i ;e3a<p<xxy\{d{~>}6t}T}n? 10 F E B 2003 Specification Title of the
| nvention: Spindle notor structure using ceramc ball bearing for hard disk
drive Detail ed Description of the Invention: [0001] [Fiel
i nvention] The present invention relates to a disk drive,fépfggﬁﬁzggﬂntor,
and a bearing nmechani smconstituting the spindle nmotor, and in particul ar,
to the structure of suppressing a change of a pre-|oaded pre | n
connection with a tenperature change of each bearing where mm,@mymmm
material is adopted as a rolling ball for the bearing. y 1 2
[ 0002] [Background art] Figure 7 is a cross-sectional view of a *'&<«s«
conventional spindle notor used in a hard disk drive. In themm ]
cylindrical shaft 102 nmade of stéapatieficastieal is planted in mwmmlmf a
bottom part 101 covering a bottom surface part of a spindle notaq,l00, and
fixedly holds inner races 103a and 104a, which are included in a pair of

beari ngs 103 and 104 respectively, with |eaving a predeterm ned space in

t he directidﬁuéﬁiﬁﬂéiééngﬂéﬁﬂé¥ﬂ§ 102X. On the other hand, outer races 103b
and 104b of the bearings 103 and 109 are fixedly held by outer race hol ding
nmenmbers | 06 gichdhQ7 moM3es etk N8k di dRie IS rahec f 95 e dh ! ight ey ! aLgar than
one of an||H§¥th5§%nferentlal surface 105a, with | eaving a predeterm ned
space in the inner circunferential surface 105a of a hub |105. [0003] An
annul ar concave part 108 is fornmed in the hub 105, nade of stainless steel,
with facing the bottompart 101, and rotor magnets 109 are di sposed on this
inner circunferential surface 108a. On the other hand, a cylindrical

central wall part 10la, which projects upward so as to support the shaft
102, is forned in a central part of the bottompart 10l. On an outer
clrcunferential surface of this central wall part 10la, a predeterm ned
nunber of core nenbers 110 where stator coils 11l are wound are fixedly

di sposed at equal intervals in the circunferential direction with an end
part of each core nenber 110 facing each rotor nagnet |109. An outer
clrcunferential surface 105b of the hub |05 has such a predeterm ned outer
dianeter and a predetermined length in the axial direction that the outer
circunferential surface 105b fits with center hol es of predeterm ned nunber
of disks (not shown)

Detailed Description of the Invention:

{0001)
[Field of the invention]

The present invention relates to a disk drive, a spindle motor,
and a bearing mechanism constituting the spindle motor, and in
particular, to the structure of suppressing a change of a
pre-loaded pressure 1in connection with a temperature change of
each bearing where a ceramic material is adopted as a rolling
ball for the bearing.



'f ~%~ F E B 2003 3 [0004] [Problens to be solved by the invention] There

are.various problens about hardness if steel balls nmade o LN eel
are al so adopted as balls in addition to inner and outer ‘ia[fgﬂ}?ﬁﬁé
beari ng, which are made of bearing steel, in the conventional bearing
mechani sm of a spindle notor that is described above. For exanple, if a
bearing is used at hi gh-speed rotation such as 10000 rpm it is not
possible to have a bearing |life to be required, because durability is not
sufficient due to | ack of hardness. [0005] In addition, in a
contact-start-stop hard disk drive, vibpation of disks is suppressed
because a slider hol ding heads contacts disk surfaces with pressure when
the di skEOY¥ ot rotate. Nevertheless, in a hard disk drive having a

| oad/ unl oad nmechani sm shown in Figure 1 described later, the vibration of
di sks, thgdcigrouddhdbti s never suppressed by an actuator arm especially
when unl oadi ng. [0006] Thereby, if steel balls are used in a bearing of a
spindle notor in a hard disk_ drive having the | oad/ unl oad mechani sm

f1 uct uat Fofsrsn T hisndl |CLafsPeaieorRttuy 1 9ot fbeh iIRREFNAANDUL EP1RH%s and
st eel bahdisowfudede ihear hagd whiesk dlrevedi sk drive is transported and so on. In
consequence, fretting occurs in these contacting parts. Thus, since the
cont acti surfaces becone unl ubricated_be se of extrusion of ]ubricant
fromt heﬂgomeac%ar’ﬂgmgm faté ,m(? Caglor’f’?‘ g?l %gyslﬁar(%acoeé Sggtea‘rl)relﬁ‘)%fse ?J:e%e i sh
brown abtaspbmtgshder thar eenberarkali WoubeR batt Hild aaved 1ipgr m Bokeves. i
S [0007] sdrd:d =B 2003aOzptihel et hetohando, | endefaredl pahdbdar ennsed as

rolling palls g2 Dearisuh ofud fonventineiahegpPi RALepAREOL rdgscr{hgd above,
it is pogggbl e tlo Lﬁol ve a\%ﬁro&em.att trée time of usi.ng t.he stseael bal I s
descri bet? ab3Ve, * But" STPAEN PFoW el BtTrYad § ob T BWe- = F0068] S Cershi ¢ bal |
has a cobf¢i Eilepttdrn | pheatsexsrisrbnagial LBFXt harP™ hidte of thchhard ot her
bearing oenver satbearliosy sireel J04b Bdr theanptasimeweni®d andediteni smei s
desi gneds$Q.4NAthath OpS | SR Presdoadadiipressber fBYobe aRPhbed fhofoom
temperature, size ratlos of Lhe. ceramc ball 1o onher sqemer s, degrease as
tenperature Ti sy’ a_n& RERCECTRE pre-gl oade p?essure eécreases. "Hénce it is
concei vapLeceptawmntifd pperfatied Opresstd! atl cREORY t ehperr&OGLE8IREN®@ hi gher
t han t hespptée numtted uensupposiungfeirkatuse oirfdee heani of athun ghs.
tenperature. Nevertheless, in this case, this bearing cannot be used at
roomterrﬁ%@gtjre and | ow tenperature. [0009] An object of the present
Invention rs to provide a bearing mechani smthat always mai ntains stable
operation in spite of a tenperature change by suppressing a change of
pre-| oaddéd prnessareccaused pprtt HO G ampdoatarde 1.ohahgehwhenla, paade o £
beari ngsswhenee€£r agk61 pakhsnarraciagd the the tbeardarg nmexhanisi kscdksposed.
[ 001 0] [§HHH§£¥ 969t99e'ﬁ¥égﬁééyﬂon this inner circumferential surface

108a. On the other hand, & cylindrical central wall part 10la,

which projects upward so as to support the shaft 102, 1s formed

in a central part of the bottom part 101. On an outer

circumferential surface of this central wall part 10la, a

predetermined number of core members 110 where stator coils 111

are wound are fixedly disposed at equal 1intervals in the

circumferential direction with an end part of each core member

110 facing each rotor magnet 109.

An outer carcumferential surface 105b ¢of the hub 105 has such a
predetermined outer diameter and a predetermined length in the
axial dairection that the outer circumferential surface 105b
fits with center holes of predetermined number of disks (not
shown) . -



» A bearing nechani smof the present invention that has a first bearing and a
second bearing disposed at different positions In an axi | i on, each
of the first bearing and the second f 1 ~FE B 2003 gageggﬁétﬂﬂ%u ng an
inner race, an outer race, and rolling balls conprises: a shaft holding the
i nner races of both the first bearing and the second bearing in an axially
separ ated nmanner; and a supporting nenber hol ding the outer races of both
the first bearing and the second bearing in an axially separated nanner,
wherein a coefficient of |linear expansion that each of the rolling balls of
both the first bearing and the second bgaring has is different from each
coefficient of linear expansion of the inner races and the outer races;
wherei n[bbe4j nner race and the outer race of each of the first bearing and
the second bearing are fixed in an axially shifted manner, whereby
pre-| oaqu }Fj;ess rez}t are ag(gl ie bet.\r/\{\e,gntgortﬂh the Inner race and the
rol I'i ng \BAPPs R dDEWESHVBDLH t1HE SHYEFTALe and the rolling balls; and

wherein the supporting nmenber has a conpensati on nenber that can change a
di st ancenhbetwaea theious eproleess dbautchanginegsr atfi ctdelf nent fuadm a
changi ng¢r BE};IP.IIQ% ahalihern di; $5aNggo PEINREN HaRAET i f aS&S$; @A thelpgkat ure
changes. 5001% nthis aser? I t. can_be gone thacﬁ th | nner  races and the
outer r&aBes Hre" mhae®ofbeart iy SPeelahd the P efichg B9 %P Edmosed of
cer ani cibalthe, comvgddiendh, P¢arigen MREGGAETL RAt at HPIFHAPt Mo§oRnddasf
stai nl ess dealrized tdvweanpemrsat iommmeberif sa mpderaohgalism asea R012] A
spi ndl e, 484H0E,08q apgthierod 04 i0f 24 heo R @Septh, | Wenti aRchas skhgibeati ng
mechani sm descr i bed ab(ivg, a bgttom gart fi xedalr%s sucﬁpo%t.&ng t he shaft,
rotor mRgNEt & BIFAF 8P e IAEFd By PEn&CEtpPOT 1 i R HEITh & ERG1AFE dPspSied al ong
a circusbéfontenibze toedpek ¢85 hprdewtsal axis of the shaft, and cores that
are fixedly disposed on the shaft and have stator coils wound around the
cores sqgbphat end parts of the coils may face the rotor magnets
respectively. 10 F E B 2003 6 [0013] A spindle notor of still another

formof the present invention has the bearing nechani sm described above, a
bot t om pa&r fAFikéaRry SuppottiRg trEE2 SUpPetRt iNfgImeaBEr X vt or VHIGHErLS t hat
are hel dfbyibkalsdiing snpansssadilodrdusef ar redden thedshafhedds onentpicease, and
are dispesed ahoAd-& ciiennteence. Wigse cefd etnkgsa &enhbal axdsof the
shaft, ?ﬁ%gf %%Rgfeégat J_ar{eafl )ﬁeagliy g" g]E)OS rdivon ttlgelshafg afgag/ad/n osatdat or
coi I s woind ar6uhd’t he'torfes "§6%t hat “én parts of “t'He cores mmy face the

rotor MEAGTOES1FBsSEEYTvery Fipppa4} Acarskleft i Vgt dHUrtiRreePmf the
present dimkent ithrathas,t ke Ispi ndd enerptor s\dasersisikdd babare, act wditsk tédhat 1 s

hel d by eapketialiyypakhdn QfnilcRusngpi ndl e notor and rotates In one piece, and
an actuator arm%ol ding a head scanning a recordi ng surface of the disk.

[001 5] [Preferred enbodinent] Figure 1 is a top view of a hard di sk drive

showi ng @%®fst enbodi ment of the present Invention, and Figure 2 is an

expl oded perspective view showi ng a principal part of a hard disk drive.

Fi gure 3IHexedyGr OSs- 5641 opallyi ewe ofusadspinndd epadt Ofig Sofakens®imdre i ndex

line 25 nQthoEj g:H{ealhard disk drive having the load/unload mechanism,
fluctuations with small amplitude occur between inner and outer
races and steel balls of the bearing when the disk drive 1is
transported and so on. In consequence, fretting occurs 1in
these contacting parts. Thus, since the contacting surfaces
become unlubricated because of extrusion of lubricant from the
contacting surfaces, the contacting surfaces generate reddish
brown abrasion powder, are remarkably worn out, and then form
concaves.



+ [0026] A spindle notor 5 described |ater is disposed at a predeterm ned
position with screws on a base 3 of a hard disk drive Flve dISkS 2 are
stacked with spacers 16 interveni ng between respectiv@ are
pl aced on a flange part 9a of a hub 9 such that center holes of respective
disks fit with the hub 4 of the spindle notor 5. Furthernore, a top cl anper
17 ~ 0 FEB 2003 7 disposed on a top of the disks 2 elastically depresses
t he uppernost disk 2 by being fixed to the hub 4 with screws 17a (Figure
3), and hence sandwi ches the five disks 2 with the flange part 4a of the
hub 9. OMng to this, the five disks 2 gre fixed on the hub 9 in one piece,
and are rotatably drlven by the spindle notor 5. (0017] An actuator arm 8
is formedO9Pth an armpart 6 and a coil support nmenber 7, supporting a flat
coil 10, in one piece, and is rotatably held by a rotary shaft 9 planted on

the baseo§ tﬁ@eoéhé@ £9h4, 10¢ fOL Mo id wlq% GQlel B0 5( h:%rl@hﬂéf bei)sthis is
called a wth a

on a p r
hol di ng bPaFebfferg %a@né?nﬁgpglﬁ%éi f?lndle fmﬁcnp(F CrlgFg aga%ag et 19
fixed onih Hewstosstidter teaghekvenop dPﬁ@bb?I&t ati1xhe) gorg) dhereirs etheéhe
magnet uptéelb Hadlki xeds@nilddie basee 3 sucth thatew herbbaeémcaidculB i aservenes
bet ween a,pahks Of stator magnets 13 and 19. In addition, in Figure 1, a
princi pal part of the upper stator magnet holding plate 11 is shown with
being partially cut away, and its outline is shown by dashed lines. [0019]
The arm paPe86E has a plurality of suspensions 18 that are di sposed with
| eavi ng spaces respectively and are connected to the coil support nenber 7.

Each SUSRe@r%léSbQﬁ @,a%ll e&o@flfl(cﬁegtar%fl)llrr@aw e nReadf seannikpg a
recordin i xed on

surf en
t he baseggapstﬁﬁgnéﬁfsﬁeﬁl 9§hFﬁb%f@ ﬁlﬁﬁ?@e% |ﬁafﬁ89tﬁﬁeﬁéﬁt of the
‘arm part Feri sxphakod woent hé a meghgnisng 1230@:9}5@;9?18%5@9*5%%@& k@ taBttat or
arm 8 i spuatpasieet apded heres|mgler e 2hppanes maat Mopmmoivenpelravere ecetdeng

surfaces gt;the &if S@le\meerm& aq;taliqt Ok oar SR &1l S nle%eegl Méé}eraeteat kgg in
t he dlre%tlon own by an cylindrical shaft

sh r.0 [ Figure

31 made of "SEAT hiEss S| and Wlegﬁ eghe r#ﬁ%eqoég%ge refsurebo ompart 32
t hat for H§P&Sbhdtt fn §91F<f%13€‘@hﬁ§r ttoofSetthéNgpPRE ECHBRDIP I SENd e $tsEPERed on
t he baset8mpériterdatd déskighéewetdar Fiiger eptldmum Rerltdeersvppesihbe tdhaft 31
fixedly hakdg¢r %%QeBE!aY?né n&l@rhm&:eéen?;%%a%uge39awe¢/e@tmerssof .beamnings 33
and 39 Wbl S 00,3, P CLEN DL, Spage 1D 105 LR Ehane B8,
central axis’'3

temperature

[0009]

An object of the present invention 1s to provide a bearing
mechanism that always maintains stable operation in spite of a
temperature change by suppressing a change of pre-loaded
pressure caused by the temperature change when a pair of
bearings where ceramic balls are used in the bearing mechanism

is disposed.

{0010}

(Summary of the invention]

A bearing mechanism of the present invention that has a first

bearing and a second bearing disposed at different positions in
an axial direction, each of the first bearing and the second



~ Therhub 9 made of stainless steel is approxinmately cylindrical, and the
flange 4a is formed near a |lower end part of its outer cjrcunferential
surface 4b. As described above, the plurality of disks Zd {EZQBQter hol es
fit with the outer circunferential surface 4b are placed on e hub
the other hand, in its cylindrical inside, a stator coil housing 36 and a
sl eeve housing 35 are formed, both housings which are separated by a
protrusion 9d, protruding froman inner circunferential surface to a
central part in sone extent, and have inner dianmeters different from each
ot her. [0023] The protrusion 9d holds the outer race 39b In one piece with
an inner circunferentlal surface 9f that is forned by an end of the
protrusk&mr&dgamdvﬁﬁgtaﬁtth@rthd@eouﬂennﬁaﬁeraeb,oﬁnaheOtE&ﬂdrmhiﬂk Rot or

magnet s 34,318 .di. Sposgd, 4Qn r?dldllﬂ efth%' fl%%&efr%%isa'ofsLHot%CE‘th%e rdde
stator %$I| hou5|g 6 facin bot t om 2003 9 [0024]
0

In a ceft¥E " galrP %t engeH8P oﬁ??)’alrrig Ky aﬁ' c%iiﬁaﬁ&% éﬁpaﬁ%*fﬁq drRRG7 part
32a is fandhed, sthpownelng paenb8Rahpltdinadiing apwer draoes sappdrtthngitche shaft
31. A prﬁd&ttermd’ﬁdugmﬁmﬁrtl@é S&¢ endrBpdeihg3%n Waer xS BL I s§PdtSca2B are

wound, Eh(a% 'rxe‘JJh%frgkﬁpQS%Qei‘hcfeP&?é dim n‘é%'rsek féi&fr@ﬁte”éda%! shirection

in an outer cCi erenti al gb(ﬁ%g ”% IS Cg art

Fur t her not% Yt parts orfe o?lée b §afa‘&%saﬁﬁcﬁhreot%‘?c%net 37.
(0025] A@@Ire@@e Qasrrad@ ofi fflegpnhunfian appredxi aeeficieplti ndfi chineand a

f1 ange @Qaain?slfoﬁr Qﬁd tilrfé iltrﬁuelrowaE;egndnaalthe Antedt eac@§¥cmﬁleﬂtﬂra4
surface Qf, 4N I»afé b@fgaebale Vel RAL f%ﬁEhﬁ Lpng

C|rcunferent|a sur ace % the ongi n to t eev hou3|ng 35.
The IomEﬁ‘%u??%%%dopeﬁﬁéngléﬁﬁe @Hﬁ“&oﬁ?aé?% $5- 3 Yup et (&6 f BRRPYH t he
pr ot r usivgrer®dhyvoforiehd chded Opr Jdmirsiseeve 4P0pw ¢ kdiemenj bphhsthei ngndonded i s
fixed | nsddde drle gleeava 1haYSLAYL S5ad Bdeudeb b3+h[ BAR6 ut & t her sl gave 40,

an outer c n er. 90 i,ng ece is
f or med £¥&§ ?ogg%ﬁ% g)1‘aaC| 3 %quggiﬁh %%Q gﬁgsgr&?ﬁf §§Q?ép3§ggTﬁ%s out er
race hol%ﬁqﬂfqﬁﬁﬁBQP iﬁﬁmﬁaé aﬂa?nﬁ@P erdf ﬁﬁanF%r YigeBone ext ent |
and hend@ﬁﬁﬂsrﬁﬂWérl@lﬁcahﬁ@ghﬂﬁ|Qﬂth§uﬁﬂéé@r%@MFﬁﬁmsat@hangéugeratlo

ci rcunf esentaraltheur f acetoHicd heecauten riacer33bacEur tder rDr @ enpe s epped
surface 40g formed due to difference of inner dianeters contacts to a | ower
end part of the outer race 33b. [0027] Figure 9 is an enlarged view show ng
a principal part of the bearing mechanismin Figure 3. Each of a pair of
bearingst®@31]l 1 .1 ~ FEB 2GC~: 0 and 39 used in this enbodinent is a
deep-groove ball bearing, and first, a nmethod for applying a pre-|oaded
pressur epf ot fiese Rea, ntnggnsgem@%hwtl knbes descrided. LA addi Liog, a
Cross- sectlon of on ? H)half of th ({IQQ nec nlsn1| s own in
Figure 4 "t or Il?|cat|on Phe AW ng, eac |nner i arfetér of° gr ooves
33c and %ﬂﬂPq%%&‘%}éeFGWh%deHH%he i nner and outer races 33a and 33b of the
bal | bearing 33, sandwi ch the ceram c ball 33e, and have circular arc
Cross-seth i a$ diorsetitt @ahepa hbhd |hdtaraer shhap an I&aaeerofdis@%mésaf t he

ceranic ball) 35g & addLLhon.. SAGR.bODel, YIAPLET 0f, gigoves 34c and 34d

that are forne ner an races a an of the bal
bearing 39, sandwi ch the ceramic ball 39e, and have circular arc
cross-set®Pbnk is set to be a little larger than an outer dianeter of the
ceram c ball 34e.

A spindle motor of another form of the present invention has
the bearing mechanism described above, a bottom part fixedly
supporting the shaft, rotor magnets that are held by the
supporting member and are disposed along a circumference whose
center 1is a central axis of the shaft, and cores that are
fixedly disposed on the shaft and have stator coils wound
around the cores so that end parts of the coils may face the

rotor magnets respectively.



[0028] In order to apply a pre-loaded pressure to bearings in a bearing
mechani sm having this construction, the inner races 33a_and 34a of a pair
of ball bearings 33 and 34 are shifted with a predeteqn)ief BB of I oad
being applied to the inner races 33a and 39a in directions (shown by arrows
C and D) of accessing each other at a predeterm ned reference tenperature
as shown in the drawing. OnMng to this, an axis 33X connecting contacts of
the ceramic ball 33e and an axis 39X connecting contacts of the ceramc
bal | 39e beconme slanted to a plane perpendicular to an axis 31X of the
shaft 31 respectively. Hence pressuresgoccur at respective contacts, and
ball's positions are fixed. In that state, the inner races 33a and 39a are
fixed tgoohgjshaft 31. [0029] If the pre-loaded pressure is decreased by
sone reason, it is possible to keep the pre-loaded pressure constant by
el ongating a distance X between the outer rac ?ﬁb hel d by. the sl eeve 40,
10 F E B 20089%eaR oheobu bl Lt ated 65 RO By LRE RUBSOPC G Xt rary.
i f the pre | chdedogaeigsur mechanhen eaesdribedi salpossi bke botkaep pamd
pre- | oadatk RN §s SHiR otREL afthebYs Pt e Al Nhetbel st ad€er X mabhe tbeariaty
mechani s ofy bhe spiadhe, yotol, 5 ﬁi}ﬁh W1 ELOHLE %n hag ag%aoﬁs”nucér{ on of
keepi ng at_he pre- | gade pressur e ‘of e bearings 3 and 39 const ant eby
el ongat iIRIESr SR Akage BTOT9tk adragvad BT FHHE Ger BRP PO 4 he S s 31X.
[ 0030] Asrdesdriabed alfovbs ehehtcowid icirest thkt| pmeafirgphnsitvirafed he
cer am ¢ il dise 3§1§%ﬁﬂdar§f1§h£\$e seddy ddian tvlitﬁlndOfaxQﬁggi ghestplesusad for
the inn r.ac o] r S a r
assunedq{rhae{:t %g’fih ??l]gp%i so:%ngggx ‘g&elt?%/\sfeeﬁl% he%%f ertq}eacggtg;? ?Plaedrgﬁﬂeszve 40
hol di ng &4 95aied¥ - out er races 33b and 39b and the distance Y between the
inner races in the shaft 31 holding the pair of inner races 33a and 39a are
not changrd.sjThen, if a working tenperature beconmes higher than the
reference tenperature at the tine when the positions of the inner races and
outer races are determ ned, the pre-loaded pressure is decreased as a
t enper atfir& §5 Edvechtt hef ey ™ PLatior ki i tedpEFature Bt omss | over
t han t hespigfddremototrendperntoed alextri bediabovbatt he pekd |ondedrprassure is
: ncreasgshas art eAper apuheré ainbﬁor][eeal kofeteal by, ohbe paeekf | GainelntarOL f
i near expapn n r sle IS at o
st ai nl ess stzéé)l(} Sgiendﬁ%g(?lrg gastfrﬁegqut S%f.nh‘?'ﬁ%rgéfgérkg}f%ﬂfngt ﬁgﬁ\%\grgii%\ga%é
t enper attre beconmes hi gher than the reference tenperature described above,
the relation between the di stance Xr between outer races and the distance
Yr betweptnidie i nner races at the reference tenperature descri bed above and
t he di stance Xh between outer races and the di stance Yh between the inner
races at hef hlcr%g‘ tggggrat Lg]e becones (Xh - Xr) > (Yh - Yr). Hence this
acts on tHeSiHereas *14& pre- | oaded pressure to each of bearings 33 and
39 according as the tenperature rises. 10 FEB 2003 t2 [0032] In addition,
if the woidkimyg 1 emperatuwpe hiecones 4 owerd t dask t el vef enemoey tenperat ur e
descri begnishomentt hgsr ebad | gy hehweennfdia idinst apse Xrifgtaveen gutegnraces
and the disiance Ji-helueen the Jnner, races at Ll f etarence temerature
descri bed above and the di'st ance Betweén fouter “fac&s and the distance Y1
bet ween #heki fiRéYer ac&dgufet Re 1Fow tERfér aEaF O omERs (3¢ 2 xeyndleyr -
Y1l). Henmetéhis wdtem on theimexy dase 29 ¢he& yyueel baded pressure to each of
bearings 33 and 34 according as the tenperature falls. [0033] Therefore,
the diff Bﬁpgﬁ bet ween si ze changes of the inner races, outer races, and
rolling balTs caused by the tenperature change is conpensated by the
di fference between axial space changes of bearings. Hence it is possible to
keep theRprephodded prgssur & approxiitgtel yatenst arst idngpistesl ofatt hea
t enper at greashan@thed 339k 10n with screws on a base 3 of a hard disk

drive 1. Faive disks 2 are stacked with spacers 16 intervening

between respective disks, and are placed on a flange part 4a of

a hub 4 such that center holes of respective disks fit with the

hub 4 of the spindle motor 5. Furthermore, a top clamper 17



I n,addi tion, the coefficient of |inear expansion of the sleeve 40 nade of
alumnumis larger than that of each of the outer races 33b of the bearing
and nmenbers of the hub 9. Therefore, the sleeve 90 is S%LPE?%QGGStorted by
a radial action, but it resides within a negligible ra ans of axi al
correction. [003S] As described above, in this enbodi nent, when a

t enper at ure changes, the di stance between the outer races of bearings is
changed with using the sleeve 90 whose coefficient of |inear expansion is

| arger than that of the shaft 31. Omng to this, a change of a pre-I|oaded
pressure is suppressed, and the change;m ght occur due to such a

construction that each roIIing ball is formed with a naterial whose
coef fi citboabal igieag expansi ohe L0sFEB 200313119 Smlkstethamd hat of
each of er races an races H’%’ﬁe lbeev %rhas ar e of
corrpenséiﬁ%&mf’ﬁé Hlllfs?(erze efrJrX§sz§° tHe T 6195%G b3 s, and

t he i nnelFigaces And a)mlebenaee§a®éusehIE$)ytbherfrm’le é(lﬁekﬁs@nwééiha the
conpensatliepaker 4al Braddet hap, 4t heosliagveo40hand i Hivwoldiskg the
sleeve EATALQN g&d L S B G6E el Bsleapeahlve 0ut Bt EA0ES Al Al |

bear i ngs na ar e equi valent to a supporting nenber supporting
t hese OLHYer h@aé@én to G‘i%"iorFl gure 5 is a cross-sectional view of a spindle
notor 51 showi ng a second enbodi ment of the present invention. The sane
synbol s midil7jbe assigned to the sane conponents in the first enbodi nent
shown In Figure 3, their description will be omtted, and only the
different parts will be described for their constructl on. £(9037] A hub 52
made of At afAFeR St 3BF PFs Hpproplistat By c§li RGP EEE dhd2Bf Pare'52a i s
f or med neapcatl owebeend, panppofting outlet cioidudPer ent Pag BL@Cf%lceaIBﬂZb As
descri begs abovfsard yWwlnnal idy Of relisks sha hoseiceitear diolws fddsewizh the

outer clfeHShentiial ,SUELAGe S, A eobh afet onothie bhange Saa. O the

re
ot her han init grl cal nm% Oa stator coil

sl eeve Housisy aSé’Cé’Ir eWFGPrré‘dStBB?ﬁ ARG hgs iHPER RBvanNi HRRTE d‘?%?'?éclrers

di f f er emadredmledchngt pdetandlaré sepapatedubyt al 5t epped pailt, 53 4 0038]
Rot or megnets Iagiea flixed @a am iannetwed radstber eathat Buldace SPatof the
hub 52 ip,the stator coil housing 57, and face a predeterm ned nunber of
the core nenbers 39 fixedly disposed at equal intervals in the
circunferential direction, the core 10 F E B 2003 14 nenbers 39 around
whi ch theO&t&t or coils 38 are wound. [0039] A sleeve 53 nade of alumnumis
approximately cylindrical. Its outer circunferential surface part 53a one

ot i The A, il}q"ea?%%t%t' R P SRS N g
hﬁ £ gtohép BUY e Lt At er ential % Jhzalo magnggi’) s

wth the circu surface par orns a
pr edet er?r‘i“?‘le@j‘lspacén 58445t ot t 5188 adt o RIHECLRAGr P&Ltc i et al
surface &@eenof sttheohubm&phet holding plate 11 1s shown with being

partially cut away, and its outline is shown by dashed lines.
[(0019]

The arm part 6 has a plurality of suspensions 18 that are
disposed with leaving spaces respectively and are connected to
the coil support member 7. Each suspension 18 has a slider 21
(Figure 1), having a head scanning a recording surface of the
disk 2, 1in an end part.

{00201}

A ramp 19 fixed on the base 3 1s formed such that a tub 20
(Figure 1) in the tip part of the arm part 6 1s placed on the



' [0040] On the inner circunferential surface of the sleeve 53, auxiliary

sl eeves 54 and 55 are nade to intervene, the auxiliary sleeves 59 and 55
which are nade of stainless steel and cover the outer,¢{rcunferential
surface parts of the outer races 33b and 39b of the b19 |F‘EB gognd 39 with
bei ng respectively caul ked with the outer races 33b and 34b. ng to this,
outer race holding nenbers 53d and 53e hol ding these outer races 33b and
39b are formed. The outer race hol ding nmenber 53d has an | nner dianmeter a
little |larger than that of the sleeve 53, is forned in one end of the

sl eeve 53 in such depth that one-third of the total depth of the outer race
33b and auxiliary sleeve 54 is fit, and holds these. On the other hand, the
out er racenghaldivignrenbeacbletdasaan § ninerurdicanetieana thétériderger: t han

that of e %L@&e’rﬁ Jnove é&%@dré&ﬁngh%rur?ﬁgegf oth& 3! &eMg 53 {dh such
depth that t n I

e outer race_39 d auxilirary sleeve 55 are tuylly fi1t, and
hol ds t he¥e. 2REVAET T het B s® tlﬁeahdi?tdé' r g’ Fﬁﬂt&%ﬁagnﬁﬁb;h%3 Leontfit s to
one-t hi rehaof tiyeapuderowikx.cunferential surface of the auxiliary sleeve 55
In the side of a stepped surface 53g, holds the auxiliary sleeve 55, and
forms a RS edst erm ned space 59 so as not to contact to other outer .
circunferential surfaces. 10 F E B 2003 [0041] According to the bearing
mechani sm of the second enbodi nent constructed as descri bed above,
simlarlintoidde f3,rst caypibodirient desty iPedvaalsowd, sthentees f §idainta of
| i near expantsdOnOftHhasteeve 53 (lkubhnga}tt At cdet erinesa apsh sdrance

bet ween s;]\ﬁefa ! Ha kA0S tﬁ%b §9§ f’%t}ncﬂfb@ %Cta%daﬁsas‘ég@%&‘s@ﬁi Ok Mpfher 1S
| arger than_that of thesafs, % stal nl ess st eel etermning a distance
bet ween 1 hef i WiferRdigc e s¥34rdng 304 T Hifcel! i f Fé“%ﬁelﬂ“ﬁﬁete%%r%}fﬁ%

beconmes ¥ gheredlhamalds refspecheceet enper atagss, 136 stactHeomrt e pacr ease of
the pre-épasted ip@SIUr enaceor@itg 1asvihg aeﬁﬁ@d@iéﬂnanreasgmﬁéfiﬁ henavor Ki Rg
t enper at - r r e tenperature, this acts on the
decr ease&%fet (e%)%glr%zl?kg\;\%}édé %%&gggieg%%segc' of bearings 33 and 39 according
as the tenperature falls. [0092] Therefore, the difference between size
changes ©6%0%2%4le i nner races, outer races, and rolling balls caused by a
tenperature change is conpensated by the difference between axial size

changes &fc 1, s] 6eve 33 @Fagiﬁb?é ééeelH%@C!épHoéﬁnaO&fi%}t %‘ ?L%BQIKE‘?P, a

{
pre- | oaded preéss##re appr oxi mat e g?)constant in spite o nper at ur e
I

e
change. 7004%} U tfort® tRETEPLEE B T IEd B PREChED 55° anlitST eeve 53
i s forneetsoutitaendaaaxisdk fetongat i ohs afels sthiriask agevact itbs ofurpdisyeeve 53
may be sobot kliykper for metlosEur tdweitenr e, hdllee space 5S5%ithr mecheby bheesl eeve
53 and a&'%%ﬁl@fé’ré}lt@.giehééﬂaéef Q%P?af}esq:l%%eti? c{rPdM&‘ee the dist Qﬂd! ’fé’l@e .
occurrin en_menbers .havi ng. coeffi.ci.en o] i hear expansion.di ren
from eac t%?]fﬁer}%ana% J]noilrjlcts’e((:‘l.yglmﬁl)rlffo1 IinélanOf)SStiaGtﬁrO(ffg? %Pé%@%r}}gt he
auxi | i ar§°4| ev@seys I 35Inade dfe staffiessPIteelowi v dised ¥ baftering
menber s pepyventddig dhe a adpaltradissbort don, weersedily t Heosl eexe 53namde of
al ;J_m' nunu\la&wf&c&rt thilaG e:;rﬂltrfgf:el itteear g%&@@ﬂﬁi gArt Siha:'sgﬁedfé&?ghg,i rtgﬁal yI
acting o e, er,.r 0 n n addition, e sl eeve
53, auxi F?ggyls eere\?elsa%%geg%dd%%f,ergﬁé EgérhS %}%%gggé'the sl eeve 53 are
formed in one piece with each outer race of the ball bearings 33 and 39,
and are ¢€g@Ew¥hl ent to supporting nenbers supporting these outer races.
Figure 6 is a cross-sectional view of a spindle notor showing a third

enbOdinE@BeO£r$@Pu£ﬂ§§Qﬂﬁhk@&gnEﬁé”huter race 34b 1n one piece with an
inner caircumferential surface 4f that 1s formed by an end of
the protrusion 4d and contacts to this outer race 34b of the
bearing 34. Rotor magnets 37 are disposed on an 1nner
circumferential surface 4e of the stator coil housing 36 facing
the bottom part 32.



A spindle notor 71 shown here is an inner rotor type. R hub 73 has a center
shaft 73a, and bearings 33 and 39 having the constructjion descri bed above
are fixed to this center shaft 73a. A bottom surface‘]pBrFE‘gZ[][}aed on the
base 3 of the hard disk drive fixedly supports a cylindrical sleeve 79 nade
of alumnum In this sleeve 79, the outer races 33b and 39b of the bearings
33°and 34 are fixedly disposed at a predeternined distance. In addition, an
outer circunferential wall part 73b of the hub 73 fits with the center

hol es of the disks 2, and holds three disks with the spacers 16
intervening. [0096] On an outer circunfgrential surface of the cylindrical
sl eeve 79, a predeterm ned nunber of cores 75 and stator coils 76 wound
around th&md4re disposed at equal Intervals in the circunferentia
direction. On an inner circunferential surface of the outer circunferenti al
wal | pari_ 73b e 73, tar n 74, are (i t 1 t4 ons
near to #%eés?é§%#4¥xﬁ%€§ 7 ﬁﬁgthgg?ﬁgsé e %%hl%wégﬁyﬁagggggr%§§€%%%veIy.

n 1 U FEBRYGRArt 1323083 7Eo0Aneesslife"Bat BBFFNG279 PESFIUAERS PRYFTY%ed to

t he hub 7@ byuppdittange tger tsiyBt ofl.a sat psedeve7Bindy eadebzonnettedram th a

femal e sga@3d350r e i) acgept ercasinaf t spardre’3aoghat hafubsi3eaAp out er
C|rcunfeéent|al Qirt of .t ressur§rgﬁh has, a shﬁpeégurV|ng

79 he [-spring,79.

toward a st rcfsaeéie 0 ’“at%ueaqdi.l%_erﬁas% as to pr.efses etnﬁég%n%éfﬁ%tsjton

ci r cunf e?efy af ipamfofentialdisskfage oOfi ddiito ¢4t alt HelhrRar i 3%%- 2 are
sandw chedrtherraespramgerd aadta 41 aegeh 78cré omemtlern 38 | fansys eaakcipart of
the outef, &by GuuEferenyi al surface 73b of the hub 73, and rotates with the
hub 73 in one pi‘ece. [0098] According to the bearing nechanismof the third
enbodi ment constructed as descri bed above, simlarly to the enbodi nents
descri belO%bvlhe, the coefficient of linear expansion of the sleeve 79
(alum num that determ nes a distance between the outer races 33b and 39b
is largex thasvd ha 9fad her centemushakt apakbx e {15t alyligssisheel dng
deternlnlnqﬂgng%stggcei%etg@qﬂaﬁhgnlqﬂ%r %gﬁgé 33a %%It39a. anggtelf a
wor ki ng ?errper atur e f'i‘)ecorres i gher than the reference térrperAélt ure, this
acts on FHECHhEGeaddadt sphéape ef ol PrEWS I P2aCOBaFRY e Bhéower
t enper atpaet r icgesthd f ihherwankicngfteaperal user beconds |owerhe hamkt hé
{ efer eﬂcﬁei@ﬂi@ﬁ{_ At gmé hélseeifset SR 1hihe sdecr egse l@fﬂe‘th@upif&f:é o?éedhagigfur e
0 eac r S an c e te r r
Thereforgiagig %??fé?bﬁgégbg?mggH%%%%quqgﬁEgs?%fg@%éﬁ%ﬁﬁgflggczg,Lguter
races, ahber&MPi g bafPe E48%¥Y HY HlFﬁnﬁBFg?uﬁBlE%%nB%lT% Bondthsated by
t he diff &éieadelbsitdredheaxiliatvsirmaischgngesodbftiichdudl deve 79 and center shaft
part 73a that serve as conpensation nenbers. Hence it is possible to keep a
pre-load§gogg§ssure approxi mately constant in spite of a tenperature
change. In addition, this sleeve 79 and bottom ~ p F ~ B 2003 surface
part 72 are formed with each outer race of the ball bearings 33 and 34 in
one pi ecén &hd sheesappbrt rngonkaberscsupptiniondieathese 40t doldavgsan] 0050]
Furt her nerueer akhboughb Woi denes Usilecas i'sugpensd at owepositand "daehhgnithare used

in the dgagriptian of.gach, enbedi yente descri bad abgye.r t hese afgqusgd for
t he sake o Ther ef or,e hese.do not. |im he

f.con i ence. t t t absol ut
positionQFmP8Fa¥§§n§aﬁhéﬁ énﬂFFyglﬁgeE%%dﬁorﬁﬁ%ffrﬁﬁré@v@?ﬁeaﬁfﬁsagh bal I s
are usedaad rkgidngibal lifegr alpe@ies§ntadt hSVErbodi momtacdescid béd above,
the rol |l bngebal |siat@feoentim t edutbaddesef buthet heoutadd | ngabal | $3ban be
CorrposedFertBQHngfé,- a stepped surface 40c formed due to difference of
inner diameters contacts to a lower end part of the outer race
33b.

[0027]

Figure 4 1s an enlarged view showing a principal part of the
bearing mechanism in Figure 3. Each of a pair of bearings 33



[00%2] In addition, a material, having a coefficient of thermal expansion
| arger than that of a shaft determ ning a distance betmeen i nner races, is
used as a nenber changing a di stance between outer c-&;ﬂfgazﬁgugnbodl ment s
descri bed above so as to conpensate the difference bet hanges
caused by a coefficient of thermal expansion of each rolling ball being
snal | er than each coefficient of thermal expansion of the inner races and
outer races. Nevertheless, on the contrary, if a coefficient of thernmal
expansi on of each rolling ball is |larger than each coefficient of therm
expansion of the inner races and outer jpaces, it is possible to constitute
a bearing nechanismin which a material having a coefficient of thermal
expansi oanamall esetihan tthat ehpadshait deteratdp-rgoavedi shanceebeingen the

inner ra e r i t ces.
fl [OOSSER?Agéa%?aqﬁg&B Oge%%g éﬁfﬁﬂ#? r@ §Lg%&%I%%%%§E%cg?d?%8£§o t he
present PARZEAREYDN 5%5¥|ﬁ nﬂ&hﬁnﬂ§ﬁ1éﬁ§ﬁ§é§e?elathb t1B8Bsi tfons of

i nner r acessansleouter crhccaslybya chesfityi regt fa. o stﬂ@ndeatmnweewcmne:ﬁmraees with

using a ¢aBRENSAtE YL EAbesr NG fa ceegbhi ci ent of thermal expansion
different fromthat of a shaft determ ning a di stance between inner races.

OnM ng to this, the bearing nechani smconpensates the difference between
si ze chafgeshEndedvbabt iGrhwifRch FRafdiedt e JEAANYR Tife ¥6 Sdenthat
const r uctirenfohatd eachthrenlinneg badl| clteesr araceef Biei @md IJfb tdfertiml bekpansi on

smal | er b@aplﬁeclzscoesfaw%ent Ak k@@am sxpanskon ahdi MAGe rages1anpd outer

races. Theref%oss %10 éx§%l%e K?eQ1%UR&ﬁelq%%§% Pt %ggu ﬁ uter
apprOX|nafer cons an f Th enpe ef

Descri pt PéAM8Fe¥ he foridha n@%rariﬂtcgu]i’%lli Ps€a top” VF%W-BJFO% hﬁ‘?‘ﬁh dit§Rerdri ve
show ng @1&me5trenﬁo@mneneSoB4thenprégénthﬁhvenE|6n;m5dgmnet2e|3naar

expl oded aper sReEL & ckisewsshaMdn® 4 R r&iaoadamarﬁeaqflng har d GinskiicHri ve;

Fi 3 I I
DEVot F gt'aur%e%le%r %ls %eﬁi 318, ‘é!nSWhQLe &P&&Eja! e ot Oérnocsis %%%918{3 O?QGX I ne

beari ng ﬁ@&héﬁl§ﬁ1ﬁa¥%t?%ﬁfiiﬁﬁﬁé §ha?|©%r%FQ?r Qlém%F%%sogé%Fi6ﬁéPm%Fem1of a
spi ndl e iefldr 3¢howi ng a second enbodi nent of the present invention; Figure
6 is a cross-sectional view of a spindle notor showi ng a third enbodi nent

of the Prgsess i nvention; and f 10 F E B 2003 20 Figure 7 is a

Cross- sectlonal view of a conventional spindle notor used in a hard disk

drive.
In order to apply a pre-loaded pressure to bearings in a

bearing mechanism having this construction, the inner races 33a
and 34a of a pair of ball bearings 33 and 34 are shifted with a
predetermined amount of load being applied to the inner races
33a and 34a in directions (shown by arrows C and D) of
accessing each other at a predetermined reference temperature
as shown in the drawing. Owing to this, an axis 33X connecting
contacts of the ceramic ball 33e and an axis 34X connecting
contacts of the ceramic ball 34e become slanted to a plane
perpendicular to an axis 31X of the shaft 31 respectively.
Hence ©pressures occur at respective contacts, and ball's
positions are fixed. In that state, the inner races 33a and
34a are fixed to the shaft 31.

[0029]

If the pre-loaded pressure 1is decreased by some reason, 1t is
possible to keep the pre-loaded pressure constant by elongating
a distance X between the outer race 33b, held by the sleeve 40,



[ Description of synmbols] 1 ... Hard disk drive 2 ... Disk(s) 3 ... Base 9

Hub 9a ... Flange 4b ... Quter circunferential surface 9c ... Inner
circunferential surface 4d ... Protrusion 9e ... | ; rentia
surface 9f ... Inner circunferential surface 5 n‘EchEBCZG()sr 6 ... Arm
part 7 ... Coil support menber 8 ... Actuator arm9 ... Rotary shaft 10
Flat coil 11 ... Upper stator magnet holding plate 12 ... Lower stator
magnet hol ding plate 13 ... Upper magnet 19 ... Lower magnet 15 ... Magnet
unit 16 ... Spacer 17 ... Top clanper 17a ... Screw 18 ... Suspension 19
. Ranp 20 ... Tub 21 ... Slider 25 ..y Index line 31 ... Shaft 32
Bottom part 33 ... Bearing 33a ... inner race r 10 FEB 200 21 33b

outer rage; 336 sute® FQYE 320 herd BPMR 338 4. GRr A CcHA a9 ir -

Bearin o
9 the pre-loaded pressure is increased, it is possible to keep

the pre-loaded pressure constant by shortening a distance X.
The bearing mechanism of the spindle motor 5 shown in Figure 4
has a construction of keeping the pre-loaded pressure of the
bearings 33 and 34 constant by elongation or shrinkage of the
sleeve 40 in the direction of the axis 31X.

[0030]

As descraibed above, each coefficient of linear expansion of the
ceramic balls 33e and 34e 1s smaller than that of bearing steel
used for the inner races 33a and 34a and outer races 33b and
34Db. Here, it is assumed that both the distance X between the
outer races in the sleeve 40 holding the pair of outer races
33b and 34b and the distance Y between the inner races in the
shaft 31 holding the pair of 1inner races 33a and 34a are not
changed. Then, if a working temperature becomes higher than
the reference temperature at the time when the positions of the
inner races and outer races are determined, the pre-loaded
pressure is decreased as a temperature rises. On the contrary,
if a working temperature becomes lower than the reference
temperature described above, the pre-loaded ©pressure 1s

increased as a temperature falls.

[0031]

Actually, the coefficient of linear expansion of aluminum used
for the sleeve 40 is larger than that of stainless steel used
for the shaft 31. Therefore, 1if the working temperature
becomes higher than the reference temperature described above,
the relation between the distance Xr between outer races and
the distance Yr between the 1inner races at the reference
temperature described above and the distance Xh between outer
races and the distance Yh between the inner races at the high
temperature becomes (Xh - Xr) > (Yh - Yr). Hence this acts on
the increase of the pre-loaded pressure to each of bearings 33
and 34 according as the temperature rises.



, 34a:... inner race 39b ... outer race 34c ... Goove 39d ... G oove 34e .
Ceramic ball 35 ... Sleeve housing 36 ... Stator coil housing 37 ... Rotor
magnets) 38 ... Stator coils) 39 ... Core nenbers) 904 .. Sleeve 40a ...

Fl ange 40b ... outer race hol ding nember 40c ... St e‘loﬂeEEBrZG&& 51 ..
Spindle notor 52 ... Hub 52a ... Flange 52b ... Quter circunferential
surface 52c ... Stepped surface 52d ... Inner circunferential surface 52e
I nner circunferential surface 53 ... Sleeve 53a ... CQuter
circunferential surface part 53b ... Quter clrcunferential surface part 53c
I nner circunferential surface 53d .12, outer race hol ding nenber 53e ..
outer race holding nenber 53f ... Stepped surface 53g ... Stepped surface
59 ... Apxpijjary sleeve 55 ... Auxiliary sleeve 56 ... Sleeve housing 57
... Stator coil housing f, 10 F E B Z003 22 58 ... Space 59 ... Space 71

Spindle nmotor 72 ... Bottomsurface part 73 ... Hub 73a ... Central
axi s parfn addition, if the working temperature becomes lower than the

reference temperature described above, the relation between the
distance Xr between outer races and the distance Yr between the
inner races at the reference temperature described above and
the distance X1 between outer races and the distance Y1 between
the inner races at the low temperature becomes (Xr - X1l) > (¥r
- Yl). Hence this acts on the decrease of the pre-loaded
pressure to each of bearings 33 and 34 according as the
temperature falls.

[0033]

Therefore, the difference between size changes of the inner
races, outer races, and rolling balls caused by the temperature
change is compensated by the difference between axial space
changes of bearings. Hence 1t 1s possible to keep the
pre-loaded pressure approximately constant in spite of the
temperature change.

[0034]

In addaition, the coefficient of linear expansion of the sleeve
40 made of aluminum 1is larger than that of each of the outer
races 33b of the bearing and members of the hub 4. Therefore,
the sleeve 40 is slightly distorted by a radial action, but it

resides within a negligible range by means of axial correction.

[0035]

As described above, 1n this embodiment, when a temperature
changes, the distance between the outer races of bearings 1is
changed with using the sleeve 40 whose coefficient of linear
expansion is larger than that of the shaft 31. Owing to thas,
a change of a pre-loaded pressure 1s suppressed, and the change
might occur due to such a construction that each rolling ball

is formed with a material whose coefficient of linear expansion



73b.... CQuter circunferential wall part 73c ... Flange 73d ... Fenmle screw

79 ... Sleeve 75 ... Core(s) 76 ... Stator coils) 77 ... Rotor magnets) 78
. Set screw 79 ... Pressure bar spring 10FEB 0@3 éécm ME: A
beari ng nmechani sm conprising: first and second beari Ei at

different positions in an axial direction, each of the bearings having an
inner race, an outer race, and balls, wherein the balls have a coefficient
of linear expansion that is different froma coefficient of |inear
expansi on of the inner and outer races; a shaft holding the inner races of
both bearings in an axially separated maginer; a supporting nmenber for
axially separating the outer races of the bearings, wherein, as a

t enper at use sph11Be bgeani BapEBPEerachangesinnthe raupporhingurerbernckas a
conpensati,gn g 621{5@\?% E@a{f}9§saar9 St BPCELMGINEAN & RULEMs A-3CR8el N @
changing ratio that ditfers froma c Ing ratio of di st ance between the
i nner r ab&&Vesme? S FIHRYne &R 68?2?“?2% Sf %ﬁﬂj}Wﬁ THETheAFrigs are
fixed i naad axicak| yashsf tedsedanner thevmerle sxrgars-iovaded preymarsatapa
appl i ed hekween the inner races and the balls and between the outer races
and the balls; and wherein the supporting nmenber is free of contact with
the inner races. 2. The bearing nechanjsm according to claim1l, wherein the
coef fici Rt 26F1Fi plear bl pHifsivEn 487 apReP BRI f sRe L uHAI ther SiRayet HE are
coeffici dotrmefl | imeameexpanse orwidgh t hespanerveandudeter raaees,ofandatlhe
conpensatieani ABHLEE LianBde ehaaapat eghabaltad NG a cogifdaiient riudeirnear
expansi on, thg% Is Ia&g%rot ap ﬁﬂ%g@fflClent of linear expansion of the
shaft. 3.°"Fhe bea i hg mechani sm according to claim1, wherein a distance
between the inner races of the first and second bearings is snmaller than a
di st ance [9éBwden the outer races of the first and second bearings so as to
apply pre-loaded pressure. -24- 10 F E B 2000 4. The bearing nechani sm
accordi ng 9,6l A mL Yhenell Lhe dONar and, ouler T agss Ale fBde: Ofpearing
steel and t’he ball s are céramc. 5. e bearing nech nlsnlaccordfn to
claim1, qﬂgyﬁégnatﬁ%c%ﬁ%ﬁ§quglment of the preseht invention. The same

symbols will be assigned to the same components in the farst
embodiment shown in Figure 3, their descraiption will be
omitted, and only the different parts will be described for
their construction.

[0037]

A hub 52 made of stainless steel 1s approximately cylindrical,
and a flange 52a 1is formed near a lower end part of its outer

circumferential surface 52b. As described above, a pluralaty
of disks 2, whose center holes fit with the outer
circumferential surface 52b, are placed on the flange 52a. On

the other hand, in its c¢ylindrical ainside, a stator co1l
housaing 57 and a sleeve housing 56 are formed, both housings
which have inner diameters different from each other and are
separated by a stepped part 52c.

[0038]

Rotor magnets 37 are fixed on an inner circumferential surface
52d of the hub 52 in the stator coil housing 57, and face a
predetermined number of the core members 39 fixedly disposed at

equal intervals 1in the circumferential direction, the core



madé of stainless steel and the conpensation nenber is nmade of alum num 6.
A spindle notor, conprising: a bearing nmechanism having first and second

bearings di sposed at different positions in an axi al [ ach of the
beari ngs having an inner race, an outer race, and balfg,r Fﬁu@%[lmn@t he balls

have a coefficient of |inear expansion that is different froma coefficient
of linear expansion of the inner and outer races; a shaft hol ding the inner
races of both bearings in an axially separated manner; a supporting nenber
for axially separating the outer races of the bearings, wherein, as a
tenperature of the bearing nmenber changgs, the supporting nmenber has a
conpensati on nenber that changes a di stance between the outer races in a
changi ngnémbd 105 t3at rdiuhé eksidit aMea sehasgi Ol ratigoa@t @cdhet ance bet ween the
inner races; a bottompart fixedly supporting the shaft; rotor magnets held
by the sug&orting menber and di sposed al ong a circunference whose center is
a central®%Xik of the shaft; cores fi xedly di sposed on the shaft and havi ng
stator coils wound around the cores so that end parts of the coils face the

rotor magngetsevd esPakideVelry aluheneh nid pprinena 880y aufeimdraeas. of reach of
the bearings are fixed g;an é{ﬁh%&é’ éQkEtEQa NBRNEL d“‘g?rﬁi?&’cr?gﬁ'é ogded
pressures. are apﬁflef between the rnner races and t%e al I's"@and bet Wween t he

outer raftRMeNRE t -l | amndiather ki He 1B =i 0pp3Iodmed with an

inner circumferential surface 52e of the hub 52 to be in one
piece with the hub 52. The other outer circumferential surface
part 53b forms a predetermined space 58 so as not to contact to
the inner circumferential surface 52e of the hub 52.

[0040]

On the 1inner circumferential surface of the sleeve 53,
auxiliary sleeves 54 and 55 are made to intervene, the
auxiliary sleeves 54 and 55 which are made of stainless steel
and cover the outer circumferential surface parts of the outer
races 33b and 34b of the bearings 33 and 34 with being
respectively caulked with the outer races 33b and 34b. Owing
to this, outer race holding members 53d and 53e holding these
outer races 33b and 34b are formed.

The outer race holding member 53d has an 1inner diameter a
little larger than that of the sleeve 53, is formed 1n one end
of the sleeve 53 in such depth that one-third of the total
depth of the outer race 33b and auxiliary sleeve 54 is fit, and
holds these. On the other hand, the outer race holding member
53e has an 1inner diameter a 1little larger than that of the
sleeve 53, 1s formed in another end of the sleeve 53 1in such
depth that the outer race 34b and auxiliary sleeve 55 are fully
fit, and holds these. Nevertheless, the outer race holding
member 53e contacts to one-third of the outer circumferential
surface of the auxiliary sleeve 55 in the side of a stepped
surface 53g, holds the auxiliary sleeve 55, and forms a
predetermined space 59 so as not to contact to other outer
circumferential surfaces.



the supporting nenber is free of contact with the inner races. 7. A spindle
nmot'or, conprising: a bearing mechani smhaving first and second beari ngs
di sposed at different positions in an axial direction rﬁafhggi b e bearings
havi ng an inner race, an outer race, and balls, wheref' t D have a
coefficient of linear expansion that is different froma coefficient of
| imear expansion of the inner and outer races; a shaft holding the inner
races of both bearings in an axially separated manner; a supporting nenber
for axially separating the outer races of the bearings, wherein, as a
tenperature of the bearing nmenber changg t he supporting nenber has a
conpensati on nenber that changes a di stance between the outer races in a
changi ng @@41]0 that differs froma changing ratio of a distance between the
i nner races bottom part fixedly supporting the supporting nenber; rotor
magnet s bei ng heI d by a holding nenber forned on the shaft in one piece and
di sposedhatordinthetei tdenflesaricw iwdardent evf | §ha ceserdl epbcdinenthe
shaft; cesestilwdedar ead i x@ed o iietipos@dven thk&mih]af:j_[y ando havaest &iestcoils
wound ar Qﬁiﬂ‘éjdfrﬁleentc%% \A%Bebhéﬁoﬁ@d B LR 5&9&9%%%!‘@6 Eahgﬁoﬁm or

magnets res ectlve erein the inner and outer races o

bear i ngs®ar ENEi §eﬁeY‘?1 ah SBFEH hithesg @ Frﬁﬁﬂ&lrne%?er%]bvaﬁ’rcg G&leg”
pressur eShar eubppl Fadeped Heernd hadkh et Fdeesaaml threpdEldtd canaepbedeen t he
outer rages aaggéhe Hiadd s;trand wier ehe t BRagUPPBIti NgramiIRers | Stepaged

radial Iy QPé‘:ExBJhrHrﬁi“ Lhe;isROREeT %%%%eéHC*EhEhal%n%@e &%Eoriéanga%”'@% is free
of cont act W t e

I nner races, . drive, CO r.sin
ence, a working temperature ecomes highe m)than g
reference temperature, this acts on the 1increase of the
pre-loaded pressure according as the temperature rises. If the

working temperature becomes lower than the reference
temperature, this acts on the decrease of the pre-loaded
pressure to each of bearings 33 and 34 according as the
temperature falls.

[0042]

Therefore, the difference between size changes of the inner
races, outer races, and rolling balls caused by a temperature
change 1s compensated by the difference between axial size
changes of the sleeve 53 and shaft 31. Hence it 1s possible to
keep a pre-locaded pressure approximately constant in spite of
the temperature change.

[0043]

In addition, the space 58 formed by the hub 52 and sleeve 53 1s
formed so that an axial elongation and shrainkage action of the
sleeve 53 may be smoothly performed. Furthermore, the space 59
formed by the sleeve 53 and auxiliary sleeve 55 1s formed so as
to reduce the distortion occurring when members having
coefficients of linear expansion different from each other are
jointed.



1 O FEB 2003 -26 a spindle notor having a bearing nechanismwth first and
second bearings disposed at different positions in an axial direction, each
of the bearings having an inner race, an outer race, and balls, wherein the
bal | s have a coefficient of |inear expansion that i S‘Pﬁ ﬁgﬂ?gﬂgom a
coefficient of linear expansion of the inner and outel °r X haf t
hol’di ng the inner races of both bearings in an axially separated manner; a
supporting menber for axially separating the outer races of the bearings,
wherein, as a tenperature of the bearing menber changes, the supporting
menber has a conpensation nenber that ﬁ?anges a di stance between the outer
races in a changing ratio that differs Troma changing ratio of a distance
bet ween tMHE4dilnner races; a bottom part fixedly supporting the shaft; rotor
magnets held by the supporting menber and di sposed al ong a circunference

uhose caplflodet @ GENULRL: @S Ol dRR S Langos8s lsedly dianpsed on the

shaft an avi ng s at or §:moun ound fhe cores so parts of
the coi |94cedtfe $t%r aﬁaglﬂ‘é‘?%erltné‘sp’é‘é‘f‘ki’?f”eﬁ yPIEVER S heltd by afiidt ary
part of distcsyyiind, e cmtsed amg rtbeatdilegvei tIB t hede obdr yalparihum offe g3 ece; an

act uat orcadfikqledicng ra 1hgad - SeaApMh bR FLCNdenNd rsUhf a¢eeOf 1} ha-tdi
wher ei n thq%lnner and_out k)rafc% L? gghof the bearings are fixe |n an
e oa

?] telr race
axially s manner, er 6b y pre pressures are applied between

the i nner races and the balls and between the outer races and the balls;
and wher gdgu5]

In addition, the sleeve 53, auxiliary sleeves 54 and 55, and
hub 52 holding the sleeve 53 are formed in one piece with each
outer race of the ball bearings 33 and 34, and are equivalent
to supporting members supporting these outer races.

Figure 6 is a cross-sectional view of a spindle motor showing a
third embodiment of the present invention.

A spindle motor 71 shown here 1s an 1nner rotor type. A hub 73
has a center shaft 73a, and bearings 33 and 34 having the
construction described above are fixed to this center shaft
73a. A bottom surface part 72 fixed on the base 3 of the hard
disk drive fixedly supports a cylindrical sleeve 74 made of

aluminum. In this sleeve 74, the outer races 33b and 34b of
the bearings 33 and 34 are fixedly disposed at a predetermined
distance. In addition, an outer circumferential wall part 73b

of the hub 73 fits with the center holes of the disks 2, and
holds three disks with the spacers 16 intervening.

[0046)

On an outer circumferential surface of the cylindrical sleeve
74, a predetermined number of cores 75 and stator coils 76
wound around them are disposed at equal intervals 1in the
circumferential direction. On an inner circumferential surface
of the outer circumferential wall part 73b of the hub 73, rotor
magnets 77 are disposed at positions near to the stator coils
76 with facing the stator coils 76 respectively.



10 F E B 2003 -27 the supporting nmenber is spaced radially apart fromthe
i nner races such that the supporting nenber is free of contact wth the
inner races. 9. The hard disk drive according to claim@8, conprising a ranp

on which an end part of the actuator armis placed at im0 wher e t he
head noves out of a recording surface of a disk. 10. la%fg%lzggjdg?l ve,

conpri sing: a spindle notor having a bearing nechanismwith first and
second bearings disposed at different positions in an axial direction, each
of the bearings having an inner race, an outer race, and balls, wherein the
balls have a coefficient of linear expgpsion that is different froma
coefficient of linear expansion of the inner and outer races; a shaft

hol di ng [Dbe7inner races of both bearings in an axially separated manner; a
supporting nmenber for axially separating the outer races of the bearings,

wherein, as a tenperature, of the beari menber changes, .the_supporting
nmenber ﬁa?rﬁséBﬁﬁeﬁéétFE%FW%HH%FQFh§ESE%aﬁ§e léF%i%%gﬁﬁérﬁgﬁxéeﬁetﬁe out er
races i flanghanginty 78¢i @ft hat sditf ferzew r 6¥n dhehafdgierpacdteido witha di st ance

bet ween feh@1knBekekagesa; rarhed t O pacéntdx eclafts waper tizag otthe heupRerti ng
rrenber;7r30torA .Qﬂﬁk& qgk%%m&%&gngyaﬂ %?%@'W@a”e eEhgo qggsﬁ?etQ%rShaft In

one pi ece and |sgosed a g the circu ence ose ce ter,li_% central
axi s of SPHé"ghaftPag ot e ARFACIEVE ] F(%‘ﬂ?’)f{(ﬁ SPIS8E°oft t 1 sHeft “ari@ have
stator @i lt® woassd arhmunidinelrgosdr esrewnfdrgntand parts odf thkhe ddgkl € .may f ace
the rot owirggRet Tniespeskl talke aidkskabekagshedwhidned byotarey fafihgof the
Sp'ndle7@029ﬂiqydf£§%§%|Qgcm%gpmé@eln a lower end part of the outer
circumferential surface 73b of the hub 73, and rotates with the
hub 73 in one piece.

[0048]

According to the bearing mechanism of the third embodiment
constructed as described above, similarly to the embodiments
described above, the coefficient of 1linear expansion of the
sleeve 74 (aluminum) that determines a distance between the
outer races 33b and 34b 1s larger than that of the center shaft
part 73a (stainless steel) determining a distance between the
inner races 33a and 34a. Hence, if a working temperature
becomes higher than the reference temperature, this acts on the
increase of the pre-loaded pressure according as the
temperature rises. If the working temperature becomes lower
than the reference temperature, thais acts on the decrease of
the pre-loaded pressure to each of bearings 33 and 34 according
as the temperature falls.

[0049]

Therefore, the difference between size changes of the 1inner
races, outer races, and rolling balls caused by a temperature
change 1is compensated by the difference between axial size
changes of the sleeve 74 and center shaft part 73a that serve
as compensation members. Hence it 1s possible to keep a
pre-loaded pressure approximately constant in spite of a
temperature change. In addition, this sleeve 74 and bottom



, rotiary part in one piece; 10 F E B 2003 -28 an actuator arm holding a
head scanning a recording surface of the disk; wherein the inner and outer
races of each of the bearings are fixed in an axi ally‘iﬁhEEBc?_mner,
wher eby pre-1oaded pressures are applied between the n aces and the
bal | s and between the outer races and the balls; and wherein the supporting
menber is spaced radially apart fromthe inner races such that the
supporting nmenber is free of contact with the inner races. 11. The hard
di sk drive according to claim 10, conprising a ranp on which an end part of
the actuator armis placed at a positi o® where the head noves out of a
recording surface of a disk. .A'Y .AFh, AF39. A, F. Al 2. A. Au& Au
. AaFR. ANBuUPSIengRa il 572 AR ARASTREIRVASE, CAGh. ARderageeeapt the ball
R A3 _$. ASedASirAfs ABD. AnA?&837wxr-$8rae piece, and are supporting members

Q~yt o] eslipfealicr] eakeal sad LaliGrleal cal ca] ca] ca] ca] ca] ca] c(au] c(a] ca] ca] ca]

calca]c”Malcalcal] calcal]chaUc:alJc:alJcRajc(alcalt u qr
[0050]
Furthermore, although words such as T"upper," "lower," and

"bottom" are used in the description of each embodiment
described above, these are used for the sake of convenience.
Therefore, these do not limit the absolute positional relations
when a drive is used.

[0051]

Moreover, although balls are used as rolling balls for a
bearing in the embodiments described above, the rolling balls
are not limited to these, but the rolling balls can be composed
of rollers.

[0052]

In addition, a material, having a coefficient of thermal
expansion larger than that of a shaft determining a distance
between 1inner races, 1s used as a member changing a distance
between outer races i1in the embodiments described above so as to
compensate the difference between size changes caused by a
coefficient of thermal expansion of each rolling ball being
smaller than each coefficient of thermal expansion of the inner
races and outer races. Nevertheless, on the contrary, i1f a
coefficient of thermal expansion of each rolling ball is larger
than each coefficient of thermal expansion of the 1inner races
and outer races, 1t 1s possible to constitute a bearing
mechanism 1in which a material having a coefficient of thermal
expansion smaller than that of a shaft determining a distance
between the inner races is used as a member changing a distance
between outer races.
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Figure 3 1is a cross-sectional view of a spindle motor 5 taken
on index line 25 of Figure 1;

Figure 4 1s an enlarged view of a principal part of a bearing
mechanism part in Figure 3;

Figure 5 1s a cross-~sectional view of a spindle motor showing a
second embodiment of the present invention;

Figure 6 is a cross-sectional view of a spindle motor showing a
third embodiment of the present invention; and
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[Description of symbols]

1 . Hard disk drive

2 . Disk(s)

3 ... Base

4 . Hub

4a ... Flange

4b ... Outer circumferential surface
4c ... Inner circumferential surface
4d ... Protrusion

4e ... Inner circumferential surface
4f ... Inner circumferential surface
5 . Spindle motor

6 ... Arm part

7 . Coil support member

8 . Actuator arm

9 ... Rotary shaft

10 ... Flat coil

11 ... Upper stator magnet holding plate
12 ... Lower stator magnet holding plate
13 ... Upper magnet

14 ... Lower magnet

15 ... Magnet unit

16 ... Spacer

17 ... Top clamper

17a ... Screw

18 ... Suspension

19 ... Ramp

20 ... Tub

21 ... Slider

25 ... Index line

31 ... Shaft

32 ... Bottom part

33 ... Bearing

33a ... inner race
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. Bearing
34a ... inner race
34b ... outer race
34c ... Groove
34d ... Groove
34e ... Ceramic ball
35 ... Sleeve housing
36 ... Stator coil housing
37 ... Rotor magnet(s)
38 ... Stator coil(s)
39 ... Core member(s)
40 ... Sleeve
40a ... Flange
40b ... outer race holding member
40c ... Stepped surface
51 ... Spindle motor
52 ... Hub
52a ... Flange
52b ... Outer circumferential surface
52c ... Stepped surface
52d ... Inner circumferential surface
52e ... Inner circumferential surface
53 ... Sleeve
53a ... Outer circumferential surface part
53b ... Outer circumferential surface part
53c ... Inner circumferential surface
53d ... outer race holding member
53e ... outer race holding member
53f ... Stepped surface
53g ... Stepped surface
54 ... Auxiliary sleeve
55 ... Auxiliary sleeve
56 ... Sleeve housing

57 ... Stator coil housing
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71 ... Spindle motor

72 ... Bottom surface part
73 ... Hub

73a ... Central axis part
73b ... Outer circumferential wall part
13c ... Flange

73d ... Female screw

74 ... Sleeve

75 ... Core(s)

76 ... Stator coil(s)

77 ... Rotor magnet(s)

78 ... Set screw

79 ... Pressure bar spring
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A bearing mechanism, comprising:

first and second bearings disposed at different positions in an axial direction,
each of the bearings having an inner race, an outer race, and balls, wherein the balls
have a coefficient of linear expansion that is different from a coefficient of linear

expansion of the inner and outer races;
a shaft holding the inner races of both bearings in an axially separated manner;

a supporting member for axially separating the outer races of the bearings,
wherein, as a temperature of the bearing member changes, the supporting member
has a compensation member that changes a distance between the outer races in a
changing ratio that differs from a changing ratio of a distance between the inner races;

wherein

the inner and outer races of each of the bearings are fixed in an axially shifted
manner, whereby pre-loaded pressures are applied between the inner races and the

balls and between the outer races and the balls; and wherein
the supporting member is free of contact with the inner races.

2. The bearing mechanism according to claim 1, wherein the
coefficient of linear expansion of the balls is smaller than the coefficient of linear
expansion of the inner and outer races, and the compensation member is made of a
material having a coefficient of linear expansion that is larger than a coefficient of

linear expansion of the shaft.

3. The bearing mechanism according to claim 1, wherein a distance
between the inner races of the first and second bearings is smaller than a distance
between the outer races of the first and second bearings so as to apply pre-loaded

pressure.



('S 10% & ()- (*S 109%& ()- (S 10%& ()- (*S 10%4& ()- (*S 10% ()-
(-yQyyy z+zDzdEYNC 10! S 10%' ()- (S 10%& ()- ( S 10%& ()- (S 10%& ()-
('S 10% ()- (0S 10% ()- (DzczzzzzzzzbC 10! @10& &)-1’90 &hgg 100 () -
109 109 10g°S 10%& ()- (S 10% ()- (22{D{of {{dEbC 0 é% 0

101 310%8& ()-m *310%& ()-m 3109 ()24n " 310% ()- m " 310% ()-m 310%& ()-m
{{'IAP||]|dEbC

4, The bearing mechanism according to claim 1, wherein the inner and

outer races are made of bearing steel and the balls are ceramic.

5. The bearing mechanism according to claim 1, wherein the shaft is

made of stainless steel and the compensation member is made of aluminum.
6. A spindle motor, comprising:

a bearing mechanism having first and second bearings disposed at different
positions in an axial direction, each of the bearings having an inner race, an outer
race, and balls, wherein the balls have a coefficient of linear expansion that is

different from a coefficient of linear expansion of the inner and outer races;
a shaft holding the inner races of both bearings in an axially separated manner;

a supporting member for axially separating the outer races of the bearings,
wherein, as a temperature of the bearing member changes, the supporting member has
a compensation member that changes a distance between the outer races in a changing

ratio that differs from a changing ratio of a distance between the inner races;
a bottom part fixedly supporting the shaft;

rotor magnets held by the supporting member and disposed along a

circumference whose center is a central axis of the shaft;

cores fixedly disposed on the shaft and having stator coils wound around the

cores so that end parts of the coils face the rotor magnets, respectively; wherein

the inner and outer races of each of the bearings are fixed in an axially shifted
manner, whereby pre-loaded pressures are applied between the inner races and the

balls and between the outer races and the balls; and wherein
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7. A spindle motor, comprising;

a bearing mechanism having first and second bearings disposed at different
positions in an axial direction, each of the bearings having an inner race, an outer
race, and balls, wherein the balls have a coefficient of linear expansion that is

different from a coefficient of linear expansion of the inner and outer races;
a shaft holding the inner races of both bearings in an axially separated manner;,

a supporting member for axially separating the outer races of the bearings,
wherein, as a temperature of the bearing member changes, the supporting member has
a compensation member that changes a distance between the outer races in a changing

ratio that differs from a changing ratio of a distance between the inner races;
a bottom part fixedly supporting the supporting member;

rotor magnets being held by a holding member formed on the shaft in one

piece and disposed along the circumference whose center is a central axis of the shaft;

cores that are fixedly disposed on the shaft and have stator coils wound around
the cores so that end parts of the coils may face the rotor magnets respectively;

wherein
the inner and outer races of each of the bearings are fixed in an axially shifted
manner, whereby pre-loaded pressures are applied between the inner races and the

balls and between the outer races and the balls; and wherein

the supporting member is spaced radially apart from the inner races such that

the supporting member is free of contact with the inner races.

8. A hard disk drive, comprising:
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a shaft holding the inner races of both bearings in an axially separated manner;

a supporting member for axially separating the outer races of the bearings,
wherein, as a temperature of the bearing member changes, the supporting member has
a compensation member that changes a distance between the outer races in a changing

ratio that differs from a changing ratio of a distance between the inner races;
a bottom part fixedly supporting the shaft;

rotor magnets held by the supporting member and disposed along a

circumference whose center is a central axis of the shaft;

cores fixedly disposed on the shaft and having stator coils wound around the

cores so that end parts of the coils face the rotor magnets, respectively;

a disk held by a rotary part of the spindle motor and rotating with the rotary

part in one piece;

an actuator arm holding a head scanning a recording surface of the disk;

wherein

the inner and outer races of each of the bearings are fixed in an axially shifted
manner, whereby pre-loaded pressures are applied between the inner races and the

balls and between the outer races and the balls; and wherein
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10. A hard disk drive, comprising:

a spindle motor having a bearing mechanism with first and second bearings
disposed at different positions in an axial direction, each of the bearings having an
inner race, an outer race, and balls, wherein the balls have a coefficient of linear
expansion that is different from a coefficient of linear expansion of the inner and outer

races;
a shaft holding the inner races of both bearings in an axially separated manner;
a supporting member for axially separating the outer races of the bearings,
wherein, as a temperature of the bearing member changes, the supporting member has
a compensation member that changes a distance between the outer races in a changing
ratio that differs from a changing ratio of a distance between the inner races;

a bottom part fixedly supporting the supporting member;

rotor magnets being held by a holding member formed on the shaft in one

piece and disposed along the circumference whose center is a central axis of the shaft;

cores that are fixedly disposed on the shaft and have stator coils wound around

the cores so that end parts of the coils may face the rotor magnets respectively;

a disk being held by a rotary part of the spindle motor and rotating with the

rotary part in one piece;
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an actuator arm holding a head scanning a recording surface of the disk;

wherein

the inner and outer races of each of the bearings are fixed in an axially shifted
manner, whereby pre-loaded pressures are applied between the inner races and the

balls and between the outer races and the balls; and wherein

the supporting member is spaced radially apart from the inner races such that

the supporting member is free of contact with the inner races.

11.  The hard disk drive according to claim 10, comprising a ramp on
which an end part of the actuator arm is placed at a position where the head moves out

of a recording surface of a disk.



