1. Field of the Invention: The present invention rel ates

pressure bearing devices each equipped with a dynam e pressure

nmenber that supports a rotation shaft with dynam c pressure géﬁ@?ated by
| ubricating fluid, and the present invention also relates

equi pped with such dynam c pressure bearing devices. 10 ZIMW@“@E lww
Background Art: In recent years, the devel opnent of dynam

bearing devices in which rotation shafts are supported by havi‘¢fgo"

| ubricating fluid generate dynam c pressure has beta underway in order to
create bearing devices that can rotate rotatry bodi es at hi gh-spend and
hi gh precision in various (yYN$ PRESS ARINSYDENICEI n such dynami ¢
pressure 15 bearing devices, those having a thrust bearing section SB

structured as indicated in Figs. 8 end 9, for exanple) have been recently
proposed in order to nmake the entire device thinner. Wth respect 'to the

t hrust bearww ITNRIENTTON:t hese figures) a rotary nmenber 3 is
attached to otary shaft Z) waich I's supported inafreely rotatable
manner by aldynam%%an ng nenber 1, and an inner r- end surface
(bottom end surf al 20 direction at the center part of the
rotary nber 3 |nrl1=%“ 0, xi al
directidh to eveﬁ%ﬁ%‘? end s aceg(‘%gggllﬁa e Sis eun{sw&%yna k’%’ ssure
"nterior of "RAT 4»5%%‘%%%@*%?@?2@#%%&#@34 {oBoR 3e £ fpamic * 1"
appropriate_anmount of a E’é fi %Iwg](omttedfnmlgs i%leleed
and hazi agbB@é'"ﬁi/ﬁ W 38‘& EF%

crn,cdvefy in.a ring shape as, a dyna ressure generating neans for the

| ubri cat i ng®44iERegWI gb‘"F Pﬁ?’é@??}]ﬁfﬂpﬁf&‘@ ®4ffect of the dynanic
pressure generating grooves 4 causes dynem a prcssw-a to be generated in
the lubricating fluid and thereby yields a predeternmined levitation force
in the axial direcrion rn order to effectively yield levitation force in
the axi ¥ d#rect tist dynani ¢ pressure bearing section SB, it

iddcsirnble to act the pressut~zing s~bCt of the 10 dynam c pressure
generating gr ooviereant pogis.dbe develepmenipfsynamiccrressure heaving demiodsin whish er ) .
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rotation shafts are supported by having lubricating fluid generate dynamic pressure has
been underway in order to create bearing devices that can rotats rotary bodijes at high-s?eed
and high precision in verious types of rotary drive devices, In such dynamic pressure

15  bearing dovices, those having a thrust bearing section SB structured as indicated in Figs. 8
and 9, for example, have been recently proposed in order to make the entire device thinner,
‘With respect to the thrust bearing section SB indicated in these figures, a rotary member 3
is attached to & rotery shaft 2, which is supported in a freely rotatable manner by a dynamic
pressure bearing member 1, und im immer end surface (bottom end surface) in the axial

20  dircction at the center part of the rotary member 3 is positioned opposite and in closs
proximity in the axial direction to an inner end surface (top end surface) of the dynamic

pressure bearing member 1, thereby forming the thrust bearing section SB.



Consequently, as indicated by arrows in Fig. 8, the prassurizi ag e~eot
(i.o0., the punpinE effect) of gnove sections 4tt on the outs side in the
radial direction is aorraally sat larger than the pressurl zi~ effect of
groove sections dh on the inner side is the radial direction) where the two
seta of groove sections 4a and 4b eonprieo the d ynam e pressure geaerabaQ
15 grooves 4, and the pressure difference between the two causes the

| ubricating fluid to be seat towards the center. in the neeatine, a fluid
sealing section 5 conprising a capillary scaling section or the like is

i brmed adj acent to an arcs on the coax side in the radial direction of the
thrust dynam c pressure boaring tibc;tion SB) iu order to prevent the

| ubrl cadn, g f| Ut thevintelrion of the tBxfisttdynaraic miymutedicsring ssation 5Bpaasppaoprintct i on SH
fromflowing out. The !'laid e~c~nlinr aoclion 3 can be formed by nal oag toe
of an out emduhf SRETBHERG Ml (orpitted fam driwinge) id illedrand herdagicielabagddng nMenmbc
1, for acanple; nore speci $cally) a tapered sealinr space is 2 created by

form a~ ag WWWQ&M&mwﬁmﬂmmrdee of

the dynam ¢ pressure bearing menber 1 and an inter circunfenace wall
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out er bear| F%if°§%~0ta of the thrust dynam c pressure bearing section SB as
smal | as d‘&@g °L n ot her wor ds) poaitioniag the throat dynam c pressure

beari ng accai og SB i seste rt..of _as .1Q satire [ US| si nE
regi on that |e??85['f1€°d&g%§§m§$ge C %‘%ﬁ%&%%&&‘%ﬁ%ﬁ%ﬁ@%n of
the rotary, nmenper 3 and the end rface Js,.the axial directign of the
dynni o pwﬁm@gf{ﬁ@jﬁmt&?n §§?xét§*h thlb%%;@em#?%w |
wever , en the outer diameter of the throa Am C pressur ear | ng
aect xg?i SSW@rP&'F’P‘}“tﬂ%"EJ?’&EBPY’!iWWFﬂ"Béh‘(‘PH'@YB’GWH(SWM" ) ' 1

t hrust dynam c preesiue,1 S bearing aoctioa SB inward_in the radial

di r ect i on Geapegyently, abindicstpd ysmossin Fig 8nthe pressuriaingeiict (iiq, the puEPiBE nor e
outward is _the radial diroctioa thaw the, thrust dynam c pressure bearing
section Steffect} af@roavasections 4ann the puterside inghe radisd dirmetion; is nppnallyset Iaggesn nor e
outward in a radial direction than the thrust dynam c pressure boating
section Sthamghe pressurimngieffectnf gponveiseetions 4b on therinner side inthe radipl diregtion de i n
the radial direction) due to cenarifhgal force fromrotation) 20 The'’

r ot at i onaWhersrthe twaisgts of gypeve asplinrsda and 4b isomprisg the dynamiciressursi gsmerating
pivpartional to a square of rotational speed; consequently, whoa high-speed
rot at idn gfooyess, and Heqwesspra difftreocebeiween the two causesthe lulgicating Sunidte bgevi ces,
an extrenely large centrifugal farce is applied 3 to the lubricating
fluid, whserttowdrdsthercemtary for the lubricating fluid to be eoattered; the
hol ditl g power of the fluid sealing section 5 nay not be able to tu~pport
thi s nad ther eln themepntimate,cr flnid sealinfg sedtivn Sdnmprisingacdpillary sealmigisectiondrsi de.
When the luh~r;cating fluid | eaks outside) the anmpbunt of the |ubricating
flui d becdadrdikeiinformed adjaceas todan driscomt@routey side it te radiahdivertioh efi Rethrushi ch
can shorten the Iife of tho dynaiaic pressure boating devica. Further) fn
devi ces t Bgdantic Gttsiige DowginlsoalonBB,dn viden tomevem e lubscddng Bvid sithircihak dri vo
devices), the leaking of the lubricating fluid can cause contam nati on of
interzal eahet dyRihic prcdstrt Beariny seaticl SB Gkl Aowing!vut.t TEe Q0Id voeligPssction 5

can be formed by making use of an outer circumfersnce wall surfooce of the dynamic

pressure bearing member 1, for example; more specifically, s tapered sealing space is



ano way to prevcat tho lubricating fluid fivut |cx~lcing outside of the
thrust dyitame 10 prsssure bearing seotioa SB is to nako gaps betweca
menbars positiotu~d n~ tha thrust dya8m c pressure bearing section SB
narrow) but this causes rotational torquo |oos in asirowed pathway
Rections, which can |ead to such problens as increased drive tartest)
~~T~r~raR, v OF THF INVENTION: 15 lu view of tho above, tho present

i nvention provides dynam c pressure bearing devices with sinple
configurations that can effectively prevent lubricatinE fluid from | ocking
outsi de of thrust dynam c pressure bearing sections SB. In order to solve
t he problen1deacn bed above, in a dynamc pressure beari ng devi ce accordi ng
to the preeated Ly foaniis®s, sParqpriatsissg berxern Erejoytey cisgusatererion wall syribes of the
circunference 20 part of a thrust opposing region that is between an end
surface i syhteicpresabreticaring member 1 andraanercinpnmisere vndisurface ofn@amtesad au
end aurfeu:e in I ho esxial direction of a rotary nenber, such that the
punpi ng delstes, whisk isuetiatkad fonherothry meidber 3 tictde audmtfanmusmpwbﬁd:ﬁwrj ng
fluid inside the tbruat opposing Legion) and where the punping dvvioo is

conf i gur egnd By GfAGHIN enlagidg e geh Wwoﬁeﬂﬂgmﬁwa&&wmhan a
rotational centrifugal force appliod to the lubricating fluid within the

t hr oat s opposi n &ﬂﬁ@nﬂlﬁmml,ﬁ%ﬁtmlwaﬂé‘ﬁb ga.lgy‘g@
pr essu?e beari %?sfdew ce having such a configur at?%ﬁr)ls%?gcrl bed above, there
is a presm;h&hﬁﬂgfaegfm@mea&d i%‘isﬁmcﬂﬂxﬂ%tﬁﬁwﬁayﬁﬁic#eﬁﬁ?% I nwar d

in the radial diréction (towards th~o ceattr) at the out’er ci rence

part of t @arﬁf}tdeéﬁoéﬁﬁ%ﬁﬂﬁ?%d‘éﬁ qmbeen% g{) el

pressure bearing section; canscquet U even | spee n vvere to

nloc: T ol rgﬁn?%%?%@%tr "t“@“ra& @E“P@?%%E“%@ i Bobeiois” %ﬁ?‘ﬁs” "
f {5{53”¥'rf)'ma Lﬁ%ﬁ% R e R S C
Sor bl f e *“’ﬁ“%:'t%seﬁ’ft‘%' Bpistaiedin,

?Ih;ggtl gn amﬁgﬁr as eg?l n i on Hﬂxa%})é%?r u\é?%gém experi gﬁf:etshe
| eas torég §'§m§?ﬂq ﬂm‘g‘{rﬁ?ﬁﬂ B s etlectively prevegt ed fi~om

| eaki ng outsid Furth n t he dynnm pressu e bearl ng devi ce accordi ng
to the enbodi nBRAVCHAD Wﬁ@ﬁﬁﬂmdﬂ of g thrys %WQMU ng
devi ce of the t hr ust dynanj ¢ prossuro 20 booi ngf sectl on rosy consi st ‘of
herri ngbo ébmmmwbﬁeummé%q ¢ pressure

15 bemng soction SB inward in the radial direction fails to work on the lubricating fluid that
is in a region more outward in the radial direction than the thrust dynamic pressure bearing
scction SB; consequently, the lubricating fluid that is in the region more outward in a radial
direction than the thrust dynamic pressurc bearing section SB may scatter to the outside of
the bearing (vu the vuler side in the radial direction) due to centrifugal force from rotation.

20 The rotational centrifugal force applied to the lubricating fuid is pruportional to a
square of rotational speed; co;::equently, when high-speed rotation of over 10,000 rpm

takes place as in latest rotary drive devices, an extremely largs centrifugal force is applied



sad the punping device may cansi at of spiral -shaped dyaam o pressure
generating g~ovoa, such that the thruri dya$m c pressure bearing section
having a structure ~ilar to 5 conventional throat dynam c preacure
bearing aectiotu can be easily forned) while the configuration of the
punpi ng device that effectively rrevents the lubricating fluid from| eaking
out side can be nmade sinple. Mreover) in the dynam c pr~easure bearing
d,cvice in accordance with the 5 enbodi mnent of the prosent invention) due
to the fact thax a dynam c presatu~e generating device of the throat
dynam c pressure bearing section rosy be provided to serve also as a
punpi ng device. As a result, the overall structsn~e is siaaplified. Inii;o
~l yanmi ¢ prioghe/ubribsting fhgdwhich enskedio edbly dor the hibhicstige@io to bélwctteie@thc t he
dyaam a pressure generating device of the throat dynam c pressure bearing

section t haﬁol#algggévgg/ L8 Puftscalify MOHBH 5ehalf BY! 'E’é?aHlD&VmSﬁgﬁhﬁi mﬂ:ﬁfhm isa

herri ngbone-s nam c pressure generaling grooves de up of groove
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prevent i ngqﬁ}gns ﬁ%&?@ﬁl’{%gngﬂﬁﬁ&# PP %%%‘F@&%g%hﬁﬁmﬁ ﬁbimﬁhm%‘i‘d s the

dyaom e pressure, bearjng devic ccording to the cnbodi meut of flit present
i nventi on, éﬁgp’ﬁﬂ rpr'l#&rg:&\ﬁnw ®conrirt of spiral-shaped dynanic pressure

gena~i ng grooves_and the pu inq devi,ce _may_ al so_perve ar a dya~mc
precaure 6  gerfVeIny HEYEEQQ‘W ghricating Suidfmm drpking; autsideofthe trug dypamic
section. As a result) the dynaxaio pressure bearia~ davice having as

ext r emdQy mreaguze bapring eartien 8B is to maka geps betfrepmmembers piositioned nyr e thoist
generate dynam c pressure fnr thrust levitation Bad effectively prevent the
| ubri cat i ngiyremiccpressure heating sartion SBindsowpbisithis svesey rotatiariabtodgurelesscinpr essur e
bearing device in accordance with the eanbodi neat of the presaat invention,
the fluid Sagbwed pethway sectiens, which tantleasito guckpprobleznsyas imratased) dsex turmemt.f or ned
by an outer circunference wall surface of a dynam c pressure bearing
menber, a lubricating fluid is conrinuou8ly Shed in an area defined by a

t hrust dynam c preaatm bearlag section and s capillary eealjt~ aocrii‘va.
Consequent IS AN FLTHE N YNEl uid i e scoured for the throat
dynam c pressure beaxlag ecction, sad burns and seuffiag ere e$ectively
preveatjsd by tl mﬁwmﬁ@amvemgpmmﬂiﬁﬁhﬁaﬂgidm doMERicYeiurRsRRRg | N the

area defined by the thrust dynam c preooure bearing aactioa sad the

capillary ggwctd\Wits SifdplOEonfipiRations that@n eRektivily Brevef TuBidieing fluid from
lsaking outside of thrust dynamic pressure bearing sections SB.

In order to solve the problem described above, in & dynamic pressure bearing device
- according 1o the present invention, a pumping device is provided in an outer circumference
20  part of a thrust opposing region that is berween an end surface in the axial direction of 2
dynamic pressure bearing member and an end surloce in the axiul direction of & rotary

member, such that the pumping device prossurizes inward in the radial direction a



O her objcats, features and advantages of the invention will becone
apparent from 15 the follow ng detail ed description taken in conjunction
wi th the acconpanying draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS: Fig. 1
schematically shows a |ongitudinal cross scetion of a shaft rotation-type
HDD spindl e notor with a dynaz~~-pressure bearing dcvica is accordance with
an enbodi nent 20 of the presrat iuvntion. Fig. 2 shows as enl arged

| ongi tudi nal cross section of the dynam c przsaw-e bearing device used in
the 1UD epiadlc notor shown in Fig. 1. 7 Fig. 3 chows R plan view of the
shape of thrust dyaam e pressure gsaer~ing grooves provided in the dynamc
pressure bearing section shown in Fig. 2. Fig. 4 shows an eal arRed

| ongi t udilnisdcating flaidsinside dhre thiustiofposing regigm and svheredbspumpingdsvingissect i on of
a dynam c pressure bearing device in accordance with another 5 bodunent of
the presephfipiée B kﬁ&ﬂ?hﬂmvﬁr&ﬁ%n&n@@%ﬂuﬁ&&hﬂhﬁﬂﬁiaﬁhﬂiﬁwﬁﬁsﬂyanm c
pressure gaaerat ang Eroovcs prvvidod in the throat dynam c preesure bearing

section Sf?& o thbribatthe faid&i fHPuse Bhpdithg ﬁﬁiﬁhhﬁﬂdﬁﬁ!tzﬁ‘&n‘)%
o y

section rust ynamc pressure bvariag seotion of a dynamc prcsruro

mvant oo, Fih o SRR SR e AP A SRR S ccoure
EEB%@‘T%WM‘&“@&%&*%’&E %%@gn@%’é%gﬁ‘g?%%@lﬁéﬂ PERSRRRCEE ;)
LQSL?EJ&E%*@%%&S%&%W%%%%@% e s oo ¢
Cect on THOAE de MX@@%@M?W%%?&%@?
~nbodi rreata of the en n al =0 od,in.c3ct | qw based
gnhgfdd(rjl k drive d‘i‘fiﬁé’gﬂ;t@ﬁbs nF‘?en(':B%tlg eS%“?‘FP%‘E;%‘F rgfgiu(ra\év °
beari ng dé?%@é%@d’r {"‘W d é‘pﬁ’g']é‘?f‘g

10  loss, the inward pressurizing forco of the pumping device scourcly prevents the lubrivating

finid from leaking outside.
Tn a dynamic pressure bearing dsvice in accordance with the embodiment of the
present invention, the pumping device may he provided separately from the thrust dynami?
pressure bearing section and may be positioned in a region more outward in the radial
15  direction than the thrust dynamic pressure beering section, such that the thrust dynamic
pressurs bearing section has a structure that experiences less torque loss and the Jubricating
fluid is effectively prevented from leaking outside.
Further in the dynamic pressure bearing device according to the embodiment of the
prescat invention, 4 dynamic pressure generating device of the thrust dynamic pressure
20 bearing section may consist of harringbone-shaped dynamic pressure goneruling grooves,
and the pumping device may consist of spiral-shaped dynamic pressure generating grooves,

such that the thrust dynamic pressure bearing section having a structure similar to



The overall view of a ~ rotziioa-type IUD device shown is Fig. 1 conprises
n stator assenbly 10, which ie a fixed nenber) and a rotor nesenbly 20,
which it a rotary nmenber assenbled onto the top of the stator assenbly 10.
The stator avsenmhiy 10 has a fixed frame 11, which is screwed to a fixed
base omtted fromdraw ngs. The fixed frame 5 11 may be fornmed from an

al um aunt material to achieve a lighter weight; on the inner circunf~eace
surface of a ring-shaped bearing holder 12 formed upright in the generally
center part of the fixed frame 11 is a bearing sleeve 13, which is a fixed
bearing nenber forned in the shape of a hollow cylinder sad joined to the
bearing holder 1z through press fitting or shrink fitting. The bearl ug

sl ~vo 13 nyonvestidral tRtstwiyhiimit peaRae betigvettidns Tue be ddilgdomivds Mhde thy ouu is

order to nore eaS|Iy rrachl ne bolos with small diameters. A stator core 14,

whi ch coasmgéu Sin dHEFthb QTR F i omateelmmaasggﬂhfwaant ed cm

the outer rrenoe nDuntlng surface of the boariag hol sad a
drive coiI |ent pol e section provided on the stator
care 14. A ro r?waﬁqu%EfﬁﬁﬁgFﬁﬁonprlses the rotor assenbly 20 is inserted
is a center hol d \é tely rotatable
manner. This ne%%%‘%tﬁx a@r’t’g%" ressure ur %c%%n@gggétﬁéglouter
circunfgrence surf t sur surtaee
f oaned % E ‘1eupﬁﬁgﬁ%§ﬁ5§£€%ﬁp§k ﬁ%ﬁ%gtﬂﬁgﬁ“ﬁggi 83 arc
posi ti oned e ea other in e radl directi t wo .radi a
dynami ¢ pr@%‘g%r‘gt% mg ftber H}dl“i?‘mmgﬁﬂ%‘ Yap
sections between .t 0w S a rlate i,nt bet ween the two
radi al dynBYRDEA é’ﬁé ‘ﬂ@‘ggggﬁ ﬁﬁ?ﬁln the axial direction
More specifically the dyasni c_prsssu surfa on_the bearing sl eeve 13
side tad the dy HYBHOUE PTRSENIS BF °8’§ WF@’&BGEH’?‘QFF&F‘E“Q mgPB’embf each 9
of the radi al dynanlc pressure bearing aectioaa 1'ZH are positioned

agpaai t e cSYIRIER PrEpsure; SERCEAting device pEBA thinst dypamis psessine bruring-sastipr Bt alsy er a
mcroneters, and a lubricating fluid such as a lubricating oil, magnetic
fluid i aterves ap theipenping geviatmey popsist efhertingbone-shaped dynamicpressurei ol
diroetioa in a'bearing apace formed by the nninuscule gap. 5 Oa at |east
one of t hegedprating graevesmadeup of groevsssegtionsien theouterridesingby mdisd dippotionamdot ar y
shaft 21 are provided herringbone-shaped radial dynam c pressure generating
grooves) fgoosesations)on the innar ide imthevadia) direstiond Fugther, thervwjd@hiaghe radisl wo

bl ocks separated in the axial diroctiou, During rvtulion, a punping effoct
of the raddiesctioy nfithe grqnveseations gmﬁmeomisidg iy theoedial cﬁmﬂsmrriaxém lariger than
lubricating fluid, which is omttod $vm drawi ngs, to 10 generate dyndm c
pressure) taamdthnm&arrydmlmreﬁanoﬁmmwemOm trethelimer sidetimgetradial Wi t h t he
rotary shaft 21 hecc~me shftft-supported is the radial direction is a

non- cdidt acdireation of the herringbonreshapeitydyniamio/ predsiraigsnetating lgravvey nGonseqpentlys ur e

of the fuhricatiag fluid. The punping effect in each of the radial dyaemc
presaur a lsyemersly meldingorBinkfy hesrinpboneeiexped dyidntic prdsaitre Genratingprooses in

i ndicated by arrows especially is Fig. 2) so that the 15 bal anced punpi ng
ef fect i n aashmeferidabmemibr beariygperformanéSeahallic drgedatércharsinventionst bebeing not
cause the lubricating fluid to be pushed in either direction in the axial

di rect i on.peffofnimb iy bt obtaididd, Widile effektivdl{ frevestiigihe Mivricaddg Aeidfrdes t he
rotor assembly 20 is a goucrally pup-shaped nDU|bcr made of an al um num

met al , andediggéutsia@ hol e 22a provided is the ceatG part of tho rotary hub
22 la joined iu a unilnry ;~~hivn with the top ena part of 20 the rotary

shaft 281 t.hr ouGuriBeSsShd aﬁmapﬁsmemmhg dbiitt btdedidp &0 Helcaibodiindht 2 aRkas a
body ~aeotion 22b) mhlch io gentra y cylindrically-shaped sad selves to

mount a I okl ifderifd] BT fFalthhaHeddyricb8 plekgtity dr Wi Ngs
oa the out's circunf erence 1 sectl og at well as a didls nounting section

22c, whic &Qﬁgﬁ RAIEAN, y aecticm
22b to autp}nort t éerg?g%%:’tngﬁw#%#‘géuﬁkl g‘%ﬁ%ﬁgﬁfi di re%’?f'(?%q end the
recording mediumdisk is fixed by a preQaure a~iied fromabove in the
drawing with a clanpet (omtted fromdraw ngs) that is screwed oa from
above Ca the inner circunference wall surface of the body section 22b of
the rotary hub ZZ is nounted a ring-shaged drive magnet 22d via a back
yoke. The inner circunference surf$ce of the ring-shaped drive magnet 22d
is positioned in a ring-shaped manner in close proximty to end opposite
the outer circunference end surface of each of the aelieat poles of the
stator tort 14, while s bottomand surfac;o in the axial direction of the
rlag-shaped 10 drive magnet 22d is positioned opposite is the axial
d|rect|on to a n| aguctlo aItracal c~ pI at e 23 that i's attached to the 5xed

o a A . . o, I o




11 hemagboao- shaped t hrust dynam c preature generating grooves SG as

i ndi oatod especially is FiQ 3) and opposing pelts is the axial direction
that include the throat dyazm e pre9aure generating grooves SG conprise the
t-hrust dynam c pressure bearing section SR The dynam c pressure surface oa
the top end surface off the bearing sleeve 13 and 5 the opposing dynam c
pressure surface in close proximty oa the bottomend surface of the ntary
hub ZZ) where the two dynami c pressure surfaces conprise the thrust dynam c
pressure bearing soctioa SB) are positioned apposite each other is the
axial diroction across a iuinuyaulc gap of several mcroneters; the

| ubricating fluid such as oil) magnetic fluid or nir is fillod continuously
$om t he rgedemtingldendns forphecthowt dyrigamin pressus(Eiariog secleni As@ redudt, thd dyaemiong
space conprising the m ausaulc gap; during rotation) a punping o~ect of tho
tluue~t dyredsiiecbepfifg device BRAGY B dxfrgmelycimple abblgw.eoa wiruatre dahRavadr i cati ag
fluid to generate dynam c pressure; and the dynam c pressure of the

l'ubri cat i)gBriddting cﬁwm Predsurdidf thrist IevindtibW énd Efedtivel plevédt the be

shaft-supported | evi In the thn~st direction sad is a non-contact

state. 1 Eﬁm% eASg dutddd, hr ust dynami c pressure bearing section SB
i's positﬁgﬁgd Qhﬁ% outernost circunference side of the thrust opposing

hodt o ;’ngets“qf‘gce £ kPe amr?“ﬁﬁ@'%"ﬁge"ﬁt b iRoffith Wit thesc ( N©
b essur o Bakditag e ol ?S%iérv@ LR SmaY bl é?f?%%?ﬂfnam :

~ 20 i
gﬁﬁigg{' tmﬁbmgtﬁ?g% usgt ciret %@ﬂﬁ?ﬂaéi %W?R’E‘”ﬁhéaﬁ ; ';

SB

dynani o~ HeBG0EPEEY e@#@‘ﬁ?‘ﬂﬁ%ﬁb@@%@&“ﬁ[‘gﬂﬁyﬁ%\ﬁ“ B Er e nebhsrﬂs onami ¢
pressure pearin aec oa ,SB c nsi s H9uter roo'e otrana aithe
outer si cénﬁ‘?“t %Fnﬂf?‘ 8Pﬁ9ﬁ ""Phe
i aaer. _si

e dneriiiosios SolP ARk oF o St YBee Pree omgeeve R PR | cuod

in a plane view, of the 5 herrlngbone ahapsd groovy,sections SG sad S&) a

wi dth LI sewSngare offactivelyprevenisd Ry the nroasnen oidhe lpbmistingfinid pyanswirn i s wi der

by an appropriate amount th8a a width L2 in the radial direction of the

i nner gr Gaebarainthe area defipeddry the thryst dymarsic peespyre breringaereon sadtbeti on (LI >

L2)) ao that a p~-uricing force (a punping force Pl) of the outer groove

secti ons caillary sealingisection eame intn antagt withepehuntherowar ds the ccatcr) is |arger

by au appropriate anmount thaw a 10 preawiziag force (~t punping force P2)

of the iaaer dPtbenabients; feagmes apdadyantages of the invantionavili beepmetnparsmt fromy >
P2). As a result) the pressure difference (P 1 - P2) between the

presdfri thafpliowing-detaifedidescription taken inceonjymstiorwithihe scpmpenying deawings. or ce

towards the cnter, which csma~es the lubricating fluid is the thrust

opposing region S including the thrust dynam c pressure 15 bearing section

SB to be presaurlzvd |nmard is the radlal direction (towards the center).

In this \BR ORI ‘ m : i ring section SB according to

t he present enbodlnent serves al so as a punpi ng device that prcssurixes the

lubricating flpig.d Mﬁ%ﬂ?%&%ﬂ%ﬁ%ﬁ%'ﬁshﬁoﬁ%f@s&ﬁ%& eHDber,

and the pressure difference (P 1 - P2) that is the prcasuriziag Torce

caused b tnh&xﬁbtapwna aHyHArHG Sréssit@ DehriiP@dvidd 18 hcdori MR Wil @] erdbbdigihi Hf usal
force F t is applied during rotation to the lubricating fluid that is in

a regbonoﬂh shithvé&idegpporing region S nore outward in the radial
direction th3a the throat dynam c pressure beariaQ section SH ((Pl - P2) >

?). 13
1?). 1 Fur trtff?. 18‘91'# tBAiAMUrbes Gl tfdiraX 8L @g:gsgmlé‘ﬁl-isaﬁi %

t he bearing sl eeve 13 mhlc ne dynantc pressure menber,

formed ag 3D H dﬂni Qppi a capillary seallng sectlon 24
The capingygqgggﬁpﬁb aegﬁ?% g at sor Ei'as the fluid seal i ng section

is formed on the outer side in the radial direction adjacent to the

'\\l




5 thrust opposing region S including the thrust dynam c prensure bearia~g
séction SB in the axial diractioa; the capillary sealing section 24 is
formed by as outer circunfer~ce wall surface of the bearing sleeve 13 and
an inacr circunference wall surface of a counter plate 25, which serves as
a till-out stopping nmenber forned opposite the outer circunference wall
surface of the bcariag sleeve 13 in the nulial directive. The counter plate
25 Cotl 9iets 10 of a ring-shaped tuenbor fixed to a flaago section 220
provi ded ou the ivtnry hub 22; by gradually eal argi ag the gap-betweea the
i nner circunfereaee wall su~rfnce of the couatcr plate 25 and the outer
circunference wall surface of the bearing sleeve 13 towards as opening
section at the Fn&tshosa planpdéve of theghipepfsirastelynsmicgiréatre ghieratitd grodéd Ng
fluid in . the throat dynam c pressure bearing section SH is continuously

filled unigidviddd ih SR dRRmid SredfirdBeatihf séctios SRdveh Figet.i on 24. At the top sad
part of the bearing sleeve 13 ie a fall-out flange section 13b that

proj ects outwa i i Gl il e < fl ange
(BEbE uf Bled SR RGN o BecrfbuR s il sty | 1o

section 13b is Osi t

b

axial dir : J‘?% g rlé}ﬂr?ﬁ%g : U To} 22 from
felling o§ t eé:g‘% a Iﬁllliée%tl on. ?%a{]ﬁeéﬁpreaeatcgeas agg#ﬂsar']aat havi ng
such conf.i ' teaauri zing force (P 1 P2) of the thrust
dynamasc p%?g%%‘gﬁf%gﬂg&?‘i on SB) whi oh al so servos os the punping
device inward | ' (ﬂ'!; ' t [ is is effect at
all tines at th&gt}ﬁg‘&?gh% Cl r§€%%&ggﬁ%@°$ﬁgg%@§ﬂﬁ%‘fcsopponi ng
regiaa S incluyding the rust . dyaazni e_.pressure beari ection SH as a
Foaut, etude iR el il SYRRF YeaBE SRR B G €7 G e ot on 1 1 whi ch
" h . : . h I :
Feduce tor qub P G PhORES TR (TRESuRER STOHE SHEPE £1 b iR GYRNPIS Ao ar o
pressure bearing 5 sectjon SB that also serves as the punping device
secur el y PYrmngapgtionafs dypipicraessrg berrRgdqving ip & W ygbanathert e
present enbodinment, the thrust dynam c prossure bearing section 5B that
conpr & osemheditnentef the paspent inysetiofesr i ~ng generating device al so saves as
the punping devje~, the overall structure of the device is sinplifiod
conpared to a Eigr 7iahawss pIan Kiewcaf thghape of Jynamie pressise genemitinggrepmesed.
Father in the present eoabodiaieat, by nerely iaoldiag ordinary
herri ngbommﬁemmm@eﬂmwﬁhgﬂwg&iﬁq an asymmetri cal
manner) the dynami c prosaurr gGnorating device of the thrust dynamc
pressure beat i Fig. 8 shawsam eshrgeddongi erosesection pfiethmstdymamigdipréssereyi el ds a
bearing perfornmance equivalent to or greater than coaveational 15 bedring
per f or mankesyingmedtion ef & conventional dyramic pressire bearing dearideng fl uid from | oel ang
out si de.

15 Fig. 9 shows a plan view of the shape of dynamic pressure generating grooves

D

provided in the thrust dynemic pressure bearing section shown in Fig, 8.

SCRIPTT DIMENTS:
_Embodiments of the present inventlon are described in detail below based on
20  drawings, but a description will be madc first es to an overview of & hard disk drive device
(HDD) as an example to which dynamic pressure bearing devices according to the present

invention are applied.



Moreover in the present enbodi nent, due to the fact that the fluid sealing
section provided oa the turual ~lynranic pressure bearing section SB
consists of the capillary sealing acctioa 24 formed by the outernost

ci rcunfanuco wall durf~u;e of the bearing sleeve 13, the ZO | ubricating
fluid is oontiauously filled in an arcs defined by the thrust dynam c
pressure bearing section SH and the capillary sealing section 24; as a
result, sufBcieat lubricating fluid is secured for the thrust dynamc
preanurc bearing aectioa 5B. In addition) even when is various fall-out
st oppi ng nmenbers positioned in the area dofined by tho thrust dynamc
pressure bearing aecticm.~R and the capillary sealing section 24 cone in
contact with edte ovtisdlrvieivef § chafvotationdtyrerfiiabDtdevize chowyn inRigpl esemimsal t he
lubricating fluid effectively prevents bunms and scu~ng fiomoccurring. S In

the noari tgiaketasiembiy 10/ Whidh lPdfixdd 16 Erikérethdi aSrotdir @Bsemblyp?0] whichdiarotgy aaeat s
identical to elaaente in the enbodi nent descri bed above are assigned the

sanme NuMbeAGMKRS ab cf%gﬁtﬁdﬂt@me%ﬁgear peicrRibkmnbiy 1 (2 THA stiSAr AARPAKIYNA Hag@i ON S

between a top an rface of Ing slave 13 and a bottom end surface of
a rotary %—aé SofRe Hxbh fama smal |
di amat ar :—Hi*?id r|161 w&(‘%@“ ped %é%%?ﬁ pressg?ghlﬁﬁgo ar atl ag grooves IS

provi ded i ection
of t hegt h?‘gg@y}fmﬁﬁc %&ur%@r@#&ggec ‘&%l ng d‘%‘v&ao SP

t hat provc i r from
leal ri, %wgm &qéﬂﬁ%ﬁ%#gg% %%lgggli H&p?% sepgr ai%alli

t he thrust

accordi ng f’%@% %‘gsenkgﬁggod%@%nm mtguﬁhgﬁcﬂ@ﬁégnggynam C
pressure ener

ci r cunt or & %W%fﬁfvaeﬁﬂ%ﬁ#@s%@ﬂh@ﬁ%% Lﬁ%b@ﬁeﬁé‘%‘f?ﬁ%vmmm

t he punpi evi 0 ar,at el omt thrust

pressure %g%ﬁ gﬁg@l& %@ X’ ?fRPéSF&f%’E%‘u H%

directjon than th thrust yuanlc praamu e sectlon SH accordlng to
the~riéea9‘@ﬁﬂﬁ ﬁE %ﬁﬁﬂﬁ? mﬁ '885 %8 section SH
has a structure that cac crlaneoe Ioe~ Lureiuo | oss sad the Iubrlcatlng
fluidis ef FecﬁM“‘B’Fég WMeigh consista qfeémtb#Mewmm@#r of58d8 t hr ust
dynam c prrxsure bearing section SB having a structure simlar to

convent i ofunterondhe qier citppmdarece peuting sugfkes f pboerng beldenli, |apd pdrived)
while the confi~tion of the punping device SP that prevents the |ubricating
Dui d fr onepibikisoundron eaeh selientpole paction prayided angheymtaterperdiléent i ndi cated in
Figs, 6 and 7, where elenments identical to elements in the enbodi ment’s
descri bed abové ratery ghaft 2j-that comprises-he mtovassembly20iininspred ina qentes hole

enbodi ment s) onIy a _ptuapi ng device SP, is provided and the punping device
SP i s1&onproyideddn the bsavingslegved 340 ammmlmum@mmm@mm oe of
a thrust dynam c pressure bearing section. lu other words) the punping

devi ce SPpiessurmsuriade fyrmedionanehtep ciicutpfezance syriass efi therrotamy sheatfi 2hangt woves)
and an inward (towards the seal er) praseuriziag force (ptuapiag farce) of

t ho spi r alynamippressiye siriace forerd wnrangonsteircumierdnde gratizestion/ofithe bedrimgh t he
dyasm o pressure to levitate s thrust bcariag sad the dynam c presstue to
prevent asleeMerlidcat poitidrediogpdain radteather-in theomtifal directibncmdiwogatiial dinamic
enbodi ment) a dynam c nresaure bearing device having as extrancly sinple
and | ow cpsssusd bescihp wastionnRBamd RB b forived inahinugruld gapcettonydrewednaheyinaat i e
pressure for thrust levitation sad effectively prevent the lubrieating

f 1 t ud2d r owith @a apgropiato ititiveEhetween thatwé dial diyhsthic (pPossard bzerisg saetivhs RB
conpared to a structure in which the two

and RB in the axisl direction, More specifically, the dynsmic pressure surface on the

bearing rieeve 13 ride and the dynamic prassure surface on the rotary shaft 21 side of each



dynam c preosure generating device arv separately pnvidcd. ?he present
i'nvention by the inventor has been described is detail using ernbodi ~nont a,
but the prosent invcation is not limteQ to the enbodi nents dzscri bed about
sad My nodifications can bo uiade w thuut departing fromthe present

i nvention. 20 For exanple) although cash of the enbodi ntate dcacn' bcd above
is au applictttiou of the przsaat inveatioa to an HDD spiadla notor) the
precast invsntioa can be applied simlarly to various other typeR of
dyns~i ¢ preaei ue bearing devices. 17 Aa devcri bed above) in a dynamc
presrure bearing device according to the present invention) a punpinE
device is provided in an outer circunference part within a throat opposing
regi on beftecmdial dgnanrit prepavestasriag bertionsi BBraserpaxiticred opposite @agh sthetiarg wher e
t he punping device pressurizes a lubricating fluid inside the thru9t

opposi ng ciretliaPfsNioh Bordse RERBGLE b GbebeiC@icrdmeted, dnd & IDRriEdtihHuidbi@Ct i on

| arger than a ntationsl centrifugal force, so that tbesa is a pressuri zing

f ! trifugal . : : . surt z
orce gerasa%ﬁﬁaﬁ%{% Q%Wtﬂ&d%wwﬁwMﬁ&ﬁm%%%m mAdWEF @ the the

radi al direction e conmer) at the outer circunfa~ence part of the

ort1 e il QAR Sl REEY M bRl am  pressure bear g
Cont 1 §u1 211 0% B i e O GERE NSRBI Bk 02 P o
R R, AT T S,

L OYna o 52t Ak S SRS MY 0 R A SRR o

invention, due to the 15 fact .that a punpln vice | rovi ded separately
froma t mséffﬁ%‘fﬂ”c M&%"‘bé&”ﬂ?@“%%ﬁ%ﬂ&ﬁ“ﬁ?d@% Rt y prevent
a lubricating,fluid from|l eaking outside whil|e. inprovi t he perfornmance of
the dyna V&S FERRPYITG® ﬂ‘ég‘ﬁf@f“%ﬁ ﬁﬁgﬁﬁ?vm&%%ww' ke

accurely obtaiged.,F~rthcr in the d%ﬁﬁnic preaause_bearing devic

A 3 &
accol@ .’ gmegate gypamic presurpy, and arpisry BRD 22 avhighds descriped jatqrctosethen with $iFnani o
pressure generating device_ of the thrust_ dynam c preasurc bearing aectinn
consi st sm?hgm@n&ﬁwmm %&%WMPM% to

the fact that the punping device conaista of xpiral.ahaped dynam c prersure
gener at | Repring slesye 83)4%90 the dynamie presspe afithe Inhricating Buidear i ng oecti oa hzvi ng
s structure simles to conventional thrust dynam c pressure bearings can ho
easi |y for med Tanpumpingeffectin cephrofthexadisl dynamip oressurg bersingsectiaraRRedect i vel y
provente the lubricatinE fltud tom| eaki ng nut~i da can be nade sinple; as a
resul t, bslanetdiin theraxiad diseationas inglicated by-armyacespeniaily indig. 2 6w that the
productivity can be inlprovod. Mirreover, in a dynam c pressure bearing

devi t® abtlenasd pymping sffechinescinef the vasdial idynamispressuns behring spetionsRB daesiynani ¢
pressure generating device of a thrust dynam c pressttro bearing daclicmis
pr vvi dodnotcanss the lubricetingfiuid to bapished thesitherdirdction invtheakial direatiobure i s
sinplified; se a rceult, in addition to obtaining tho effects descti bal
above, producTherotarydnb 22 thap svithithetotarydhdfti2 bemprises thdratotneaembly PO s ur e
beari ng device according to the present invention, the dynam c pressure
grating gaerally wb-shigrdinhemisdr nside st ajurmtsum netdlcand aigirdeg hole 224 privideds o
serves as the punping device consists of herri ngbono-ahaped dynam c pressure
gener at i ihgeansgnait dfvhd oty Bab 22 & jindd i © lnigire Gubichogiith Mdtopend hat ot er
side is the radial direction | t 5 larger than the width of groove sections
on taee itheestasy dhani2n thrbagh prtbatfittidi beirdefitdhe ! FBe RRidyilAB22NAs Sbaaed dynani c
pressure generating gnmovee and by nerely nol ding ordi nary heni ngbono- shaped
dynam c piaes 02k widdik aeddfllyodyHauasaliyshapedaadERies k6 AlouiBdRREMid)ear i ng
performance equal to or greater than conventional hearing perfornmance can
be obt ai pegium/dikk sueh Qb k aghatfd dsiamiMedl fdm diants Y the Bhitel Sirkdddfetbricl OM

| eaki ng outside; as a reattlt) ~0 is addition to obtaining the c$ccta
descri bed above) productivity can be inproved. Furthernore, in a dyaataic
pressure bearing device according to the present invention, duo to the fact
that a punping device coatirts ef tpirel-shaped dynam c pres>:.ure 19
generating grooves and tn the fact thai the punping device al so sstvet na a
t hrust dynam o pressure bearing section, a dynam c pressure bearing device
having art extrenely runple and | ow coat structure can have a |ubricating
fluid generate dynam c pressure for throat levitation and effectively
prevent the lubricating fluid fi~o~n | eaking outside; as a result) is 5
addition to obtaining the effects descri bed above, productivity can be
inproved finthG . Mreover) in the dynam c pressure bearing dovice

b oy



I uveuiion, due ~o the fact that a Iluid seating soction consists of a
capillary sealing section forned by as outer circutnfereuce wall aur8sce of
a dynam c pressure boating neul ber) sufficient lubricating fluid is aeoured
for the throat dyaataic greeaure bearing sv~otiun, and 1 O buns sad acuffu~
are effectively prevented due to the presence of the lubricating fluid oval
what al enbera in an area defined by the thrust dynam c pressure bsariar
section sad the capillary aealirig section cone into contact with each
other) as a result, is addition tv obtaining the effects described above,
life and reliability of the dynam c presstm bearing device eaa be further

I nproved. 15 Wile the description above infers to particul ar enbodi nents
of the presRRA}ad wibRi & ditk mduntihg tectién 200 @hichqacebth atitwid in BB dadidicat i ons may
be made wi thout departing fromthe spirit thereof. The acconpeayi ng cl ai ns
arc int egﬂ%&h&n%&ﬁ\ﬂ%bﬁﬁwmmtswn%a&mgc&aw dddld kicke phig trua
scope and arpirit of the present invention. The presently dieol oaod

enbodi me mcaﬁcp&re%&frﬁn% éh;@g::? ﬁ]sk' s £EHEY o ﬁkﬁgﬂeinﬁ@ﬁ&?ﬁ%ﬁ

illurtrstive sad not rer e scope’of t ant 1 oa %g‘l’%%%di cat ed
oo MRS ore G bl AN T, 07
glhgingesa\r%ﬁq?ﬁ efore inten g to mg ra rgngzge o .heu h en(i ° t;]_els

P LAbven (s On iy B aent Al isfide 3F 88 480y sestidf 280 B otary B o
Phe: dynads pPEded R ERBoprnd oh  rlagiE 220 yia 1 Pock bt Fhi o SRR | ng
1 s (PN O G TPy PRV EIPREEh A2 B POEEERe B AR P B GE

surface in the axial] dirrx;tiu~n of the rotary menber, wherein the throat
dynani ¢ Proximity 1o an opposite the outer circumference en strface of each of e salient poles

of the stator core 14, while 2 bottom end surfuco in the axial direction of the ring-ghaped

10  drive magnet 22d is positioncd oppositc in the axial direction to a maguetic altraction plate
23 that is attached to the fixed frame 11; the magnetic attraction force between the
members 22d and 23 causes the entire rotary hub 22 to be attracted in the axial direction, so
that a stable rotating state can be obtained.

In the meantime, an opening section provided at the bottom end of the bearing

15  sleeve 13 is closed off by a cover 13z, and this prevents the lubricating fluid inside each of
the radial dynamic pressure bearing sections RB from leaking outside.

A top end surtace of the bsaring sleeve 13 and a bottom end surface in the center
part of the rotary hub 22 are positioned in close proximity to and opposite each other in the
axial direction, and a thrust dynumic pressure tcoring section SB is provided in one part of

20 o thrust opposing region S between the top end surface of the bearing slocve 13 and the
bottom end surface of the rotary hub 22, In other words, on st least one of the opposing

dynamic pressure surfaces 13 and 22 that comprise the thrust opposing region S are formed

11



pressure bearing section ntatably supports the rotary ntsnbcr in tho axial
dirt~aicmof the | 0 rotary menber) a punping device pnvided is an outer
circunference part of the thrust opposing region to pressurize a
lubricating fluid inside the thrust olrhosing region inwardly iu a radial
direction) wherein the punping device Qenerates an inward pressuri zing
force larger than a rotational centrifugal force applied to the lubricating
fluid within the thrust opposing region 15 during rotation. 2. A dynamc
pressure bearing device according to claim1) further conprising a fluid
acal suction pravidod lu a awivn cvntiuu~ous with the thrust opposing
region on an outer side in the radial direction of the thrust dynamc
preesut ~ bchérringborachiped theuspdymantié prafsutdgenletsiing gadavies SGf dsindicated especially

t hrust dynam c pressure bearing section fromflooring outwardly) zZ 3. A
dynami c_pregspiges Qﬂébbﬁ&n@j{ drfstin feCERial HRection tdt ddi dl, thavihdu s dgndriie pRassize Ng

device is provi ded separately from the the| st dynam c pressure bearing

axtion) andgife, é‘ﬁﬁpﬂ ﬁeﬁ“ﬁqgaga%gg&,g Qptward in

t he radi al 5| re#ﬁéthan t hr ust dynamc pressure earlrr'lg sectlon 4,

A dynam c pressu %‘fﬁﬁl jrust
i gﬂ%a rl ng se on 1 n%h@g@?cﬁ@s&fa@éﬂ?&eb "El

dyuaui i ¢ pro~a~-a dynam ¢ pressure generati ng
T zt;@gg?mﬂ%aggﬂdaa&avzﬁﬁ%&%gggé%gggmggfgxgzj?.
L o
devi e ﬁfzsfﬁ“?a?ﬁ‘aﬁ?%‘ﬁ Wﬁ?ﬁf sPREDE TR o
P'[ gstsEreerggl g*l‘éw?e(?f)og aggﬁﬁg ca?sgn on t%ﬁtrﬁ: (tE‘ tﬁﬁadl $1
20 di rectioPF“'vﬁLﬁd B’“ﬂ‘%ﬁ' ‘H‘i"‘ﬂr S‘EfF?‘@E‘t %’Hnéf‘ﬁuﬁﬁsﬁbgﬂ?ém

sections on tha outer aide in
bearing space comprising the minusculs gap; during rotation, a pumping effect of the thrust

dynamic pressure generating grooves SG pressurizes the lubricating fluid to generate
dynamic pressure; and the dynamic pressure of the lubricating fluid causes the rotary shaft
21 and the rotary hub 22 to be shafl-supported levitating in the thrust direction and in &
non-contact state. ‘

15 When this happens, the thrust dynamic pressure bearing section SB is positioned at
the outermost circumference side of the thrust opposing region S between the top end
surface of the bearing sleeve 13 and the bottom end surface of the rotary hub 22; and at the
outermost circumferential part of the thrust opposing region S, the thrust dynamic pressure
bearing section SB also surves us  pumping device that prcssurizesrinwai-d in the radial

20 direction the lubricating fluid that is present throughout the thrust opposing regivn S
including the thrust dynamic pressure bearing section SB.

That ix, the herringbone-shaped thrust dynamic-pressure gensrating grooves SG

12



the radial direction a greater thaw s width in the radial direction of the
groove sootions on the inner side in the radial direction of the

hemmgbone- chaped dynam ¢ pressure generating Z3 grooves. 7. A dynamc
pressure bearing device according to claim1, wherein the punping device
consi sts of spiral-ahepod dynam c pressure genaatiag grooves. wherein 5 the
punpi ng device al so eaves ae a dynam c pressure generating device for the
throat dynam c pressure bearing section. 8. A dyaanfc pressure bearing
device according to claim?2, wherein the fluid sealing eovtiva includva a
capillary sealing soctlon formed by as outer eircunf~rence wall 10 surfacs
of the dyttom o pressure bcerfag nenber. 9. A dynam c pressure beering
devi ce coppvidadrig theathsish tiynamie plessurs behring nedtion SBednsist 6 fatteri gogwiededtida Wi t h
respect to the stator nmenber; 15 a thrust dynam c pressure bearing section

provi ded BG1anithé biter 6idP @5ihe gadiAdireetidn vl inrer gRIOVE REttiafs 86D oaUkd deer | S as
axial direction of the stator nenber sad an end surface is the axi al

di recti ongff it 2 rAdhdirdbRHE SFherdthe BORE Eﬂmd@aecﬁsﬁs@l ahthalimie: QRfhvin the

thrust opposing region to pressurize t | ubricating fluid inniVo the

thxuat oppasieRgs Gf%é;gﬂ?e\éﬁﬁﬁggﬁéfaﬂynvl ¢ Wit VieWtd BEIA vighogle goner at es

an i nward pressuri orce great’er thhan a rotati on cettt'rlfugnl forc:a

o at | bn; SREpEsrlbae B ielicha N S0 | RFLL Bt il T
et hr us P ARV SesHER 851 8 bvige by Bl ok fab Sl 2 el O ©
1 owi ng. obfFEEPH |°§g‘°ég§8t£§°‘;&yﬁ§§“é§§?a°?s‘§? FoBE B0 e B BE €14 T

claim9, er~

o

am a pyessurizing force (a pumping force P1) of the outer groove sections $G1
inward in the radial dircction (towards the center) is larger by an spprupriute amount than a

10  pressurizing force (& pumping force P2) of the inner groove soctions SG2 outward in the
radial direction (P1 > P2).

As g result, the pressure difference (P1 - P2) between the pressurizing forces of the
groove sections SG1 and SG2 is set as a force towards the center, which canses the
lubricating fluid in the thrust opposing region S including the thrust dynamic pressure

15  bearing section SB to be pressurized inward in the radial direction (towards the center), In
this way, the thrust dynamic pressure bearing section SB according to the present
embodiment serves also as a pumping device that pressurizes the lubricating fluid within
the thrust opposing region S wwards the center, and the pressure difference (P - P2) that is
the pressurizing force caused by the pumping device is sel lurger than a rotational

20 centrifugal force F that is applied during rotation to the lubricating fluid that is in a region
of the thrust opposing region S more outward in the radial direction than the thrust dynamic

pressure bearing section SB ((P1 - P2) > R).

13



punpi ng device is pnvidod adjacent to an outer circutnfcrencc part of the
thrust opposing re~oa in the radial direction. 11. A dynam c prceaurc
bcnriag devico according to clalut 9, whcrvia tht thrust 10 dynamc
pressure boating section iacludoe a throat dynam c pressure gaurating
device that generates a dynam c preRSUre by punping a lubricating fluid sad
supports the rotor nenber by the dynam c pressure Eenerated in the

| ubricating fluid. 12. A dynam c pressure beating devico accordipg to claim
11, wherein the thrust 1 S dynam c pressure generating device is integral

wi th the punping device. 13. A dynam c pressure bearing device according to
claim 12, wherein the thrust dynam c pressure geurt~atinp dcvioo | hzst is

integral w th tigtheihdie)on the\Gutetmbs citdihifetikode 841130SEde dfthes 8lcove 13,
ci rcunfacacc part of tho thzust opposing region in the radial direction. 20

14. A dynaghieh [ (RS 3)idinid PRdskil b HgGRerer Ol Frifed laOfid ?d;[a%&.%%ch%erei n the

dynam c pressure generating device 'that is integral w he punpi ng devi ce
har 23 er T - : ' r at | up of
aroove secPrriRRYGRANSr FALEY RALE OR! RCLAREr AL Iotol A MERAR0R
aectinna hea 1 nne ls [ e radial dj | O erein.a wdth in the
radial di FFB%?P?ﬁ%&éﬁ%%ﬁ%f%ﬁé%e°&‘ﬁ€ﬂ@%ﬁa{ﬁéﬁ%&?@ . sier® el o
oot o i ik s Btk b St b el 88 85

o cosve. DNl AECHED: 18 SN AE R B A 3 ST Y ABIoH e ST eRes Sl
prcsswe , | ng
section ~iacl] udc capi | | ar eal ing sw-tion fnmod, b u outer cirg;

unf e: renc ﬁ°@%ﬁ%8&%¥lf?@l '°FW&'%F&“H@§¥$‘PFQ°MPHEWP A
dynam c preaRbJ{ hearin evice according to chum 9, wherein the ptmping
device isZr¥ éW%M%%W‘B&H‘H@’?%FW%M&N%Q
section, an&the p‘gqr}gifgg ,de\éilce ilqs,p‘gsiti.on.ed i n e_l@rgegi on nore outward in
t he radi alweadisusfaes FAREBICKe L Hrlga Bp rlhe SOYRICTRIAYS) 2$consiasi on.
17. A _dynamni c pressure beari ng devi ce according to claim 16, wherein the

t hr us#0~| pf awing-shapsd merpbes dixed trye Sageisortion?e prerdded oa the selapndd2; byr osst ua
generating deviec that gcaeratce a dynnm c pressure by puuipiug a
| ubricnii wwmgppmbmmhcmcimnﬂimmwbb}'mlﬁvecbfﬂarﬁommcssuro
gcncratod in the lubricating fluid.

plate 2§ and the outer circumference wall surface of the bearing sleeve 13 towards an

opening section at the bottom, a tapered sealing space is formed. The lubricating fluid in
the thrust dynamic pressure bearing section SB is continuously filled until it reaches the '
15  capillary sealing section 24,

At the top end part of the bearing sleeve 13 is a fall-out flange section 13b that
projects outward in the radial direction, and a part of the fall-out flange section 13b is
positioned ppposite a part of the counter plate 25 in the axial direction. ‘Lhe members 13b
and 25 provent the rolary hub 22 from falling our in the axial direction.

20 In ﬁo present embodiment having such a configuration, the prossurizing force (P1 -
P2) of the thrust dynamic pressure bearing section SB, which also serves as the pumping

device inward in the radial direction (towards the center), is in effect at all times at the outer

14



1 A A dynam c pressure bearing device according to claim17, wherein the
26 dynam c rressure generating device has herringbone-shaped dynam c
pressure geaorating grooves, and the punping devi eo has spiral-shaped
dynam c pressure gcaaratiag grooves. | 9. A notor conpri.R ng: 5 a stator
unit and a rotor unit that is rotatable wish respect to the stator unit; a
thrust dynam c pressure bearing section providod in a thrust opposing
region that ix betwcGh an end surface in an axial direction of the stator
unit sad as sad surface in the axial directlou of thcs rotor unit; and a
punpi ng device that is provided is the thrust oppoeiug ngion to pressurize

pupi ng devi ce | i oo Poel ug gl on 1o pressurtz
e UB@W&%@ iptHe A G DR e gRRIP B REirpAHh BRudt RYREHY i N the

:g?;i! Oggr ction) 2 IEanrerat es an idm/va~ rresaurizing force greafﬁisnt[lﬁg a
;(rzltr:g?f:li gg rtE %iﬁpgﬁe@ f%efg%@?i:gf}pﬁ%ﬁ%gggﬁ&ﬁfwﬁféw@gogr ovi ded
I soct et eita bR et BB O e
prevent tW‘EP&r‘?@BFWR}é’FEHMH“ '%Eﬂ@’gf&‘ﬁ&“ﬁwm#%sure

bearing section _fromflow ng &gtwardl y. 27 .Af[ .Al.AF . Ar Ar.A_. Ah
. A3AT . Y seatipp SRythat gl serves asihe pusiping deyice asgurelyprevents the lubricetiag Auig

from leaking outside.

In the present embodiment, the thrust dynamic pressure bearing section SB that
comprises the dynamic pressure bearing generating device also serves as the pumping
devics, the overall structure of the device is simplified compared to 8 structurc in which the

10  two are separately provided.

Further in the present embodiment, by merely molding ordinary herringbone-shaped
dynamic pressure generating grooves in an asymmetrical manner, the dynamic pressurs
generating device of the thrust dynamic pressure bearing scction SB that also serves as the
pumping device yields a bearing performence equivalent to or greater than conventional

1§  bearing performance, while effectively preventing the lubricating fluid from lsaking
outside.

Morcover in the present embodiment, due to the fact that the fluid sealing section
provided on the thrust dynumic pressure bearing section SB consists of the capillary sealing
scction 24 formed by the outermost circumference wall surfice of the bearing slecve 13, the

20  lubricating fluid is continuously filled in an arca defined by the thrust dynamic pressure
bearing section SB and the capillary sealing section 24; as a result, sufficient lubricating

fluid is secured for the thrust dynamic pressure bearing section SB. In addition, even when

13
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20  the thrust dynamic pressure bearing scction SB has a structure that experiencos loss turyue

loss and the lubricating fluid is effectively prevented from lenking outside. Further, the

thrust dynamic pressure beering section SB having a structure similar to conventional thrust
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dynamic pressure bearings can be easily formed, while the configuration of the pumping
device SP that prevents the lubricating fluid from leaking outside can be made simple.

In an embodiment indicated in Figs. 6 and 7, where elements identical to elements
in the embodiments described above are assigned the same numbers as in the previous

5 embodiments, only 2 pumping device SP is provided and the pumping device SP is
configured 1o serve also as 8 dynamic pressure generating device of a thrust dynamic
pressure bearing section. In other words, the pumping device SP is formed by spiral-
shaped dynamic pressure yeneraling grooves, and an inward (towards the center)
pressurizing force (pumping forec) of tho spiral-shaped dynamic pressure gencruting

10  groovss yields both the dynamic pressure to lsvitatc a thrust bearing and the dynamic
pressure to prevent a lubricating fluid from leaking outsids.

According to this embodiment, a dynamic pressure bearing device having an
extremely simple and low-cost structure can cause the lubricating fluid to generate dy'namic
pressure for thrust levitation and effectively prevent the Jubricating fluid from leeking

15  outside, so that the structure can be simplified compared to 8 structure in which the two
dynamic pressure generating device aro separately provided,

The present invention by the inventor has been described in detail using
sinbodiments, bul the present invention is not limited to the embodiments described ebove
and may modifications can be made withoul departing from the present inventon,

20 For example, although cach of the embodiments described above is an application
of the presant invention to an HDD spindle motor, the present invention can be applied

similarly to various other typas of dynamic pressure bearing devices.
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As described above, in a dynamic pressure bearing device according to the present

invention, a pumping dsvice is provided in an outer circumferencs part within a thrust
opposing region between a dynamic pressure bearing member and a rotary member, where
the pumping device pressurizes & lubricating fluid inside the thrust opposing region with a
5  pressurizing force inward in the radial dirsction larger then & rotational centrifugal force, so
that thers is a pressurizing force generated by the pumping device applied at all times
inward in the radial direction (towards the center) at the outer circumterence part of the
entirc thrust opposing regivn, including a thrust dynamic pressure bearing section;
consequently, even if high-speed rotation werc to take place in a configuration in which the
10  thrust dynamic pressure bearing section has a small dicmeter to roduce torque loss, the
inward pressurizing force of the pumping device with 2 simple configuration secursly
prevents the Jubricating fluid from leaking outside and can improve the relisbility of the
dynamic pressure bearing device while also making the device smaller and thinner. '
In 2 dynamic pressure bearing device according to the present invention, due to the
15  fact that 8 pumping device is provided sepearately from a thrust dynemic pressure bearing
section in order to securely prevent a lubricating fluid from leaking outside while
improving the performancs of the dynamic pressure bearing device, effects described above
can be sccursly obtained,
Further in the dynsmic pressure bearing device accordiag W the present invention,
20  due to the fact that a dynamio pressure generating device of the thrust dynamic pressurc
bearing sectinn consists of herringbone-shaped dynamic pressure generating grooves and to

the fact that the pumping device consists of spiral-shaped dynamic pressure generating
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can be made simple; a3 a result, in addition to obtaining the effects described above,
5  productivity can be improved.

Moreover, in 8 dynamic pressure bearing device according to the present invention,
due to the fact that 2 dynamic pressure generating device of a thrust dynamic pressure
bearing scutivn is provided to serve also as 2 pumping dsvice, the overall structure is
simplified; as a result, in addition to obtaining the effects describud sbuve, productivity can

10  beimproved further.

Tn the dynamic pressure bearing device secording to the present invention, the
dynamic pressure generating device nf the thrust dynamic pressure bearing section that also
serves as the pumping device consists of herringbone-shaped dynamic pressure generating
grooves; by forming the width of groove sections on the outer side in the radial direction '

1S  larger than the width of groove sections on the inner side in the radial dirsction of the
herringbone-shaped dynamic pressure generating grooves and by merely molding ordinary
herringbone-shaped dynamic pressure generating grooves in an asymmetrical manner,
beuriny performance cquel to or greater than conventional bearing performance can be
obtained, wh-ile effectively oreveating the lubricating fluid from leaking outsids; as a resuit,
20 in-addition to obtaining the cffccts described above, productivity can be improved.,
Furthermore, in & dynamic pressure bearing device according to the present

invention, due tn the fact that a pumping device consists of spiral-sheped dynamic pressure
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and low-cost structure can have a Jubricating fluid gmcmtc dynamic pressure for thrust
levitation and effectively prevent the lubricating fluid from leaking outside; as a result, in
5 addition to obtaining the effects described above, productivity can be improved further,
Moreover, in the dynamic pressure bearing device according to the present
invention, dus o the fact that & fluid sealing section consists of & capillary sealing section
formed by an outer circumference wall surfuce of a dynemic pressure beering member,
sufficient lubricating fluid is seoured for the thrust dynamic pressure bearing seotivn, und

10  burns and scuffing are effectively prevented due to the presence of the lubricating fluid
even when members in an area defined by the thrust dynamic pressure bearing section and
the capillary sealing section come into contact with each other; as a result, in addition to
obtaining the effects described ebove, life and reliability of the dynamic pressure benring'
device can be further improved.

15 While the description above refers to particular embodiments of the present
invention, it will be understood that many modifications mey be made without departing
frum Lbe spirit thereof. The accompanying claims are intended to cover such modifications
as would fall within the true scope and spirit of the present invention.

The presently disclosod cmbodiments are therefore to be considered in all respects

20  as illustrative and not restrictive, the scope of the invention being indicated by the
gppended claims, rather than the foregoing description, and all changes which come within

the meaning and range of equivalency of the claims are therafare intended to be embraced
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WHAT IS CLATMED IS:

1. A dynamic pressure bearing device comprising:

a dynamic pressure bearing member;

a rotary member that is rotatable with respect to the dynamic pressure bearing
member; ‘

a thrust dynamic pressure bearing section provided in a thrust opposing region that
is belwoen an end surface in an axia) direction of the dynamic pressure bearing member and
an end surface in the axial directivn of the rotary member, wherein the thrust dynamic
pressure bearing sestion rotatably supports the rotary member in the axlal direction vf the
rotary member;

& pumping device provided in an outer circumference part of the thrust opposing
region to pressurize a lubricating fluid inside the thrust opposing region inwardly in & radial
direction, wherein the pumping device generates an inward pressurizing force larger than a.
rotational centrifugal force applied to the Jubricating fluid within the thrust opposing region

during rotation.

2. A dynamic pressure bearing device according to claim 1, further comprising
a fluid scal section provided in a sevlion continuous with the thrust opposing region on an
outer side in the radial direction of the thrust dynamic pressure bouring section to prevent
the lubricating fluid inside the thrust dynamic pressurc bearing section from flowing

outwerdly,
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3 A dynamic pressure bearing device according to claim 1, wherein the
pumping device is provided separately from the thrust dynamic pressure bearing rection,
and the pumping device is positioned in a region more outward in the radial direction than

the thrust dynamic pressure bearing section.

4. A dynamic pressure bearing device according to claim 3, wherein the thrust
dynamic pressure bearing section includes a dynamic pressure generating device having
herringbone-shaped dynamic pressure generating grooves, und the puruping device has

spiral-shaped dynamio pressure gencrating grooves.

S A dynamic pressure hearing device according to claim 1, wherein the thrust
dynamic pressure bedring ssction includes a dynamic pressure generating device that serves

’

as the pumping device,

6. A dynamic pressure bearing device according to claim 5, wherein the
dynamic pressure generating device of the thrust dynamic pressure bearing section hes
herringbone-shuped dynamic pressure generating grooves made up of groove sections on
the outer side in the radial direction and gruvve sections on the inner side in the radial
direction, wherein o width in the radial direction of the groove scctions on the outer side in
the radial direction ig greater than s width in the radial direction of the groove sections on

the inner side in the radial direction of the herringbone-shaped dynamic pressure generating
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grooves.

7. A dynamic pressure bearing dsvice according to claim 1, wherein the
pumping device consists of spiral-sheped dynamic pressure generating grooves, wherein
5 the pumping device also serves as & dynamic pressure generating device for the thrust

dynamic pressure bearing section.

8. A dynamic pressure bearing device according to clgim 2, wherein the fluid
scaling soction includes & capillary scaling section formed by an outer circumference wall

10 surface of the dynamio pressure bearing momber.

9. A dynamic pressure bearing device comprising:
& stator member and a rotor member that i rotatable with respect to the stator
member; '

15 a thrust dynamic pressure bearing section provided in a thrust opposing region that
is between en end surface in an axjal direction of the stator member and an end surface in
the axial direction of the rotor member;

& pumping device that is provided in the thrust opposing region to pressurize the
lubricating fuid inside the thrust opposing regior inwardly in the radial dirsction, and

20  generates an inward pressurizing force greater than a rotational centrifugal force upplied to
the lubricating fluid within the thrust opposing region during rotation; and

a fluid seal section provided in a section continuous with the thrust opposing region
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on an outer gide in the radial direction of the thrust dynamic pressure bearing section to
prevent the lubricating fluid on the insids of the thrust dynamic pressure bearing section

from flowing outwardly.

5 10. A dynamic pressure beering device according to claim 9, wherein the
pumping device is provided adjacent to an outer circumference part of the thrust opposing

region in the radial direction.

11, A dynomie pressurc bearing device according to clahin 9, wherein the thrust
10 dynamic pressure bearing section includes a thrust dynamic pressure generating device that
generates a dynamic pressure by pumping a lubricating fluid and supports the rotor member
by the dynemic pressure generated in the Inbricating fluid.
12. A dynamic pressure bearing device according to claim 11, wherein the thrust

15  dynamic pressure generating device is integral with the pumping device.

13, A dynamic pressure bearing device according to claim 12, wherein the thrust
dynamic pressure generating device that is integral with the pumping device is provided
adjecent to an outer circumference part of the thrust opposing rogion in the radial direction.

20
14. A dynamic pressure bearing device according to claim 13, wherein the

dynamic pressure generating device that is integral with the pumping device has
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herringbone-shaped dynamic pressure generating grooves made up of groove sections on
the outer side in the radial direction and groove sections on the inner side in the radial
direction, wherein a width in the radial direction of the groove sections on the outer side in
the radial direction is greater than a width in the radial direction of the groove sections on

5§ the inner side in the radial direction of the herringbone-sheped dynamic pressure generating

grooves.

15. A dynamic pressure bearing device according to claim 13, wherein the fluid
sealing section includes a capillary sealing section formed by an outer circumference wall

10  surface of the dynamic pressure bearing member,

16. A dynamic pressure bearing device according to claim 9, wherein the
pumping device is provided separately from the thrust dynamic pressure bearing section,
and the pumping device is positioned in a region more outward in the redial direction than

15  the thrust dynamic pressure bearing section.
17. A dynamijc pressure bearing device according to claim 16, wherein the thrust
dynumic pressure bearing scction includes a thrust dynamic pressurs generating device that
generates a dynamic pressure by pumping » lubricating fluid and supports the rotor member

20 by the dynamic pressurc gencrated in the lubricating fluid.

18. A dynamic pressure bearing device according to claim 17, wherein the

26



10%&' ()-, M 10%&' ()-&10%&' ()- g 10%&' ()- 10%&' ()- /1dEbCW.A 10 f)!109%&' () -
L' #109&' ()- YO ()-L!' @109& ()- F!'10%& ()- @ 10%& ()- CFdEbCW.A 10
f)110%& ()- L' #109%& ()- Y9O0%& ()-L!'@10%& ()- SY:109& ()-1+!'10%& () -

Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font P'v)/5#=DLKSZbh;

pJw~*9f F" 1)/ r4?eP[!a|j yHoFst uvwxyz{|}~ |

JtEL""$W/' R) % Y/ 2r 4679>ACGKOSLVI[ D*zaWegi kn: s/ v_xEz@ QA/ | Sv: F6Ti nes New
RomanAri al Courier New'h Root EntryWrdDocunent

" HSUER () *+,-./0123456789: ; . _

<=>? @A\BCDEymMhitifiradsiORGRSTEVVEYEity Kas hatringbéupthaptddopmic pressury gércintng

grooves, and the pumping device has spiral-shaped dynamic pressure generating grooves.

19. A motor comprising:

5 a stator unit and a rotor unit that is rotatable with respect to the stator umit;

& thrust dynamic pressure bearing section provided in a thrust opposing region that
is between an end surface in an axial direction of the stator unit and an end surface in the
exial direction of the rolor unit; and

o pumping device that is provided in the thrust opposing rexion to pressurize the

10  lubricating fluid inside the thrust opposing region inwardly in the radial dircction, and
generates an inward pressurizing forcs greater than a rotational centrifugsl force applied to

the lubricating fluid within the thrust opposing region during rotation of the rotor unit,

20. A motor according to cleim 19, further comprising a fluid seal section
15 provided in a section continuous with the thrust opposing region on an outer side in the
radial direction of the thrust dynamic pressure bearing section to prevent the lubricating
fluid on the inside of the thrust dynemic pressure bearing section from flowing outwardly.
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