ELECTRI C MOTOR The present invention relates to an electric notor, and nore
particularly to an electric notor for rotating a recordi ng nmedium such as a
magnetic disk in a magnetic recording device for witing and readi ng

naghetif;recording signals in and fronlthelrecording medi um Exanpl es of
conventional electric notors of this type are shown for exanple in Japanese

Utility Mddel Kokai Publication No. d Japanese Utility Model
Kokai Publication No. 104779/1986. f&ggg%a#fﬁﬁagﬂgxplained with reference
to Fig. 1, Fig. 2, and Fig. 3. Referring first to Fig. 1 and Fig. 2, a
magnetic disk 1 for recording information is held by a hub 16, which is

fitted with and fixed to a rotary shaft 17. A nmagnetic disk 1 conprises a
recordi ng sheet la, a center hub 1d connected to the recordi ng sheet |a,

outer case conpri ‘i‘h@ng‘r%sWrin‘Wdt:l'olh st d PR aifldl et r i itsectdng

the sheet la. The cen hub 1d of the magnetic disk 1 is provided wth an

aperture | e pireuphardiicifl sa¥lyuRiReare el et riftc motct Worhafdtatimxteends. A
drive pin 15 is fixed to the hub 16 at a certain distance fromthe axis of

the shaft 17redotding medigmpesaithe as tgh magnetdd W@iskl fimprowmagnketict he
center hub Id of the magnetic disk 1. The drive pin 15 transmts the
rotation of rleeoxiddig Hevdee tflor il tithg endeending maghetidc recording

signals in and from the recording mediunm.

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. 104779/1988. These will be explained with
reference to Fig. 1, Fig. 2, and Fig. 3.

Referring fifst to Fig. 1 and Fig. 2, a magnetic disk 1
for recording information is held by a hub 16, which is
fitted with and fixed to a rotary shaft 17. A magnetic disk
1 comprises a recording sheet la, & center hub 1d connected
to the recording sheet 1la, outer case comprising an upper

et wall 1b and a lower wall lc for protecting the sheet 1la.

The center hub 1d of the magnetic disk 1 1is provided
with an aperture le through which an upper end of the rotary
shaft 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



1. In this way, the hub 16 and the drive pin 15 in conbination 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
hol der 19. Fixed to the outside of the b%ﬁrlng hol der 19 is a stator?§0
havi ng a core 8, which conprises an annular part 8a and a plurality o
tooth portions 8b, on which coils 21 are wound. The core 8 and the
cylindri cehghgeabbg whbtheanllpareutexdf pbo&iﬂednﬂnl%hbycenaas hiubs ddews
14. Fixed by a screw 6 to a first .(lower as seen in Fig. 1) end of the
rotary sheftthe megrethd dppbsite Tbetdeinabpia 186 &rgasmdaslyh@up shaped
yoke 23 havi ng a di sk-shaped bottom wal | a.and a cylindrical side wall
23b haV|h§°F¥gi?ﬂr@f thewshaft %EeﬁﬂﬂntFPghuk)1§n8°c§hﬁe@ﬁ§§eﬁé°tHésﬂuter

perlphery of the disk-shaped bottom 23a. Fix o the .inner surface of the '
side wal [123plBithig Yake bhejhub H§|§Pﬂgtﬂﬁr§ﬁﬁ¥ﬁtpﬁﬂgn!§ 38 having
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through the £i)snédriaghCi 2t dE9pbOhIHR RS eﬁaeTakeihebxywﬁhaﬁxkaﬂ rotor
bearing holder 19. Fixed to the'oufélde of the bearing
holder 19 is a stator 20 having a cpre's. Which coﬁprises an
annular'part 8a and a plurality of tooth portions 8b, on
which coils 21 are wound. The core 8 and the cylindrical I;J
bearing holder 19 aré fixed to g-frame'Is by means of screws
14, | | |
'Fixed by a'scréw 6 to a first (lower as seen in Fig. 1)
end of the rotary shaft 17, the end opposite to the hub 16
is a generally cup4SHaped-yoke‘23 having a disk-shhped'
bottom wall 23a and'a-cyliﬁdricai side wall 23b having 1its
-first (lower as seen in Fig. 1) end connected to the outer
‘periphery of the disk-shaped bottom 23a. Fixed to the inner
surface of the side wall 23b of the yoke 23 is a driving .
permanent magnet 22'h5v1ng magnetic poles facing the outer
ends of the tooth portions Sb'of'thé'c¢re 8. The yoke 23
and the permanent magnet 22 form a3r6tor 24;'. '
The driving permanent magnet 22 emanates magnetic lines

of force radially inward. By the interaction of the



22 i's rotated. An index detecting el enent 25 generates, in cooperation with
an i ndex detecting nmagnet 26, a -pul se every revolution. As shown in Fig. 3,
-a signaling permanent nmagnet (FG (frequency generator) magnet) 27 for
detectkﬂg the rotary angle and the rot®ti ng speed (the nunber of
revoluttons per a unit tine) of the roTor 24 may be nounted to an end of
the driving permanent magnet 22, at the upper edge of the side wall 23b of
t he yoke 23. The frame 28 of this exanple of Fig. 3 also serves as a
circuit bomagnethcwhivesaodefforiciengnd rthe telestrden c2drientt drhrexight thee

| ocation confronting the signaling permanent nmagnet 27. The circuit pattern
.29 has a stedlsuBiiapt rateglaguiorgye s gepexated . .pdynhdeh theatotor, and
generates an FG output signal in time with the rotation of the rotor 24.
The above-@8s&Bi E8&a&Pletric notor is of the outer- rotor type in which the
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(frequency 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
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 location confronting the
signaling permanent magnet 27. The circuit pattern 29 has a
size substantially equal to the signaling permanent magnet
27, and generates an FG output signal in time with the
rotation of the rotor 24.
The above-described eleétric motor 1s of the outer-
rotor type in which the driving ﬁermanent magnet 22 of the
de rotor 24 is positioned outside the stator 20. The magnhetic
flux from the iﬁdex detecting magnet 26 is detected by the
.index detecting element 25, and on the basis thereof, the
current through the coils 21 1is controlled.
Magnetic heads 41 and 42 are mounted to the frame 18 by

means of a mounting structure, which includes a supporting



they are capable of translation . novenent .in the radial direction of the

" magnetic disk 1. In the above-descri bed conventional electric notor, the. -
rotor 24 is on the outside so when it is contenplated to reduce the

. thickness of the electric nmotor and t magnetic recording device in which
the electric notor is built, magnetic Interferences between the pernanéﬁt '
magnet 22 of the rotor 24, and the magnetic heads 41 and 42 and ot her
conponents of the recording device cause probl ens. The interferences can
be el i m nefigglt 431 enl@cgdsPydLig Plotkes4nnerThept aret goesuppokiceldl thatr ot or
24 is positioned inside the stator 20, but the conventional FG detecting
syst em shehey | aré&i gap8brenopt thanstiapien movéimenel £nt the maddalof the

i nner-rotor type. Mreover, since the magnetic heads 41 and 42 nove in the
radi al didireethonfof hthermaghetidi dkskthey cannot be di'sposed in the plane
of the rotor 24,  This also inposes a limtation to the reduction of the

t hi ckness of tIe thgneborerdescuibgddeonventionakeedgetrichBotppethe and

t he bearing holder 19 are interposed between the stator 20 and the rotor 24
on one haiRetomndihs emghhe;eutsideapa vhendgnisi eoptemplatgd; ke ot her
hand. This_inposes a further lLimtation to,the reduction. in_thickness of:

t he ‘el ectf¢usethe thickness of the electric motor and the magnetic
'reCOrdiﬁg’dévice in which the electr1¢5hotor is built, .
magnetic'1nterfefen¢es_5étween the permanent magnet 22 of

_the rotor 24, and the magnetic heads 41 and 42 and other
c'omp'onérits' of the recording device cause problems. ‘The- o

: interferences can be*eliminaied'or reduced by use of fhe |
inner rotor type in which the rotor 24 is bositioned inside
the stator 20, but the conventional FG detecting system -
shOwh-in Fig. 3 cannot be adapted in the electric motor of.
the inner-rotor type.
_ Morebﬁer,'since the magnetic heads 41 and 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 reduction of thé"thlckness of the magnetic

C

recording device.

Furthermore, the frame 18 and the bearing holder 19 are
interpOSed bétween 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 the electric motor. If an



- 5% electric notor of the inner-rotor type is enployed the above problem
can be solved. But, the rotation of the rotor 24 |Is acconpanied with the
so-called thrust force in the direction of the rotary shaft. \Wen the
thrust force is excessive. the entire rotor Is shifted upward in the
direction of the rotary shaft. This nakessié inpossible to rotate the
magnetic disk to rotate at a proper height (position along the shaft),

adversely aglieeitirie mdtorc®Ir dihed ik i rAtAC ey p¥ ifs Enpydyed thenadbve
9407867. 2, divided fromthis case in accordance with Section 15(4) of the

Pat ents Act p#8Blenc ecancbes sdloed.ce Butpriis ndtation Okl arotor/24i1e 5
head for radial translation across a rotatable recording nedium and an

el ectri c noaccompandiedamiitd tthe secraliled thiust fiorcelintthe dbrection
conprising: a rotatably supported rotary shaft; a rotor having an annul ar
driving per@finthe rogary shafdner Kheny therthrust force is iexcessive,

direction, and rotating together with said rotary shaft; and a stator

di sposed outBedenthser Fo3orads ﬁ&ﬁﬁﬁfﬁa“ﬂﬂﬂ?QuiﬂeiﬂﬁLﬂiﬂ?ﬁﬁ‘?ﬁ ebi theyound
on LN o0t o oBd, 02 ) Qe TR L &K I e
out o1 Per PR AR e BRI heX h Mot WSO £E06' hovr,
stator corrgfgopflae).Caalers¥isAbrifecting the recording and playback.
British Application No. 9407867.2, divided.from this
case in accordance with Section 15(4) of the Patents Act
bt 1977, concerns a device comprising a reciprocable read/write
5 .head for radial translation across a rotatable recording
medium, and an electric motor for rotating the recording
medium, the electric motor comprising:
a rotatably supported rqtary shaft;
a rotor having an annular driving permanent magnet
10 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
and a plurality of Eoils wound on the core; and generating a
rotating torgque for the rotor by the interaction with the
15 driving permanent magnet; and either
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 pért of the stator
corresponding to the concavity:

20



20 © and wherein the read/wite head of. the device is adapted to
reciprocate radially into and out of the concavity; or 5 the core of
. said stator having a part which is open to the rotor; said coil not being.
provided at the part of the stator corresponding to the open part; andg
wherein the read/ wite head of the data storage 10 device is adapted

reci procate radially into and out of sdsd open part. An object of the-
‘invention is to provide an el ectri.c notor of.the inner rotor type which can
contrlbute t o tand réhereinnthe rqediﬂrcKersadfofhthsagneupe dscording
devi ce. - Anot her obj ect of ;the present invention.is.to provide a

t hin elex§442??En€9 rerinresatecsadiahlyhdntrr avd PYtcOf hene direction of

the rotary shaft due to.-the rotation of the rotor. An electric notor
accor di nFFPREEREPREL of the 20 invention conprises: a rotary shaft that
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with sm(kﬁénfggbﬁhaft rand
| ' sa1d 0011 not belng prov1ded at ‘the’ part of the stator
Téoftespondlng to the open part;' -
- and wherein thé'réad/wfité head of the data Stqrage'
10 devicé is adapted to reciprocate radially'into“énd-but of
said open part. |
" An objéct-of the invention is"tbtprOVide:an?electric'
motor of the inner"fotor type which can (mntrifaute' to the
reduction in the thickness of the magnetic recording device.
15 Another objéct of the presént-invéntion*isfto'prpvidé.'
a thin electric motor which can restrain the thrust force in
the direction of the rotary shaft due to the rdtation of the
rptor.
An electric motor achrdihg'to-bne aspect of the
'20 invention comprises: | |

a rotary shaft that is rotatably supported;

C:

‘a rotor having an annular driving permanent magnet
geherating 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 of coils
wound on the core, and generating a rotating torque for the rotor by the
interaction with the 5 driving permanent magnet; and a signalling permnent
magnet Qrovided on the radially inner side of the driving pernmanent nagnet;
and neans co-operating with said signalling pernmanent nmagnet for detecting
the rotary angle or the rotational 10 speed of the rotor. Wth the above-
arrangenent, the signaling permanent magnet for detecting the rotation of
the rotor is provided inside the driving pernmanent magnet of the rotor. As
aresult, it is pesstideor disposedtdetsidenchenrétorckhavingi a chrve and
direction of the rotary shaft of the electric notor, and the resultant

el ectric notarpluratityecof nceilsovoundypn thecaoren abd: geperatipng: pe
reduction in the thickness of the magnetic recording device. The

i nvention wixotakingrtorgquecterithe rotonybysthenin Pﬁ?F&gPOe"éﬁnﬁbé Wi th
reference to_the, acconpanyin dramﬁngs, i.n which:- Fig. 1 is a sectional
view of &8 c SWAYiNG e TRAGEDE; Bagnet? and .

a signalling permanent magnet provided on the radially
inner side of the driving permanent magnet; and

means co-operating with said signailing permanent
magnet for detecting thé rotary angle or the rotational

10 speed of the rotor.

ot With the above arrangement, the signaling permanent
magnet for detecting the rotation of the rotor is provided
inside the driving permanent magnet of the rotor. As a
resuit, it is possible to reduce the dimension (thickness)
in the direction of the rotafy shaft of the electric motor,
and the resultant electric motor 1s of the inner rotor type
which can contribute to the reduction in the thickness of

the magnetic recording device.



notor. Fig. 2 is a side view of the conventional electric notor. Fig. 3 i5s’
a .sectional view of another electric notor in the prior art. Fig. 4 is a
sectional view of an electric notog of an enbodi nent of the invention. Fig,.
51is a plan view of the electric tor. Fig. 6 is an enlarged secti ondrl,
view along line |l in Fig. 4. Fig. -7 is an expl oded view of the electrit _
notor. Fig. 8 is a perspective view of a driving permanent magnet. Fig. 9
is an enl arged sectional view of the pertinent portion of another

enbodi nent of the invention. Fig. 10 is a plan view of an electric notor of
a further enbodi ment ‘of the invention. Fig: 11 is a sectional view of
the electric notor of a further enbodinent of the invention. Fig. 12 is a
sectional view of an electric nmotor incorporated.in a nmagnetic recording
device. Fig. 13 is a sectional view of an electric notor of an enbodi nent
of the invention. Fig. 14 is an exploded perspective view of the notor.

The invention will be further described by way of non-
limitative example with reference to the.accdmpanyingfdrawings,_
in which:-~ _ . o e

Fig. 1 is a sectional view of a conventional electric
motor. | | | |

Fig. 2 is a side view of the conventional éleétric

motor. |
Fig. 3 is a sectional view of another electric motor in
the prior art. | |
Fig. 4 is a sectional view of an electric motor of an
embodiment of the invention. |
Fig. 5 is a plén view of the electric motor.
Fig. 6 1s an enlarged sectional v;éﬁ along line I in
Fig. 4. o | | |
Fig. 7 is an exploded view of the e1éctf1¢'motor.
Fig. 8 is a perspective view of a driving permanent

magnet. ' _ | _ Y™
Fig. 9 is an enlarged sectional view of the pertinent
portion'of another embodiment of the lhvention.
Fig. 10 is a blan view of an electric motor of a

further embodimeht of the invention.



Fig. 15 Is a sectional view showing the electric notor incorporated in a
magneti c recording device. Fig. 16°and Fig. 17 are other enbodi nents of the
nagnetip.shielding plate. Fig. 18 is a sectional view showi ng a further
enbodi ngnt of the invention. Fig. 19 | sep perspective view showing a
magneti ¢ shielding plate of Fig. 18. Fig. 20 is a sectional V|em15homnng an
electric notor of _the first enbodipnent_ of the invention
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the rotor is insi t he” stator rated a ro sSha [

rotatably SLﬁﬁ?ﬁ{éﬁ% bearing hol di ng
menber 102. e bearing ho d? %@%% iégiggvvg?tlcally to a flat
motor frame 104, Oﬂ# Chl@'fé’ §eéé(ﬁ€iéﬁaii ﬂéﬁ%f #R2¢fectr $E2h6tot08f! &n

fixed to the not rane 104 e stator 103 conprises a core 103a forned
of l.am nat eeptiiibertf &f "ERE! {hven€iépBgnetic material, and conprises a
Fig. 14 is an exploded perspective view of the motor.
Fig. 15 is a sectional view showing the electric motor
incorporated in a magnétic 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 1s a perspective view showing a magnetic
shielding plate of Fig. 18.

Fig. 20 is 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.

9 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



general ly annul ar part 103y and a plurality of tooth portions 103s
extending radially inward fromthe inner perirphery of the annul ar part
103y. The stator 103 has a larger dianmeter part 103d whi ch extends over-
the region of of about 15/18 of the entire circunference. In the regi op=of °
about 3/18 of the entire circunference, the annular part 103y is indent¢éd
inward to forma concavity 103c. Mre specifically, it conprises an
smal l.er diameter part 103b with its inner surface aligned with the inner
ends of the tooth portions 103s and a- pair of connecting portions 103e
~ext endi ndhaadietoy 19 tnsidettheecstaterof Abkeillmstratddanat eptpeyti on 103b
and the larger dianeter portion 103d. The tooth portions 103s extend inward
from t he SheHeh 194 ri rotataly ssupportedeb:rmpansi of bald bearfegannul ar
- part 103y, he circunference of the larger diameter portion 103d is
equal Iy di®% d¥% & REPLINERIdiRE dnemler "102¢ i sThe obearing-hodding 15
sectors, d the t.00fh rtions 3s. are,_dispgsed in_the_respective sectors
bei ng equnil b-ﬁgjlesl{];h‘%gd{ﬁ rgfr)ﬁ% c‘ﬁeBélﬁ%?;f’CoF? s 1g§agr’g°€\85nﬁrﬁﬂ t 8@4pespecti ve |
t oot h porg égégi %F@ (ls o dy 'ggd-ihto t hree groups each
consi sting ??fcm S ) 6_%\%8#1% %nlg%\'/@é#i;tﬁwé "tooth portions 103s. The coils
106 bel ongi ng 4 GdKorsAGB HPUPIAE to the motor frame 104. The
stator 103 comprises a core 103a formed of laminated sheets
of a metallic fétromaghetic'materialg55nd comprises a -
generally annular part 103y and a plﬁfﬁiity of tooth
portions 103s extending radially 1nW8rd froﬁ the inner | Q}'
periphery of the annular part 103y;"The'stator~103 has a
larger'diameter'part 1034 which:extehds over the region of
of about 15/18 of the entire circumference.

In the region'df'about_alls-of'the entire
circumference, the'annular'part'losy 1s indented inward to
form a concavity 103c. More specifically, it comprises an
smaller diameter part 103b with ité.inner_surface aligned
with the inner ends of the tooth pbrtibns 103s and a pair of
cdnnecting'portions'103e'extending rad1a11y to connect the -~ |
ends of the smaller diameter“portion'iosb and the larger
diameter portion 103d.

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

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



connected to each other, and the three .groups of coils 106 in conbi nation
forma three-phase w nding. Each of' the three groups of coils 106 are
supplied with a current for 120 in accord with the rotational angle of the
rotor tqQ generate a rotating torque in the same direction. The stator 103
Is fixed by screws 164 to the notor frame 104. A spacer 105 is inserted
between the stator 103 and the notor frade 104. The stator 103 is di sposed
coaxially with the bearing hol ding nmenber 102. Provided inside the stator

ntegr al 1y 1) uek &1 tnEE BT EoEPy andr EndobSosharBRE PRGN Wk 107
e e bl eh CERETPRRERLE TR BEkbraHebikcBobi babeatAldly chapred

with the h 'n Frg driving pernanent
magnet 110 { ém%%ﬂgp on the outer surface of the yoke 107 and is
magneti zed |n he radial direction to have alternate magnetic poles on the

outer surface thesept 16e!8Fe hBfin ohnBRe PUEPBEE19E YBEChopRtaekd ons

103s of the stator 103. The driving pernmanent nagnet or med
nmagneti zi ngpo34. t "Phé agbofl sd10€CareNdiv0@edOtAto1€HreBt graupkukealcht y of N

and S-poles arranged al ong the periphery. For exanple, the nunber of the

magnetic patessistfdg 4 scPBsi DgepRouBRdcsh swengt thikdi sobtheporitiiypnsnd
103s. The coils 106 belonging to the same group are
connected to each other.:and the three groups of coils 1086
in combination form a three-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 is 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 is 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 integrally formed with the hub 108.

As 1s best seen 1n Fig. 8, an annular driving permanent
magnet 110 is mounted on the outer surface of the yoke 107
and 1s magnetized in the radial direction to have alternate

magnetic'poles on the outer surface thereof to face the



formed by magnetization In the axial direction to have alternate nagnetic -
poles on the | ower end of the cylindrical part of the rotor 109, i.e., the
end farther away fromthe hub. The signaling pernmanent nmagnet 111 has a
magneti zation pattern for the purpose.of FG for detecting the rotary argle -
or the rotating speed (the nunber of ré¥ol utions per unit tine). An FG=¢
detecting circuit pattern 112 is fornmed on a netallic circuit board 104, :
bei ng spaced with a small gap fromthe signaling permanent magnet 111. . As

detect ngt %*??cL???*E?Fe%?efﬁsgﬁgpécﬂ?e%%ﬂ%ﬁ%QHﬁ%%P? 8 GRS Gt onal
to the rotary fﬁgegr%;ﬁﬁecBgrﬁgﬂgneohhggg éioo §¥ﬁ5§ 7 |n Flg 6is

to prevent |eakage o magneti zin e“time of-

nmagnet i Zzahaghetizihg, Slﬁ”@hb”ﬂaﬂih@ﬁ@?bc'ﬁ?ﬂet ’thteh?ro‘%l?;\f' 49PN %
effective magnetization. Further elenents of the el ectric notor are t hr ust

st opper lg¥uraufitgdofit Nthgndng- Pblbbeai@hﬂ? ¥dSBabhgl the pedIpmErye tO the
hub 108, a sliding member 165 of a |ow coefficient of friction inserted

bet ween ther hekadpBe anthehnuinberi 0§ Bhedmagnetibepolesd, 18n@4q drive pin 115
fixed to the hub 108 for rotation of the magnetic disk 1 sinmlar to that
‘shown in Fig. 4,s1gna11ng permanent magnet 111 is integrally anq_

formed by magnetization in the axial dirkction to have

alternate magnetic'poleé on the lower end of the cylindricél

part of the'rotor 109, 1i.e., the end farther away from the

hub. The signaling permanent:magnet.lll'has_a-hdgnetizAtion |

pattern fof-the'purpOSe_of FG.for_detect1ng the_rotarﬁ angle

or the rotating speed (the number of revolutions_per_unif_

time). _

| An FGIdetééting-circuit-pattern 112 1s formed oﬂ_a-_:

metallic circuit board 104, being spaced withfa_smali.gap )

from the signaling permanent maghet 111. As tﬁe_roﬁor 109

rotates, the signaling permanent magnet 111 and.the FG

detecting'circuit_pattérn.llz.acts to producé a rotéry_

signal proportional to the rotary speed. =

The cut-away portion 113 of the ydke io7 in Fig. 6 ié - G; :

to prevent leakage of the magnetizing magnetic flhx at the |

‘time of magnétization-of_the signaling permanent magnef.

thereby to achieve effective magnetiiation,. |

Further elements of the electric motor'are_thrust

stopper 114 mounted at the end of the rotary shaft 101



The above electric notor rotates and drives, by neans of-the hub 108, a
magnetic disk 1 simlar to that shownh in Fig. 1, in the same way as the
conventional electric nmotor. Acconpanying the rotation of the rotor 109,
and by {he rotation of the signaling permanent magnet 111, the FG detecting
pattern 112 generates a rotary signal prbportional to the rotary speed of
the rotor. The electric notor is of the inner rotor type, and even when the
t hi ckness of the electric nmotor is reduced for reduction of the thickness

of the MagRRYPHJsIEE kS fie AN CEo8 [ NET €11a1he DieliPer’ PO5E8Y0L 18Wer f erence
bet ween the magnetic head and ot her conponents of the device and the rotor

109. Moreoweff£ident "ef sSteNeticon Desepteatbeteeen $R4 habpiosi dad ohet he
i nner surface of the cylindrical rotor 109, it does not increase the

di nensi on ibedaimglihebding mémbére H02f tandnal drivenpinbllBsfigetlhéo the
reduction in the thickness of the magnetic recording device. Fig. 9 shows a
modi fi cati dwubofladhefart gretatippeofrothe tmagnetic adlisktt sippbari bg that
structure. As illustrated, a flange 107a extending radially inward is
provi ded atshavn |Iwdfigndl of the cylindrical yoke 107, and a signaling

per mmnent magnet 111A which is a separate bodz fromthe driving permanent
magnet 110 is fibhel ahpihcekeetric mator rotates and drives, by means

of the hub 108, a ﬁagnetic disk 1 similar to that shown in
Fig. 1, in the same way as the conventional electric motor.
Accompanying the rotation 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 the inner rotor type, and even
when the thickness of the electric motor 1s 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
1% 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 thickness
of the magnetic recording device.
Fig. 9 shows a modification of the signaling permanent

magnet and its supporting structure. As illustrated, a



Since the dinension of the signaling permanent magnet .in the direction of
the shaft can be nade adequate w thout increasing the dinension of the
rotor and hence the notor in the direction of the shaft, the illustrated
structure is advantageous where a Iar% FG output is reqU|red In thig,
nodi fication, the signaling permanent ‘®agnet 111A is a separate body f?%n1
the driving permanent nmagnet 110. @ But they may be fornmed integrally. Fig.
10 shows a nodification of the stator in which the part of the annular part
103y whefrange 10Taheptenddéng t@84addy dowapdodsdpdowideduatavtde 1 n ot her
words, the smaller dianeter portion 103b and the connecting portions 103e
of the ehowelf nepnd of thg. cxldipdrigalsygke A@ﬂ.pp@diae@ignaaénahnular_part-
103y is therefore.in the C-shape with an open part 103f. In other respects,
t he emboRerBaReRt mgnetolléAu wbiehcds 9osﬁnere&|e| bedyj£rom

o Tha bk Shatheang s paeSkEt BTRCR RS T e iSRG, W
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increasing the dimension of the rotor~and_hence thg motor in
the direction,of'the shaft, the 1llustrated structure is
advantageous_where.a-lafgé FG outpupy1s r§q@ifed.; In this
modification,-the_signaling.pgrmgnent:@agnet 111A 1s a.
_Separate boﬂy from the driving permaﬁent:magneﬁ 110. - But
they may be formed integrally. | _ __ _
Fig. 10 shows a modification of the stator in which the
part of the annular pa;t 103y_where”the_tooth:pqrglons 1033
are not provided'are cut away. In-qther_words.3the_smaller
diameter pOrtion_lbsb and the.connecting;portions 10ée of
 the embodiment of Fig. 4 to. Fig. B_aré_nqt provided. The

annular part 103y is therefore in the C-shape with an open

part 103f.

In other respects, the embodiment of Fig. 10 is <&

identical to the earlier described embodiments.

Fig. 11 shows another embodiment of the electric motof
in which the upper part and the outer periphery part of.the
stator 103 are covered with a magnetic shielding member 213.

The magnetic shielding plate 213 is provided to cover the

€



Wi th respect to the stator coils, and a.cylindrical part 213b having its
upper end connected to the outer periphery of the annular part 213a, and
tabs -213c extending radially outward fromthe | ower end of the cylindrical
part 213k Screws extend through holes inpdthe tabs 213c and threaded into
the frame 104. Thus, the magnetic shielding plate 213 is nounted ' directly
to the notor frame 104. The annul ar part 213a is provided with a circul ar
aperture 312 defined by the inner periphery 313 of the annular part 213a.
The apert ur ecdlis @06ridrsd ptiss abrenerf éhds rof atlye sbadbth 1pér thonsh208si g€ pin
115. The magnetic shielding plate 213 bl ocks any | eakage of magnetic fl ux
to the magndiie doreislGial. a Themagne tii ckshbétid bmg t bhateb21881sapdopidedct s
the coils 106. In other respects, the enbodinment of Fig. 11 is identical to
the earlier Widdtramnanupan part s213a poovided gn the shdecofichbethubosc of
the stator 103, the magnetic shielding plate 213 _is al so grgvided wth a
concavi ty 2Widh regpect ke ithe St3ter | ¢olls c Andpcyiindricpl; pact,

e o AR 05 s Totd Sosocanchs, Bhe ubae 59kt bhery
Srator 03 S omy i Sk AR B e Ak P GO Aok FadIELLS
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 plgte 213
is mounted directly to the motor frame 104.-_The annular
part 213a is provided with a circular aperture 312 defined
by the inner periphefy 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
magrnetic disk held on the hub 108, -and protects the colls
106.
In other respects, the.embodiment of Fig. 11 is
identical to the earlier described embodiments.
~7 In conformity with the concavity 103c of the stator
103, the magnetic shielding platg 213 is also provided with
a concavity 213e. More specifically cylindrical part 213b
comprises a larger diameter portion 213d which does not
extend along the entire circumference, but extends over the

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

+



extending radially to connect the ends .of the |arger dianmeter portion 213d
and the smaller dianmeter portion 213f. The annular part 213a i's accordingly
shaped not in exactly annular form but is provided with a cut away portion
to conformto the cylindrical porti 213b so that the periphery of th&:
annul ar portion 213 confornms to and Vs connected to the upper ends of ‘rhe
cylindrical portion 213b. Advantages of having the concavity 213e (Fig..

11), the concavity 103c (Fig. 5) or the open part 103f (Fig. 10) in the
above ensmall hent dhaketapwpbetiopl 218fdcoverting ahel ismafliler dianeteragnetic
recordi ng device, as shown in Fig. 12, magnetic heads 41 and 42 are capabl e
of transbertbennbQabeaf. thehetator éﬂamaedenpnmecttnagrmgwéﬂlqnsﬁm 41 and
42 is aligned with the concavity 213e, and the rotor 109, the stator 103, -
and the ﬂ%@ﬁ%@i%gheﬁﬂgiﬁllxn&°42°§ﬂ§°&|§b§s@ﬂdﬁn°§ $les LATEeA |y .comon

Fecor di i aRoPEE. p?ﬁtiaa. zi%ﬁshi’n'pﬁeb"prgﬁ% er( Hia@%k%??&iqfn;%a S wiin
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conform to the cylindrical portion 213b so that the N '
periphery of-the=annu1arpportion 213 conforms to and is
‘connected to the;upper:ends of-theicylindrica1 port1on 213b.
Advantages of having the éoncavi;y 213e (Fig,_1;). the
concavity 103c'(Fig; 5) or the;open part 103f (Fig. 10) in
the above embodiment will now be expléined. _ _
-In the”aﬁplicétion of the maghetic recording device, as
‘shown 1in Fig. 12; magnetic heads 41 and 42 are capable of
translation movement. The line of mofement of the magnetic
heads 41 and 42 is aligned with the concavity 213e, and the
rotor 109, the stator 103, and the magnetic heads 41 and 42
are disposed in a substantiélly common plane. This will.
make it possible to reduce-the.thickness of the.mégnetic_
recofding.device.-: S S L | \;}
' In addition, since part of the core 103a is provided
~with the éoncavity 103c or the open part 103f, there is a
significant:1mba1ance'1nﬁthe forces-acting_oh the_driving-
permanent magnet of tﬁe rotdr 109 1n.thé radial directions,

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



prevented. Fig. 13 to Fig. 15 shom/a further enbodi ment of the invention.
In this enbodinent, the radius of the circular aperture 312 of the magnetic
shielding plate 314 is smaller than the radius-of the rotor 310. Mre

specifi:cal ly, the magnetic shielding plate 314 conprises an annul ar part

314a, S“Eylindrical part 314b, and tabgl31l4c. The annul ar part 314a is

provided with an aperture 312 defined by the inner periphery 313 of the
annul ar part 314a. The radius of the inner periphery 313 is smaller than

the radi usgfbclfcodipectibhnaee VidRationhofdrthe Mhat reuetie magnet 110 of
the rotor. The magnetic shielding plate 314 is fastened, at its several

.mounting tppavéhtedf.ormed on its outer periphery, to the core 303a by neans
of screws 314h, by which the core 103a is also fastened to the notor frane
104 via a spaceFig0513Fitg. F1g.t A5Fishowl @ fwatherhembodiménteafs tfe t he

.magnetic shielding plate. The magnetic shiel ding Elate 314 of Fig. 16 is so

conf i gur edinwentpeot r udnoth izl emhodimentad the afp dhe S Bilame
i nner peripherg 313 of the aperture 312. The jnner extremties of the
u

pr ot r usi on@perguree 313spfi $hed magpetdc shied ding nlade, 314 s ($pallek

out er nost peri pher
ghanptheyradius of the rotor 310.

More specifically, the magnetic shielding plate 314
comprises an annular part 314a, a cylindrical part 314b, and
tabs 314c. The annular part 314a 1is provided with an
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 mounting tabs 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 magnetic shielding plate 314 of Fig. 16 1s so
configured that protrusions 318 are formed at several
locations of the inner periphery 313 of the aperture 312.
The inner extremities of the protrusiéns 318 are positioned

closer to the rotary shaft 101 than the outermost periphery



of the permanent magnet 309 of the rotor, 310. Wth this configuration, the’
" magnetic shielding plate 314 confronts the permanent magnet 110 of the
rotor only at the protrusions 318, rather over the entire inner. periphery. .
As a result, the area of the magnetic,shielding plate 314 confronting :The
driving pernmanent magnet 110 is redutdd, so is the magnetic attracting™
force acting on the nagnetic shielding plate 314. Sticking of the magnetic
shielding plate 314 to the-rotor 310 due to the magnetic attraction is

t her eby afoithed pedneinent diddrs €809 Wf tthe 1oberi 3Em! fwotht bRiprevi ously
descri bed enbodiment is that in place of the ball bearings 161, a plain
beari ng eonfiguraticon, itlp apegrieti sistibehilingarplate i 314sednfrontss
supported by the bearing hol ding nmenber 102. A sliding nenber 443 of a | ow
coef fici &e PermanentomagndthslkQ cf hevarotaeneomly avsthed t he

oi | -inpregnated si-ntered bearing 302. Use of a plain bearing is :
advant agPd@drusions 31k Jptheraver therptice olanen PeriPREEY ancdsal on

its length with a sinple constryction, and with a smaller dipension in the
radial d@r &St thersa ok s@awjéh%{]?qufn6f-9¥?§? 354 s identi cal

F g, 17 Cemsonhimn ey e Hib Hud s & A hebit £ ctefuPefocad one.
is the magnetic attracting force acting on the magnetic
shielding plate 314. . Sticking of thé,@agnetic shielding
plate 314 to the rotor 310 due to thesmagnetic'attraction;is
thereby avoided. | '

Another differénce of'this.eﬁbodiment:from the
pfeviously:describedrembodiment is,that:in place of the ball
bearings 161, a plain bearing 302, gfgt.-oiléimpregnated
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 fhat the shaft can be supported
over a long distance aiong its length with a simple
construction, and with a smaller dimension in the radial | \gi'
direction. | | _

In other respects,.the embodiment of Fig. 16 is.
identical to the earlier described embodiments..

The magnetic shielding plate 314.of_Fig. 17 is so

configured the protrusions 318 formed at several locations



of the inner periphery 313 of the aperture 312 are bent in to the direction
parallel with the shaft 101 and downward as seen in the figure, i.e., away
fromthe hub. The tips of the protrusions 318, rather than the entirety of
t he pragru3|ons 318 are in confrontation th the the driving permnent
magnet §z so the area of the magnetic bﬁneldlng pl ate confronting the

per manent nagnet 310 of the rotor is further reduced. The nmagnetic
shielding plate 314 shown in Fig. 18 and Fig. 19 is simlar to the nagnetic

2 oyl 1nari O o (1AEr CHRPRRRBRE 3o cof hhe aRREkvER ph2, pReCHRFTA ™ T
peri phery ofg Like WLEE1SA PAFA PA w1 2ROShE0ENGH02, X! BRI BEwhGALE b

out war d fron1t e cylln |ca crems extend

through holgsen Nid Nend 2P £NE, ?rﬁwﬁﬁ”?ﬁéﬁdthét RuBheTﬁéa'ﬁ?goéf ‘thes,

‘the magnetic shielding plate 814" 7s’ nount ed directl y to the no frame

304, as oppEserifiéne IBYNeFathéRi €hah thel ehtlipétyhefethedprenirasibnkhe
Fig. 16 and Fig. 17. It will be seen that according to the enbodi nents of

Fig. 16 to #ig.add, ipacéndroetaticn ywbtht tihei therdpevingepgriafient t he
magnetic shielding plate 314 is positioned closer to the rotary shaft than
t he out er nomagnet | ks ysof thécarea cof 3the mmgnealcthhieighnziplahbelding
pl ate 314 serves to prevent escape of the rotor 310 in the direction of the
confronting the permanent magnet 310 of the rotor is further
reduced.
The magnetic shielding plate 314 shown in Fig. 18 and

W, Fig. 19 is similar to the magnetic shielding plate in the
embodiment of Fig. 11. That 1s, 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 that 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 than the outermost periphery of the
rotor 310, so that the magnetic shieiding plate 314 serves

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



rotary shaft. This will elimnate the need for a separate part for
preventing the escape of the rotor in the shaft direction, and thereby
sinplify the configuration and reduces the cost of the electric notor. Fig.
20 is a sectional view showi ng an electric notor of a further enbodinﬁﬁg of
the invention. The stator of this enbodlnent conprises bent portions
extending fromthe inner extremties of/ 2%he tooth portions 103s of the core
103a. The bent portions extend in the direction paraIIeI with the shaft
101, and downward as seen in t y fromthe hub. The bent

portions Bgtag¥eshaffed gyiﬁeﬁé#49334@189t$ ﬁh@rﬂeQQ/ﬂﬂrtﬂu§qgﬂﬁ4Eﬁ |
305" i QeRBF EaFOF cPFRESBELFo Ebac ERPREIOErbl8, TOFEE, WY (& HRAlEh: o
magnet o dtreckEPar fd; %9?2%9%%3%#?96 tﬂ*%‘”’?g&“‘égél Thrsdh, oty PO e
reS|stancg §§6g§sthE_F§§ ptBStW?%QtEQ% oo ties of the tooth portions

of the core a an es of € permanent magnet of the rotor, and

i ncrease the "pgRet 26 &kua §ReYBRa1NG18W BN RPAYHIIY Motdie o que
generated by the interaction of the stator and the rotor. Another advantage

derived fgpnat fareheyi emBdddhehite ofethiePAnivientiohi6 i s that the nmagnetic
attraction between

The stator of this embodiment comprises bent portions.
extending from the 1nner extremities of the topth portions
1OSS'of_the'eoré'103a}' The bentfpbrtibnSgextehdain'the
directioh"parallel'with_the shaft 101, and:downward as seen ;uJ
in the figure, i.e., awa& from the hub. |

'The"bent'pbrthns"436 are formed by bending one of a
plurality of the laminated sheets of the stator core 103a.

In other respects, the.embodiment-of Flg. 20 is
identical to the earlier described embodiments.

With the bent portions 436, the area of the stator core
103a confronting the permanent magnet of the rotor 1is
increased.  This will reduces the magnetic resistance acfoss
the air gap between the extremities of the tooth portions of .
the core 103a and theipdlee-erthe bermanent magnet of the A

rotor, and increase the=magnetic flux through.the air gap,
and accordingly; the'forque generated by the interaction of
the stator and. the rotor. |

" Another advantage derived from the provision of the:

bent portions 436 is'that'the-magneticéattraction between



the stator and the rotor serves to create a force acting on the rotor

downward, i.e., in the direction-away fromthe hub. This force counteracts
the <thrust force acting on the rotor axially of the rotary shaft
[err] due to the rotation of the rotor. Accordingly, the entire rotor is

prevented fromshifting axially of the rotary shaft 101. It is

therefore possible to avoid adverse efdects on the recordi ng and pl ayback.
As a result, a reliable, stable, and thin electric notor can be obtained.

In the enbodi nent described. the bent portion is f t hroughout th
entire cirERAY BERYEE. ARG B SRFOTORETYER, t0 Arete mFqriA IR Ak

-103s. Howeyegr, _the _bent portions nmay .al ternatively be pravige er part
only of thgﬁei FOLRFefoHR a&d't ées't'ari(?r ths; if(%’ ,1qnl .w,ayso‘%eoqxbﬁ‘f of the
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‘of a furthe I nvent1 on. i'gure, nce numeral s

and mar ks }gga&.i cal a%gﬁ@?gzs usedoifn_ t‘ﬁ%mi'gﬁtdr‘}n gﬂgfq: illﬂg (ﬁfée;llg(prﬂp@scri bed

enbodi ments denote | or correspondi ng®parts. t portion 436

of this enpgdatbh S¥t tRES rbter.! NAcHIAI Nl ,CiHd htdird 10t POrti ons
103s of the stator core 103a obliquely dowmward. The bent portions 436

grevented from shifting axially ' of the rotary shaft
101. _

It 1s therefore possible to avoid adverse effects on

the recording and biajbé&k. As a result, a reliable,
\ stable, and thin electric motor can be obtained.

In the embodiment described, the bent poftion is formed
throughout the entire circumference of the core 103a, i.e.,
on all the tooth portions 103s. However, the bent portions
may alternatively be provided over part only of the
circumference of the stator core 103a, i.e., some only of
the tooth portions 103s.

Fig. 21 is a sectional .view showing an electric motor
of a further embodiment of the invention. In the figure,
reference numerals aﬁd marks identical to those used in
connection with the earlier described embodiments denote
identical or corresponding parts.

The bent portion 436 of this embodiment extends from
the inner extremities of the tooth poptions 103s of the
stator core 103a obliquely downward. The bent portions 436

are formed by bending a plurality of the laminated sheets of
3



are formed by bending a plurality of the.l am nated sheets of the stator °
core 103a. In other respects, the enbodinent "of Fig. 21 is identical to the
enbodi nent of Fig. 20. Wth the structure of this enbodi ment, advantages
simlar to those described in connection with the enbodi nent of Fig. ZQ:pre
obtained. Fig. 22 is a sectional view showing an electric notor of a
further enbodinment. |In the figure, r@*erence nunerals and marks identical.
to those used in connection with the earlier described enbodi nents denote

i dentical, or correspondin arts. In the figure, reference mark A denotes a -
m dpoi nt e (FERERT | %@Fpﬂ? nent magnet in the direction of the shaft 101,

and B denotes }he jidpoint of. the, stato, re 103a, particularly, the inner
extrenities(ﬁfqrﬂﬁgﬁgtﬁeﬁB??F%hstﬁ? ?ﬂéoégﬂ?ﬂ"8grg §03 iiﬁsthe di rection
of the s : €, St r capngeidppint B in the direction of

t he shafgﬁ%lliﬁ%ggtgfogﬁgo?e §§§%8$§ ?gmg%g}hgﬁ'fhe m dpoi nt A of the

L nenl P et Bk et F highhgalhenls AbRkbiiple " ol
21. BecausfniTtr MélPohSse BaéSck Bedl 1RCEORNOt1bACWE AT the embodiment
of Fig. 20 are obtained. ' ' '
Fig. 22 1s a sectional view shbwing an electric motor.
of a further embodiment. -In:the figure, reference numerals
and marks identical to those used in cqnnebtion-with the .
earlier described.embodiments denote identicalndr,
corresponding parts: |
In the figure, reference mark A dehotes a midpoint of.

- the driving permanent magnet in thé_directibn-of the shaft
101, and B denotes the midpoint of the stator core 103a,
particularly, the inner extremities of the tooth portions of-
the stator core 103a in the direction of the shaft of:the<
statér core 103a. The midpoint B in the direction of the
shaft of the stator core 103a is lower than the midpoint A
of the driving pérmanent magnet 110 in the directidn.of the
shaft 101.

In other respects, this embodiment.is-1denfica1.to the
embodiments Fig. 20 and_Fig;.zl. o

Because the midpoint B in the direction of the shaft of
the stator core 103a is lower than the midpoint A of the

~ permanent magnet'llo in the direction of the shaft 101, the



the stator core 103a is |ower than t he, m dpoi nt A of the permanent magnet

110 in the direction of the shaft 101, the magnetic attracti on between
the stator and the rotor creates a force acting dowward, to counteract the
thrust force due to the rotation of the rotor. The entire rotor is

t herefore prevented fromshifting axially of the rotary shaft

101. It is therefore possible to avoi d¥dverse effects on the recording and
pl ayback. As a result, a reliable, stable and thin electric notor can be

obt ai ned. ?{Hﬁq{y@g& ﬂﬁ egr%ﬂg f ol 2 V. t s of
Fig. 20 an 17s ﬁ%é% en por ?oﬂgag%% %%g E% oﬁ???ggeggggg%
-structure fw%#@e f@é’fiﬁétd%ﬁr& he¢s! E6untéraPt Ofné" Enpuse! £bree dile c

L M S * CLAIMS 1. An electric notor conprising: a rotary shaft that

i s rotatablgo suw%ﬁiu&x of the rotorf OfRé éntipe potépnysar driving
‘per manent magnet generating a magnetic flux in the radial direction, and

rotating tagssrefore (prevenitedt from ssief ftingd Saxi iy’ dlsposedfOUhelde t he
rotor. haw;gisly shaft 101. It is therefore possible to avoid 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
436 can be omitted, and the structure and the fabrication of

the electric motor are simpler.



core and a plurality of coils wound on the core, and 10 generating a
rotating torque for the rotor by the interaction with the driving pernmanent
magnet; and a signalling pernmanent nagnet provided-on the radially inner
side of the driving permanent magnet; and means .co-operatin with said '
signalling 15 permanent magnet for detecting thjlm 'jm,umﬂim”" the
rotational speed of the rotor. 2. The ectri wher ein
sai d neans co-operating with said signalling permanent nagne Conpri ses a
detecting circuit pattern provided to ¢pAIMSai d signalling 20 pernanent
magnet . 3. The electric motor of claim1 or 2, wherein said core
conprises an annul ar part and tooth portions extendlng radiall'y inward from
the inner surface of the annular part, and said coils are wound on the
tooth portions. 25 ~ An glectyie moter: COmPHEIng: claim1, 2 or 3,
wherein said driving permanent na net has ernate _nm netlc pol es on the
outer surface thereof Po¥XPka&Y: b ﬁn&ha§ua1sa€€t@fta ed;  The
electrgﬁ notor of claiml, .2 gﬁgr 4, wherei sal [ ator further conpri ses

a hub wRich is fixed t8 TQ0% g L AN A BTGP S ed t o

sai d hub; %agﬂ%t generatlng a magnetic flux in the radial dlrectlon,

and rotatlng,together w1th_sald_rptary.shaft,_and
-a stator diquégd,outsidé_the_rotd:, having a
core and a plurality of coils wound on the core, ahd |

10  generating a rotatihg:torquq.fqr the rotor by the

interaction with the driving_permanent magnet: and _ \‘4

a signalling permanent magnet_p:oVided on thé
radially inner side of the driving éermanent magnet; and
means co-operating with said signalling
15 permanent magnet for detecting the rotary angle or the
rotational speed of the rotor. |
2. The_electric motor of claim 1 wherein said heans
co-dperating with said sidnalling permanent magnet compriseé

a detecting circuit pattern provided to face said signalling -

20 permanent magnet. N | : _ : B 'LJ

3. The electric mbtér of claim 1 or 2, wherein said
core comprises an annular.part and tooth portions exténding
radially inward from the inner surface of the annular part,
and said coils are wound on the tooth portions.

25 4. . The electric motor of claim 1, 2 or 3, wherein
said driving permanent magnet has alternate magnefic poles

on the outer surface thereof to face the inner surface of

(3]



sai d annul ar permanent magnet is nounted on the outer surface of the
annul ar yoke. 6. An el ectric notor according to any one—of—<¢tainms—1-to-5
wherein the rotatable shaft is supported by ball 10 beari

7
el ectricimotor constructed and arranged to operate substaﬂﬂiﬂljl"ﬂ"jﬂﬂj’!ﬂﬂl“t}
her ei nb&f ore described with reference to %gg as illustrat s 40
22 of the acconpanying draw ngs. 15 . A dat a storage device

i ncl udi ng antﬁgeggggq not or according to claim?7.

5. The electric motor of claim 1, 2, 3 or 4,
wherein said rotor further comprises a hub which is fixed to
said rotary shaft, and an annular yoke fixed to said hub:

5 and
said annular permanent magnet is mounted on the
outer surface of the annular yoke.

6. An electric motor according to any one of claims
1 to 5 wherein the rotatable shaft is supported by ball

10 bearings.

I\, | 7. An electric motor constructed and arranged to
opérate substantially as hereinbefore described with
reference to and as illustrated in Figures 4 to 22 of the
accompanying drawings. |

15 8. A data storage device including an electric

motor according to claim 7.



