
magnetic disk 1 for recording information is held by a hub 16. which is
fitted wwth and fixed to a rotary shaft 17. A magnetic disk 1 conprises a
recordi ng sheet la. a center hub 1d connected to the recordi ng sheet |a,
outer case conprising an upper wall Ib and a lower wall |c for protecting

the sheet |a. TheThenpeéesbhb iflvehtibf revacésctdi alf élestpievmdedryi ahdan
aperture le through which an upper end of the rotary shaft 17 extends. A
drive pin 15mosefpartitanlahiyhtd 4 eleatrtetimotodi fonnretatdngt Be axi s of
the shaft 17, and is engageable with an aperture |f provided in the
center hub | decérdhpgrmgdiuincsuchkas. aThagoetie giskltnt aameghesiche
rotation of the shaft 17 and the hub 16 to the magnetic disk 1. In this
way, the hubreeondinghdeuwicecfornwriting and reading magnetic recording

signals in and from the recording medium.

Examples of conventional electric motors of this type
are shown for example in Japanese Utility Model Kokal
Publication No. 135863/1985 and Japanese,Utility.Model Kokai
Publication No. 104779/1986. These will be explained with
reference to Fig. 1, Fig. 2. and Fig. 3.

Referring first to Fig. 1 and Fig. 2, a magnetic.djsk 1
for recording information is held by a hub 16, which is
fitted with and fixed to é rotary shaft 17. A magnetic disk
1 comprises a recording sheet la, a center hub 1d connected
&~J to fhe recordfng.sheet la, éuter case comprising an upper
wall 1b'aqd a lower wall 1c for protecting the sheet 1a.

The center hub 1d of the magnetic disk 1 is provided
with an aperture le through which an upper end of the rotary
sﬁaft 17 extends. A drive pin 15 is fixed to the hub 16 at

a certain distance from the axis of the shaft 17, and is



conbi nation hold and rotate the magnetic™disk 1. The rotary shaft 17 is
rotatably supported with a pair of ball-bearings 11 at both axial ends of
the cylindrical bearing holder 19. Fixed to the outside of the bearing
hol der 19 is a stator 20 having a core 8;Lwhich conprises an annul ar part
8a and a plurality of tooth portions 8b, "on which coils 21 are wound.w¥he
core 8 and the cylindrical bearing holder 19 are fixed to a franme 18 by
means of engageablé. wEktkednbjipersarewlf peowibedsin(ithecteaterchmbi ndFig. 1)
end of the rotary shaft 17, the end opposite to the hub 16 is a generally
cup- shapefl yh&em@gneticngiskdisk- Thepddivet pdm 18| kragasmints Aheyl i ndri cal
side wall 23b having its first (lower as seen in Fig. 1) end connected to
t he out eropatipheof thet sbafitsk7shandethsohubmle3go thexmaenetiice disker
surface of the side wall 23b of the yoke 23 is a driving_pernmanent nagnet
22 havi n- ne§RethispsrEs thei hybt A6 sndethendsive pAa t 38t HMportions 8b of
the core 8. The yoke 23 and the permanent magnet 22 forma rotor 24. The
drivi ng perhinationahaid andcgatatesthagmeenetic ddsks lrorce radially

el ect i c currERe TREBASNSPALECAN S5,ToTRUABLE: PHEPEE: G0 "aTy MBAtrad, by
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bearing holder 19. Fixed to the outside of the bearing
holder 19 is a stator 20 having & core 8, which comprises an
annular part 8a and a plurality of tooth portions 8b, on
which colls 21 are wound. The core 8 and the cylindrical o
bearing holder 19 are fixed to a frame 18 by means of scréws |
14' . .
Fixed by a screw 6 to a first (lowef-as seen in Fig. 1).
end of the rotary shaft 17. the end opposite to the hub 16
is a génerally cup-shaped yoke Z3 having a disk-shaped
bottom wall 23a and a cylindrical side wall 23b having its
first (lower as seen. in Fig. 1) end connected to the outer
periphery of the diskfshahed bottom 233. 'Fixed:to the inner
surface of the side wall 23b of the yoke 23 is a driving O
permanent magnet 22 having magnetic pbles.facing the outer
ends of the tooth portions 8b of the core 8. The yoke 23
and the permanent magnet 22 form.a rotor_24. |
~ The driving-bermaﬁent magnet 22 emanates magnetic lines

- of force radially inward. By the interaction of the
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w th an index detecting nagnet 26; a pul se every revolution. As shown in
Fig. 3. a signaling permanent magnet (FG (frequency generator) magnet) 27
for detecting the rotary angle and the rotating speed (the nunber of
revolutjions per a unit time) of the rator 24 may be nounted to an end of

t he drikyng per mmnent magnet 22, at the upper edge of the side wall 23b of
the yoke 23. The frane 28 of this exanple of Fig. 3 also serves as a
circuit board, on which a detecting circuit pattern 29 is formed at the

| ocation cgp é’?‘{)wq’t PO &?c{%”élé?ﬂpfé lrrdilf Ehi'-GHg{:r g@&t o

29 has a SIZ Ia Iy equa he signal I ng per manent magn
gener at es Ot ¥ng Nedr d dC4&! oy Whilhethel Potéf-
The above crl becf l#ectrl o nrrdli)tor c[ﬁ’e‘(’)!f r%eﬁlg!l]ter- rlg)?or type tlin i cﬁ t he

driving pe@mpqgnydﬁaﬁgg.Zz of the rotor 24 is positioned outside the
stator 20. The magnetic flux fromthe index detecting magnet 26 is detected

by the index defagctinibedueedt ity elehént (26 gavérates] ebh, cobpesationt
through the coils 21 is controlled. Magnetic heads 41 and 42 are nounted

to the framdthd dw imiexs ddtectingimaghet r26; | pulde cévery! neeelation.
supporting 4 shaft 43 and a sliding block 44. They are so supported that
t hey are capabl dsofshawmsimtFim. My assignaline pexhanent reagnet OFGt he
magneti ¢ duiﬁéhuency generator) magnet) 27 for detecting the rotary

angle and the rotating speed (the number of revolutions per

a unit time) of the rotor 24 may be mounted to an end of the

o driving permanent magnet 22, at the upper edge of the side

wall 23b'of_the yoke 23. The frame 28 of this example of
Fig. 3 also serves as a circuit board, on which a detecting
circuit pattern 29 is formed at the 1ocation confronting the
signaling- permanent magnet 27. The circuit pattern 29 has a
size substantially equal to the signaling permanent magnet -
2?. and generates an FG output signal in time with the
rotation of the rotor 24.

The above-described electric motor is of the outer-
rotor -type in which the driving permanent magnet 22 of the
rotor 24 is positioned outside the stator 20. The magnetic
flux from the index detecting magnet 26 is detected by the
index detecting element 25, and on the basis thereof, the
current through the coils 21 is controlled.

Magnetic heads 41 and 42 are mounted to the frame 18 by

means of a mounting structure, which includes a supporting



* In the above-described conventional electri.c notor, the rotor 24 is on
the outside so when it is contenplated to reduce the thicknéss of the

el ectric notor and the nagnetic recording device in which the electric
nmotor is built, magnetic interferenc%ﬁ bet ween t he permanent magnet 22. of
the rotor 24, and t he magneti ¢ heads ®1 and 42 and ot her conponents oh~ghe
recordi ng deV|ce causes problens. The interferences can be elimnated or
reduced by use of the inner rotor type in which the rotor 24 |Is positioned
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magnetic recording deV|ce ernore, the frame 18 and the bearing hol der

19 are inter xaf ethd bR déec S1Bé@' convent1 bhgl M e1eet2fcofoede ,hane, and
t he magnetic di sk and the nagnetic heads, on the other hand. Thi's i nposes a

further dotor @4 ars ton e redite1deNso whéh Ckpess obntémpRheetr ito motor. |f
an -5- electric nmotor of the inner-rotor type is enployed the above
pr obl emresddudee the vl ckhess (¢ the atleotpictimetont and2thesmagnetic
recording device in which the electric motor is built,
magnetic interferences between the pefmanent magnet 22 of
the rotor.24. and the magnetic heads 41 énd 42 and other
components of the recordingidevice'causes problems.The =C:
interferences can be eliminated or reduced by use of the
inner rotor type in which the rotor 24 1s positioned inside
the stator 20, but the-convéntiondl-FG.détecting system
shown in ¥ig. 3 cannot be adapted in the electric motor of
the inner-rotor type.
Moreover, since the magnetic heads 41.énd 42 move in
the radial direction of the magnetic disk, they cannot be .
disposed in the plane of the rotor 24. This also imposes a
limitation to the-teduction of the thickness of the magnetic -
-reco:ding device.
Furthermofe. the frame 18 and the bearing holder 19 are.
interposed between the stator 20_and-the-rotor_24-on one
hand, and the magnetic disk and the magnetic heads, on the
‘other hand. This imposes a further limitation to the

reduction in thickness of thé electric motor. If an



acconpanied with the so-called thrust’ force in the direction of the rotary
shaft. Wien the thrust force |Is excessive. 5 the entire rotor is shifted
upward in the direction of the rotary shaft. This makes it inpossible to
rotate the magnetic disk to rotate at a proper height (position along the
shaft) \.adversely affecting the recordi ng and pl ayback. GB-A-2245108, from
whi ch the present case was divided 10 under _Section 15(4) of the Patents
Act 1977, concerns an electric notor conprising: a rotary shaft that is
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with said s manent  nmagne etecting the rotary angle or the
rotati onsl e hgokBko i19Cehef difiecti@nioprthie to
provi de an_gﬁgp?P?grknﬁgﬁegf&fhéﬁlgﬁgg Pg?%f??§pe-mhiph can contribute to
the reductipgehpyt BRaflRl.CKTRIS Rlakiese tRRPOSEIDIOND TOtELE the

magnetic disk to rotate at a proper helzht (position along

the shaft)., adversely affecting the recording and-playbackf
GB-A-2245108, from which the present case was divided

10 under Section 15(4) of the Patents -Act 1977, concerns an
electric motor comprising:
a rotary shaft that is rotatably supported:;:
a rotor having an annular driving berménent_magnet_
generating a magnetic flgx in the radial direction, and
15 rotating together with said rotary shaft; and
a stator disposed outside the rotor,_having a core and
a plu:ality of coils wound on the core, and generating a
rotating torque for the rotor by the interaction with the
driving permanent magnet; and
20 a signalling permanent magnet provided on the radially
inner side of the driving permanent magnet; and
means co-operating with said signalling permanent
magnet for detectihg.tﬁé rotary angle or the rotational
speed of the rotor. _
25 An object of the invenﬁion is to providé an electric
motor of the inner rotor type which can contribute to the

reduction in the thickness of the magnetic recording device.



Anot her object of the present invention i's to provide a thin electric notor
which can restrain the thrust force in the direction-of the rotary shaft
due to the rotation of the rotor. 5 According to the present

i nvention, there is provided a device conprising a reciprocable read/write
head for radial translation across a rotatable recording nedi um and 'a#
electric notor for rotating the recording nmedium the electric notor
conprising: 10 a rotatably suppoéted rotary shaft; a rotor having an
annul ar driving pernmanent nagnet generating a_nagnetic flux in the radial
direction, andAmathenpEhirethef Ghe hpgasqntowmngham 1Saﬁ9 provider

di sposed outS|de the rotor and having a core 15 lurality of coils
wound on & H & @e%W%e‘ﬁ‘éF‘a%fl Yﬁblﬁhr 688t FﬁﬁtFGF-&ué'-hﬁoF- Y (fﬂﬁceo}nc he

of said 'cr?nee“%i rectfed of offle CFARSFE sRath s BR ShRnmotat o A

concavi ty; no .coil being provided at the part of the stator
corresmmﬁﬁ?ﬁfto the concavity; and wherein the read/ wite head of the

device is adaplechd e &s 05 9RL prediat! YnbBhei8RY eHbr8" 1ENproviERY Y- 25

a device comprising a reciprocable read/write head for

radial translation across a rotatable recording medium, and
an electric motor for rotating the recording medium, the
electric‘m@tor'comprising: N
10 a rotatably supported rotary-shaft: o | 'EJ
a rotor'having an annular driviﬁg permanent magnet |
generating a magnetic flux in the radial direction, and
rotating together with said rotary shaft; and
a stator disposed outside the rotor and having a core
15 ahd a plurality of coils wound on the coré, and geqefatihg é
rotating torgue for the rotor by the interaction with the
driving permanent magnet;
part of the outer periphery of said core of 'said
stator being recessed radially inwardly to form a cdncaVity;
20 no coil being provided at the parﬁ of the stator
corresponding.to"the concavity;’
and wherein the read/write head of the device is
adapted to reciprocateé radially into and out of the
concavity.

25



-7- In a nodification, in place of tHe core being retracted, part of the
core of said stator is open; and said coil is not provided at the part of
the stator corresponding to the open part. Wth the above arrangenents, the
core of-.the stator is radially retracted or open. so the |ine of novenent
of the\xagnetic heads can be aligned with the concavity or open -part of the
-core. and the magnetic heads and ot her dormponents can be accommodat ed
within the plane of the rotor and the stator, and it is therefore possible
to reduce the thickness of the magnetic recording device. According to a
preferred enbodi nent the rotary shaft is held rotatably and vertically at
one end with respect to a frane, and is provided at the other end with a
hub whi ch hol ds and rotates a di sk-shaped recordi ng nmedi um and sai d stator
is provided with a magnetic shielding plate covering the plurality of the
coils fromthe side of the hub, said magnetic shielding plate having a

radial inner. IpUsfdca1PEEAY18AS 1hopidcee! B%e'tthcm beiidgy shaft than
t he outernost periphery of the rotor wth said i nner surface being spaced

The cacape of The totmr Inthe dl rocr o of reara rorary SRaTt away Trom the
frame. Thecoklnts imothprovidedpatt thenpakt pfothécatatolr corresponding
to the open part. ' '
With the above arrangements, the core of the stator ‘is
radfally retracted or open, so the line of movement of the
\_ magnetic heads can be aligned with the concavity or open
part of the core, and the magnetic heads and other
components can be accommodated within the plane of the rotor

and the stator, and it'is-therefore'p055151e to reduce the

thickness of the maghetic recording device.

According to a preferred embodiment the rotary shaft
‘is held rotatably and vertically at one end with respect to
a frame, and is provided at the'other end with a hub whiéh
holds and rotates a disk-shaped recording medium; and

said stator is provided with a magnetic shielding
plate covering the plurality of the coils from the side of

the hub, said magnetic‘sﬁielding piate.having'a radial inner



protrusions positioned closer to the rotary shaft than the outernost

peri phery of the rotor. The protrusions may be 10 bent into the direction
away fromthe hub. Wth the above arrangement, part or the entirety of the
i nner periphery of the magnetic shielding plate is positioned closer to0 the
rotary shaft than the outernpst periphery, so that the magnetic shielng
pl ate serves to 15 prevent the rotor fr§g1escap|ng in the direction of the
shaft. According to another preéferred eftbodi ment, the read/ wite head
conprises a carriage which is guided in the radial direction of a nagnetic
recording mediumon said 20 rotor and which has a magnetic head at the tip

t her eof, {Hff gy! Bgﬁfxgr Pag&ﬁgagaa' T1dEer? i dhe B Ly %}lﬁf’fﬁ'ﬂﬂarﬁ%

shi el di ng rection of the nagneti ead

shi el di ngoheemos% paeﬁgaheeybafnin@%t%@d I&p%asaa o YGNE Bt Ha S Open
part fornmed on said stator and being extended in the direction of said

rotati on pgifigakpagetin@nBeinPairect’ praxdinitic 6 (the ot &P gfePiplier:
According to anot her aspect of the present invention there is provided a

shi el dsngost thet yotokotoupeeviehit Lhai sdscdﬂ:e @f Wilie ratopriseche not or
consisting of a ring shaped
. direction of said rotary shaft away from the frame.

The magnetic shieldihg plate may be provided with
protrusions positioned closer to the rotary shaft than the
outermosﬁ periphery of the rotor. .The-protrusions nay be

10 bent into the direction away from the hub. o S ()

With the ébove arrangement, part or the entirety of
the inner periphery of the magnetic shielding plate is
positioned qloée:_tc the rotary shaft than the outermost
periphery, so that the magnétic shielding plate serves to

15 prevent the rotor'from escaping in the direction of the
shaft. | | |

According'to another preferred embodiment, the
read/write headigomprises a carriage which is guided in the
radial direction of a magnetic recording medium on said = = .~

20 rotor and which has a magnetic head at the tip thereof, the ~
device further compris1ng'_

~ a head shielding portion for shielding leakage flux in:
the direction of. the magnetlc head, the head shieldlng |



stator having coils on the inside pefiphery thereof and 10 having a
concavity or open’'part at part of the outer periphery thereof at which no
coil is provided, a rotor for rotating a magnetic recordi ng nmedi um
supported by a rotary shaft and having a magnet opposed to said coils and
provi ded on the outside periphery thereof, and a carriage which'is 15
guided in the radial direction of said mageeti ¢ recordi ng nmedi um on said
rotor and which has a magnetic head at the tip thereof, said carriage being
positioned in such a way that the head of said carriage can nove into the
recess, the shielding structure conprising: 20 a head shi el di ng
portion for porticnnpeingkprovilded ialang sdiid qongavity er meertParfead,
the head shielding portion being arrangfd to be | ocated al ong_said

concavity or fopmedpen: saidrstator, and being gxtendad imkhe Aikeekirn Pfhe
direction of said rotation axis along the perjphery of 25 said concavity or
open part. Saiferpbadionoaxis along mwﬂéﬁ%# tﬁ)ajvﬁgf?ﬂcﬁwﬁgy of

limtative exanple with reference to the acconpanyi ng draw ngs, in which:-
Fig. 1 isDa OPeR BRXC-vi ew of a conventional electric motor. Fig. 2is a

side view of the conyentgndl Phidthles Tipct 96 thb 'prdb i MGt 148" Of

there is provided'a shielding structure for use with a disk
device which comprises a motor consisting of a ring shaped
_stator having coils on the inside periphery thereof and

10 having a concavity or open part at. part of the outer
periphery thereof at which no coil is provided, a rotor for
rotating a magnetic recording medium supported by a rotary
shaft and having a magnet opposed to said coils and pro?ideﬁ
on the outside periphery thereof, and a carriage which is

15 guided in the radial direction of said magnetic recording
medium on said rotor and which has a magnetic head at the
tip thereof, said carriage being positioned in such a way
that the head of said carriage can move into the recess, the
shielding structuré comprising:

s 20 a head shielding portion for shielding leakage flux in
the direction of the magnetic head, the head shielding
portion being arranged to be located along said éoncavity'or
open part formed.on a part of s;id stator and to extend in
the direction of said rotation axis along the pefiphery’of

25 said concavity or open part.



the prior art. Fig. 4 is a sectional view of .an electric notor of an

enbodi ment of the invention. Fig. 5is a plan view of the electric notor.
Fig. 6 is an enlarged sectional vii{@ along line | In Fig. 4. Fig. 7 is an
expl oded view of the electric notor. Fig. 8 is a perspective view of a.
driving permanent magnet. Fig. 9 is an enlarged sectional view of theag
pertinent portion of another enbodi nent of the invention. Fig. 10 is a plan
vlew of an electric notor of a further enbodi nent of the invention. Fi g.
11 is a sectional view of the electric notor of a further enbodi ment of the
invention. Fig. 12 is a sectional view of an electric notor incorporated in
a magnetic recording device. Fig. 13 is a sectional view of an electric

not or of an enbodi nent of the invention. Fig. 14 is an expl oded perspective
view of the motor. Fig. 15 Is a sectional viewshow ng the electric notor

i ncorporated in a nmagnetic recording device. Fig. 16 and Fig. 17 are other
enbodi ments of the magnetic shielding plate.- Fig. 18 is a sectional view

. showi ng a f @hendnvention will be further described by way of non-
limitative example with reference to the accompanying drawings,

in which:- - g AR

Fig. 1 i1s a sectional view of a conventional electric
motor.

Fig. 2 is a side view of the conventional electric

motor. ' |  _ - : L -
Fig. 3 is a sectional view of another electric motor 1n v
the prior art.
Fig. 4 is a sectional view of an electric motor of an
embodiment of the invention.
|  F1g, 5 is & plén view of the electric motor.
Fig. 6 is an enlarged sectional view along line I in
Fig. 4.
 Fig. 7 1s en exploded view of the eiectric motor.
Fig. 8 1s a perspective view of a driving permanent
magnet. . . _ ' '. . - Q}

Fig. 9 is an enlarged sectional viéw of the pertinent
portion of another embodiment of the invention.
~Fig. 10 is a_plan view of an electric motor of a

further.embodimeht:of the invention.



enbodi nent of the invention. Fig. .19 I's a perspective view show ng a
magnetic shielding plate of Fig. 18. Fig. 20 is a sectional view showi ng an
electric notor of the first enbodiment Qf the invention. Fig. 21 Is a
sectional view of an electric notor of Whe second enbodi ment of the
inventi®wp. Fig. 22 is a sectional view of an electric notor of the third

embodi ment of thednveryiQn.g Retfoddl Fikw HENaNE A &80 HotoP of Ne

invention, whichis an electric notor of the inner rotor type in which

12 the rotorfyrtHdsidifbdd et ®ler - thdtdvénstdit ed, a rotary shaft 101 is
rotatably supported by neans of ball bearings 161 by a bearing hol di ng

menber 102. The Fugay i1 §wldliser tforeEY Vil iof faeel ectticandyoro a fl at
notor frane 104, which also serves as a circuit board. A stator 103 is
fixed to t hdnorporfated {04 magnetix areckyy imgpdéwvbesea core 103a forned
of |am nated sheets of a netallic ferromagnetic material, and conprises a
general |y annul aFigws t13.03% asectionakiview of tawtel ¢etriemotopsof an
extending radially inward fromthe inner periphery of the annular part
103y." The stembodimEnthof theripsentiomt er part 103d which extends over the

region of of about 15/18 of the entire circunference.
Fig. 14 is an exploded perspective view of the motor.

Fig. 15 is a sectional view showing the electric motor
incorporated in a magnetic recording device.
Fig. 16 and Fig. 17 are other embodiments of the

magnetic shielding plate.

= Fig. 18 is a sectional view showing a further
embodiment of the invention.
Fig. 19 is a perspéctive view showing a magnetic
shielding plate of Fig. 18.
Fig. 20 1s a sectional view showing an electric motor
of the.first embodiment of the invention.
Fig. 21 is a sectional view of an electric motor of the
second embodiment of the invention.
: Fig. 22 is a sectional view of an electric motor of the

third embodiment of the invention.

Fig. 4 to Fig. 8 show an embodiment of the invention,

which is an electric motor of the inner rotor type in which



In the region of about 3/18 of the entiré C|rcunference t he annul ar part
103y is indented inward to forma concavity 103c. Mre specifically, it
conprises an snaller dianmeter part 103b with its inner surface aligned with
the inner ends of the tooth portions_ J03s and a pair of connecting portions
103e extending radially to connect t hehends of the smaller dianeter Pt i on
103b and the | arger diameter portion 103d. The tooth portions 103s extend

i nwar d fron1the i nner surface of t he Iarger di amet er portion 103d of the

Squal Tyt | Vi 8%%%)/ 1s]thstd r%er V\:h I's aArfbleJIitl pmréjéé&rﬂ rrggéﬂ,_on 103d 'S

equally into a nu

sect or sghad 101e ﬂsoqlckatt%rﬂnyo%%pw&ﬁ Ly e b bl e E@&Pﬁﬁ gve

sectors being equi-distanced fromeach other. Coils 106 are wound on the

respect 163 bgoiah be@riing holding by 1102106 THe Beat gl nolaiagr ee groups
each consisting of coils 106 wound on every third tooth portions 103s.  The

coi | s lhéemberondgiand st € iixied yeretipally e & @lac ingstdy falle O104), and t he
three groups of coils 106 in conbination forma three-phase wi nding. Each
of the whieb glsopserivesviass al@drand tshw@idad with a current for [err] in
accord with the rotational angle of the rotor to generate a rotating torque
in the same A&i séatiosn 10Phd ssifdixed 1g8 the motar tframe cl@4164The the notor

stator 103 comprises a core 103a formed of laminated sheets
of a metallic ferromagnefic material, and comprises a
generally annular part 103y and a plurality of tooth
portions 103s extending radially inward ftom the inner &
peribhery of the annular part 103y. The stator 103 has a
larger diameter part 103d which extends over the region of
of about 15/18 of the entire circumference.

In the region of about 3/18 of the entire
circumference, the annular part 103y is indented inward to
form a concavity 103c. More specifically, it comprises an
smaller diameter part 103b with its inner surface aligned
with the inner ends of the tooth portions 103s and a pair of
connecting-portiohs 103e extending-radially to connect the | e
ends of the smaller diameter portion 103b and the larger
diameter poftioh 103d.

The tooth portions 103s extend inward from the inner
surface of the larger diameter portion 103d of the annular
bart 103y. The circumference of the~1arger diameter portion

103d is equally divided into A number which is a multiple of

i



frame 104. A spacer 105 is inserted bétween the stator 103 and the notor
frame 104. The stator 103 is disposed coaxially with the bearing hol di ng
menber 102. Provided inside the stator: 103 is a rotor 109 conprising a hub
108 which is pressure-fitted with or iintegrally nolded with the rotary
shaft 181, and a cylindrical yoke qgggmhich is formed of a ferromagnetic
material and which is integrally formed with the hub 108. As is best seen
in Fig. 8, an annular driving pernmanert nagnet 110 is nounted on the outer

surface of &je ygk&blozsaggc%ﬁrgagggéugﬁg £3°£€ﬁ%5?9¥3§8d?55§tkﬁ§ to have

al ternate magnetrc” pbl €s e bu ‘surface reo ace i nner

surface of df¥pseelN1ROtht OPespEEe10k EOCLSFE! Be1nd OfquDaidebHbed from
per manent magnet 110 I's orned by magnetizing, 1n thé radial--direction,
the rotor 108chnéeherplurality of N--and S-poles arranged along the =
peri phery. -- For exanple, the nunber of the nmagnetic poles is 24. A

si gnal i ng per manesi 186006t até lwbind 6K ItRe | Yedpéct Pvaetobrhnperttionst i on in
the axial direction to have alternate magnetic poles on the | ower end of

the cylindri@®sé. palhe ofoibe 1060aré0@ivided, 1nbe ehrfeéagrbapsaeaghf rom the
hub. The signaling permanent magnet 111 has--a nagnetization pattern for
t he purposecarisfsting oftecllsglobewoundron aegéryothihd toothi pgrifeas (the
nunber of revolutions per unit tine)..
103s. The coils 106 belonging to the same group are
connected to each other, and the three groups of coils 106
in combination form a thfee-phase winding. Each of the
- three groups of coils 106 are supplied with a current for
120° in accord with the rotational angle of the rotor to
generate a rotating torque in the same direction.
The stator 103 is fixed by screws 164 to the motor -
frame 104. A spacer 105 1s inserted between the stator 103
and the motor frame 104. The stator 103 is disposed
coaxially with the bearing holding member 102.
Provided inside the stator 103 is a rotor 109
comprising a hub 108 which 1s pressure-fitted with or
integrally molded with the_rotary shaft 101, and a
cylindrical yoke 107 which is formed of a ferromagnetic
material and which-is integfally-formed with the hub 108. .
As is best seen in Fig.'s;'an'annular driving permanent
magnet 110 is mounted on the outer surface of the yoke 107

and is magnetized in the radial direction to have alternate

magnetic poles on the outer surface thereof to face the



An FG detecting circuit pattern 112 is forned on a -- netallic circuit
board 104, being spaced with a small gap fromthe signalirng permanent

magnet 111. As the rotor 109 rotates, the signaling permanent magnet 111-
and the FG detecting circuit patta&g 112 acts to produce a rotary signal
proportional to the rotary speed e cut-away portion 113 of the yagkg 107
in Fig. 6 is to prevent |eakage of the magnetizing magnetic flux-at the
ti me of magnetization of the signaling permanent magnet, thereby to achieve

ef f ectf pfe gt agét &P NthEUELH8H ﬁb?ﬁf&ﬁé 96 sheretRe! EkatBpi-903ar € _
thrust-- stopper 114 nounted at the end e rotary shaft 101 opposite

to the hub 1K8,deieingi peraanést a&gnet. mborfscwi-ﬁeal ppt of friction-
i nserted between the hub 108 and the bearing hol di ng nenber 102, and a

drive pagndtifefngedin othéerddbalO81fectionat the ﬁétbhemagmnttbcadi sk-1
simlar to that shown in Fig. 1. The above electric notor rotates and

dri veplunakitmnoDiN+ endub-poBes canegnged caliosg thei perdpheoythat shown in
Fig. 1, in the same way as the conventional electric notor. Acconpanylng
the rdicn iexample hethetnumhen, ofintheymagret e apobasoist B4.si gnal i ng -
permanent magnet 111, the FG detecting pattern 112 generates a rotary

si gnal propbritenmil g E‘h@“‘i’b?%?yméﬁééﬂ bilihe integrath¥ @ndctric notor is

of the inner rotor t a .
ormeJ by magng%ﬁzat yﬁ the axial. direction to have
alternate magnetic poles-on the lower end of the cylindripal

part of the rotor 109, i.e., the end farther away from the

‘hub. The signaling permanent magnet 111 haSwa magnetization W

pattern for the purpose of FG for detecting the rotary angle
or the rotating épeed (the number of-févolutions per_unlt_ T
time). f |

An FG detecting circuit pattern 112 is formed on a -
metallic circuit boérd 104, being spaced with a small gap
from the signaling permanent magnet 111.'_As the rotor 109
rotates, the signaling permanent_maéngt,ill and the FG
detecting circuit pattern 112 acts to produce a rotary
signal proportional to the rotary speed. _ -

The cut-away portion 113 of the yoke 107 in Fig. 6 is
to prevent- leakage of the magnetiziné.magnetic flux'at,the
time of magnetization of the signaliﬁg;permanent_magnet, 
thereby to achieve effective magﬁetigaticn;

Further'elements-of the electric motor are thrust --

stopper 114 mounted at the end of the rotary shaft 101



when the thickness of the electric.notor is reduced for reduction of the

t hi ckness of the magnetic recording device, there will be no probl em of

i nterference between the magnetic head and ot her conponents of the device
and the rotor 109. Mreover, since the,gignaling permanent magnet 111 is
provi dedwon the inner surface of the cyindrical rotor 109, it does not

i ncrease the dinmension in the direction of the shaft, and it contributes to
the reduction in the thickness of the ‘magnetic recording device. Fig. 9

h on in the thickness of the: de: _
St 7uctr o SEBTT Y58 uhe uld UG . FELRERE e clod P8, #y1Miar o i
i ded at L pdrical 0] ' [
per manent st PG BF A4 PfoR AT LEF hAOFFa, Y B 108 Sal Bhe
t 110y ' o ' ' h
i anal i ng RSALHEhIIUANE nomfpf 2077 avh ¥ 9 Yo BIETH T kol 8g the
adequat e WHypUlos LA tWLide ot "Ene migmétided{ok Ol SN1d1T&RCEo! BRafDL OF

in the direction of the shaft, the illustrated structure |Is advantageous
where a | argifowr> ytRLg. i, required. In this nodification, the signaling
permanent magnet |1 1A 1s a separate body fromthe driving pernmanent magnet

110. But they nfhdeaboverseledtent ahdtor rgtatés simdsdeivesi f bpameansof the
stator in which the
of the hub 108, a magnetic disk 1 similar to that shown in
Fig. 1, in the same way as the conventional electric motor.
Accompanying the rotattion of the rotor 109, and. by the
\ rotation of the signaling permanent magnet 111, the FG
detecting pattern 112 generates a rotary signal proportional
to the rotary speed of the rotor.

The electric motor is of thé inner rotor type, andrevén
when the thickness of the electric motor is reduced for
reduction of the thickness of the magnetic recording device,
there will be no problem of interference between the
magnetic head and other components of the device and the
rotor 109.

Moreover, since the signaling permanent magnet 111 is
provided on the inner surface of the cylindrical rotor 109,
it does not increase the dimension in the direction of the
shaft, and it contributes to the reduction in the thiékness
of the magnetic reéorqiﬁé device. |

"Fig. 9 shows a modificat;on of the signaling permanent

magnet and its supporting structure. As illustrated, a



part of the annular part 103y where the tooth portions 103s are not
provided are cut away. In other words, the snmaller dianeter portion 103b
and the connecting portions 103e of the enbodinment of Fig. 4 to Fig. 8 are
not provided. The annular part 103y is therefore in the C shape with an
open part 103f. In other respects{{he enbodinent of Fig. 10 is identjigfal
to the earlier described enbodi nents. Fig. 11 shows another enbodi nent of
the electric notor in which the upper part and the outer periphery part of
the stator 103 are covered with a nagnetjc shielding nenber 213. The

nmagnet fd angec 1878y extend ings riad ialdy dawmard ds qiravided abithe 106 and the
i nner "ends of the tooth portions 103s ofithe core 103a. The magnetic
shi el dipyes gnd of3 the syddndrd opk yoke A AndbA SLBPALIAG Y ded on the
5155 Choonil Hahe T bl P oS Y A AT 0 P
PR AR oA IS RIS T Aol M £ gL o0 o
mﬁﬁ?ggqé‘!c?tegf'%gati% eokgtﬁgr %%%Eﬁ%?éa@rﬁgﬁ g%%%g{aﬁi@éprg\sli ded
W th agieetiah 8fcithe’ eha¥t ¢ahl B ofidd Mddiitte MY tHOREY 313 of the
annul ar part 213a. The -aperture 312 permts passage of the rotary shaft 101
and thencreasing the dimension of the rotor and hence the motor in
the direction of the shaft, the illustrated structure is
advantageous where a large FG output is required. In this
modification, the signaling permanent magnetslllA is a | C;
separate body from the driving permanent magnet 110. ‘But
they may be formed integrally. _
Fig. 10 shows a modification of the stator in-which the
part of the";nnular-part 103y where the tooth portions 103s
are not provided are cut away. 1In qther'words, the smaller
diameter portion 103b and the connecting portions 103e of
the embodiment of Fig. 4 to Fig. 8 are not provided. The
annular part 103y is therefore in the C-shape with an open
part 103f. - - : : - L =
In other respects, the embodiment of Fig. 10 is
- identical to the.earlier described embodiments.
Fig. 11 shows another embodimentrof the electric motor
in which the upper'part-hnd the outer periphery part of the

stator 103 are covered with a magnetic shielding member 213.

The magnetic shielding plate 213 1s provided to cover the



drive pin 115. The magnetic shielding plate 213 bl ocks any | eakage of
magnetic flux to the nagnetic heads and a nagnetic disk held on the hub
108. and protects the coils 106. In other respects, the enbodi nent of Fig.
11 is identical to the earlier describeﬁeenbodinents. In conformty with
the condavity 103c of the stator 103, t magnetic shielding plate 213 is
al so provided with a concavity 213e. Mre specifically cylindrical part
213b conprises a larger dianmeter portion 213d which does not extend al ong
the entire circunference, hut extends over_ the |arger diangter

ti 103d
of the stat &oids3 106 @nd thednner endsafrthetookh thrfgésltq?g
|1 di t rti 103 f th 1 at 103. d [ t]

3150 oxt endibhy CARSIIGR o A Aol 6 AR SXAINE RLAGE 248 ARBFOHAEd on
213d dth | di t ' 213f, ., T | |
accorginngl y%éﬁggai’e%&}dqmeg Oié%@ré}vg%%eorﬁ&q{#g#%:ﬁ%gﬁ%l'pﬁba cut

g el t armu .
Dort phory. o iith, FHRRHAE ‘€h (che S (it £0'ddd T NG ICR By |

y o] g .
concavi Ly 2735Y Beptig) Yed Upo¥l (Il dolnifhe KUV ST Sleeldddipneey |
(Fig. 10) igst %@%\fﬁﬂ@@;ﬂvﬁigem%a?l lartPVedts 5,2 deebnd g headp@ligat i on

of the magnetic recording
outward from the lower end of the cylindrical part 213b.

Screws extend through holes in the tabs 213c and threaded
into the frame 104. Thus, the magnetic shielding plate 213
K“Z is mounted directly to the motor frame 104. The annular
part 213a 1ls provided with a circular aperture 312 defined -
by the inner periphery 313 of the annular part 213a. The
aperture 312 permits passage of the rotary shaft 101 and the .
drive pin 115. The magnetic shielding plate 213 blocks any
leakage of magnetic flux to the magnetic heads and a
magnetic disk held on the hub 108, and protects the coils
106.
In other respects, the embodiment of Fig. 11 1is
identical to tlie earlier described embodiments.
In conformity with the concavity 103c of the stator
'103. the mégnetic shielding plate 213 1s also provided with
";a concavity 213e. Mor? specificdlly cylindrical part 213b
comprises &8 laréei.dlameter portion 213d which does not
extend along the entire circumference, but extends over the

larger diameter portion 103d of the stator 103, and a



shown in Fig. 12, nmagnetic heads 41 and 42 .are capable of translation
novenent. The I|ne of movenent of the magnetic heads 41 and 42 is aligned
with the concavity 213e, and the rotor 109, the stator 103, and the
magneti c heads 41 and 42 are disposed in a substantially common pl ane~ This
will rmake it possible to reduce t?qgthickness of the magnetic recordi gy
device. In addition, since part of the core 103a is provided with the
concavity 103c or t he open part 103f, there is a significant inbalance in
the forces acting on the driving pernanent magnet of the rotor 109 in the
radi al shakbdér chamerer opdr thomg213f ceovertngnthbeshehlengdhamalterti nes in
a specific direction so vibration of the shaft can be prevented. Fig. 13
to Fi g.pdrstiovlesh wf Hhe estatonel®3 of andeconneating. pontipns @A8&di ment ,
the radius of the circular aperture 312 of the magnetic.shielding plate 314
i s smalextending t radially o @¢kﬁ¢%@o¥h319ndﬁb95 Sheclargsriy, the
nagnetlc shleldlng ate 314 coppr,j ses annah art 314 I|ndr|cal

part 3XHARMOLRF (RO mc213 Fﬁﬁafmﬁ ler diame eErB?F&Sﬁnmfg
The radiie Ay ”ed b\Y %ﬁ%ﬂ%yé&sﬂé‘ﬂﬁﬁ%@ﬁ%éﬁ% 18 ¢ae &298? f’ﬁé‘a'
outer SaunrrIu &t Pmofmw 1 &3 Yo PEa WELR A BBE"Ghaj Boll1bRS tbOt OF -
conform to the cylindrical portion 213b so that the
periphery of the annular portion 213 conforms to and is
connected to the upper ends of the cylindrical portion 213b. B
Advantages of having the concavity 213e (Fig. 11), the \J
concavity 103c (Fig. 5) or the open part 103f (Fig. 10) in
the above embodiment will now be explained.
- In the application of the magnetic récording device, as’
shown in Fig. 12, magnetic heads 41 and 42 are capable of
translation movement. The line of movement of the magnetic
heads 41 and 42 1s aligned with the concavity 213e, and the:
rotor 109, the stator 103, and the magnetic heads 41 and 42
are disposed in a substantially common plane. This will
make it possible tq reduce the thickhess of the magnetic : \,j
recording device. |
In addition, .since part of the core 103a is provided
with the concavity-losc or the open part 103f, there is a
significant imbalance 15 the forces acting on the driving .
permanent magnet of the'rotdr'109 in the radial directions,

and a biasing force acts on the bearing at all times in a

111



The magnetic shielding plate 314 is faStened, at its several nounting tabs
314c fornmed on its outer periphery, to the core 303a by nmeans of screws
314h, by which the core 103a is also fastened to the notor frame 104 via a
spacer 105. Fig. 16 to Fig. 19 show ot her enbodi nents of the magnetic

shi el di Ag; pl ate. The magnetic shiel di ng{pl ate 314 of Fig. 16 is so
configured that protrusions 318 are forned at several |ocations of the

i nner periphery 313 of the aperture 312. The inner extremties of the
protrusions 318 are positioned closer to the rotary shaft 101 than the

out ernost peRephbie directbontse pibrnatien efighbe sbefsf canebeot or 310.
Wth this configuration, the nagnetic shielding plate 314 confronts the
per manent  rREMEENted. of the rotor only at the protrusions 318, rather over

Shi el di ng. pl at o EAR- cDATFOrE g TReSBPYpnEuBEhRE ERPORIBRBE  BEo the
chi ol di ng piientiaf” STl Fbs eaBhatHenk.: Fneckpdiufngt EuFeedthuisr, 1
i 11 er once Het Rt IR the MhARRELC phTe 1 AERE HLEEE BT 1E0SMATIer |
that in plaggapTthderfdlls of the rotor 310. -

More specifically, the magnetic shielding plate 314

comprises an annular part 314a, a cyllndrical part 314b, and
tabs 314c. The annular part 314a is provided with an:
s aperture 312 defined by the inner periphery 313 of the
annular part 314a. The radius of the inner periphery 313 is
smaller than the radius of the outer surface 110p of the
driving permanent magnet 110 of the rotor;--' _

The magnetic shielding plate 314 is fastened, at its
several mounfing taﬁs 314c formed on its outer periphery, to
the core 303a by means of screws 314h, by which the core
103a is also fastened to the motor frame 104 via a spacer
105.

Fig. 16 to Fig. 19 show other embodiments of the
magnetic shielding plate.

The maénetic shielding plate 314 of Fig. 16 is so
configured that protrusions 318 are formed at several
locations of the inner geriphery 313 of the aperture 312.
The inner extremities of the protrusions 318 are positioned

closer to the rotary shaft 101 than the outermost periphery



bearings 161, a plain bearing 302, e.g.,” oil.-inpregnated sintered bearing,
Is used. It is supported by the bearing holding nenber 102. A sliding
menber 443 of a low coefficient of friction is inserted between the hub 108
"and the oil-inpregnated sintered bearing 302. Use of a plain bearing 4s
advant ageous in that the shaft cap@e supported over a |ong distance gfong
its length with a sinple construction, and wwth a smaller dinension in the
radial direction. In other respects, the enbodinment of Fig. 16 is identical
to the earlier described enbodi nents. The nmagnetic shielding plate 314 of
Fig. 17o¢StRe peprmafieh€imhRfel’ 80BUBIFORR3 FItor MAD. awidyals | ocations 4
of the inner periphery 313 of the aperture 312 are bent tin to the

di recti @gnpgarheion,t bhehmaghaticlehiendigewnpliated BI1Eorfrdnts figure,
i.e., away fromthe hub. The tips of the protrusions 318, rather than the
entiretyhefpéfmanentrmagnes 3160 efethe cotbroondy at whe) the the driving
per manent. magnet 310, so the area of the magnetic shielding plate

confr onprogrustonsr 8henrathgneoverOthe entiret dnner perniphenyadudsl. The
magneti c shielding plate 314 shown in Fig. 18 and Fig. 19 is simlar to the’
magnet i @ s@selti nghel areai aft thecmdenetdot sbieliding platent3lid it is
provided with a

confronting the driving permanent magnet 110 is reduced, so
is the magnetic attracting force acting on the magnetic
shielding plate 314. 'StiCking'of the magnetic shielding
plate 314 to.the rotor 310 due to the magnetic attraction is )
thereby avoided. ' v/
Another difference of this embodiment from the
previously described embodiment 1s that in place of the ball
bearings 161, a plain bearing 302, e.g.., oll-impregnated
sintered bearing, 1s used. It 1s supported by the bearing
holding member 102. " A sliding member 443 of a low
coefficient of friction is inserted between the hub 108 and
the oil-impregnated sintered bearing 302. Use of a plain

bearing is advantageous in that_the shaft can be supported’

Ry .

over a long distance along 1ts length with a simple = RUE

construction, and with a smaller dimension in the radial
direction.- |
In'other“reSpects;_the embbdiment'of;F;g. 16 is
identical to thé earlier described embodiments.
The magnetic shielding plate 314 of Fig. 17 is so

configured the protrusions 318 formed at several locations

<+



cylindrical part 319 having its upper end connected to the outer periphery
of the annular to part 314a, and tabs 319a extending radially outward from
the lower end of the cylindrical part 319. Screws extend through holes in
the tabs-.319a and are threaded into the frane 304. Thus. the magnetic
shiel di hg, plate 314 is nounted directlﬁzlo the notor franme 304, as opposed
to the magnetic shielding plate of the enbodi ments of the Fig. 16 and Fig.
17. It will be seen that accordlng to the enbodinments of Fig. 16 to Fig.

19, part or entirety of the inpner |phe 313 of the ma net i Shlgdl ng
ol ate 314 | Stpsbe: ilhnea pesdehers Hid SRETLUnE, PLh SRR

peri phery o

tﬁ prevlelnt fégtcgﬁ& gﬁrﬁﬁgif’& if“té %ﬁg‘agﬁ?’ﬂ%éﬁﬁaﬁ §f0%t H’g'do #‘ﬁ}"gﬁl'i}i serves
Thi s wi [
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stator ‘of tBig gFRodhTRBneraftatIeh With Rblel it drihan fpaaﬁnrafame nner

extremties of the tooth portions 103s of 03a he bent portions

extend | n thggHietesioonspaithlel ared b the Wagnletil shard dawh\iaters seen
in the figure, i.e., 'away fromthe hub.
confronting the permanent magnet 310 of the rotor is further,
reduced.
The magnetic shielding plate ‘314 shown in Fig. 18 and
o Fig. 19 1s similar to the magnetic shielding plate in the
embodiment of Fig. 11. That is, it is provided with a
cylindrical part 319 having its upper end connected to the
outer periphery of the annular to part 314a, and tabs 319a
extending radially outward from the lower end of the
cylindrical part 319. Screws extend through holes in the
tabs 319a and are threaded into the frame 304. Thus, -the
magnetic shielding plate 314 is mounted directly to the
motor frame 304, as opposed to the magnetic shielding plate
of the embodiments of the Fig. 16 and Fig. 17.
It will be seen thét_according to the embodiments of
Fig. 16 to Fig. 19, part or entirety of the inner periphery
313 of the magnetic shielding plate 314 1s positioned closer
to the rotary shaft tpaﬁ the outermost periphery of the
rotor 310, so that the magnetic shielding plate 314 serves

to prevent escape of the rotor 310 in the direction of the



The bent portions 436 are formed by bending.one of a plurality of the

| am nat ed sheets of the stator core 103a. In other respects, the enbodi nent
of Fig. 20 is identical to the earlier described enbodimnents. Wth the bent
portions 436, the area of the stator core 103a confronting the pernmanent
magnet of the rotor is increased. Thissw Il reduces the magnetic resigfance
across the air gap between the ext r efeti es of the tooth portions of the
core 103a and the poles of the permanent magnet of the rotor, and increase
t he magnetic flux through the air gap, and accordingly, the torque
gener at atbtary hshafit er &Thiomwbil tékiminate thre neéedr fopra sdapahateadvant age
derived fromthe provision of the bent portions 436 is that the nmagnetic
attract imarbefordreventingt therescape hef rtherretoveint ther shaéta force
acting on the rotor dowmmward, i.e. in the direction away fromthe hub.

Thi s fordireckinn, and thereby simpbity theieonbhieunatienopndaxially

of the rotary shaft 101 due to the rotation of the rotor.. Accordingly, the
entire rkAMIces the cost s (the ele¢tnlc mator; |y of the rotary

ohall 100 1 iph, BT EL e BOPERAE $Eof AP RRCOEELEEHR BREHES) cor 1
motor cal e AR Al nbSa{da € BPUREIndERELSRED the bent portion is
The stator of this embodiment comprises bent portions
extending from the innef extremities of the tooth portions
103s of the core 103a. The bent portioﬁs,extend in the _
direction parallel with the shaft 101, and downward as seen v/
in the figure, i.e., away from the hub. | |
The bent portions 436 are formed by bending one of a
plurality of the laminated sheets of thé'stator core 103a.
In other respects, the embodiment of Fig. 20 1is
identical to the earlier described embodiments.
With the bent portions 438, the area of the stator core

103a confronting the permanent magnet-Of'the rotor is

increased. This will reduces the magﬁetic resistance across

the air gap between the extremities of the tooth portions of gu}
the core 103a gnd the poles of the permanent magnet of the
rotor, and increase the magnetic flux through the air gap,
and accordingly, the torque generated.p& the interaction of
the stator and the rot;r. o
Another advantage derived from'thewprOVision-bf the

bent portions 436 is that the magnetic attraction between



t hroughout the entire circunference of  the core 103a, i.e., on all the
tooth portions 103s. However, the bent portions may alternatively be

provi ded over part only of the circunference of the stator core 103a, i.e.,
some omy of the tooth portions 103?35Fig. 21 is a sectional view show ng
an el ectic motor of a further enbodinent of. the invention. In the figure,
reference nunerals and marks identical to those used in connection with the

earlier des Bibed nbodi nents denote identical or correspondin rts. The
bent por t | ofiNg38 CAEOF, AR HIRA FRHAT SEFIRR: 1a GRAARE ith AT X ARhTHE &an of
the tooth ti 10 f t t at | 10 bl |y d . Th

bent porti o438 taFe SPaAmaTday YuFirai dgt 418 GEGRE T AN ERRRARE cheet s
o ent o THEDEE RS HRike Pl RN Sl S IR, B ene” 1
-enbodi t, t imlar t d i ' | ' th
enbodi ment SPEBRG. Wty bt oi naa Ot e THEArI SHAR COle Kb Wi e

e o TiEARAGh B cennl Thcoraib el RIS Konse (U1
embodi ment spgefenteddTRomC shiting r eSROYN P Parts. of the rotary shaft
101. ' |

It is therefore possible to avoid adverse effects on
the recording and playback. As a result, a réliable. |
stable, and thin electric motof can be obtained.

In the embodiment.déscfibed. the beht pbrtion is formed
throughout the entire circumference of tﬁe core 103a. i.e.,
on all the tooth portions 103s. However, the bent portions
may dlternatively'bé prbvided ovef-part'ohl&.of the' -
circumférence of thé stator core 103a, 1.e;, some only of
the tooth portibns 103s. o o

o Fig. 21 is a sectiénal view showing an electfié motor
of a further embodiment of_the invention. In the.fiéure;
réference hume;als and marks identical to those used in
N\ cohnection with the earlier described eﬁbodimehts denote

identical or correspdnding parts.

The.bént portion 436 of this embodiment extends ffbm
the inner extremities of the tdofh portiohs 103s of'the
stator core 103a obliquely downward. The bent portibns 436

are fofmed by bending a plurality of the laminated sheets of



In the figure, reference mark A denotes & mdpoint of the driving pernmanent
magnet in the direction of the shaft 101, and B denotes the m dpoint of the
stator core 103a, particularly, the inner extrenities of the tooth portions
of the stator core 103a in the direction of the shaft of the stator care
103a. The mdpoint B in the d|r§u¥|on of the shaft of the stator corggl03a
is lower than the nidpoint A of tthe driving pernmanent magnet 110 in the
dlrectlon of the shaft 101. - In other respects, this enbodinent is
identical to the enbodipents Fig.. 20 and Fig. -21. Because the-midpoint B in
“the dir ?I%ﬁPEﬂ t?ﬁ?%hge P98 of the stator core 103a is lower than the

e ™ aoncin G F LFRREAS LT IEBh SABobTntBE SKLFERLBTHF (rentos o force
acting ﬂ@ é% 18 Eﬁ)r%ﬁﬁg&%ﬂéﬁg 6Pr#g#éf260e due to the rotation of the

rotor. ire ro ef or venfed fromshifting axially

of the rotar éﬁﬁiﬂelg%%y%g%té égefﬁigrngga§h Flagﬁggﬂ%ggggverse effects

on the recor I ng and resu stab and thin

el ectrig; Dk t&”tﬁ@s@bdéé@ﬁﬁbe&“iﬁdcéﬁnégﬁiéh ﬁb%heﬁﬁédeﬁﬁﬁhiﬁ%nE'g 22
over the enbodiments of Fig. 20 and Fig. 21 is that the bent portions 436

can be gpipfged, 20 ndré hebeainedire and the fabri cation of the electric notor
e SlnplérFig. 22 is a sectional view showing an electric motor
of a further embodiment.' In the figure. reference numerals
and marks identical to those used in connection with the
earlier described embodiments denote identical;or ' | &
correspondiné parts. . -
In the figure, reference mark A denotes a midpoint of
the driving permanent magnet in the direction of the shaft
101, and B denotes the midpoint of the stator core 1033.
particularly; the inner extremities of the tooth portions.of
the stator core 103a in the direction of the shaft of the
stator core 103a. eThe midpoint B in the direction of the
shaft of the stetor'core 163a is lower than the midpoint A
of the dririné permanent magnet_llb in the direction of the
shaft 101. - o |
In other respects. this embodiment is.identical to the
embodiments Fig. 20 and Fig. 21. o |
Because the-midpoint B in the direction of the shaft of
the.stator core 103a 1s lower then the midpoint A of the

permanent magnet 110 in the direction of the shaft 101, the



- 26 - CLAIMS 1. A device conprising a reciprocable read/wite head for
radial translation across a rotatable recording 5 nedium and an electric
notor for rotating the recording nedium the electric notor conprising: a
rot at abky supported rotary shaft; a rqtaor having an annul ar driving

per maneft~ magnet generating a nagnetiﬁkﬁ]ux in the radial direction, 10 and
rotating together'with said rotary shaft; and a stator disposed outside the
rotor and having a core and a plurality of coils wound on the core, and
generating fagfésibndttPasYfohObetheehOthe Btatdy hACEAS! rdtol khebivs
driving permanent magnet; 15 o part of the outer periphery of
said core of paréeshadtfhgbabwfiwarasseadcoafitarhiti BHer ¢hrust Forded due
concavity; no coil being provided at the part of the stator correspondi ng
to the conctyi the podavhoncof the roeest\ it Thicafitdtret Potdeviiee is 20
adapted to reciprocate radially into and out of the concavity; 2. A

devi ce accothengforecpreventedhfremnshiftdingnulgigiay of sai dofothe
conprises: a larger dianeter part; 25 ' a smaller dianmeter part
fornmi ng saivotaryashaft 101. It is therefore possible to avold adverse

effects on the recording and playback. As a result, a
reliable, stable, and thin electric motor can be obtained.
An advantage of the embodiment of Fig. 22 over the
embodiments of Fig. 20 and Fig. 21 is that the bent portions
Y - 436 can be omitted, and the structure and the fabrication of

the electric motor are simpler.



wth its inner surface aligned with the'Lgﬂg;rgggiﬂgithe,%aﬁt
and -27 - a pair of connecting portion I'ng radially
the ends of the snaller dianmeter portion an \“Et
3. A device conprising a reciprocable re ! \ ale]g

transl ation across a rotatable recording ne me ahd ‘n el ectr
rotating the recording nmedium, the electric notor conprising:

h portions;

to connect

er portion.
radi al-=

i ¢ ot gef f or

a rotatably

supported rotary shaft; a rotor having2@n—=annul ar drivi ng pernmanent 10
magnet generating a magnetic flux in the radial direction, and rotating
together with said rotary shaft; andCBAZM&tor di sposed outside the rotor,

having a core and a plurality of coils wound - on the core, -and

generating a

rotating torque for the rotor by the 15 interaction with the driving

t t; th . of i d.st.ator havi, t which.
Phe Totor: na Soi 1 b AGVIFS CRBPLIE I B aAc BEGHbIS Fead et

i s_open to
Rpondi ng

to the opad PLL: r%%&&le-(}:riansiatal% c?égdél ;f?{., Eal f\éifgc%ﬁ?f% f the data

storage devicé Ts a O recliprocate ra 0 an

sai d open

Part.s pedium, and an electric motor for rotating the recording

medium, the electric motor comprising:

a rotatably supported rotary shaft;

a rotor having an annular driving permanent

magnet generating érmagnetic flux in the radial direction,.

10 - and rotating together with said rotary shaft; and o/
a stator disposed outside the rotor and having a
core and a plurality of coils wound on the core, and
generating a rotating torque for the rotor by the
interaction with-;he driving permanent magnet;
15 part of the outer periphery of said core of said
stator being recessed radially inwardly to form a concavity:
no coil being provided at the part of the stator
corresponding to the concavity:; |
‘and wherein the read/write head of the device is Q;)
20 adapted to reciprocate radially into and out of the | |
concavity: '
2. A device according to claim 1, wherein said

annular part of said core comprises:

a larger diameter part;

25 a smaller diameter part forming said concaﬁity

with its inner surface aligned with the inner ends of the

tooth portions; and



4. The device of claim3, wherein 'said annular part of said cnrpgjc

substantially in the shape of character "C' 25 with an open part
device of any preceding claimwherein said core conpri sesunl“ﬁmulmillllmm
and to@th portions extending - 28 - radially inward f

surfacq~pf the annul ar part, and said coils are wound on the “obth"
portions. 6. The device of any precedin 7cLa|n1 wherein said driving
per manent magnet has alternate nagnetic polés on the 5 0uter surface

thereof to face the innerg I%(?f:agaf Hord A&eﬂ&af)% %l%g'hﬁx Ofaéﬁll(ll)é

precedi ng cl ai mwherein sa rotor conprises d to sa

rotary shaft ¢ Abredt tlé end Cot FtNEleh®) Pét ddb#ﬁetéfdﬁéﬁtﬂoﬂn BXbakhe
per manent magnet 1Is nounted on the 10 outer surface of e annul ar yoke.

8. The deviageyedf dﬂaméﬂgxcgoﬁ&fbmﬁ 1 to 6 wherein the rotary shaft is
hel d rotatably -and vertically at one end with respect to a frane, and is

provi ded at t-he otlsar end device rdmpyisindi@ decipirocdbl esréad/urite
di sk-shaped recording nmedium and said stator is provided with a magnetic
shi el di ng 5pl ead Eaar iragidie pranslationfachessoal xotabableacrecordingt he
hub, said magnetic shielding plate having a radial inner surface being
posi ti oned c mesdan o angd amt gptrlc motor for rotating the recording

medium, the electric motor comprising:
a rotatably supported rotary shaft;
a rotor having an annular driving permanent

10 magnet generating a magnetic flux in the radial direction, .

~ and rotating together with said rotary shaft; and
| a stator disposed outside the rotor, having a
core and a plurality oflcoiis wound on the core, and .
generating é.rotaping torque for the rotor by the
15  interaction with the driving permanent magnet;
thé core_oﬁ said stator having a part:which is
~open to the rotor;
’ ho coil being provided at the part of the stator
correspondipg_to the open part:; -
20 ‘and wherein the read/write head of the data..

storage device‘is adapted to reciprocate radially into and
éut of said open part.
4. The devicefof_claim 3, vwherein said annular part
6f said core is substantially in the shape of character "c"
25 with'an_ppen part. | |
5. The device of any preceding claim wherein said

core comprises an annular part and tooth portions extending



20 shaft than the outernost periphery of the rotor with said inner surface’
bei ng spaced and in direct proximty to the outer periphery of the rotor to

prevent the escape of the rotor in the di rect”mnmmlmﬂ y shaft away
fromthe frame. 25 9. The devi ce of m said =
nmagnetic shielding plate conprises a generally annul“ar "paft having a ./
circul ar opening for passage of said rotary shaft, a - 29 - generally
cylindrical side wall surrounding the a8n# ar part of the stator; and said
generally cylindrical part is indented radially inward at the part wher e
sai d conaadiallky Bward fopenther inherpsurfdee. ofOthe @maular gamtf, clai m
8 or 9, wherein said hub is fixed to said rotary shaft; said rotor further
conpri sedangh Sﬂml%ﬂllﬁ)k@¢ weund conathehtipothapertdons. sai d
annul ar permanent magnet is nounted on the outer surface of the annular
yoke. 11.  Th&-el ectihe dp¥ise AL c#raymeecsdwgle ahBr eVheTain saddetic

hi el di | at ded with t ith.th t t
oS | on AL REPARET ragge oh é’ﬁ;%i‘c?%%ﬁ BeGBELiL BOISS AR of

the 1 Qf Oyl SMiFratEXH éfeé‘? 105 fhc' Bhl' Ihned8LE' A the core.

7. The device of any preceding' claim wherein said

rotor comprises a hub which is fixed to said rotary'shaft,
and an annular yoke fired'to'said-hub: and
said annular permanent magnet is mounted on the
10 outer surface of the annular yoke." ' _' : s
8. The device of any one of clains 1 to 6 wherein
"the'rotarf'shaft is held rotatably and
vertically at one end with respect to a'frame,:and is
provided at the other end w1th a hub which holds and rotates
15 a disk-shaped recordlng medium; and
' said stator is provided-with a magnetic
-shielding plate covering the plurality of the coils from the
- side of the hub, said magnetlc shleldlng plate having a
radial inner surface belng p051tloned closer to the rotary \;)
20 shaft than the outermost perlphery of the rotor with sa1d |
inner surface belng spaced and in direct prox1mity to the
outer periphery of the rotor to_prevent.the escape of the
rotor in the diréction of said rotary shaft away from the
frame. o
25 9.‘ The device of claim 8, wherein said:magneticp
shielding plate comprises a generallY'annular part'haﬁing a

circular opening for passage of said rotary shaft, a



protrusions are bent into the directi‘on parallel mﬁtth*ErTTﬁ?ﬁ§77§ﬁ§FF—aﬁd
away fromthe hub. 13. A device according to any prece | Mel n
the rotatable shaft is supported by ball bearings. 14. jmmm“m ml i ng
to any one of clainms 1 to 7 wherein the read/wite head €onpritsed as

carriage which is guided in the radial direction of a magnetic recording
medi um n said rotor and 25 which has a magnetic head at the tip thereof,

t he device further conprising: a head smwﬁﬁhmg portlon for shielding

| eakage 11111111111111111111111%31111111 * M S * -30- flux

in the di rec‘i?’aﬁrélrli’hﬁﬂréﬂﬁé'tlFélh de m&lhéaarm@m%hﬁoﬂnwaaa.w
provi ded alonﬁ Eﬁ g EcaV|t or open part formed on said stator and being
extended in ? 8ERFBR? oP™ai d rotation axis al ong the periphery of said

5 concavity or open parta?%é geéggeggéhgﬁ%ggggégh Pg?tghgigha@ rein a

ri ng- shaped shi el di ng pl sald
stator, a ref@&%i?%??ﬁ@ 96' Q rtﬂetg r‘EO% Sal Q’S’%a%]"é’.% r%rﬁ ihafgr

i's prOV|ded on S |eI Ing p
provi ded glqageﬁhsaggrhghggbvgaeahe recess of said shielding
10. The device of claim 8 or 9, wherein said hub is
fixed to said rotary shaft;
said rotor further comprises an annular yoke

~ fixed to said hub; and

\v{ 10 said annular permanent magnet is mounted on the
outer surface of the annular yoke.

11. The electric_motor of claim 8, 9 or 10 wherein
said magnetic shielding plate is providéd with protrusions
with their inner extremities positioned closer to the rotary

15 shaft than the outermost periphery of the rotor.

12. The electric motor of claim 11, wherein said
protrusioné are bent into the direction parallel with the
rotary shaft and away from the hub.

13. A device according to any preceding claim

20 wherein the rotatable shaft is suppotted by ball bearings.
14.° A aevice according to any one of claims 1 to 7
wherein the read/write head comprises
a carriage which is guided in the radial
direction of a magnetic recording medium on said rotor and
25 which has a magnetic head-at'the tip thereof, the device
further comprising:

- a head shielding portion for shielding leakage-



pl ate and consists of a bent portion fornhed.by bending the edge of said

shielding plate in the direction of said rotation axis. 15 16. The
devi ce according to claim15, wherein said ri ”mmmm“ "Ilﬂmllng pl ate has
a projection extending radially outward and . f i d stator.

17. A magnetic recordi ng device which conprides®a 20 "deVi cé accordipg to

any preceding claim 18. A shielding structure for use with a disk déevice
whi ch conprises a notor consisting of-=a30ivg shaped stator having coils on
t he i nside periphery thereof and having a concavity or open part at part of
t he outer £puxi ghethe2direction oft the magnetis lheéad prithe deda rotor for
rotating a magnetic recaordi ng nedi um supported by a rotary shaft and havi ng
a magnet ebéegééngopeaﬂ:éoeowénan@rmv ek@lang iRaid copcavigyioe
O sai'd NRBRB! PBTFe ABFmRy O BRu PSR A1EL Gy SHREIShLE Thenet i o
a0, e LR ek A Rl Sold POty g
oL UL o BABNL By, Bollab ] 0,00 Pt on for Shiel 0ing Feakage f1u
- 15. - The device according to claim 14, wherein
a ring-shaped shielding plate is provided to
cover all the coils of said stator, a recess corresponding
to the concavity or open part of said stator is provided on
10 this shielding plate, and said head shielding portion is $hf
provided along the periphery of the recess of said shielding |
plate and consists of a bent portion formed by bending the
édge of said shielding plate in the direction of said
rotation axis. |
15 '~ 16. The device according to claim 15, wherein
said ring shaped shielding plate has a
projection extending-radially”outward and fixed on top bf
said stator.
'17. A magnetic recording device which comprises a
20 device-accbrding-tO'any preceding claim. |
-18." A éhielding structure for use with a disk device -
wﬁich comprises a motor consisting of a ring~shaped stator
‘having coils on the inside periphery thereof and having a
concavity or open part at part of the outer periphery
25 thereof at which no coil is brdvided,'a"rotof for rotating a
magnetic recording medium supported by a rotafy shaft and

having a magnet opposed to said coils and provided on the



shi el ding portion being arranged t.o b& | ocated al ong sal 0 concavity or
open part formed on a part of said stator and to extend ﬂh M"mﬂ’n’ f
said rotation axis along the periphery of said concavity W
The shiel ding structure according to claim 18, conprising::

a ring-shaped shielding plate to cover all the coils of sald stator and a
recess cbrrespondlng to the concavity or en part of said stator provided
on the shielding plate, said head shlela‘% portion being provided al ong

bent " por Pm%%%%%%%é@%&;ﬁ%gggggﬁéﬁ 890R 21 aBOMAT T 2RSSR dHR, I °
direction oferdlrhgpirldFediion SF: salicnabhptibnesbiuihy feddtll W0 1 ©

claim19, wherein ri ng=shaped. s di ate has a

proj ection esd £ dkdEor adhd | wiich Masda aﬂQaﬁbﬁQé ﬁaahoatoi:h%a't‘ips the¥eof, -
32 - 21. A device constructed and arranged as herei nbefore descri bed W th

reference t Gfidl cerriagetbeing positiohea int sudh af walethatorpentiead
drawi ngs. 22. ‘A magnetic recording device constructed and 5 arranged as
her ei nbefSr cofiesaid hearriade rednrnove intenthesrecess, the shielding

structure comprising.

a head shielding portion for shielding leakage
flux in the direction of the magnetic head, the head
shielding portion being arranged to be located along said

L io concavity or open part formed on a-partlof said stator and
to extend in the direction of said rotation axis along'the
periphery of said concavity or open part.

19. The shielding structure accdrding to claim 18,
comprising:

15 a ring-shaped shielding plate to cover all the
coils of said stator and a.recess corresponding to the
concavity or open part of.said stator provided on the
shielding plate, said head shielding portion being provided
along the periphery of the recess of said shielding plate

20 and consisting of a bent portion formed by bending the edge
of said shielding plate in the direction of said rotation '
axis. _

20; The-shield{ng structure'according to claim 19,
wherein

25 said ring-shaped-shielding plafe.has a
projection extending radially outward and fixed on top of

said stator.



Illustrated in Figures 4 to 22 of the acconpanying dr
shi el ding structure constructed and arrang er ei nbef qr, descrlbed wth

reference to and as illustrated in Figures \‘“‘ﬂ“\\m‘“\ Hﬁ\onpanyl ni

drawi ngs. 10

- 32 -

21. A device constructed and arrangéd as
hereinbefore described with reference to and as illustrated
in Figures 4 to 22 of the'accbmpanyinq;draWings.' |

22. A magnetic recording device constructed aﬁd

5 arranged as hereinbefore described with reference to and as
illustrated in Figures 4 to 22 of the accoﬁpanyingﬁarawihgs,

23. - A shielding structure constructed and arranged
as hereinbefore described with reference to and as |

illustrated in Figures 4 to 22 of the accompanying drawings.
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