27 0 CT 2003 1 SPINDLE MOTOR BACKGROUND OF THE I NVENTION 1. Field ot haom
I nvention The present invention relates to a spindle notor provided wth
“a danpi ng means adapted to absorb vibrations at a position where nmaxi mum
strain energy is generated, thereby being capable of mnimzing a
non-repeatabl e runout to increase the magnetic track density of a disk. 2.
Description of the Prior Art 10 For a drive means used in miniature disk
recording appliances such as hard disk drivers or floppy disk drivers, a
spindle notor is mainly used. Various kinds of spindle notors are known

whi ch are manufactured for a variety of purposes by various 15

manuf acturers. Spindle notors areSB ﬁziﬁﬁ?Qﬁed in terns of performnce

and speedﬁAEk@BO%Nblbgs&mgigiggggﬁéﬁﬂple of a general spindle notor. As

shown in Frgr I, —the—sprn cludes a coil 112 and a pernmanent
magnet 131. Aselld vel khenqwrerdch@spi ndl e notor 20 is driven by an

el ectromagnetic force generated in accordance wth a co-operation between
an electric fi8hg preaent- byvestioentefd oy ng tahspughilichpoesil p2d2igad a

magneti c fLiFd cgfated by the permanent nagnet 131. This will be described
in nmore d&taf .2 25 AR T USRS f PERBLERr otigh alroxhi IVibratsems ngtasaa
stator, apegheghhonpRnet | i gner at ed between the cojl 112 and the
pernanentBnagnet 132 faciﬁ%ﬁ?ﬁgﬁcgaﬂaﬁﬁleﬁﬁﬁgy 18%Generaced, thefeby
being capable of minimizing a non-repeatable runout to

increase the magnetic track density of a disk.
2. Description of the Prior Art
10 For a drive means used in miniature disk recording
appliances such as hard disk drivers or floppy disk drivers,
a spindle motor is mainly used.
Various kinds of spindle motors are known which are
manufactured for a variety of purposes by various
15 manufacturers. Spindle motors are being improved in terms of
performance and speed.
Fig. i illustrates an example of a general spindle motor.
As shown in Fig. 1, the spindle motor includes a coil 112 and
a@ permanent magnet 131. As is well known, the spindle motor |
20 is driven by an electromagnetic force generated in accordance
with a co-operation between an electric field created - by
current flowing through the coil 112 and a magnetic field
created by the permanent magnet 131. This will be described
in more detail.
25 When current flows through the coil 112 serving as a
stator, an electromagnetic force is generated between the coil
112 and the permanent magnet 132 facing the coil 112. The

electromagnetic force serves to rotate the permanent magnet




el ectromagnetic force serves to rotate the permanent magnet 2 7 0 C T 28
2 132. By virtue of the rotating force of the pernanent magnet 132,Z¥
rotor 130, to which the permanent magnet 132 is attached, is rotated.
Spindle notors are classified into those of an outer 5 wheel rotation type
and those of an inner wheel rotation type in accordance with a
construction to which a ball bearing 1 Is applied. In the outer wheel
rotation type construction, a bearing is interposed between a spindle and
a rotor in such a fashion 10 that the rotor rotates together with an outer
wheel of £ beagying._. O t@f t her hand, in the inner wheel rotation type
const ruct i'off,” a Pedrithg's &5 FodEF 156t Keaseaofpithgl peanmdnants megoet
housi ng of nogor gt e t he ,spindl e and, rotor rotate .
together\éfaft%e fﬁﬁ%? 3%§§| gg t?@iﬁéaﬁvhg.pfgmfﬁﬁggMW@gB%tdég%?iBéd in
nor e det aidttadahddie imutmstatdeel rotation type construction, a spindle is
centrally fixed to a base plate. A bearing is interposed between the fixed
spi ndl e and a sUpPpPsHe hBasPhHg faore actessifiadsucitca thskéonst témt ctuberr ot or

r ot ates al wi.th _the outer wheel of the 20 hearing by _an el ectromagnetic
force gené&%%%dr 5?&&8& #HEQCSPQ thR§epefnaRe ARNREGHBER]L| KOtRELPANEYPRheel
rotation tiypeceershneet akn as b0 F @pspipdi e 120 i
integrally coupled to a rotor nggﬁﬁgckéfﬁ gobépﬁggegr?ﬁg?léﬁafénﬁoﬁﬁped on
t he spi ndie Bp@pla®d.n such a fashion that its inner wheel 141 is tightly

fitted around_the spindle 120. A support housing 101 integrally
In the outer wheel rotation type construction, a bearing
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is interposed between a spindle and a rotor in such a fashion

10 that the rotor rotates together with an outer wheel of the
bearing. On the other hand, in the inner wheel rotation type
construction, a bearing is interposed between a spindle and a
support housing of a motor base plate so that the spindle and
rotor rotate together with the inner wheel of the bearing.

15 This will be described in more detail. In the outer
wheel rotation type construction, a spindle is centrally fixed
to a base plate. A béaring is interposed between the fixed
spindle and a support housing for a rotor in such a fashion
that the rotor rotates along with the outer wheel of the

20 bearing by an electromagnetic force generated between the coil
and permanent magnet.

In the inner wheel rotation type ceonstruction, as shown
in Fig. 1, a spindle 120 is integrally coupled to a rotor
casing 121. A ball bearing 140 is mounted on the spindle 120

25 in such a fashion that its inner wheel 141 is tightly fitted
around the spindle 120. A support housing 101 integrally
formed with a base plate 100 is mounted on the ball bearing

140 in such a fashion that it is tightly fitted around an




formed wth a base plate 100 is nounted on the ball bearing 140 inmzquTqu
fashion that it is tightly fitted around an 2 7 O C T 2003 3 outer e

142 of the ball bearing 140 at its inner peripheral surface. Wen an

el ectromagnetic force is generated between the coil 112 and permanent

magnet 132, the spindle 120 and rotor 130 rotate simnultaneously along with
the 5 inner wheel 142 of the bearing 140. In such a spi ndl e notor to which
a ball bearing is applied, fine-vibrations are generated in an axi al
direction and in a radial direction perpendicular to the axial direction
whi | e theoﬁgigdlehng or iZ driven. Such vibrations, which 10 cause disks to
wobbl e or “€xhibi ¥ pléé mett iT%n Radilal bedniaw i 340 aes cakbeditinenout”.

Such runogk i WRL S rat ed at..the beari nmay be transferred to the
peripheeal shutece. 1Wh%ha {% éﬁ%ﬁ?%ﬁ#ﬁqp?ﬂécdi RTGFa the hub

disk via the hub. Oherwise, it my rans

after bei ggneranstiebeedeicd the tdad 1SRl ghd Ald BafBRS Ukl é“f?zr“gﬂgt and
anal yzing the frequency conponents of the measured runout, [t cah be found

that runo8PingsRst 4l samd Foterudridy rodmten ene lpancotisdal by oggneL aheghe
during the_rotatjon.o he or or frequency conponents 20 irregularly
gene?atedgaﬁg%ngh?ﬁ% ﬁé%aPFgEESfbﬁﬁglﬁﬁt&ﬂp-Runout consi sting of frequency

repeat abl e rumott s ot R auroRSEsi B MR Podbhty "BaRaBont &

ot her thadppéteddi fiheequbmay ionspatentgercsr Aald ath "d10Nax 251 repPeateble

runout ™. and in a radial direction perpendicular to the axial direction

while the spindle motor is driven. Such vibrations, which

10 cause disks to wobble or exhibit displacement in an axial
direction, are called "runout”.

Such runout, which is generated at the bearing, may be
transferred to the disk via the hub. Otherwise, it may be
transferred to the disk via the hub after being transferred to

15 the spindle.

After measuring such runout and analyzing the frequency
components of the measured runout, it can be found that runout
consists of frequency components periodically generated
during the rotation of the motor or frequency components

20 irreqularly generated during the rotation of the motor.

Runout consisting of frequency components periodically
generated in a repeatable fashion is called "repeatable
runout” whereas runout consisting of frequency components
other than periodic frequency components is called "non-

25 repeatable runout”.
The point of time when repeatable runout is generated can

be estimated through repeated tests because such repeatable

runout is periodically generated during every rotation of the



The point of tine when repeatable runout is generated can be estina& %ETZWI
t hrough repeated tests because such repeatable runout is periodical ?
generated during every rotation of the 2 7 0 CT 2003 4 notor. In this

regard, servo control systens, which serve to shift the position of a head
at the point of time when repeatable runout is generated, have been used

in order to conpensate for the displad%nent of a disk. 5 However,

non-r epeat abl e runout cannot be practically controlled because it is

i npossible to estimate the point of time when such non-repeatabl e runout

I's generated. In partjcular, the degree of non-repeatabl e runout

det er ni ne&°LRE- dedPekhdf drge5ALi BATVA chHrtrol asysrens acehdih 4€rtdetdi sk.

For this n, n- t abl e _runout serves as a cause of a limtation on
t he rragnetglﬁg%?r atclagdgi?;%ﬁte@ioo% Plie @ dfsRY 15t FiPE eREINEn® RiBebedren
regul ati opeprath®lemifact uf e gbnspl e : J i the, degree of
non- repeatable runout to a cer?a?n Fggg .%%br ?ﬁ% angg%éfgb ﬁgFﬁuigt%isk
drivers, thepensste fegultaei dispdacesienitciofn@ndigpeat abl e runout to about

5@60% the track gitch. In accordance with this regulation, in the case of
3.5-Pnch hard GP¥RVEFrverQn-repeabizBket ragiowi t €ANSIeGU| e bepBa B caliy t he

e e e R ot SRR T
associ al edimkbhan kuehensa-reBebhBpgapachbycand Leaghadensity of disks
cannot be satisfied by the above nentioned nmethod for sinply restricting
non- repeatabl érupdbticular, the degree of non-repeatable runout
determines the degree of distortion in the rotation trace of
10 the disk. For this reason, non-repeatable runout serves as a
cause of a limitation on the magnetic track density of the
disk. To this end, there has been a regulation in the
manufacture of spindle motors to restrict the degree of non-
repeatable runout to a certain level. For instance, for hard
15 disk drivers, there is a regulation to restrict non-repeatable
runout to about 5% of the track pitch. 1In accordance with
this regulation, in the case of 3.5-inch hard disk drivers,
the disk track pitch should be 3.6um, and the non-repeatable
runout should not exceed 0.18um in order to obtain a magnetic
20 track density of 7,000 TPI.

However, the current demand associated with an increase
in the capacity and track density of disks cannot be satisfied
by the above mentioned method for simply restricting non-
repeatable runout.

25 Although it is possible for disks to have a higher track
density by reducing the track pitch thereof, this is
restricted because there is a limitation in reducing the non-

repeatable runout adversely affecting an increase in the track



25 Although it is possible for disks to have a higher track density?BYCT 2003
reducing the track pitch thereof, this is restricted because there is a
limtation in reduci ng the non- repeatable runout adversely affecting an
increase in the track 2 7 0 T 2003 5 density of disks. For this reason, it
is inpossible for the head to wite data onto a disk at an increased
density unless an inprovenent in non-F%peatabIe runout is directly made.

In order to obtain a high nagnetic track density of 5 disks, it is nost

i nportant to reduce non-repeatable runout generated at spindle notors as
much as possible. Recently', a construction for reducing vibrations

gener at ed BESgin@ife Hotlet s hERT rbbmtrgagern propssedposRebaer ifng thieFi g.

2, an exanpl f a nstruction.is 10 illuystrated. As shown in Fig. 2,
a cl anp 1$Eﬁﬁigﬁ ggﬁggsd%%a 88$8raag&ﬁika&hPPelBFé@éﬁ?ﬁnéeBFéEWaéé%éﬁ@ of
the di sk, ains impReRteafbrto fiendpaspends of Lodl £ 4 SmQhed bOIL 5.
A vibration attenuating ﬁéans i's ﬁ%terpo§%gf eéﬁgeﬁstﬁgy%ggﬁg mgéghd t he
upper end of tHe shufierd.tdfhebviabnatd ohight entmpidilg: tParRANGKOIPY i 5€S a

soft .tape 2 g%taqhed,to a mass 3. In such a construction, however, only an
i ndi Pect EdrtsSal % ofS t RRSFURBRPIERNthE i zaduce ardi evene bbablse ronbytt he

r unout tgggg&gé@gdatth%%qg{hfeh%&r}ia%%ngn}}%&?r?%lﬁjégfre uced by the tape 2

and nass urt hernore, Since 2d outside the

spi ndl e notor, Relceins liyIposgi bl ris® reitifdl repeut AdigGtly Ligpatsbhed

through the rotor directly coupled to the shaft 4 and on which the disk is

seat ed, e¥énerhséggh ehe sphsdiectmomors has recently been proposed.
Referring to Fig. 2, an example of such a construction is

10 illustrated. As shown in Fig. 2, a clamp 1, which serves to
cover a disk while preventing displacement of the disk, is
mounted to the upper end of a spindle 4 by means of a bolt 5.
A vibration attenuating means is interposed between the clamp
1 and the upper end of the shaft 4. The vibration attenuating

15 means comprises a soft tape 2 attached to a mass 3.

In such a construction, however, only an indirect control
for the runout of the disk is achieved because only the runout
transferred through the shaft and clamp 1 is reduced by the
tape 2 and mass 3.

20 Furthermore, since the clamp 1 is installed outside the
spindle motor, it is impossible tc control runout directly
transferred through the rotor directly coupled to the shaft 4
and on which the disk is seated, even though the construction
is easily applied to the spindle motor. For this reason,

25 there 1is a problem in that it is difficult to expect a
substantial reduction in non-repeatable runout.

As mentioned above, it is yet hardly possible to achieve

a control for the non-repeatable runout generated at spindle




Is easily applied to the spindle notor. For this reason, 25 there is ?UCTZMl
problemin that it is difficult to expect a substantial reduction i%
non-repeat abl e runout. As nentioned above, it is yet hardly possible to
achieve a control for the non-repeatable runout generated at spindle 2 7 O
CT 2003 6 notors. Thus, non-repeatable runout serves a main cause of
preventing a substantial increase int track density of disks. SUWARY
OF THE I NVENTION 5 Therefore, the present invention has been made in view
of the above nentioned problens, and an object of the invention is to
provi de a_spindle tor provided with a danping neans arranged at an area
on whi ch EF&Q’ﬁ engE i sSNEBnEeRERARBYS ruReuShyegves |y maduciagseli sk
runout | eat abl e runout. . Anot her ect of the
|nvent|onbﬁgﬁgﬁﬁﬁb de §B§St£g é%&nﬁQﬁ T &iant @ BPemﬁﬁQﬁ%u$%P%9§¥ea tiency
response Hdm&isi.on of disks to increase the magnetic track density of those
di sks, thereby enabling a fabrication of disks wwth a high track 15
density. ANMMABY Of] §HiF INVERE IOWention is to provide a spindle notor
which is appligable_to both the inner wheel drive type system and outer
wheelP drive ty §e§$§9§ﬁv FReoPREFeRD ﬁ&mﬂ@%m%m@%md@bpawsewmé

pr esent [ Yo \VA dl e tor provided th da means
arr anged ﬁgeagéggg %P§1§¥¥%f§”§ﬁ§%§% "exCid &' ;P har T %% %g%ngg Bbpdtti ng
a shaft ofisthe gpicvdlde notepikdEe CABEEHt babeddefN&ith a damping means

arranged at an area on which strain energy 1s concentrated,
thereby greatly reducing disk runout , in particular, non-
10 repeatable runocut.

Another object of the invention is to provide a spindle
motor capable of minimizing a frequency response function of
disks to increase the magnetic track density of those disks,
thereby enabling a fabrication of disks with a high track

15 density.

Ancother object of the invention is to provide a spindle
motor which is applicable to both the inner wheel drive type
system and outer wheel drive type system.

In order to accomplish the above objects, the present

20 invention provides a spindle motor provided with damping means
arranged at areas where strain energy excited by ball bearings
supporting a shaft of the spindle motor are concentrated. The
damping means greatly reduces repeatable runout of a rotor and
non-repeatable runout generated at the motor.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and aspects of the invention will become
apparent from the following description of embodiments with

reference to the accompanying drawings in which:



danpi ng neans greatly reduces repeatable runout of a rotor and
non-repeat abl e runout generated at the notor. 25 BRI EF DESCRI PTI ON o 71 2003
DRAW NGS Ot her objects and aspects of the invention will beconme apparent
fromthe follow ng description of enbodinments with reference to the
acconpanyi ng drawings in which: 2 7 OCB 2003 7 Fig. 1 is a vertical

sectional viewillustrating a conventi‘onal spindle notor; Fig. 2 is an
enl arged vertical sectional view illustrating a vibration reduction
construction applied to 5 conventional notors; Figs. 3 and 4 are vertical
sectional views,respectively illustrating spindle notors of different
types accordi\r,:gl?o a fi% st cHo feht FHCHIRNDY eydew | AkéRSETALiAgsa 5

and 6 are-yghbti€abnSecLi Vi i_llustrating 10 respective half
portions %f t he sp?nglébggggﬁshggggfding to the first enbodi ment of the

present inventFbg, ire whish an rebAfgrgbRy Platei ds) coupl-ed taia dappj ng
means; Figs. 7 and 8 are vertical sectional views respectively

i |1 ustrat+hguspratiegnst ovibovit doh f erehicttiymescansordengot o app lizdsecond
enmbogdi ment _of _the pr sené i nvention; Figs. 9 and 10 are vertical sectional
Vi ewd illu%tr%??hﬁga eBPERFP¥e hal f portions of the spindle notors

el nf or cing. plate ] o caul Sd°TS SoRhaSg Ty e AR AP B e
vertical Bebtstorsting esysindispacitiond Yof idi HdFard ng s Nl LR St ofa
d|fferentf{yggseégggggégg ég ?he present invention;

Figs. 5 and 6 are vertical sectional views illustrating

10 respective half portions of the spindle motors according to
the first embodiment of the present invention, in which a
reinforcing plate is coupled to a damping means;

Figs. 7 and 8 are vertical sectional views respectively
illustrating spindle motors of different types according to a

15 second embodiment of the present invention;

Figs. 9 and 10 are vertical sectional views illustrating
respective half portions of the spindle motors according to
the second embodiment of the present invention, in which a
reinforcing plate is coupled to a damping means;

20 Figs. 11 and 12 are vertical sectional views respectively
illustrating spindle motors of different types according to a
third embodiment of the present invention;

Figs. 13 and 14 are vertical sectional views illustrating
respective half portions of the spindle motors according to

25 the third embodiment of the present invention, in which a
reinforcing plate is coupled to a damping means;

Fig. 15 is a vertical sectional view illustrating a

spindle motor according to a fourth embodiment of the present



third enbodi nent of the present invention; Figs. 13 and 14 are verti cal
sectional views illustrating respective half portions of the spin@7€CT 2003
notors according to 25 the third enbodi nent of the present invention, in
which a reinforcing plate is coupled to a danping neans; Fig. 15 is a

vertical sectional viewillustrating a, spindle notor according to a fourth
enbodi nent of the present 2 7 OCT 2003 invention; Figs. 16 and 17 are
vertical sectional views respectively illustrating a half portion of the

spindl e notor according to the fourth enbodi nent of the present invention,
inwhich a b5 reinforcing plate is coupled to a danping neans; Fig. 18 is a
vertical HEIPohdP view illustrating a spindle notor-according to a fifth

enbodi nent of r t, 45N tion,.Figs. 19.and. 20. are vertica

sect i onal viemi %55@%??%%99 g%g #EFE%??gt??EF%PWﬁ&fviﬁW?i%ﬁFHﬁCQ%ﬁ?%ﬁﬁ ndl e
mot or accorHisgrdiing he Hd it oo mantrf $Ne e sgitly %‘{:%txjag!}r gy, whi ch
a reinforcing plate is coupled to a danpi ng neans; Figs. 21 an f& are

out put weieg of Rdthgempedifmanincuf theneratedti nraveapiiui 2 PPt @hidh gertain

intervals of tine and l15 at certajn _intervals of frequency under the
condi ti orf T WPF TH'I R TSk sCPBRHRY bR 2heaBpingl BeABSor, respectively;

Condi {1 0n of P gL, 30 &R 2o, "R GeCnDs Rer B BOGRM LT TR SE 04 Ao ame
of runoutspXd pemesiad £datdo Bd S nelb ea Moi ot habmpeHt ARt Birekwal $@fsenitme and
invention;
Figs. 19 and 20 are vertical sectional views respectively
10 illustrating a half portion of the spindle motor according to
the fifth embodiment of the present invention, in which a
reinforcing plate is coupled to a damping means;
Figs. 21 and 22 are output waveform diagrams of runout
generated in a spindle motor at certain intervals of time and
15 at certain intervals of frequency under the condition in which
no disk is loaded on the spindle motor, respectively;
Fig. 23 is a histogram of non-repeatable runout generated
under the condition of Figs. 21 and 22;
Figs. 24 and 25 are output waveform diagrams of runout
20 geherated in a spindle motor at certain intervals of time and
at certain intervals of frequency under the condition in which
disks are loaded on the spindle motor, respectively;
Fig. 26 is a histogram of non-repeatable runout generated
under the condition of Figs. 21 and 22;
25 Figs. 27 and 28 are output waveform diagrams of runout
generated at certain intervals of time and at certain
intervals of frequency when a spindle motor rotates at a rated

velocity under the condition in which no disk is loaded on the



at certain intervals of frequency under the condition in which disks arf
| oaded on the spindle notor, respectively;, Fig. 26 is a histogran1of270ﬁ 1003
non-r epeat abl e runout generated under the condition of Figs. 21 and 22; 25
Figs. 27 and 28 are output waveform di agrans of runout generated at
certain intervals of time and at certag? intervals of frequency when a
spindle notor rotates at a rated velocity under the condition in which no
disk is loaded on the 2 7 O CT 2003 9 spindle notor, respectively,
dependi ng on whether or not a danping neans is provided; Figs. 29 and 30
are out pug T@&Eforn1diagrans of rungyt &%Fnerated at certain intervals of

i

time and A certaiiv B /i ntePRErEiBr LY e GEOROPIMNerP™ YRRRARE B8t G1OF oBat es

at a ratedamghagi h¥aHaders bg%gqg@@.tion in which disks are | oaded on the
spindl e notor; fespectively, depending on whether or not a danping means

i s provided; aRdghig2%kric B avéputitpayelar@rdiragr@n@iadd estepeyondo
response characteristics of disks depending on whether 'or not a danping
nmeans i s PEBGFAEEY DESCRFPTEENNOFiNHErPREFERRED EMBEDI MENTSafAf t @ert@asuri ng

strakn en rate a notqgr along . a.transm ssion path thereof by
use gf a ??%?fggggé%%ﬁfréﬁﬁ$$ﬁXtV 1% éé%? foGRd ER5Et§Feat dtFakfd
energy i svgeseieyetndértfige s i r | uppe
beari ng ¥0.0085 - 1.%53), ?ﬁ%aﬁﬁbgé %ﬁgw%€&$ﬁ%£%%%2%£%JEE§£§# ?ﬁe£h%pper

bearing (8pdndle- mpt38l) ,resmetacvalyj ndepenktical endswioéthéhe ouppest aad
| ower beaég£8§n$0.00489,- 1.604), and the spacer

means 1s provided:; and
Fig. 31 is an output waveform diagram of frequency
10 response characteristics of disks depending on whether or not
a damping means is provided.

DESCRIPTICON OF THE PREFERRED EMBODIMENTS

After measuring strain energy generated at a motor along

a transmission path thereof by use of a finite element
15 method, it can be found that great strain energy is generated

at the surface of the rotor contacting the upper bearing

(0.00857 - 1.353), the upper end of the outer wheel of the

upper bearing {0.0112 - 0.381), the facing inner wheel ends of

the upper and lower bearings (0.00489 - 1.604), and the spacer
20 (0.00837 - 0.612).

The strain energy is indicative of the magnitude -of
output energy per unit input energy, and its actual value is
expressed in the unit of 10°3.

In accordance with a preferred embodiment of the present

25 invention, respective damping members 70 are installed at
areas of a motor, where great strain energy is generated,
based on the result of the measurement, in order to greatly

reduce non-repeatable disk runout.




20 (0.00837 - 0.612). The strain energy is indicative of the magnitude? dfCT 2003
out put energy per unit input energy, and its actual value is expressed in
the unit of 10'3. In accordance with a preferred enbodi nent of the present
25 invention, respective danping nmenbers 70 are installed at areas of a
notor, where great strain energy is gegﬁrated, based on the result of the
measurenment, in order to greatly redu non-repeatable disk runout. 2 7 0
C T 2003 10 Figs. 3 and 4 are vertical sectional views respectively
illustrating spindle notors according to a first enbodi nent of the present
I nvention. Fig...3 shqys an jnner wheel drive type spindle notor whereas
Fig. 4 shows ad ‘ARt‘er WHESM(ﬁF?ﬂ??S&kﬁ%ﬂS%@ﬁ@%@nﬂbtﬁieWSanBgsct3vam¢ 4,
the refer I - o] base pl.ate,. 20 a .shaft, 30 a stator,
and 40 a rorar tIRE S0t naRachEReRe Ao BB s ok SnempogsBn e of

i nventi onthisherskaht 2AveRyibR.a rofats nghsi ndl 6234 1 'g.
3, or may be a fixed spindle fixed?% nmounted to 10 theh%ggedgﬁggeQQBEas I n

the case 6PLFdde Mothre whertems F0idnd usheswa aoreusdr anded wrpdengypei| 32
moun% aro%ndn%gg core 31. lhe stator_ 30 may be fixedly nounted to a
support holeTg S I Meyr atfy FiGSmed viRR fhe thBageffinancea cnumerak t8se of

Fo 4 Theerator 38TServastion daiety GO Bl B 4% ol f Faboer
el ectric power Inececceddbnem awiekt ecRdk PeMBbIifBHECEof the present
invention, the shaft 20 may be a rotating spindle as in the
case of Fig. 3, or may be a fixed spindle fixedly mounted to
10 the base plate 10 as in the case of Fig. 4.

The stator 30 includes a core 31, and a winding coil 32
wound around the core 31. The stator 30 may be fixedly
mounted to a support housing 11 integrally formed with the
base plate 10 in the case of Fig. 3, or may be directly fixed

15 to the base plate 10 in the case of Fiq. 4.

The stator 30 serves to create an electric field by
virtue of electric power received from an external power
source.

The rotor 40 is arranged around the stator 30 in such a

20 fashion that it covers the stator 30 while defining an air gap
therebetween.

The rotor 40 includes a rotor housing 41, and a permanent
magnet 42 attached to an inner peripheral surface of the rotor
housing 41 facing the stator 30. The permanent magnet 42 is

25 spaced from the stator 30 to define an air gap therebetween.

The support housing 11 of Fig. 3 is protruded from the

base plate 10 in such a fashion that it has an inner diameter

larger than that of the outer peripheral surface of the shaft




The rotor 40 is arranged around the stator 30 in such a 20 fashion agﬁﬁ fﬁ%ﬁ
covers the stator 30 while defining an air gap therebetween. The rotéor %0

i ncludes a rotor housing 41, and a pernanent magnet 42 attached to an

i nner peripheral surface of the rotor housing 41 facing the stator 30. The
per mmnent magnet 42 is 25 spaced fromthe stator 30 to define an air gap

t herebetween. The support housing 11 &ﬁ Fig. 3 is protruded fromthe base
plate 10 in such a fashion that it has an inner dianeter |arger than that

of the outer peripheral surface of the shaft 2 7 0 CT 2003 11 20. On the

ot her hang intshe ﬁase f Fig. 4, a support housing 43 is protruded from
the rotor<30 i PEutR®a ¥ oRandhatn tthascasei merF e amdt era | augeort han

that of t UL Br 4 2perd f of, the shaft 2Q. In either case, a
bal | 5 beig?‘ﬁﬁﬁﬁﬁnﬁ? 5, %ﬁu‘?&%%‘? 8 glﬁeuﬁﬁifxbégr iy Schy E2Sh ha:
bearing 5hatsiti htaed et waesr theapeter PethBbetahn $WoaGss ofpd h&‘uérﬁf‘ft 20
and the inner peripheral surface of the support housing 11 or 43. e
upper beaPfhyPBerai ehsfiegld dfeatiqgshaft B50. hadnarithRr nneye Weebabla, an
out eg mheg of balls 53 arranged between the inner

é 51b anq a ur%kit ( _
and out er>Whesld5Ha 5nd§(_g1b. L6PrAnG148eT 18R | HREE DM RS2 58t ik dal |
oL ural Lty ot AT Y aPPAngen Batvach PRE PHher N aCHiRE, RABEN 8T8 and
15 51b. Therfané i gfir ahkoshamntl®nedd abay e i hAe@OoRjeghedn Wi dlr ffigSe£ 3 and
4 are the sane as those of conventional inner and
the support housing 11 or 43.
The upper bearing 51 of the ball bearing unit 50 has an
10 inner wheel 5la, an outer wheel 51b, and a plurality of balls
53 arranged between the inner and outer wheel 5la and 51b.
Similarly, the lower bearing 52 of the ball bearing unit 50
has an inner wheel 52a, an outer wheel 52b, and a plurality of
balls 53 arranged between the inner and outer wheel 5la and
15 51b.
The configurations mentioned above in conjunction with
Figs. 3 and 4 are the same as those of conventional inner and
outer wheel drive type spindle motors, respectively.
The embodiment of the present invention illustrated in
20 Figs. 3 and 4 is characterized in that the upper and lower
bearings 51 and 52, which are arranged between the shaft-20
and the support housing 11 or 43, are spaced from each other
to define a desired gap therebetween, and a damping means 70
is interposed in the gap between the outer wheels 51b and 52b
25 of the upper and lower bearings 51 and 52 in such a fashion
that it is tightly in contact with the outer wheels 51b and
52b.

That is, in either case of Fig. 3 or Fig. 4, a desired




outer wheel drive type spindle notors, respectively. The enbodi nent zuimgmﬁ
present invention illustrated in 20 Figs. 3 and 4 is characterized

t he upper and | ower bearings 51 and 52, which are arranged between the
shaft-20 and the support housing 11 or 43, are spaced fromeach other to
define a desired gap therebetween, and g danping neans 70 is interposed in
the gap between the outer wheels 51b aA 52b 25 of the upper and | ower
bearings 51 and 52 in such a fashion that it is tightly in contact with

t he outer wheels 51b and 52b. That is, in either case of Fig. 3 or Fig. 4,

a desired_2.7.0 . 20 12 gap i.s defined between the upper and | ower
bearings 31Pahd %Zglnq%%qﬁ"%{g,tht%élp@ﬁﬁpiaﬁ& KEHRS ?@aFéggﬁtéﬁp@%‘é@%et ween
the oute I b t . r_bear,n 51 d 52 in
Shch o1 aChi 8E Rap'y @R aZhofhg! BRaHRPPT0 BIC. LRUEEREREY, Mikyken e

surfaces ofitehewhabds BheelandHemnst 52he IPpedaBRIENG ARING L 110fs O Y
serves as_a danper, but also serves as a spacer for spacing the upper and
bl ower b8Bf| Ags 151 suFh 52 Faumemcbhat her. iFottlhs lendn idontsactpreferr ed

bei g i n CORt SRCE Ut RPeSPOLer o8 CQuEBF RHGBFs “628 Lind 2576} 53 upper  and
| over bearingsThd dangibe bedmder@f ngtr My g agseﬁp@gbég qf gl %@’i i mpact
transferred fromthe uppér and | ower bearings 51 and . Inparticular, the
danpi ng nekss Bervexs bes shki gitdger 1Fozpagmskingmeat |@asér oaadofbidweeout er
wheel s 51b_and 52b§%f tges%ppggognd | ower bearings 51 and 52 to define a
fine gap §arings an each other. To this end, it 1is
preferred that the damping means 70 be made of a harder

10 material, but its surfaces being in contact with respective
outer wheels 51b and 52b of the upper and lower bearings 51
and 52 be made of a material capable of absorbing impact
transferred from the upper and lower bearings 51 and 52.

In particular, the damping means 70 may be slightly

15 spaced from at least one of the outer wheels 51b and 52b of
the upper and lower bearings 51 and 52 to define a fine gap in
which a reinforcing plate 80 made of a material harder than
that of the damping means 70 is arranged, as shown in Figs. 5
and 6.

20 In accordance with the first embodiment of the present
invention, it is possible to effectively absorb vibratiens
generated between the upper and lower bearings 51 and 52 by
the damping means 70 interposed between those bearings,
thereby greatly reducing the degree of runout in the rotor 40.

25 Figs. 7 and 8 are vertical sectional views respectively
illustrating spindle motors according to a second embodiment

of the present invention. Fig. 7 shows an inner wheel drive

type spindle motor whereas Fig. 8 shows an outer wheel drive




which a reinforcing plate 80 made of a material harder than that of?7 06T 200
danpi ng neans 70 is arranged, as shown in Figs. 5 and 6. 20 In accordance
with the first enbodi ment of the present invention, it is possible to
effectively absorb vibrations generated between the upper and | ower
bearings 51 and 52 by the danping means 70 interposed between those
bearings, thereby greatly reducing thé degree of runout in the rotor 40.

25 Figs. 7 and 8 are vertical sectional views respectively illustrating
spindl e notors according to a second enbodi nent of the present invention.
Fig. 7 shows an inner wheel drive type spindle notor whereas Fig. 8 shows
an outer WAEBE| SEBERGeS2ROECT 2063 Fiasype spichdl e ebements nrésgsct Yvahy 8,

el enent s Lvel. orresponding_to thase in Figs. 3 and 4 are denoted
by the saobespeBibe Therir e THeFedBond cHbainere REDGIRE diethe
configurathma asfkbence humskserbodinent in that it includes a base plate
10, a shaft 20, a stator 30, a rotor 40, and a ball bearing unit 50, which

have the sane tbastroothidoembodiltest dfast e igate erdofi genitidhassi Shei n
accogdancgamjth t he second, enbodi nent of the present invention, the stator

30 i3 fixby'th PRROBHER DI dBethaD 1b. inpbudemie basesphatetdling sheflle in
wheel |dri 00 (3t Sore 1 R, At PRy rane B8 TRk o Wi Ches an
upper beahatg bAeasdma’ kowet rbeadiondad2thicse dOMHy £itdedbReiqBReht he
shaft 20 and the support housing 11 15 or 43.

That is, in accordance with the second embodiment of the
present invention, the stator 30 is fixed to the base plate

10 10. The shaft 20 is a rotating spindle in the inner wheel
drive type construction, and a fixed spindle in the outer
wheel drive type construction. The ball bearing unit 50,
which includes an upper bearing 51 and a lower bearing 52, is
tightly fitted between the shaft 20 and the support housing 11
15 or 43.

The second embediment of the present invention is
characterized in that a spacer 60 is arranged in the gap
defined between the upper and lower bearings 51 and 52 while
being spaced from the outer wheels 51b and 52b of the upper

20 and lower bearings 51 and 52, and a pair of damping means 70
are interposed in gaps defined between the spacer 60 and
respective outer wheels 51b and 52b of the upper and lower
bearings 51 and 52.

That is, in accordance with the second embodiment of the

25 present invention, vibrations generated at the upper and lower
bearings 51 and 52 are absorbed by the spacer 60 arranged
between the upper and lower bearings 51 and 52, and the

damping means 70 interposed between the spacer 60 and



The second enbodi nent of the present invention is characterized in i?ﬁ% %
spacer 60 is arranged in the gap defined between the upper and | owe 12008
bearings 51 and 52 while being spaced fromthe outer wheels 51b and 52b of

t he upper 20 and | ower bearings 51 and 52, and a pair of danping neans 70
are interposed in gaps defined between,jhe spacer 60 and respective outer
wheel s 51b and 52b of the upper and | ower bearings 51 and 52. That is, in
accordance with the second enbodi ment of the 25 present invention,

vi brations generated at the upper and | ower bearings 51 and 52 are

absorbed by _the spacer 60 arranged_. between _the upper and | ower bearings 51
2nd 52, abHPRET ARG FrIRE T P HE o BOS Gt ebRe t REPEFacId 6bostl 2 7
O C T 2008ed4ihgspect k¥g gyter wheels 51b and 52b of the upper and | ower
bearings 51 and"52. Were a pair of danping neans 70 are arranged at the

upper and | oweWhbeariangsabd afid @Xhpirespreanyelly, @ neathaged & abwwe, it
is possible to nore effectively reduce non repeatabl e disk runout because
t he danpi REPREaRR APYRYF Peadiiras iDlepddP2perserantiiupipr baviheat i omed

genetat ed he . upp nd_| r bearings 51 and 52. ternativel a
rej n?or ci%ggg At elgo %dng?sgbmﬁ%t ef? al™o1% h%f%ee(ft{%%ﬁlyth’é? l(].)‘Feth‘}e/é’bl?irrpi ng
means 70 gepebt¥Bdet ik | @aSbutONGeShdSe Oft Hheq SABPHAT HBANS ;?@1 RSr&hown

in Figs. 9 and 10, in order to firmy hold the danping neans 70. A pair of
hard rei nebfecngvpl st dd spensey dned aabsmgedvabrat hensuenewadselds Hlblaad 52b

of the uDBSée%ngnéOTg&e?egggg %gs 51 and 52.
Alternatively, a reinforcing plate 80 made of a material
190 harder than that of the damping means 70 are fixed to at least
one side of the damping means 70, as shown in Figs. 9 and 10,
in order to firmly hold the damping means 70.
A pair of hard reinforcing plates 80 may be arranged at
the outer wheels 51b and 52b of the upper and lower bearings
15 51 and 52 facing the damping means 70 as in the case of Fig.
9, or may be arranged at opposite sides of the bearing spacer
60 facing the damping means 70 as in the case of Fig. 10.
Figs. 11 and 12 are vertical =sectional views
respectively illustrating spindle motors according to a third
20 embodiment of the present invention. Fig. 11 shows an inner
wheel drive type spindle motor whereas Fig. 12 shows an outer
wheel drive type spindle motor. In Figs. 11 and 12, elements
respectively corresponding to those in Figs. 3 and 4 are
dencted by the same reference numerals.
25 The third embodiment has the same configuration as the
above mentioned embodiments in that it includes a base plate
10, a shaft 20, a stator 30, a rotor 40, and a ball bearing

unit 50, which have the same construction as those of the



15 51 and 52 facing the danping neans 70 as in the case of Fig. 9, or n%x

be arranged at opposite sides of the bearing spacer 60 facing the dbﬁ@i émﬁ
nmeans 70 as in the case of Fig. 10. Figs. 11 and 12 are vertical sectional
views respectively illustrating spindle notors according to a third 20
enbodi ment of the present invention. Fig. 11 shows an inner wheel drive
type spindle notor whereas Fig. 12 shows an outer wheel drive type spindle
notor. In Figs. 11 and 12, elenments respectively corresponding to those in
Figs. 3 and 4 are denoted by the sane reference nunerals. 25 The third

enbodi nen ratlon as the above mentioned enbodi nents
i n that |%b?§%|u §§§§ ase & Qﬁf a shaft 20, a stator 30, a rotor 40,
and a bal | bearhag i) tlrﬁcbcdwdtihcf@vvﬁmeteénehw&séﬁuﬂs&meneso?fh9§% of
the 2 7 OC T 2003 15 above nenti oned enbodi nents I'sS, In accordance

with the ehies¢nsniigviangniiornf tihe spatsenBli deerflizeny tdietisé abase3plisefi xed

to the_baa plate 10. The shaft 20 is a rotatlga spindle in the inner
wheel 5 drifve tifpe SBASEr @& ilsh, aaﬁatatwsaeapéﬁ 8 &1 rthhelnnesr WheRéel

drive typgrg_%%stg#gzél QBBSI%C@@?E’ bea?r{dl ng q!5_0??%}3@%gh1| ncI %egu n. _upper

bearing 51 a aring t|g etmeen aFt 20

and the suwhpellt dmixsd ngybé ﬁnsdt?xud&dm thqnéﬁnﬁély\hwaﬂw gveut ¥ypeso,
construction, accordingly, the rotor 40 rotates along with the shaft 10.
On the ot W8AChhaRE1ugaBy anhupperobeagingt Sesniinat hewent beawhngl 5ari ¥6 t ype

ConStrUCtkoghtly fitted between the shaft 20 and the support housing 11

or 43.

10 In the inner wheel drive type construction, accordingly,
the rotor 40 rotates along with the shaft 10. ©On the other
hand, only the rotor 40 rotates in the outer wheel drive type
censtruction.

The third embodiment of the present invention is

15 characterized in that a bearing spacer unit 60, which includes
a first bearing spacer 6l and a second bearing spacer 62, is
arranged in the gap defined between the outer wheels 51b and
92b of the upper and lower bearings 51 and 52 while being
spaced from each other, and a damping means 70 is interposed

20 between the first and second bearing spacers 61 and 62.

That is, in accordance with the third embodiment of the
present invention, the first and second bearing spacers 61 and
62 are arranged in the gap defined between the upper and lower
bearings 51 and 52 in such a fashion that they are in surface

25 contact with the outer wheels 51b and 52b of the upper and
lower bearings 51 and 52 while being spaced from each other to
define a gap.

The damping means 70 1is interposed between the gap




The third enmbodi ment of the present invention is 15 characterized i p7tQgatg;
a bearing spacer unit 60, which includes a first bearing spacer 61 and a
second bearing spacer 62, is arranged in the gap defined between the outer
wheel s 51b and 52b of the upper and | ower bearings 51 and 52 whil e being
spaced from each other, and a danpi ng ggans 70 is interposed 20 between

the first and second bearing spacers 61 and 62. That is, in accordance with
the third enbodi nent of the present invention, the first and second

beari ng spacers 61 and 62 are arranged in the gap defined between the

upper an beari ngs g% and 52 in such a fashion that they are in

d, | o) ) (
sur f ace ﬁegﬁhe?r%c?etv\]"?ﬁ t & Codtids twidel sSEAtrdnaespbngr sprRecaspél and

| oner beagd ngs 51 and 52 while being spaced fromeach other to define a
gap. The nping means 70 is interposed between the gap 2 7 0 C T 2003 16

defined betweern tawcdtdaicand ecih RO ddIGhRAC e %%k it Gdndritited
accordance with this enbodi nent, vibrations generated at theé upper and

| ower beadt ridse 3Pperd a5 dowegbberbédgasSiheydssarare ramségredas ditche
70 via th irst, a second beari yacers 61 .and 62.

Aot dUngTS  FEAPSEBEaRoI “HoS nRATRIIE MR s e rgo? r SHETEbRRd ons
e S s etz o WhgRes e fetottatany! ool AL € 50
on at | east roiveisizie bhpabe dasplognoedpsm’/Oibetwdenst heahisfdr reandriszecond
beari ng stpﬁé:ebrésafilngsn.d 62.

It is preferred that a reinforcing plate 80 made of a

10 material harder than that of the damping means 70 be arranged
on at least one side of the damping means 70 between the first
and second bearing spacers 61 and 62.

The reinforcing plate 80 may be interposed between the

damping means 70 and the first bearing spacer 61, as shown in
15 Fig. 13, or may be interposed between the damping means 70 and

the second bearing spacer 62, as shown in Fig. 14.

Alternatively, a pair of reinforcing plates 80 may be provided

which are arranged on opposite sides of the damping means 70

in such a fashion that they are in contact with the first and
20 second bearing spacers 61 and 62, respectively.

The reinforcing plate 80 serves to allow the softer
damping means 70 to be easily inserted into the gap between
the first and second bearing spacers 61 and 62 while
maintaining the inserted state of the damping means 70.

25 In accordance with this embodiment, vibrations
transferred to the rotor 40 are greatly reduced by the damping

means 70 firmly supported by the reinforcing plate 80, so that

non-repeatable runout of disks is minimized.



The reinforcing plate 80 may be interposed between the danping neanszﬂbUE11m3
and the first bearing spacer 61, as showmn in 15 Fig. 13, or nay be

i nt erposed between the danpi ng neans 70 and the second bearing spacer 62,
as shown in Fig. 14. Alternatively, a pair of reinforcing plates 80 nay be
provi ded which are arranged on opposii; sides of the danping neans 70 in
such a fashion that they are in contact"with the first and 20 second
beari ng spacers 61 and 62, respectively. The reinforcing plate 80 serves to
allow the softer danmping neans 70 to be easily inserted into the gap
between the first and second bearing spacers 61 and 62 while naintaining
the inserted st¥¥e df thd dhnﬁ?ﬁ@lﬁégnsSQQﬁlQEaln‘@%%brééhéétﬁﬁthnghﬁs
enbodi e . V] i ferred to.the,rotqor 40 are eatly reduced by
t he danp?ér%lwériéégid%sfal\%érﬁqgélsngpptoor taeofcb%fe&meer&e?%mﬁ r% Pt PEEE o t hat
non-r epeai mpdrer IaNOUtTHAfs @mPell i@ RisMhpgdied SnPrTt8008e 1nddf w1l s a
vertical sectional viewillustrating a spindle notor according to a fourth
enbodi mnerdrb¥et hEppr esast ruchient.i onln Thig. edbodieienerits appett iordly t 0
the inner wheel drjve type construction. In Fig. 15, elenents respectively
5 cotr esponh TP RDsEC PR ANarkEl@endt RF By SERETESNEDY r EhEr sTRRE
nuneral s. .4 A AGCOL Erqth the fourth enbodi ment of the present

i nvention, a stator IS fixed to the base plate 10, in particular, the

outer periphermh sccdagenoé @ishpphet fborshnembddihegprotgudaest fypdhe base
plate 10. A shaft 20 is integrally coupled to a rotor 40. A ball bearing
unit 50, ¥kYeRtieRtudesstator 30 is fixed to the base plate 10, in
particular, the outer peripheral surface of a support housing
10 1l protruded from the base plate 10. A shaft 20 is integrally
coupled to a rotor 40. A ball bearing unit 50, which includes
an upper bearing 51 and a lower bearing 52, is tightly fitted
between the support housing 11 and the shaft 20.
When an electromagnetic force is generated between a
15 winding coil 32 of the stator 30 and a permanent magnet 42 of
the rotor 40, inner wheels 5la and 52a of the upper and lower
bearings 51 and 52 rotate along with the shaft 10 and the
rotor 40.
The fourth embodiment of the present invention is
20 characterized in that a damping means 70 is interposed between
the inner wheel 5la of the upper bearing 51 and a portion-of
the rotor casing 41 facing the inner wheel 5la.
That is, this embodiment provides a configuration for
absorbing vibrations transferred between the shaft 20 and
25 rotor 40, which are rotating elements of the motor, and the
inner wheel 5la of the upper bearing 51 using the damping
meané 70.

A reinforcing plate 80 made of a material harder than



an upper bearing 51 and a |lower bearing 52, is tightly fitted betweenl?R&T 2003
support housing 11 and the shaft 20. Wen an el ectronagnetic force is
generated between a 15 winding coil 32 of the stator 30 and a permanent
magnet 42 of the rotor 40, inner wheels 5la and 52a of the upper and | ower
bearings 51 and 52 rotate along with t?g shaft 10 and the rotor 40. The
fourth enbodi nent of the present invention is 20 characterized in that a
danping neans 70 is interposed between the inner wheel 5la of the upper
bearing 51 and a portion-of the rotor casing 41 facing the inner wheel
5la. That hg t?}%?fnb dinentdgrovidﬁg a configuration for absorbing

vi br at i on§"EFafet e P BR WREMEHRS sRAf Raobgndrrangest Gt Ame whide afe
rotating eh ; rs, t i nner. | 5la th er
bearing 51 gg?ﬁgﬁ%ﬁ% %£§%$ﬁ§9Jﬁ%%ﬁgqﬂﬁaﬁﬁgrgﬁﬁ o?gfngoﬁFggeeﬁgoﬁgﬁ bt a

material Whedeeitfanc2ng Pl&:d AV IB hatetbokka dammiad FRANSad iH’?y be
arranged at one_side of the danping neans 70 in accordance with the fourth

enbodi menf'€an§hél r JRAf Bhei ¥RPPT A% BOGTE besi shemposedFhgt weén dhemaianpi ng
i o7 posed bl REEHCPRS RERRPRY PharEmeliithemee B i Tt SncCa N i n
Fig. 17. Zhe kei phewei ag plhate180 serves to allow the damping neans 70 to
be easily inserted between the rotor case 41 and the inner wheel 5la of
the upper bearThg Zeukidecing nbyaté rédl nsakmesg tichealhser tte@d si@heing t he
danpi ng n§22§s790 gg be easily inserted between the rotor case 41 and
the inner wheel 5la of the upper bearing 51 while firmly
10 maintaining the inserted state of the damping means 70. By
this configuration, vibrations transferred to the rotor 40 are
continuously reduced.
Fig. 18 1is a vertical sectional view illustrating a
spindle motor according to a fifth embodiment of the present
15 invention. This embodiment is applied only to the outer wheel
drive type construction. In Fig. 18, elements respectively
corresponding to those in Fig. 4 are denoted by the same
reference numerals.
In accordance with the fifth embodiment of the present
20 invention, a shaft 20 is fixed to a base plate 10. Around the
shaft 20, a stator 30, which includes a core 31 and a winding
coil 32, 1is fixed to the base plate 10. A rotor 40 is
arranged above the stator 30. The rotor 40 includes a rotor
casing 41 arranged around the stator 30 in such a fashion that
25 it covers the stator 30 while defining an air gap
therebetween, and a permanent magnet 42 fixed to the inner

wall surface of the rotor casing 41.

A support housing 43 is downwardly protruded from a



this configuration, vibrations transferred to the rotor 40 are 77 yil 10
continuously reduced. Fig. 18 is a vertical sectional viem/illustratiné
spindl e notor according to a fifth enbodi nent of the present 15 invention.
This enbodinment is applied only to the outer wheel drive type construction.
In Fig. 18, elenents respectively corrssponding to those in Fig. 4 are
denoted by the sane reference numeral &7 In accordance with the fifth
enbodi ment of the present 20 invention, a shaft 20 is fixed to a base
plate 10. Around the shaft 20, a stator 30, which includes a core 31 and a
wi nding coi| f Is fixed to the base plate 10. A rotor 40 is arranged
above the“SREF3+ BBTLFRR P5t6P94G°Fﬁ61§@b§ﬂaﬁﬂﬂhna ﬁﬁﬁﬂ#ﬂpzthWramgeﬁ

around th N on t t _covers the stator

whi | e def?%?%g£§% égfhgé%ﬂg ere%et&éenzg%ﬁagg %8?ﬁéﬂ8n9nﬁ§g 4§h¥?Qed to
t he i nneringkhdeswrd ageof Hékiﬂﬁ§<51 G %glé%erAbEHPQQ?t5@0u§£n91€§e35
downwardly protruded froma 2 7 u | DO 19 central porfion of the rotor 40
in such ab@%%ﬁ@@nthﬁaﬁuterl§ernphegﬁdlsmnﬂadaueﬁ(uhﬂ Sth#\2ﬁﬂén®eameng

te 50, which I de an er bearing 51 and a | ower beari
fi2a . pEPNEe PEREPEER: “BurERRe: 2 S SOBEOT k MO 50 ARREheS

i nner pertrméleﬁﬁéeﬁtﬁrﬁcﬁcﬁo@értig@aéﬂ%’@r%@rfé'@ s 5?051% Mee%yppaell; and

| ower bearings 51 and 52 has an iInner outer
pl uralityocwtebakwhseadrr @argbda bplwead itkhe of rwtell@ndrﬁﬂh@éd\/\ﬁhﬁﬁﬂv&eﬂh@d@bove
conf|guraiﬁggglgnguggég?taggg sS|mlar to that

The above configuration is substantially similar to that

10 of conventional outer wheel drive type constructions. The
fifth embodiment of the present invention is mainly
characterized in that a damping means 70 is interposed between
the base plate 10 and the inner wheel 52a of the lower bearing
52.

15 In accordance with this embodiment, an attenuation of
vibrations is achieved in a more stable state because the
damping means 70 is arranged between fixed members, namely,
the base plate 10 and the inner wheel 52a of the lower bearing
52 which are fixed to the shaft 20.

20 This will be described in more detail. Where the damping
means 70 is arranged between rotating members, it is.rotated
when the rotating members rotate. As a result, it is very
difficult to control rotation vibrations. Where rotation
vibrations are controlled at a fixed position on the ball

25 bearing unit 50 as in the above embodiment of the present
invention, it is possible to absorb such vibrations in a
stable state. Therefore, the configuration of the fifth

embodiment is more effective in terms of a vibration




10 of conventional outer wheel drive type constructions. The fifth 270CT 2003
enbodi nent of the present invention is mainly characterized in that a
~danping neans 70 is interposed between the base plate 10 and the inner

wheel 52a of the |ower bearing 52. 15 In accordance with this enbodi nent,

an attenuation of wvibrations is achi&g d in a nore stable state because

the danping neans 70 is arranged bet n fixed nmenbers, nanely, the base
plate 10 and the i nner wheel 52a of the | ower bearing 52 which are fixed

to the shaft 20. 20 This will be described in nore detail. Were the

danpi ng ns 70.is arranged between rotating nenbers, it is rotated when

t he rotatgﬁgeﬁg &8 rotate. As a result, it is very difficult to contro

rotation vibraii eRsnriBer8qr 91 8L 08 @%&”ﬁgiéygﬁﬁyéﬁ;g%n%% |g§9ea5fatpgxed

position on the ball 25 bearing unit as i ove enbodi ment of "t he
present idamedtigomeants 78 lpeseddn ecHe sodl sech vidhidathensnnerawhskabl e
state. Therefore, the configuration of the fifth enbodinent is nore

ef fecti vePA o nsh®f LawerbPEEIrdAg2 52 GaT 2008r2@catfiiemiat i ePPORL the

r ei nfzor ci l.ate 80, nmay .he arranged at one side of the danping neans 70
betméen tﬁgm%égg BEQPS lg%and t he i nner wheel 52a of the | ower bearing 52

B0 {5 made of & FACer o har dorT T hanenat orthe datpiey reae I8 UShe
rei nf or ci tyapl &het8@ fmiyrebeamptiegpasethsherdreen t he

The reinforcing plate 80 may be interposed between the
damping means 70 and the lower bearing 52, as shown in Fig.

10 19, or may be interposed between the damping means 70 and the
base plate 10, as shown in Fig. 20.

As described in the above mentioned embodiments, the
present invention is mainly characterized in that vibrations
generated by the ball bearings during the driving of the motor

15 are prevented from being transferred to the roctor 40.

In order to evaluate such characteristics of the present
invention, runout occurring in the spindle motor was measured
using a separate testing device. Under the condition in which
no disk is loaded on the spindle motor, the total indicated

20 runout, repeatable runout, and non-repeatable runout of the
spindle motor alone were measured at certain intervals of time
and at certain intervals of frequency, respectively. The
results of the measurement are shown in Figs. 21 and 22. The
statistical characteristics of the measured runout are shown

25 in the following Table 1.

Table 1




danpi ng neans 70 and the | ower bearing 52, as shown in Fig. 10 19, orZﬁﬂﬁTlM}
_be interposed between the danping neans 70 and the base plate 10, as shown
in Fig. 20. As described in the above nentioned enbodi nents, the present
invention is mainly characterized in that vibrations generated by the bal
bearings during the driving of the not n 15 are prevented from bei ng
transferred to the rotor 40. In order t0 evaluate such characteristics of
the present invention, runout occurring in the spindle notor was neasured
using a separate testing device. Under the condition in which no disk is

| oaded on the—spindle—nptor. the total indicated 20 runoqut, repeatable
runout, and non-repeabend] £t ioMopétRéehhRaxSPLAM!I € Mot a3t 4 pneq wer e neasur ed
at certain intervals of time and at certain intervals of frequency,
respectively. The resultsMbt-thelweasirsient are JheowiretiiorFi gam) 21 and 22
The statist|c$; characterlstlcg gﬁgﬁne measur ed ranout, are stowr— 25 in
the foll ow ng %Ie 1. Table 1 2° CT 2003 21 Devi ati‘ont et ween Max. and
Standard M n.grNgl ues (gm Devigtpeg;(gm TIR 3.1280 1.,1924,5 RRO 3. 0907
1.1927 NRRO 0.0521 0.0072 5 In Table 1, "TIR" represeﬁ%b the total
indicated rumM®RC "RRO' represendt32ihe repeatabl e runautgoand " NRRO'
reprgsents tHé non-repeat abl e ranout.

In Table'l, "TIR" represents the total indicated
runout, "RRO" represents the repeatable runocut, and "NRRQ"
represents the non-repeatable runout.

Fig. 23 is a histogram depicting the measured non-

10 repeatable runout. In Fig. 23, the solid line is
indicative of a normal distribution involving mean and
standard deviations, as in the measured non-repeatable
runout. Referring to Fig. 23, it can be understood that
non-repeatable runout is a normal distribution.

15 On the other hand, under the condition in which two
disks were loaded on the above mentioned spindle motor, the
runout of the disks was measured at certain intervals of
time and at certain intervals of frequency. The results of
the measurement are shown in Figs. 24 and 25. The

20 statistical characteristics of the measured runout are shown

in the following Table 2.

Table 2
Deviation between Max. and Standard
Min. Values (um) Deviation {(um)
25 TIR 22.2520 7.7800

RRO 22.0214 7.7798




Fig. 23 is a histogramdepicting the nmeasured non- 10 repeatabl e runo&ﬂDCﬂJMS
Fig. 23, the solid line is indicative of a normal distribution involving
mean and standard deviations, as in the nmeasured non-repeatable runout.
Referring to Fig. 23, it can be understood that non-repeatable runout is a
normal distribution. 15 On the other ggd under the condition in which two
di sks were | oaded on the above nention spindle notor, the runout of the
di sks was measured at certain intervals of time and at certain intervals
of frequency. The results of the neasurenent are shown in Figs. 24 and 25.
The 20 statistical characteristics of the nmeasured runout are shown in the
foll ow ng TabINRRD Table 2 Devi at.izum petween Max. and Spapggid M n. Val ues
(m Deviationm (gny 25 TR 2225207 7800—RREG22-02+4—F—+98—=2—+6-CT 2003
22 NRRO 0. 3113 0.0451 Referring to Table 2, it can be found that the total

I ndi cat ed runoRéferepagt abl gabusogt , 1Qn@aﬁ0|ber eReAPRIHR D dHENW L Ar €
increased,bé about 7 tinmes, as conpared to those of Table 1. This is
because ahP@keRtPAgrRBPEE, f#@ﬁﬁﬁﬁébﬁéltunb@&nlﬁgg|ﬂ@nmhﬁgtauahhﬂlons of

the g sks, gihe0abLs; nbiaRster b, S2pblt 7 REnk S b P Uork 2SS 1, AL T el

of Table 1.

This is because an exciting force from the ball
bearings is added to motions of the disks during its
transfer, so that the resultant force is amplified.

10 Fig. 26 is a histogram depicting the results of the
above measurement. After analyzing the histogram of Fig.
26, 1t can be found that the distribution of non-repeatable
runout is a normal distribution with a mean of 0.

On the other hand, a runout measurement was conducted

15 for a conventiconal spindle motor and a spindle motor
provided with the damping means zccording to the present
invention, respectively. Different results were obtained in
accordance with different arrangements of the damping means.
The results of the measurement are shown in the following

20 Table 3.

Table 3
Normal Upper Bearing Bearing Spacer E
Damping Damping |
1st Mode 994 Hz 986 Hz 990 Hz

25
As apparent from Table 3, the measurement was conducted

for three cases, namely, a normal case, an upper bearing



10 Fig. 26 is a histogramdepicting the results of the above neasuren?9t.
After analyzing the histogramof Fig. 26, it can be found that the OCT 2003
di stribution of non-repeatable runout is a normal distribution with a nean

of 0. On the other hand, a runout neasurenent was conducted 15 for a
conventional spindle motor and a spindl,e notor provided with the danping
nmeans according to the present invention, respectively. Different results
were obtained in accordance with different arrangenents of the danping

means. The results of the nmeasurenment are shown in the following 20 Table

3. Table 3, _Nor.mal Upper, Bearing Bearing Spacer Danping Danping 1st Mde

994 Hz 9863 §G0 9T I A ih AeIIMRIRT A ANS, 79 hieS neBEARERENE t was
conduct ed + 1fe0r, : a C n.upper bearing 2 7 0 C

T 2003 23 tggn&ptﬁ%rfggg%ﬁmﬁ,ﬁ,ﬁ% %a%%%%%ﬁ%%’g AP e N SREat” ¢ he

upper beawihrigh5 thearthre ivgAmath S PEE el s G Alge & A5&t den Woh € NubHer darpi ng
means 70 is arranged between the upper and |ower bearings 51 and 52. 5

Non- r epeat:&Wee PeIgiNIfas Insaslir® for the above three cases, at certain

i nterrval s of tiye _and at rtain intervals of frequency, -respectively. The
results of thehge%ag? eer?é:r?t%elearré‘ms%%mwai‘% s | ﬂ%l ?%e TROTRetbEpRr

hand, unde&skks Gendelitend NWHGH M S time and at certain intervals
of frequency, respectively. The results of the measurement
are shown in Figs. 27 and 28.
On the other hand, under the condition in which disks
10 were loaded, the same measurement was conducted for the
conventional product and products respectively provided with
the damping means 70 at different positions. The results of

the measurement are shown in the following Table 4.

15 Table 4

lst Mode 2nd Mode 3nd Mode

Normal 554 Hz 700 Hz 1,043 Hz
Upper Bearing Damping 533 Hz 685 Hz 1,073 Hz
Bearing Spacer Damping 554 Hz 696 Hz 1,035 Hz

20
Also, non-repeatable runout was measured at certain .
intervals of time and at certain intervals of frequency
under the condition in which the disks rotate at a rated
velocity of 70 Hz. The results of the measurement are shown
25 in Figs. 29 and 30, respectively.
After analyzing the above measurement results, it can
be understood that the construction provided at the bearing

with the damping means exhibits a great reduction in non-




10 were | oaded, the same neasurenent was conducted for the conventionil
product and products respectively provided with the danpi ng neans 7ol 00T 2008
different positions. The results of the neasurenent are shown in the
following Table 4. 15Table 4 1st Mbde2nd Modeand Mbde Nor mal 554 Hz700

Hz1, 043 Hz Upper Beari ng Danpi ng533 Ft2%5 Hz1l, 073 Hz Bearing Spacer

Danmpi ng554 Hz696 Hz1l, 035 Hz 20 Al so, ndOn-repeatable runout was neasured at
certain _ intervals of time and at certain intervals of frequency under

the condition in which the disks rotate at a rated velocity of 70 Hz. The
results of the neasurenment are shown 25 in Figs. 29 and 30, respectively.
After anaF§PFPAGEPHE EHBPELNBEsGrapared dsulthe danstanctieonmerstaot t hat

t he constucti Lded at the aring wth the dapping neans exhibits a
areat 1 editirol; BAELAE s8nk T 3805257 3B M LRI AT t o
the constyuetbas pHA¥LEQEt iWhthRe daRR RY tHE i e nd that
anong the wvarious constructiong provi ded w t%@%hgagr‘%g*éﬁ%a%’s,&f%e

upper bearPRgrdaspraggcdseping whiseh tHe daipbngheeansndind mddrangesd at the
upper bearing as . ,in the fourth enbodi ment of the present invention,

exhi Bits ?ﬁ’égﬁgﬁgtﬁgttP@dHE’PIEGnbSPrlﬁénﬁﬁeé@a_ttéllﬂ qutduterdbiateigy bl |
rone ) SpelrAbc bk, PRSCARIo DeBRSLLSY B L e JOURA LheLo st o
non-repeatable runout caused by ball defects in the ball
bearing. 1In particular, it can be found that most of non-
repeatable runocut are eliminated at a frequency of 300 Hz or
10 less.

Although an increase in some non-repeatable runout
components is exhibited just after disks are loaded on the
spindle motor, most of non-repeatable runout components are
eliminated. Accordingly, a reduction in non-repeatable

15 runout is totally achieved.

Where the damping means 70 is arranged between the
upper and lower ball bearings 51 and 52 as in the first to
the third embodiments, non-repeatable runout caused by inner
wheel defects of the ball bearings increases even though

20 non-repeatable runout caused by ball defects of the ball
bearings is reduced as in the fourth embodiment. This is-
considered to be caused by the position of the damping
means. Similar results are exhibited in a disk-loaded
state. Thus, the total non-repeatable runout is greatly

25 reduced.

In particular, where the damping means 70 is interposed
between the upper bearing 50 and the rotor 40 in accordance

with the present invention, the standard deviation of non-



10 l ess. Although an increase in sone non-repeatable runout conponents i.s
exhi bited just after disks are | oaded on the spindle notor, nost of270CT 2003
non-r epeat abl e runout conponents are elimnated. Accordingly, a reduction
in non-repeatable 15 runout is totally achieved. Were the danpi ng neans 70
is arranged between the upper and Iomg ball| bearings 51 and 52 as in the
first to the third enbodi nents, non-r %eatable runout caused by i nner

wheel defects of the ball bearings increases even though 20 non-repeatabl e
runout caused by ball defects of the ball bearings is reduced as in the
fourth enbodi ment. This is- considered to be caused by the position of the
danpi ng FERRELASLE ranguds iz FestucaskHiditled inma & skohpated tatbhée.

Thus, the _total - table runout is greatl 5 reduced. In

parti cul aﬁn i ercg?ltgﬁg g'g)%?lngcar?eeasn's fd:?%rq{%ﬂ%]r%osébe R vERRE R heP tpper
bearing 5@uapdc! Fedi@tAlrGdte AU 6 1) Jes PHESEN s | BYEPLLOG, the
standard deviation of non 2 7 OCT 2003 25 repeatable runout is reduced to
11.9 nm &9 conpanddonall@aswa.i n Womenttiordmmasesneficsordi ngl y, the
non-repeatabl e runout reduction rate of about 26%is obtained, as conpared

to conventPEREPOSESe StfETe Hife WRRRY My drelate T (Pgar g hit o ppr@dobet ween
Rt e e i

non-repeat abl e runout i's grea cCo
non-r epeatradueelunouil 0-.medirCt i At drE 1 Bbaiie IR Sl piwed. rdkess the

case in reduction rate of about 34% is obtained. Thus, the case in
which a damping is established between the upper and lower
10 bearings 51 and 52 is more effective.

This will be described in more detail. Where a damping
is established between the rotor casing 41 and the upper
bearing 51, only the energy transferred from the inner wheel
5la of the upper bearing 51 to the rotor casing 41 is

15 absorbed. However, in the construction adapted to establish
a damping between the upper and lower bearings 51 and 52,
all vibrations transferred via both the upper and lower
bearings 51 and 52 are absorbed. 1In the latter case,
accordingly, the gquantity of energy being absorbed is larger

20 than that of the former case. Thus, the latter case
exhibits an increased non-repeatable runout reduction -
effect.

It is considered that the reason why an increased non-
repeatable runout reduction effect is exhibited in the disk-

25 loaded state, as compared to the state in which no disk is
loaded, is because the gquantity of strain energy consumed by

the damping means 70 increases due to an increase in inertia

resulting from the loading of disks.



whi ch a danmping is established between the upper and | ower 10 bearings 51
and 52 is nore effective. This will be described in nore detail. WerZel BCT 200
danping is established between the rotor casing 41 and the upper bearing
51, only the energy transferred fromthe inner wheel 51la of the upper
bearing 51 to the rotor casing 41 is 15 absorbed. However, in the
construction adapted to establish a d I ng between the upper and | ower
bearings 51 and 52, all vibrations transferred via both the upper and

| ower bearings 51 and 52 are absorbed. In the latter case, accordingly,

t he quantity of_ ener bei ng absorbed is |arger 20 than that of the forner
case. Thus, th&@&et gry“ecmplé%iﬂlﬁat@ alf iz raasanedns t epeadabl ehenaout

reducti on f lt..is.considered that the reason \ an i ncreased non-
r epeat abl & rﬁ&%gglﬁmr g@]’&éltstll%ﬁpec#éspttra}? SHI BT et i?ﬁr&?%yﬁ?%k-_lQS | oaded
state, asaeodhabnde! & iithe tHAE d bl Gy dift Uitk 16 10398ds: 1 9o bEGaUSe the
quantity of strain energy consuned by the danping neans I nCr eases due
to an i ncge&es liyn riedercei aher eutitatnigrf rafn tdreodtwathmgreof. disks. 2 7 OC T

2003 .26 Since %he dganng means 70 is arranged at areas, where a maximum
quanfity of stFaPn ererdy 30s IR ayefarm eartrincet W regesrRCyr esent

I nventi on, glat alhS aP Wel| reat | educe, t he devi ation_ of, runout
control . geFFSbggleﬁérlaaﬁetgut Sl}tgc%/a\?e oc{rlﬁq{dsl 57 ncgjfnq r%r&]unrh% €t e%honse

charact er nsti cheotatpikg depenrdiing prowitRidier e fePingd e darPi nga reaps is
provided. Referring to Fig. 31, it
can be found that an improvement in the frequency response
characteristics of disks is obtained by the damping means 70
10 according to the present invention.

In particular, where the reinforcing plate 80 is
attached to the damping means 70, the assembling of the
damping means 70 can be easily and conveniently achieved.

In this case, it is also possible to disperse various

15 components of frequencies with a high amplitude by virtue of
the reinforcing plate 80. Acceordingly, an improvement in
amplitude uniformity is totally obtained, thereby enhancing
the reduction of non-repeatable runout.

As apparent from the above description, in accordance

20 with the present invention, the damping means 70 is
installed at portions of the motor, where a maximum guantity
of strain energy is generated, thereby greatly reducing non-
repeatable runout components of runocut generated at the
motor, which components are difficult to be controlled.

25 In accordance with the present invention, the damping
means cuts off the transfer of vibrations at areas, where a

maximum quantity of strain energy is generated, and absorbs

the vibrations, thereby causing the rotating trace of the



can be found that an inprovenent in the frequency response characteristics

.of disks is obtained by the danping neans 70 10 according to the presepf (T 2003

invention. In particular, where the reinforcing plate 80 is attached to

t he danpi ng neans 70, the assenbling of the danping neans 70 can be easily
and conveniently achieved. 1In this ca g, it is also possible to disperse
various 15 conponents of frequencies wth a high anplitude by virtue of

the reinforcing plate 80. Accordingly, an.inprovenent in anplitude
uniformty is totally obtained, thereby enhancing the reduction of
non-repeatabl e runout. As apparent fromthe above description, in

accor danc81S50tRi PR PRPISHETEHE iteventtitore aiwcldmnpi ng neans 70 is

installed at pqrtions _the tor, where a maxi num quantity of strain
energy is geneggtggg p%ér%%?%%ﬁé&%%/§%ﬁﬁﬂﬁrﬁf@ﬂﬁﬂeWQﬁnﬁﬁ%ﬁﬂ%FF{Hﬂnﬁhe
conponent ma@heltliﬁo'ﬂ.tra@ﬂkn@lre@lts@ﬁyf‘toft ha syl ’mi%n?j,[ &@W%eé‘%érﬂﬁc% .

nt invention

difficult to be controlled. 2571 n accordance w e prese ,

t he danpi W§thnshrspeesensf finvies tticansfemiafhed agriaansc airafleagenshefe a
naxigun1quanthty Bf strain energy is generated, and absorbs the
vi br 3ti on§2"t REr BB} 3¢RESi'ng the rotating trace of the 2 7 0 C T 2003 27

di sk to be appegxi FRLE LQe? LHUC G Cle. . AS Hﬂg on-repe gpl runout
conponents restriciing the’ tr%gnglt%lqéjettrlé:clgr ic{]%}’solft}gio?‘k Jisg‘%"?ﬁrhi zed in
accordancbe whtbetbedpresast, oionvems am U N8 cdRANE] itthd AGsdansity 5
can be obtained. For instance, the magnetic track density of disks can

invention. Thus, the present invention is very useful in

that it enables the manufacture of high density disk

10 drivers.
Although the preferred embodiments of the invention

have been disclosed for illustrative purposes, those skilled

in the art will appreciate that variocus modifications,

additions and substitutions are possible, without departing

15 from the scope and spirit of the invention as disclosed in

the accompanying claims.



be increased to 25,000 TPl in accordance with the present invention. fﬁﬂﬁ 2003
the present invention is very useful in that it enables the manufacture o?

hi gh density disk 10 drivers. Al though the preferred enbodi nents of the
invention have been disclosed for illustrative purposes, those skilled in
the art will appreciate that various npgifications, additions and
substitutions are possible, wthout departing 15 fromthe scope and spirit

of the invention as disclosed in the acconpanying clainms. 270CT 2003 28

WHAT IS CLAIMED IS: 1. A spindle notor conprising: a shaft; a stator

includingwaéioEg égg g %gagLng coil; 5 a rotor arranged around said stator
in such a f ir gap is defined between said rotor and said
stator, SQLdAHEEEQBlEnﬁBQQ%n%oﬁ qtqr &asing and a pernmanent magnet fixed
to an inner wall surface of said roto ‘casing; a ball bearing unit arranged
bet ween an out ar sh@fperi pheral surface of said shaft and an inner
peri pheral surface of said support housing, said ball bearing unit
i ncl udi ng an upp&F2bear tAgladdng kowerrebemd iy wigatingfcsiid upper and
| owee beari ngs h?%%@? an i_nner. wheel ,. an .outer = wheel, and a plurality of

e

2pEPREN S EPHIPINEF OUS £7d DRt Ath el SuGh P neans

bal | s arranged b

arranged bRb¥wegA Sakdqapt ¢k Waeehe ObhetrSA WP 24 anef deagings and

adapted to substantially
stator, said rotor including a rotor casing and a permanent

magnet fixed to an inner wall surface of said rotor casing:;
a ball bearing unit arranged between an outer
10 peripheral surface of said shaft and an inner peripheral
surface of said support housing, said ball bearing unit
including an upper bearing and a lower bearing, each of said
upper and lower bearings having an inner wheel, an ocuter
wheel, and a plurality of balls arranged between said inner
15 and outer wheels; and
damping means arranged between said outer wheels of
said upper and lower bearings and adapted to substantially
attenuate vibrations generated at said motor.
2. The spindle motor in accordance with Claim 1, further
20 comprising a reinforcing plate attached to at least one side
of said damping means and made of a material harder than -
that of said damping means.
3. A spindle motor comprising:
a shaft;
25 a stator including a core and a winding coil;
a rotor arranged around said stator in such a fashion
that an air gap is defined between said rotor and said

stator, said rotor including a rotor casing and a permanent




attenuate vibrations generated at said notor. 2. The spindle notor in 27 0CT 2003
accordance with Claim1l1, further 20 conprising a reinforcing plate attached

to at | east one side of said danping neans and nade of a material harder

than - that of said danping neans. 3. A spindle notor conprising: a shaft;

25 a stator including a core and a mﬁnﬂing coil; a rotor arranged around

said stator in such a fashion that an air gap is defined between said

rotor and said stator, said rotor including a rotor casing and a permnent

2 7 0 CT 2003 29 nmagnet fixed to an inner wall surface of said rotor

casi ng; t Pearingoubht iﬁﬁéﬁgggﬁlbgh%%ea%ffogaﬁ? E%rtio‘lh‘%_f%&u rf ace

of said shaft and an i nner perip surface of said support ng,

said ball bearangaubi bearingl udtiRgaziatigeer beeakieng aanduwd drower beari ng,
each of said upper and | ower bearings having an inner wheel, an outer
wheel , arpeaipherali syrépcpabfssaidanfedtbengean saren meariphaidlout er

wheel s; b ' d, bet v i.d wheel f .10 id
Upper _and*FoREr bahr PRGOS PHPEUCH HORASAan Sidt oA i RESIgd it i ne

oD ng M B Bt eraeir e B Se iy and
said at |epséroasdwheekr bekdidgsphegiby rmarsinser wheglt,0 sulmttentially
attenuatewxégi?t;ggsa 8?2?3?3%% %% %%E%s”%&%%hged between said inner
and outer wheels;
a bearing spacer arranged between said outer wheels of
10 said upper and lower bearings in such a fashion that a fine
| gap is defined between said bearing spacer and at least one
of said outer wheels; and
damping means inserted in said gap defined between said
bearing spacer and said at least one wheel, said damping
15 means serving to substantially attenuate vibrations
generated at said motor.
4. The spindle motor in accordance with Claim 3, further
comprising a reinforcing plate attached to at least one side
of said damping means and made of a material harder than
20 that of said damping means.
5. A spindle motor comprising:
a shaft;
a stator including a core and a winding coil;
a rotor arranged around said stator in such a fashion
25 that an air gap is defined between said rotor and said
stator, said rotor including a rotor casing and a permanent

magnet fixed to an inner wall surface of said rotor casing;

a ball bearing unit arranged between an outer



4. The spindle notor in accordance with Claim3, further conprising 27 2003
reinforcing plate attached to at | east one side of said danping nean 4“%
made of a material harder than 20 that of said danping neans. 5. A spindle
notor conprising: a shaft; a stator including a core and a winding coil; a
rotor arranged around said stator in sggh a fashion 25 that an air gap is
defined between said rotor and said stator, said rotor including a rotor
casing and a pernmanent magnet fixed to an inner wall surface of said rotor
casing; a ball bearing unit arranged between an outer 2 7 OC T 7003 30

peri pher abe%!ﬂ%é@‘i%l?%u%?}a]@es%aff ts AR SQ"{Lf-tnré d g:} iim}%zabspeerfi‘%}{ea@ael of said

support housi sai bearing uni i ncluding an u earing and a

| over beasuraceaolf shisaisthipeper houbilmyersdRMW4IgS W iy amiwner wheel ,
an outer 5 wheel, and a plurality of balls arranged between said inner and
out er wheéR§lugipgaringrPsdcdeagming ians wilnyexr fheaninpardagh sphcexidbei ng

tightly i tact, with said quter wheel of said bearing, and
second bedFPRG SpScePVBE N5 iRRa oM AN HIST i Yeartng Sifkoer to

defime a Lihae19apnkher phelrsmen, A baiSacd d %tﬁ@é&?rsﬁ? Nghtd ghtly
in contact with said outer whéel of said | ower” bearing; an anpl ng nmeans
i nserted endsaudegapheéeflisned between said first and second bearing

spacers, said danping neans serving 15 to substantially attenuate
vi brati ons genér RE8F1RG $meFer unit including a first bearing spacer

being tightly in contact with said outer wheel of said upper
bearing, and a second bearing spacer being spaced from said
10 first bearing spacer to define a fine gap therebetween, said
second bearing spacer being tightly in contact with said
outer wheel of said lower bearing; and
damping means inserted in said gap defined between said
first and second bearing spacers, said damping means serving
15 to substantially attenuate vibrations generated at said
motor.
6. The spindle motor in accordance with Claim 5, further
comprising a reinforcing plate attached to at least one side
of said damping means and made of a material harder than
20 that of said damping means.
7. A spindle motor comprising:
a shaft;
a stator including a core and a winding coil:
a rotor arranged around said stator in such a fashion
25 that an air gap is defined between said rotor and said
stator, said rotor including a rotor casing fixed to one end
of said shaft, and a permanent magnet fixed to an inner wall

surface of said rotor casing;



notor. 6. The spindle notor in accordance with Caimb5, further commjpngpzmj
~areinforcing plate attached to at | east one side of said danpi ng neans

- and nade of a material harder than 20 that of said danmping neans. 7. A
spindle notor conprising: a shaft; a stator including a core and a w ndi ng
coil; a rotor arranged around said stajor in such a fashion 25 that an air
gap is defined between said rotor and Said stator, said rotor including a
rotor casing fixed to one end of said shaft, and a pernanent magnet fi xed
to an inner wall surface of said rotor casing; 2 7 OCT 2003 31 a bal
bearing unit tightly.fitt.ed hetween. ut gr ripheral surface_ of said
ahaft and an ihrEn e A B e P REETE oY RBESEa: 0 bal
bearing Wi pHY W EHIKE Ak WP a REH G adKk 3ah O¥RRe PEBELDPReRaEN Of said
5 upper and l'ower bearings having an inner wheel, an outer ~wheel, and a
pluralitywuffdrs lf aaiaghgephetweenmsang, | sabd bahtl beéeingheslis; and
danpi ng neans arranged between said i nner wheel of said upper hearing and

said rot éPC@-é'QW &y iRt é?ﬁaclb‘-rl%_%%si‘ a:l‘ﬁ‘t’%ﬂ?e%ﬁ'-’éﬂua?écbi _BlfaFF‘bF}_s
genay at ed;fle Sah ML, .b%riglisg%%gf%&aﬁgpﬁgnw grggrdagge with Aaim 7,

further nprising a reintor ched to at [east one side of
sai d danpine@1neand angImas Oofy oM £11 8l aPpaflgedt Babwebhaka@ti sandrdanpi ng

means.
and outer wheels; and
damping means arranged between said inner wheel of said
upper bearing and said rotor casing and adapted to
10 substantially attenuate vibrations generated at said motor.
8. The spindle motor in accordance with Claim 7, further
comprising a reinforcing plate attached to at least one side
of said damping means and made of a material harder than
that of said damping means.
15 8. A spindle motor comprising:
a base plate;
a shaft fixed to said base plate;
a stator including a core and a winding coil;
a rotor arranged around said stator in such a fashion
20 that an air gap is defined between said rotor and said
stator, said rotor including a rotor casing fixed to one end
of said Shaft, and a permanent magnet fixed to an inner wall
surface of said rotor casing; |
a ball bearing unit tightly fitted between an outer
25 peripheral surface of said shaft and an inner peripheral
surface of said support housing, said ball bearing unit
including an upper bearing and a lower bearing, each of said

upper and lower bearings having an inner wheel, an outer



15 9. A spindle notor conprising: a base plate; a shaft fixed to sai @7d{del003
plate; a stator including a core and a winding coil; a rotor arranged

around said stator in such a fashion 20 that an air gap is defined between
said rotor and said stator, said rotor including a rotor casing fixed to

one end of said shaft, and a permanen{, magnet fixed to an inner wall

surface of said rotor casing;, a ball bearing unit tightly fitted between an
outer 25 peripheral surface of said shaft and an inner peripheral surface
of said support housing, said ball bearing unit including an upper bearing

wheel, antourer 379 e 3588159 dacBRTLaN R RERh, PR eh rihged

bet ween samd swbter whsdlept ghdwheel s; and danpi ng neans arranged between
sai d base plate and said |ower bearing and adapted to substantially
attenuate vibiaMPbng MeArsatedangedabdtweeor said bhse ghiatdl embtsarid n
accordanc conpri S|ngaa rei_nforcing plate attached

to at |east w%ﬁgb%?ﬁ%ngo?nga?aaﬁﬁﬁﬁlF@ ReRAS2akd atdde a3 SR UAkSer i al  har der
thams tha}iwfasobsls d@gﬁéggtggagﬁ said motor.

13. The spindle motor in accordance with Claim 9, further
comprising a reinforcing plate attached to at least one side

of said damping means and made of a material harder than

that of said damping means.




