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HYDRODYNAM C BEARI NG HAVI NG | NVERTED SURFACE TENSI ON SEALS CROSS REFERENCE

- TO RELAFED-PATENTS—Fhe—p+esent i-aventtom s Tetated to the 3ubject naiter

of United States Patents No.: 4,795,275 for "Hydrodynam c Bearing issued
January 3, 1989; 5,067,528 for "Hydrodynam c Bearing" is Sgﬁ'mg enber 26,
1991; and 5woi%s2%8¢ f or "Hydrodynam c Bearing" issued NE%H'T al |

i ssuing to Digital Equipnent Corporation and now assigned to Qjantum
Corporation, MIpitas, California, aSSI gnee of the present invention, the

di scl osures of which are he orporated by this
reference. BACKGROUND OF T. g nvention relates, in
general, to the fleld of hydro ynan1c earlngs re particularly, the

pr esent ) IREFERENCY ) 81 ¢ bearing configuration utilizing
one or nore |nverted surface ten5|on seals which is of particular utility
in conjunction whHehpideentoimienBforhib feldhtdd Mo ﬁhéi(‘sk;bs)éctamswaiubﬁr mass
storage devigherdH SKatlld ¥GeentiendY:dnOFH137} cfot}eaﬁyditga@aatn&beaeq

i nvention pr,ovi enhanced Ll t finess. d on .of t edlsk
stack by al I‘SW%ﬁfﬂ?argnglglcgﬁagase'étsz; %E’e %e%ﬁéé’ﬂa‘f“ﬁe BRMIEr s of force
acting at tAesiash¥pvenher| el 28bamPRqS j138r HR $or t"Hedraiynpmia ting in an
ef f ecti vel y Bgasixiger i spieddiay 118ngt992f callaigsuiap treDgditalloEmipaehtr di sk

drive. Di skcgihdtasish AnR0Hd a8EidHRAStS RhAGSE 862irasidd, O Mlikeh, data may be

read and/ or dat t ggner. ey_conprise
one or mrec%ghwg Za%%g SSli Fg% Feg%hs’t'rg}r;gtt'J“Ql g& ﬂélo& %s on whi ch
data is enc8EePiFY ¥5F PEEHERRSEFAI NG ﬁ‘é?ﬁp(?r%?"sdkb}flr‘il\?ésrefﬁéﬁﬁc‘? ‘s encoded
as bits of inf or rrat i on conprising magnetic field reversals grouped in
tracks on tBa UND | OFa ITHE -INVENTXON f ace of the rotating disks. The disks

are stacked in %&epﬁé&kyﬂ%@u@&emépmedﬁmrttJ ehat#:Qaghip and
af fi xed at thrr i nner |aneter "ID‘

rotati onal | VY ESURPER G 58" ¥95¢ | ol‘r?arypspl ﬁ‘éf%ﬁggm?'t %re%%a’inrve%'f“ﬁ‘earl ngs,
typically bEFJ'a":ﬁ?aF? fy SYAFRAYRARIF PeRFing ﬁffsf&QBB?t%Pl‘g’QéliK‘MSniG’rpage -3-

more inverted surface tension seals which is of particular

utility in conjunction with the rotating hub and disk stack of a
computer mass storage device disk drive. The hydrodynamic
bearing of the present invention provides enhanced tilt
stiffness during rotation of the disk stack by allowing for an
increased distance between the centers of force acting at the
uj:per and lower bearing journals, thereby resulting in an
effectively greater spindle length for a given height form
factor disk drive.

Disk drives are computer mass storage devices from which
data may be read and/or to which such data may be written. In
general, they comprise one or more randomly accessible rotating
storage media, or disks, on which data iz encoded by various
means. In magnetic disk drives, data is encoded as bits of
information comprising magnetic field reversals grouped in
tracks on the magnetically-hard surface of the rotating disks.
The disks are stacked in a generally parallel and spaced-apart
relationship and affixed at their inner diameter ("ID") to a
conmon hub which is rotationally coupled to a stationary spindle
shaft by a pair of bearings, typically ball bearings.
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"WD 96/ 25606 PCT/ US96/ 00573 Wt h
the grow ng trend toward even | ower height formfactor disk drives, the
.length of the spi.ndl e shaft—ahd spaci-ng bet ween-the upper and | ower

beari ngs becones a significant consideration in neeting specific drive

hei ght constraints. As drive height is decreased, a proportionately shorter
spi ndl e nust bwossssesnodat ed within the decreased hei ght BEHEPFMSHts with a
conconmtantly shorter spacing avail abl e between .the upper and | ower

beari ngs supporting the hub on the spindle. Inasmuch as conventional ball
beari ngs have i nherent Ig/ limted stiffness thensel ves and exhi bit many
spring-like propeMitBsties gEPHine &irRdi FRYa5e: BN 1R Bl Somp Facka

beari ngs resuBisk iGrivesiuthe tenpth of| thespindie fesfit and sppetha bdtwesnki ng
node freguencyhe Gippes drdeclovwdri besritys i dexbmen af sixpi€hcams cotsiderafimat | ng

di sk drive, WagtRRk;dyeree: Sef acive RBLHNBSHSeaiAaNS Ad athke &é@@_& and bal |
bear i ngs or o Defo L 3Elal Su LEHUEHbiLl, BhidH0°55A00 JQUSL, rOCKI NG Mode
frequency can cause arT \ie_fa,|°fpure 1T 1 eCQomes col nci_d’ent W th these

exci tation fr8GERIMOARked WhthidyFhe Secreassd| OhE FARSEFAIRtEHFiGnBsses

associ at ed w chndralikcaitdar shepresr spaging avhilablprlatwdemd-hei tpdezr abd enuati on
of surface defiewd:ss baatirngsPSigpeetinshe Mubhén Ak |sdinare.ngs. This results in

| arge anounts of r | Ly : [ ot s deyi ati.gn traced out
by the spin aéi, S, O]?,th 1‘*‘:% H%\élgn%dﬁgg#gﬁoﬁ%%ﬂ;qfa%&éﬁ{% gl%wblgﬁ £§§§ I ngs may
exert excessi vEYSFCEHHTPRR tg‘ﬁ'%\e_ &g sﬁ’aﬁg%é“’é‘?r%’ﬂ?é]f feading to
eventual struBrepeytigaraerterh PaFigePRIWErD 188 WReretpSSlaves bgaringss

descri be a hydesdtsaih creddeesd nglofstpafridseuasiwvell idsi & yrddaced afoeRing1g t he .
i nherent di sagyadtedggsendl;. CUIveAtINaNAAriRak| exk@oddivd BidypendRE spisdl es. In
par ti oul ar, D ASSLgnsdekelil, dhakhos SflePLOWEFES UG IR ALEd L INOU!
characteri sti G5 over - bal earing desi gns due to its use.of a talatively
thick |ubricafP the FRERA ﬁ@érPar‘He’g%ﬁrFﬂ?ﬁ%grn%’i"&F BftPEteFedpred tilt -
si mul t aneous| ptpfinesdcanda 1pweyh rackjngemasie §Yemueney danpiavgetdriyegni ficantly
attenuat e nonfaiBpet if i itebéectredt coiAeidentesitt theseC ereixadibéd acki ng

per formance Mpyedfandshi eved Llaievdd)dehOnusphraneedlidr indexhésids densities.

Moreover,  the Lubri cant, ih 3 S0I8LY Gtel S AIREN SXLAMRA] Becre

attenuation of surface defects and imperfections in the ball
bearings. This results in large amounts of repetitive runout, or
repetitive path deviation traced out by the spin axis of the

spindle bearing. In addition, ball bearings may exert excessive
force on the attached disk drive structure, leading to eventual
structural damage.
The aforementioned United States patents describe a

hydrodynamic bearing of particular utility in overcoming the

" inherent disadvantages of conventional ball bearing supported
gpindles. In particuiar, the design therein disclosed provides
much improved runout characteristics over ball bearing designs
due to its use of a relatively thick lubricant £ilm between the
sliding metal surfaces which simultaneously provides a high'
degree of viscous damping to significantly attenuate non-
repetitive runout. As a result, increased tracking performance
may be achieved allowing for enhanced drive track densities.
Moreover, the lubricant film also serves to dampen external
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and vibration resulting in a nore robust drive especially desirable in

_ conj uncti-on-wi-th—pert-abl e conputer—egurpmemt—Never t hel ess, the particurar
" structure of the bearings disclosed in these patents extends the seals

axially outward fromthe center of the bearing, in effect linmting the

di stance betwes?se@he centers of force acting at the uppg?r wer beari ng
journals as dictated by the particular drive height formfactor. The
resultantly smaller distance between the centers of force, as with

conventi onal gﬁ? desi mts the overall tilt stiffness of the-
bearing. Cofi® %%ﬁ ‘9{ %'éd'eg‘g%ﬂ‘ﬁslﬁ f PRE BPRustofriyenefpesdphidi ¢ bearing
havi ng i npr §estrabilpt incopiwnardoniwith pantabln greuter sepdamerfes of hi gh

preci sion wth |Newvereipsiieist | Wwheapaktienlar epaidture & fr i MHearfmysoci ated with
cgnvetnt I ?n?hxbé’wsﬁdym%&b?ﬁi:éﬂ& dﬁ@ézmsthéumxx&'hﬁkﬁdmgm ON An

obj ect o e v 0 am.c bearing

. exhibiting ?%ﬁ@o&e%dg m{ ? g? "?‘?nbé&l% i gélé\%gta]ff‘"xg}{ﬂ %ﬂ nalfsaa‘or di sk

wesn, the c‘iEHQE’f%an%ﬂrCBe%'fﬁlﬁg %tp%% “PBB’F éBfetovathe hydr odynani ¢

beari ng of bhermgesmnallﬁvmtdn-ewtaﬂl b part heulapcdnisieoheightr bt | vel y
| arger thrughetss.f apws redlircanedy ish@lDér GiStaice Iutvebr) \cRB! édditeks ¥ the type

having a sh r alg | j6gve upper and
I ovvergt hr us?ggéégkqgﬁ ; Mﬂwﬂﬁﬁ s 1@;]96‘&% 53 fltqmgtgﬁﬁ1 apPubrl cant,

h
such as oil ':etflg gf’bvggn fﬁh g‘?fgf’f‘n%nd t he sI eeve and between the
thrust plates arRPnFﬁ@leﬂtéZéve’ need rapRineAnithe avhifsr & svirmedymaniet ween t he
t hrust pl at beaxing héeirg dtewevedheilibestififigesd while pewsiedhgitheent i on has t he

surface tengafihca@al ¥ hORE pRechiiloh PNRES18 reperiReds i@ hdnerted in
directi on, R—Q?érntivﬁ%%ﬂgé Q8% Qﬂsymt:ﬂ“’é‘éq@eeﬁgﬁﬁ&gﬁpﬁaggdﬁ%&tég | nstead of

axially awa om the center, to allow the beari ng
journals to %rﬁ”r?cfi%%t’ﬁa thereby significantly inproving the bearing tilt
stiffness. KK Maldd ecal is reversed in direction by extending
at | east one An object of the present invention is to provide a

hydrodynamic bearing exhibiting improved tilt stiffness for a
given height form factor disk drive without sacrificihg journal
bearing space. Moreover, the hydrodynamic bearing of the present
invention allows for the inclusion of relatively larger thrust
surfaces.

The bearing of the present invention is of the type having
a shaft or journal which spins within a sleeve and has upper and
lower thrust plates disposed at either end of the shaft, with a
lubricant, such as oil, interposed between the shaft and the
sleeve and between the thrust plates and the'sleeve. Surface
tension seals are formed between the thrust plates and the
sleeve. The bearing of the present invention has the surface
tension seal at one or both ends of the bearing inverted in
direction, that is, extending axially toward the bearing center
instead of axially away from the center, to allow the length
between the bearing journals to be increased, thereby
significantly improving the bearing tilt stiffness. The surface
tension seal is reversed in direction by extending at least one
of the thrust plates radially outward along the end of the
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“of the thrust plates radially outward al ong the end of the 3 WD 96/ 25606
PCT/ US96/ 00573 sl eeve and back in axially toward the center of the bearing,
.along the outer wall of the-steeve. Disclosed herei r—+s—-a hydrodynam c
‘bearing which incorporates a central shaft and a sl eeve having first and

second ends and an inner and outer dianeter thereof axiallg surroundlng t he
central shaft veboseess sl eeve' s i nner dianeter. At |east on Bplate is

coupl ed adj acent an end of the central shaft adjoining the first end of the
sl eeve, the thrust plate further presenting a portion thereof disposed

dj th t di f .t I t endi t d t.h d end
Thercof Lo 1 oPYPe PR APEs. U et o Paes 9 SoDe BRcTRORERa: A

| ubricant is dlepshe ?}mewe%#ﬂt RE theaflee¥Rd t he i nner diameter of the
sl eeve and bet weemiiskkoded héreimdinfa hiydraiveanic bagrimgewhilwhust pl ate. The

lubricant in &heoéd&sae@at g&sdizan ér&rfmma eamwemMagan&uefame tensi on
seal. In a nor.e aé[t | gul ?ﬂ ergl{agg Qxarghg {1%1&5 di scl osed
y ex e

conprising a % ong I'na Shaft havi ng

eeve an e

first and secHHEFBIRILDT HbeetIt rﬁ}t F\eatsl"'rﬁ?t alﬁ d?‘éer}%géﬂ“%efhl n the
sl eeve for roia&t lerstr cheitthyest pdats GsamP}Fée‘dJeP%m‘— ap §ndr of ther yst plate
i s coupl ed to deherdli BRAftCAH]ainihiechehaitstarnd @fseivoaledvr, Ushe thabst | S

coupled to th | ikiel et ween t he
shaft and the‘i,lﬁg%\(}éé&%ﬁ%dg?&sé&@n?@Ebrix%n %Eg%,rigf%é% 32?&.3{1&968 and the
sl eeve. The fi §t°‘ttﬁfu Sl faeeTR ST T”f Bt Ny &

cor r espondi ng thereqf éﬁdf‘ﬁ’f" Ph‘-é‘@?‘é%\}’@nﬂﬂ“rrﬁﬂ@l §°§‘&’|5’9f 8P (FBﬁ’c'%ﬁﬂ‘ii’"ﬁ?f't he
| ubri cant t herebebrirant aied dl sppskeilrisatween (ke ghiafteardd thédmnex tdipnsterxi al | y
inward toward ¢t eRdtsAkedd ahBcndtaaen theatizng aim oBtie swemcanaafthahe sI eeve

forming a tapgred,o au;erﬁhgtl\eﬁeﬂmthentéﬁegmag@pce%% ARl 8sp

extends axially In toward e.center of the bearing to form a surface
tension seal . pB'RVﬁesDES’Eﬁ 37T EPEEORNISR DRAW NGS The - Joregoing and_ ot her
features and obj ecim sofor@apricyday embodiment, a hydrodynamic bearing is

disclosed comprising a longitudinally extending sleeve and an
elongated shaft having first and second ends thereof, with the
shaft being disposed within the sleeve for rotation relative
thereto and vice versa. A first thrust plate is coupled to the
first end of the shaft and a second thrust plate is coupled to
the second end of the shaft. A lubricant is disposed between
the shaft and the sleeve and between the first and second thrust
plates and the sleeve. The first thrust plate extends radially
outward adjoining a corresponding first end of the sleeve
forming a gap for containing the lubricant therebetween and the
first thrust plate further extends axially inward toward a
center of the bearing along an outer surface of the sleeve
forming a tapered gap therebetween. The tapered gap grows wider
as it extends axially inward toward the center of the bearing to
form a surface tension seal.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and objects of the present
invention will become more apparent and the invention itself
will be best understood by reference to the following
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“invention will becone nore apparent and the invention itself will be best

understood by reference to the followi ng 4 WO 96/ 25606

_ PCT/ Us96/006-/3—deser+pti on of a preferred—embodiment, taken in conjunciion
wi th the acconmpanyi ng drawi ngs, wherein: Fig. 1 illustrates a

cross-sectional, side elevational view of a conventi onﬁlqﬂjé ngnam' C

beari ng uti WOSs§6sur f ace tension seals as disclosed i or enent i oned

United States Patents; Fig. 2 is an expanded, detailed illustration of one

of the surface tensi on seals of the hydrodynam c bearing of Fig. 1; Fig. 3

Is a furt heg(fsg r:.% oé” egrg{ergggﬁugéﬁ%%{:lt ?r%%gnlnsggllx lR'{CﬁlOlﬁyd.% FI g. 41s

asinplifie cross- sect eva Vi ew 0 rodynam c
beari ng of "Ii'ﬁe acqompARY NG ﬁ@"‘l"ﬁé' JfbeFette between the bearing journal s

t hereof as 1[er Fig. Ri §llustirates gornssasecrdonal . 0sids edevanighal siigw

el evat i onalogvaevorifentidraiphydrdoagnatiiegberping wioifitly ByskaedytaBionbeari ng
design uti lée&'lggasa dihﬁ&s%ﬁ ﬁPrtEéCﬁoEﬁzﬂéit%né?%h;%d geaéég 991: t,he beari ng
of Fig. 1 indi cgtl ng e > CQLTespan etgl edStf‘fuC% ael'.tovl\{eeg d ring
journals as 12; 2 5°i% §RABTespon FREE° r6‘§s i onal , side
el evat i onal SUFERSE cﬁenal%éf‘ﬂ'ﬁg %aﬁ%&y‘é’-’%ﬂﬁ’ﬂﬁ‘?‘é’ PRSP cRf Fdpf a’oe t ensi on seal
in accordance Wrid. & para ifouther emlsodedoriewoif the syrésemttensimnt i on and
having a spaghngs gween the bearing journals defined as 13; Fig. 7 is an
additional, st mpid!1ag Gf gi.ﬁ,fﬁ%saa0@@1,5,7.%;9%&5%%& 8Bkt 2 bearlng

having two inveried surf en5| on.sea ance W th an additi onal

enbodi ment Gt ik et ?’?ﬁ?&ﬁt PeTing P hgﬁ ng %1” L GAEHI B%t ween the
bearing j oUHf&rRc]iPEFVRR? SBe bearing)pyrpalg theraofidssliied, cross-sectional,
si de el evati onaFigi awisfa ackyztaeilyeiaprasdreactivgallesiga emvaem;aulance with
the presenty;iefveftd Qmbia i og aa.aamgbe aroRHEF h'yﬁi‘&iy%ﬁﬂ;é%ﬁf‘ﬁfg tension seal;
and Flg ° dé%;%ﬂ é%zqagiﬁgpalsxnuﬁg suggacé:Egééio%eggéfoggiéntaklon as

the bearing of Fig. 1 1ndzcat1ng the corresponding distance

between the bearing journals as 13;

Fig. 6 is a corresponding, simplified cross-sectional, side
elevational view of a bearing having a single inverted surface
tension seal in accordance with a particular embodiment of the
present invention and having a spacing between the bearing
journals defined as 1l3;

Fig. 7 is an additional, simplified cross-sectional, side
elevational view of a bearing having two inverted surface
tension seals in accordance with an additional embodiment of the
present invention and having a spacing between the bearing
journals defined as 14; and

Fig. 8 is a detazled, cross-sectional, side elevational
view of a hydrodynamic bearing design in accordance with the
present invention having a single, lower inverted surface
tension seal; and

Fig. 9 is an additional, detailed, cross-sectional, side
elevational view of the hydrodynamic bearing of Fig. 8 utilized
in conjunction with the spindle motor of a disk drive and
showing the central shaft thereof secured to the drive
baseplate, for example, in a cantilevered mounting configuration
without attachment to the head disk assembly ("HDA") cover.

5
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el evational view of the hydrodynam c bearing of Fig. 8 utilized in
conjunction with the spindle notor of a disk drive and show ng the central
.shaft thereof secured te—the—drive baseplate, for exanple, in a

cantil evered nounting configuration wthout attachment to the head disk
assenbly ("HDA") cover. 5 WD 96/ 25606

PCT/ US96/ 0057 3woBaSiis PTI ON OF A PREFERRED EMBODI MENT W t hPEEPESMSEe t o
Fig.1l, a conventional hydrodynam c bearing 10 utilizing surface tensi on.
dynam c seals as disclosed and clainmed in United States Patents Nos.

4,795, 275; 5,067,528 and 5,112,142 is shown. A detailed description of the
structure and Nl he _bearing 1 _provided therein and the

di scl osures t E0 t 1 reference. The following is a
brief description !ﬂ-tl! wefsw*qengo f@gplc-ow denrenbimiad Heirodymmeni ence and to
facilitate undssastismdiongtifizihe surifcaced plefsicf M;arﬁggtag QYsidsal as it

Gos| gne.  Boar | o pOUBRR o Yted BEAEE) Hbihee Mol o LOPB,TToR 0 PSEY | o

i nsi ge di anet em%llél‘. 1%33% nal %m shéf‘}e%féi?‘%fiﬁf gﬁﬁ‘ﬁf’ﬁ Hecgtcrury ¢ hough
the sleeve 12 %fﬁ’éc"r‘&{‘a?%d‘hﬁb‘ﬁﬁnag dPats @ravideshlierein 4ndsthed. O ear ance
spaces 18 (whidisclesures theneof camenlingcorpayated bettiie rdebéite .t orfe 001

i nches) and 28td10Biidy AbS® braes AeseXFHTALE SHkNe H&yu%el@%&%@&bé)- 0005 and .
0, 002 i nches 2:[31 ﬁcﬁﬁggﬂ%‘é’gﬁ& ﬁ&”@u::ﬁru#‘e ugﬁez\'ﬂ;]:an f.er 44.and journal

16) are fille ri.cant such,as o ya odynam c

pressure is g é‘f‘ﬁi’% 528% | Wifr RETSeRE ’s'B’eﬁ’éanBﬁr‘ﬁaFeﬁaé’eﬁaﬁP &Pso include a
recess 20 def |Wlpﬁ‘g"%?e’%eﬁ‘éﬁraFPWQanih@%ehY‘FW@YPM}Fnh@Q:mE Hougesignat es 22 and
24 rotate al ong w Béaxjimgr bdilintfudeBhasslereal 12 2hcladend aapbeisgads Whi ch do

Inot kneed tg Prexah ter flq,rsﬂglﬁghg@rr@p oa Jzﬁgg,{ﬁ &Bsﬁggw zgrtgg\xgwt | ubri cant
n
ei?eﬁg?ngnpaﬁﬁg\?\%fg@%g ard ﬂtﬁ’“ the Y izg Ys¥a gg%tfg 3‘2""‘&@ arr anged
around the ci rt@hfeRarycebaft 1 cnpte % aﬁ\‘:F’FTPB% GE"F?F( Briwhighe asqaml i zat i on
bet ween cl ear a%eEPIpx0d¥, IGy be between 0.0002 to 0.001 inches) and 28
(which also, as an example only, may be between 0.0005 and 0,002
inches and located between the smaller inside diameter 14 and
journal 16) are filled with a lubricant such as oil through
which hydrodynamic pressure is generated as journal 16 spins.
Journal 16 may also include a recess 20 defining or separating
the bearing journals. '
Thrust plates 22 and 24 rotate along with jourmal 16.
Thus, seals 26 are static seals which do not need to provide for
relative motion. Seals 26 simply prevent lubricant leakage and
may be conventional "O" ring seals for example. Axially
extending passageways 30 and radially extending passageways 32
are arranged around the circumference of sleeve 12 and provide
for pressure equalization between clearance spaces 36.
Dynamic seals are required in clearance spaces 36, because
the thrust plates 22 and 24 rotate with respect to sleeve 12.
Sealing is provided by surface tension capillary seals, shown in
more detail in Figs. 2 and 3. _ .
With reference additionally now to Fig. 2, an expanded
detailed drawing of one of the surface tension seals within the
spaces 36 is shown. In operation, lubricant within the
6
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* Dynam c seals are required in clearance spaces 36, because the thrust
plates 22 and 24 rotate with respect to sleeve 12. sealing is provided by
~surface-tension capiary seal si—shomr—TmToredetar - i n"Fgs” 2 and 3.
Wth reference additionally nowto Fig. 2, an expanded detail ed dravm ng of
one of the surface tension seals within the spaces 36 is_shown.

operati on, Mdweksseht within the 6 Printed from M nosa O'fgrf??‘f’ggé 14 45: 16
page - 8- WO 96/ 25606

PCT/ US96/ 00573 cl earance space 28 and passageway 30 rmves into the tapered
cl earance spgce 36. It revented fro furt and | eaki ng out by
a caref ul ﬁﬁﬂﬁ%mﬁef% Fh”‘é1 TR0 E mﬁgomve e %bI;PE ?ﬂe t he

rel ative pré’§§ﬁ¥¥§’eoFP‘t°r‘Fe3é1 r I&ntF PREVenTSA; Euom moving fyrdher Andand struct ur e
of cl ear ancéeapimme o86. b\t barefnt Hmlancelibetwern thefsuréare teusfangef3, t he
surface tensdhenlmalcaﬂé khe. reaatﬁveeai-aé@edssaﬂ khe faikt &y the il lustrate this

bal ance. LUKLEAN:a! fnd BhE"d138CariP sDAT -0 VY B6LERLELI asiriace tonsion

dependi ng upon ricant ferenti al

arro

pressures of thew’a'ihr ﬁﬁﬂ"ﬂrh%ddr"&b??% %ﬁ%"?rﬁ? Exfed- bV‘earsPBWs"eM The
surface tendieoaions sgat ainFied 2bys teﬁéamﬁﬁaﬁ’dﬁr gerthes rQudlestracai r

I nterface 3&hindsdnanbe as Lubriteperudis Omtdrifece\Sist Bas pechamiceseriaiticnt erf ace

38, (and cl eak-2REE teRELH aépénalﬁa%aﬁdehé egutilchiRg, |1HdpéJtL@r t wetted
perineters %tr Qw”@fe%engifﬁ&enéﬁa SFr%Jls%rL Gt LoD 0f thevid ”t erface 38
t

noves sligh var arr pressures un T the forces
cone into bal ﬁt‘é‘“@’é@ﬁf*&%?%‘?&l”@f‘ﬁ@? Afe éqh§os‘§'(§€6ﬁrﬁeé‘ﬂ’-?’brlsl n the

overal | desidpternined peftbeclrratihowofothé gubxicapt SHippknterddce [38ustrati on of
t he beari ng skas@icHiag. itl deferflizOvh) , theMiéttatli st inbterd oSt iteesdtal veen t he

centers of f%saeéle%%w sBlicd A8 pseacstgpeawyémmgc Gl eDyny €CESS 20 as

[err]. Int suln es |gns of each

of Figs. 4-7aF% éﬁn‘?ﬁeﬁgt?tat%éég?fg“ I‘%"l?gm ?Ié“é?etgﬁna%"lﬁggt &t to |
di anet ers arfdrel ¥fepriase 3§ BPYeSWSHERERY (Wsh BrvERS ’dFs%&EEnlféﬁeen bearing
journal s forpreasirescsntil shel fiohces cninerimtofbglenceaal Gforitetiomal

forces are also accounted for in the overall design.

With reference now to Fig. 4, a simplified illustration of
the bearing 10 of Fig. 1 is shown, indicating the distance
‘between the centers of forces acting on the bearing journals
created by recess 20 as 13. 1In the ensuing description, the
simplified bearing designs of each of Figs. 4-7 are all
illustrated to the same scale (with respect to diameters and
lengths) to allow comparison of the distances between bearing
journals for each design and the centers of journal force are
shown with black arrow heads. The journal and thrust bearings
{or *surfaces") for each configuration are also the same size
for comparative purposes. Moreover, like structure to that
described with respect to Figs. 1-3 is like numbered and the
foregoing description thereof shall suffice herefor.

The distance between the centers of force acting upon the
upper'and lower bearing journals illustrated with respect to the

hydrodynamic bearing designs of Figs. 4-7 is directly related to
tilt stiffness (K_) by the equation:

XK_ =172 x12
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shown with bl ack arrow heads. The journal and thrust bearings (or
"surfaces") for each configuration are also the sane size for conparative
.pur poses. Moreover, |ike-st+ucture to that described wth respect to Figs.
1-3 is like nunbered and the foregoing description thereof shall suffice
herefor. The di stance between the centers of force acting upon the upper
and | ower bearwogs2sesrnals illustrated with respect to theCHUSS&#@SBnani c
bearing designs of Figs. 4-7 is directly related to tilt stiffness (K) by
the equation: K= 1/2 kl[err] 7 WO 96/ 25606 .
PCT/ US96/ 0057g V\:hﬁ‘l’ée % the 'ournf?\é‘ stif,fness, is a constant and _ is the
angul ar tilt "BFE A FBY JOPERAY SEXTeBRt i8R TRESMAHEPT and® I BBer beari ng
journal s. W @hovkaetibe fager robhkiong! mxistetmpen the upperngnd fipwer di agr am
of anot her coeusirig dowknalgdr odynam ¢ bearing 50 having a surface tension
Sﬁal oriAgnt ati on wiuK kéferleficd Nalkiitidnal 2L Golred begb%?r aAng Qifh?l.fed!:i g. 1| i's
shown. cary, eep, [ centers o e.journa
force, herei r%lgg?lﬁng%gt%%’tlggg1‘%@%@8\%@%?%%} g’ﬁ"“‘f‘ﬁ‘é ot éfa%{ﬁlé% lerr] in
the hydr odyn&HF E29Fe SPPFAPPLESY CEFEPEaALL SiPaRgte (Fha aibil ez drdthy | t
stiffness. ROPariiendOnefnwFig. i ¢s #hown. siAsptad bedsethagrhendi$tancheari ng 52
havi ng one i beewéead therdenters @fstin jeealali forvec Giclans Qlesifihtrapas t i cul ar
enbodi m;nt _ ofllzt h:gs weﬁﬂ_ori:é&/%ﬁﬁfﬂhei aiﬁaﬁw-llLﬂ%\%he%_o@ﬁmhﬁél Ibeen .
I nverted si I ngl the clearance _space CK In lally towards
the center g?’egﬁ’é'}/gogér?%ﬁ% $§fﬁ%l%1Pﬂalﬁ,§Y< .e‘r% P e??“ﬁ}éi ) %“ﬁﬁ‘\/vard as
with the correspdfRfisngiRg Vi EiGpdeed o3BPLHARA JiRorae ofc’iRparéno Figs. 4
and 5. The r &8ubaving ermtinvéntedi surface trosime seahdncasvordana withiranal
force, 13, | %aeﬂi&diaroérdﬁaéﬂén@% ReCHrdseh NigRent a1l [sBbk] . Lbﬁe:ﬁi st WCﬁ
in Fig. 5, r td | ' i tilt | e . Wt
further ref e%‘i%%:eé({qga?%ﬁ;;%&zfg g%%%%*%%ﬁg?giéké a?nl%%%%{c?i %%%cie beari ng
54 having two®i RV 8 B FEVRETS FBR BEPS O BREACce? Wathean
addi ti onal errB8di IESRAG LR fipdle futward as with the corresponding

clearance spaces 36 shown in the design of Figs. 4 and 5. The

result is that the distance between the centers of journal

force, 13, is on the order of 80 percent longer than 1z, the

distance in Fig. 5, resulting in a 224 percent increase in tilt
stiffness K_.

With further reference to Fig. 7, a simplified diagram of
an additional bearing 54 having two inverted surface tension
seals in accordance with an additional embodiment of the present
invention is shown. Both clearance spaces 56 now extend axially
inward toward the center of bearing 54 rather than axially '
outward as with the corresponding clearance spaces 36 of the

bearings of Figs. 4-5. The result is that the distance between
the centers of journal force 14 is on the order of 120 percent

longer than 1, the distance indicated in Fig. 5. The resultant
tilt stiffness K_ of the bearing 54 design shown in Fig. 7 is
thus approximately 384 percent greater than the tilt stiffness
K_ for the bearing 50 in shown in Fig. 5.

Referring now to Fig. 8, a detailed, cross-sectional, side
elevational view of a particular embodiment of a hydrodynamic
bearing 100 having a single inverted surface tension seal is
shown corresponding most directly to the simplified illustration

8
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“invention is shown. Both clearance spaces 56 now extend axially inward
toward the center of bearing 54 rather than axially outward as vmth t he

_correspendi-ng-cl earance spaces 36—ef—the—peartngs—of Fi gs—45—Theresutt

is that the distance between the centers of journal force 14 is on the
order of 120 percent |onger than 1[err], the distance indicated in Fig. 5.
The resul t anwowénssesst i f f ness K of the bearlng 54 design PERERMMSB Fig. 7 is
t hus approximately 384 percent greater than the tilt stiffness K for the
bearing 50 in shown in Fig. 5. Referring nom1to Fig. 8, a detail ed,

Cross- SECtIO{I%J sg deI€ glh&tlon onent%wfagfb rtlgguar%r ng%qgl ment of a

hydrodynamc 5&dr | eP%on seal is
shown corr e%r%‘ﬂ&?r&? ﬁﬁs’f°’ﬁﬁtF%’cRﬂdyw’c'iP"Ph% %ﬁsﬁb'f‘q PPe‘ﬂ"ﬁ“F‘IW P&t ion 8 Printed
from M nosar@3ted/d@gearoinds: Thrpayelates 84 angD8G6HR560@led to the

PCT/ US96/ 00&na¥t082 Fi Thé .s1Ekee B Ds GAGRANE Rbfinstiteb oy th¢ blt@ﬁu@d’ @0as

follows: A ghatt &Zyzswmﬁs Iaaegoe/ucgal dbode MR L0 80 WP ishbe (B be rotated
t her ear ound. _Thrust at es are cou e sha t 82 The
sl eeve 90 | &% FgFef é%ﬁ% a‘{]gst‘ggmbﬁ%ﬁf’ng scfﬂ'bgﬁﬁd' B MY92® whi ch may be

r ot at ed abo’éﬁlltlhed sitsaPl %ﬁi‘r 9r§‘f?aFPl‘B§eah%Prtlﬁ9 (RSPt es? gwetandeodd f or m ng
an assenbl ys@hinahcomespending| naopeit 238 provisie dne pessikledhemnisefsr ng assenbl y.

A {mior C?Ih &oﬁﬁla@ctr&oeismﬁnﬂm%gnebet&awr&vtﬂ@ dtaastm&%xblﬁt eans for
rotating c r e

hydr odynam ¢ ebe ;g-n%g%?'ﬁ& ¥i%ge1tp§n%|&g% é;fgﬁg%roggﬁ E%Ig are 4br| efly
sumari zed #%f Pﬁée r SHPATIHESD ot PREAHTORT RFI8B: may be inscribed with

pressure induci e peushang S meY %hmﬂrihsd wAbh (rrepsunehandifadngnent i oned
pat ent s f or pddterheagriongshcaid Ned Taagt tihetheppLoremiaticner rpatbhtistEopl at es 84,

86. MDreovefne heatbBiy %&&aﬁlgcir&&jﬁhe Q{ppﬂélrﬁaai&)ér' H’Edé@ 1dteE Sl €
equal I zatio ts such ats also nc(r} g/n as a &a 4ol e and an axial slot
in Fig. 8. %ush ﬁg VG el 3’?%0 |ncf ) Hi mc‘fdtfde a relief 108
defini ng orP%aFﬁt?‘?ﬁ‘glﬁPélPWP%éarﬂ?& f%)l!’Pﬁﬁl%ﬁ E‘l‘(‘?’naﬁl a radiahe pushing 80
may be ri gi bdle eodrmcusihl clet davBid( 8. BushianBPeondyy aben rigehels, shrunk,
or partially include, a relief 108 defining or separating the
two bearing journals 110 and 112. The bushing 80 may be rigidly
connected to sleeve 90, for example by being heat shrunk,
pressed, or bonded to the sleeve 90, or may be formed as an
integral part of the sleeve 90.
' The upper and lower thrust plates 84 and 86 are coupled to
the shaft 82, for example by being heat shrunk, pressed, or
bonded to shaft 82, or may be formed as an integral paft of
shaft 82. Reference number 88 indicates the static seal between
the shaft 82 and thrust plate 86 which may be created by
attaching the two parts by means of heat shrinking, and/or
" pressing and/or bonding.
Alternatively, the shaft 82 may be inscribed with the
appropriate pressure inducing patterns (not shown) for the
bearing journals 110, 112 instead of the bushing 80. The shaft
82 may further include, or partially include, a relief (not
shown) defining or separating the two bearing journals 110, 112
in lieu of otherwise defining one in the bushing 80 as relief
108. The shaft 82 may further include the necessary structural
elements (not shown) for attachment therecf to the base and/or
9
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" pressed, or bonded to the sleeve 90, or may be fornmed as an integral part
of the sleeve 90. The upper and |l ower thrust plates 84 and 86 are coupl ed
_to the shaft 82, for example-by being heat shrunk, pressed; or bonded to
shaft 82, or may be forned as an integral part of shaft 82. Reference
nunber 88 indicates the static seal between the shaft 82 and thrust plate
86 which may hwosssased by attaching the two parts by meaRSTEP6e:
shrinking, and/or pressing and/or bonding. Alternatively, the shaft 82 may
be inscribed with the appropriate pressure inducing patterns (not shown)
for the bearing journals 110, 112 instead of the bushing 80. The shaft 82
may further ifeYsrdef ©e BB 19fap| §FeknBTiYGe (not FRIWRT PY MEBNE IRFWATENE i ni ng or
separ ati ng t her tathebdenawngagtaghmerits tack@iques) Ahtdrnetiveflyot Her whwsstdef i ni ng
one in the buphiteg 89 Am/6£|d6chay @Bntalilne thé attudArebyededbdhieioi NCl ude t he

necessary strpetiihAtng! QRENS chd Yass HDL: fQivedl A EAIRALK ALE0H DA O t he
base and/or 9 Frined f1om Nuosq, Q3 Adudo9Yaddidy fonage Al ~ VO -

the HDA of a &hxMEtEri \AS EROIM sERRVTFTESF RLakR 88fPrefrERlYoinehudes known
attachnent testmicrues.fokl atkavahg vwitatianhby thmaser ghal &6 8Wd amadher 86 nay
contain the shsluErUbendiceetiilod hdandi t ach the sane to the base and/or cover

of the disk drive . e i pduci ng patterns
for the thrusts. @Q&%ﬂ\;\%& ?%ggﬁlhrl%:%X@]hgfgssggb%‘g%efééﬁcglﬂl’%I udes
structure for PEF9SRERT SP‘ét’rtGHCWgar?\%f 1% B3PR8y 6 SUTHY 2Fafffe P I r ot her
rotation meanSomPHter yRFsOstonege ctighE ythererededhe ilgevei P8 parederi bed

herei nafter) tbgidyt ealtietged @potit hgbre2di fior exalplasbpneing HEake conputer
nmass storage dhslak,t BAdRka; otBorde@CMierato TRY R, belidtmiacanaget ed to the

ub 92, T0r SR Dleh®LRCICAE, 39 Uthe HE3Sh o0l RDGET Lher et0. or

may be formed as an_imtegral pa t he 1€ sl eeve 86 may contain
or partially EBFRIZLAY FADCRIN PHLCTHPEES FrEsBHFGarTA FHHOPBoPINESF! i4F addi ti on
t o t he pressurddidgjonl to ahe wregsevre eguilizabibn poxth@4 formed in the

bushing 80.

As shown, a conventional surface tension seal 102 is formed
between sleeve 90 and the upper thrust plate 84. Its specific
structure and function is as described in the aforementioned
United States Patents incorporated by reference herein.

An inverted surface tension seal 104 formed in conjunction
with the lower thrust plate 86 allows for an increased distance
between the centers of force acting at the upper and lower
journals 110, 112 as previously described thus resulting in an
increased bearing 100 tilt stiffness. The inverted surface
tension seal 104 is, in the embodiment showm, formed between the
sleeve 90 and the lower thrust plate 86.

The hydrodynamic bearing 100 disclosed herein comprises a
longitudinally extending sleeve 90 and bushing 80 and an
elongated shaft 82 having first and second ends thereof, with
the shaft 82 being disposed within the sleeve 90 and bushing 80
for rotation relative thereto. A first thrust plate 86 is
coupled to the first end of the shaft and a second thrust plate
84 is coupled to the second end of the shaft 82. A lubricant is
disposed between the shaft 82 and the sleeve 30 and bushing 80
and between the first and second thrust plates 86, 84 and the

10
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bushi ng 80. As shown, a conventional surface tension seal 102 is fornmed

bet ween sl eeve 90 and the upper thrust plate 84. Its specific structure and
functi omTs—asdescri bed in the af orementtromed—bntted St ates—Patents———
i ncorporated by reference herein. An inverted surface tension seal 104
formed in conjunction with the lower thrust plate 86 allows for an

i ncreased di SWAPKASEMSet ween the centers of force acting a®PCTVHPSMSFer and

| ower journals 110, 112 as previously described thus resulting in an

i ncreased bearing 100 tilt stiffness. The inverted surface tension seal 104
I's, in the enbodi rent shown, formed between the s|eeve 90 and the | ower
thrust pl at e 888ver|38- hyRheoBiFEmMEErYsE-PIars 16 PXGrRa sadiplie  MwaEdnpri ses a
| ongi t udi nal kgieitiagds mpreeeropding finegt mrdhoh ¢heOslenve H9 Ebuwigat #d shaft 82
havi ng fir st gapdesxceonthintfag theclwnficant ithetdretabaf andZnkeEgedi sposed
within the skeeyg %Qa@@d;sbmh@g é&ekeé asaaﬁy QHsz%' éwa\i—a Lh‘f‘é}u kp- A Tirst

t hrust pl ate 6 | S & second

thrust pl at e°34™%% b(% g°§ 1t°ﬁ% ?eg'ﬁ'f‘le(f SHG&SF ?ﬁéﬁgrﬂff 9 A I ubricant
i s di sposed Semat ﬂerfgﬁaf%enazowea% h%?@#%%\ﬁéPQU%ﬁ%F’ﬁHSFH’#ﬁ? 80Tmnd

bet ween the fi pattizntlas erbndineht usthepbatfase Sfns8dn aral tivemiiy Bapnt ed from
M nosa 03/ 18419 %yl fe 4o thBePsty Gap drich gz\g@s gﬁ./dgéwn.t extends axially

PCT/ US96/ 005¢3 .ol £@%Ga ¥ thd $Eg£ %f Eﬂé lﬁsrﬂlga&e ﬁgd%b{:goga' ly

outward adj oinin aco rmng a gap
for contai ni A§*HIE PEB 1§2n tﬁ?ldmfh % F?%ﬁ“’f‘h??f’slt pl ate 86
further exteXgsming gap \144nHey é’etm éll%Faé'eﬂ’E a@onplinepr gaParidh ottem| ong an
out er surfacehai & ltepetedcgep Fhdf stililnpraviderd acefdcensemsiosesdall or m ng gap

114 therebet wWeehling aa@ RPREESdaRte meouuzepiesehbqn%uﬁéﬁse tension seal
formng gap 114 ngy,b ﬁeren PENY i V"h'a; £84 ‘Séi%n 1P Pehls n%XESQ
axially |nvvardtovvard nter earrn orma-s ace
t ensi on seal °f0BRS-ARt 1§ (FROMY iRy coRipBCEifT Yith t"“eﬂ’sﬁl‘oﬁr’s‘&FFWﬁlm ng gap 114
may be of a mphearcomprigimg| threaprtergont Mchawt megneathdf rrevipualyd gap and
still provi daescsibeliac awiltinséfeteiclto the embodiment of Fig. 9, like

structure to that above described with respect to the preceding

figures is like numbered and the foregoing description thereof
shall suffice herefor.

An arbitrary number of disks 120 may be affixed at their ID
to the periphery of the hub 92 separated by spacers 122 in the
utilization of the hydrodynamic bearing 100 as a disk drive
spindle bearing assembly. The shaft 82 is shown as being
rigidly affixed by means of a screw 124 at a lower end thereof
to the HDA baseplate 126 in, for example only, a cantilevered
configuration wherein the opposite end of the shaft 82 adjacent
the upper thrust plate 84 is not affixed to the HDA cover 128.
The enhanced tilt stiffness characteristics of the hydrodynamic
bearing 100 render it particularly well suited for use in a
cantilevered configuration as shown. Nevertheless, the
hydrodynamic bearing 100 having one or more inverted surface
tension seals disclosed herein may also be utilized in a
configuration wherein the spindle bearing assembly is affixed to
both the baseplate 126 and cover 128 of the HDA.

While the exemplary preferred embodiments of the present
invention are described herein with particularity, those having

11
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formng gap in accordance with the present invention. Wth reference now to
Fig. 9, the hydrodynam c bearing 100 of Fig. 8 is shown in conjunction with
.a disk drive spindle noter—eonprising the notor coil -96 and nagnet 98

previ ously described. Wth reference to the enbodi nent of Fig. 9, |ike
structure to that above described with respect to the preceding figures is
| i ke nunber ed wodsisk f or egoi ng description thereof shall pewbéssoeszher ef or.
An arbitrary nunber of disks 120 may be affixed at their IDto the

peri phery of the hub 92 separated by spacers 122 in the utilization of the
hydr odynam ¢ bearing 100 as a di sk drive spindle bearing assenbly. The
shaft 82 is showmaliskbEl ig thegadt Wwidlf recodnize weaimusothangesrew 124 at a

| ower end t hemgaisicacises, HhdaasRP|akbiCapplfchationk OstR¥ERINCcRSHeY, 2

cantil evered ' ' 1{%{ i i f e _shaf 2
adj acent the %§giéir&;é h?{[}é?&g at §88}51]mit'=2ﬁ %}Lt%g?% itd%gg{%lggt ﬁ%m\ﬁb%%%ﬁgt 128. The
enhanced tilt °&t P15 dBEEHRP .o F8F | BAMRES o FORHR N DT SRRSTRER: CPFARPRy 100
render it par wbéch arpyideepprth @cial angr ragdial| suprortanmey dvee Anchxpomatesur at i on
as shown. Nevdntbedds$, tiieheoiwenit bohaladvwrnad arhirugt idtbhsadiegs one or nore
inverted surf @egcifjedl on seal s disclosed herein may al so be utilized in a
configuration wherein the spindle bearing assenbly is affixed to both the
basepl ate 126 and cover- 128 of the HDA. Wile the exenplary preferred
enbodi ments of the present invention are described herein with
particularity, those having 11 WD 96/ 25606

PCT/ US96/ 00573 normal skill in the art will recognize various changes,

nodi fications, additions and applications other than those specifically
mentioned herein w thout departing fromthe spirit of this invention. For
exanpl e, conical or spherical bearings, which provide both axial and radi al
support, may be incorporated instead of the conventional journal/thrust
conbi nations described. 12 Printed from M nosa 03/18/1999 14:45: 16 page
-14- .
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What is clainmed is: 1. A hydrodynam ¢ bearing conprising: a

| ongi tudi nally extendi ng sl eeve; an elongated shaft having first and second
-ends thereof, said sleeve axially sorrounotrmg sard—staft—for-rot atrom——
relative thereto; a first thrust plate coupled to said first end of said

shaft; a second thgsgst pl at e coupted—te—sal-d second end of said ;haft; a
| ubricant di ?ﬂég‘iﬁ et ween m lﬂm s H sl eeve arfFTHSSMY3 said
first and second thrust pl a’j ﬂ m’mﬂlm{e said first thrust plate

extending radially outward adj oi‘'ni hg & corresponding first end of said
sl eeve formng a gap for containing said |ubricant therebetween, said first
thrust plate further extending axially inward toward a center of said
beari ng al orfhagnipmleinedipace of said sl eeve defining a surface tension
seal form ng gap therebetween, said | ubricant disposed within said surface
tension seal formng gap providing a surface tension seal. 2. The

hydr odynam c, beaki clal rein.said shaft conprises |ubricant
?u' A a rt%é ns ni’éarglg h%rhgf)lns%'hgf

pressure inducin . or me The hydrodynam ¢ bearing of
claim1 wherein ga PodFraralty, (PHERIIBGHIS¥8E a bushing coupled to said

sl eeve axially saprehondhtrf shaft Sheing fipst afhsehgail edgstheredbari ng of

cl ai m 3 whersiia shéevebasinillg AGHPindEas sdilar st £6 e58altidni PElMRiing patterns
formed theregarepo; The hydrodynam c bearing of claim3 wherein said

bushing further co rrsi sgi at I]%%setc&g& Dressw e eg%al iéat'on,gor_t. 6. The
hydr odynani ¢ bea?lér% St TEEE R e R AT &8 BB SAF T o ‘bérégé d into said
sl eeve. 7. SbBAiE; hydrodynani c bearing of claim3 wherein said bushing is
heat shrunk i nt oasseabnd| thewnet plate coupled to said second end of said

shaft; .

a lubricant disposed between said shaft and said sleeve and
between said first and second thrust plates and said sleeve:
said first thrust plate extending radially outward

adjoining a corresponding first end of said sleeve forming a gap

for containing said lubricant therebetween, said first thrust

plate further extending axially inward toward a center of said

bearing along an outer surface of said sleeve defining a surface

tension seal forming gap therebetween, said lubricant disposed

within said surface tension seal forming gap providing a surface

tension seal.

2. The hydrodynamic bearing of claim 1 wherein said shaft

comprises lubricant pressure inducing patterns formed thereon.

3. The hydrodynamic bearing of claim 1 wherein said sleeve

further compfises a bushing coupied to said sleeve axially

surrounding said shaft.

4. The hydrodynamic bearing of claim 3 wherein said bushing
comprises lubricant pressure inducing patterns formed thereon.
5. The hydrodynamic bearing of claim 3 wherein said bushing

further comprises at least one pressure equalization port.

6. The hydrodynamic bearing of claim 3 wherein said bushing is
pressed into said sleeve.

7. The hydrodynamic bearing of claim 3 wherein said bushing is
heat shrunk into said sleeve.

13
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8. The hydrodynam c bearing of claim3 wherei n said bushing further

conprises a relief for defi n| I journals along said shaft.
9. The hydrodynam c bearin mgl mjmﬂ 3'&; n said shaft-is coupled to
said first and second thrust 10. The hydrodynan c

bearing of claim1 wherein said shaft is coupled to said first and second
thrust plates Mo9ess06 shrinking. 11. The hydrodynam c bearrargsssoosysai m 1
wherein said first and second thrust plates are integrally fornmed with said
shaft. 12. The hydrodynam c bearing of claim1 whefein said sleeve further
conprises at |east one pressure equalization port. 13. The hydrodynam c
beari ng of cl aBm 1 Thiehwinedygrsmnd csheraviag fafr cheim 8 owhprede $add Hulshing

circunf erent i aphtney’ éaiprabed) a2 pel 2L Pbe dek thing GopekCAUE 1owér jodRRls
hydr odynami c bgﬂﬁlgngagé shhee M 13 wherel n said hub is heat shrunk to said

sl eeve. 15. The m.c bearl n cﬁgn #ﬁl 13 %erel n said hub is
pressed onto sai d §' 8 ez ogynampf b g RGP P8I A 15 wher ei n

sai d hub furt hepurdefpke §é§daﬁ§}§Fn€H} sﬁﬁﬂfiﬁ"r thenst prater Ry puestingb and said
sl eeve w th iespeciThichyixiodysdrdtt beardng aifdclainsll wedtebe@and dHagusis pl at es.

17. The hydrodyshgified b8 aaiadeidhtCaiti Bhdohd bR NpRated bBedtir t her conpri ses
at |l east one c mass storage disk affixed thereto. 18. The
hydr odynam ¢ bearin %T claim1 wherein said second thrust plate further

extends radi al b o TRRaPATRAEIAPLS APRATIBE My CEMP &1 vhegeip Spdd\BTeh 3%y a gap
for contai ni ngsecand Ehnstcpinteashareioteaxed ly Sorged adtincbaifirshaftpl ate al so
extendi ng axi ahty iTheahgirioayhdnd cabesiihgrofotlsial d iaeinGailofigeda out er

surface of sai @uﬁé}fé‘i—V@oﬂﬁfﬁQA re) féhs%ddﬁé askeeéu:sug&ﬁqezmeﬁlmtseal form ng

gap therebet vveg_g SI%I |&lbl‘l cant, gl sig &‘ereladdlé olnal surface
t ensi on seal i ng 0T m T ngu ace“tension seal £ nproved

hydr odynani ¢ bé’é’?’ihﬁg S‘PmHzHéei)Pp %ﬂFﬁW%’%ﬁ‘éﬂ?%@%ﬁW‘ﬁ?ﬁ?@sed within a
sl eeve, a firstougiredsto Hadtiesleeupl ed to a first end of said shaft, a second

thrust plate 144. The hydrodynamic bearing of claim 13 wherein said hub is
heat shrunk to said sleeve.
15. The hydrodynamic bearing of claim 13 wherein said hub is
pressed onto said sleeve.
16. The hydrodynamic bearing of claim 13 wherein said hub
further comprises a spindle motor for rotating said hub and said
sleeve with respect to said shaft and said first and second
thrust plates. '
17. The hydrodynamic bearing of claim 13 wherein said hub
further comprises at least one computer mass storage disk
affixed thereto.
18. The hydrodynamic bearing of claim 1 wherein said second
thrust plate further extends radially outward along said second
end of said sleeve forming a gap for containing said lubricant
therebetween, said second thrust ﬁlate also extending axially
inward toward a center of said bearing along an outer surface of
said sleeve defining an additional surface tension seal forming

gap therebetween, said lubricant disposed within said additional
surface tension seal forming gap forming a surface tension seal.
19. an improved hydrodynamic bearing of the type having a
rotating shaft disposed within a sleeve, a first thrust plate
coupled to a first end of said shaft, a second thrust plate

14
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coupled to a second end of said shaft and a | ubricant di sposed between said

sl eeve and sai d shaft an%%eﬂe and said thrust plates,
_ Wher er—tHe—+npr ovenent , sai d frr'st_t‘f'rr‘U'S't—p‘I'a‘r‘e
extendi ng radially outwar dllm ﬂ“‘ﬂ ‘gjﬂu end of said sleeve forni ng a
gap for containing said lu we n, said first thrust plate
al so ext endiW@Rs0al | y i nward tovvard a center of said bBSFPSEHng an
outer surface of said sleeve defining a surface tension seal formng gap

t her ebet ween, said surface tension seal formng gap growing wider as it
extends axially inward toward said center of said bearing_to forma surface

tensi on sealc°uded tRe? RPFPRYFRANT L SAEA SRSt Ao Aubrieanthdierasedai d shaft
conpri ses | berveesmisapd edeave anddsaidnghafst and fpetwenmeeid sdpeomn anl. The
hydr odynan @aheattrugt @flatks) Rhébeitheheiimpsavehent cavnecdmbinAeioONPri ses a
bushi ng couplogghrigassai d sl-eeve axially surrounding said shaft 22. The

hydr odynam c bearl m. 21 erein said | es | ubri cant
pressure inducin %gtff‘erns ornﬁ%}a\q{] g%egﬁlnﬁfa%gyhyﬁ?w “8 beari ng of
cl ai m 21 wh@RdAnfixst denshi ofi $7g S elaever EXgHpY i3 g8p for| 6%}'5‘1“6?439 serédsure

equal i zat i orlupoi¢ant?herBoetyeed; oshidafimsth elanistgpidtecaianeftentdiegei n sai d
bushing i's pxeasRd ihidsa &aw&asae@émer& sdle® ﬂaaﬁl{mxn&m an&ﬁ@kng of claim

21 wher el n. Saleadl!Shi ftdl 514RA! s d BhPeat! Corkli B Viear ZPormi g
hydr odynanmi ¢ r al m erein sal ng*gs |ng$qjurt Y&, conprises a

relief for &8P ﬁ? &g * dfft If) °f JPRAPR SBRAFTOWIY . The
hydr odynami @ienrssngt o#xten@ﬁ mxiglxmewaml Sewardseaiid centeropplseddt o said
first and seeapihd Rbusdrmphasrfaby yeneisi 8gal.28. The hydrodynam c bearing of

claim 19 whepei gy aﬁ&a%amicsbsmlgeéf Qad@i1® {hd:Slinaffiaseird t hrust
pl at es by heat shrin u}%r%can er rlgyglr;&%‘ylgsgga%t?%ar | ane%f cI aim 19 wherein
a

said first an secon €s are In orrred vm Mt h sai d shaft.

30. The hydrddynHf EYM%PeH%wﬁgm |Hh"sr§Pﬂ 2igefieeve

further comprises a bushing coupled toc said sleeve axially
surrounding said shaft.
22. The hydrodynamic bearing of claim 21 wherein said bushing
comprises lubricant pressure inducing patterns formed thereon.
23. The hydrodynamic bearing of claim 21 wherein said bushing
further comprises at least one pressure equalizai:ion port.
24. The hydrodynamic bearing of claim 21 wherein said bushing
is pressed into said sleeve.
25. The hydrodynamic bearing of claim 21 wherein said bush:.ng
is heat shrunk into said sleeve.
26. The hydrodynamic bearing of claim 21 wherein said bushing
further comprises a relief for defining upper and lower journals
along said shaft.
27. The hydrodynamic bearing of claim 19 wherein said shaft is
coupled to said first and second thrust plates by pressing.
28. The hydrodynamic bearing of claim 19 wherein said shaft is
coupled to said first and second thrust plates by heat
shrinking. _
29. The hydrodynamic bearing of claim 19 wherein said first and
second thrust plates are integrally formed with said shaft.
30. The hydrodynamic bearing of claim 19 wherein said sleeve
further comprises at least one pressure equalization port.
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" further conprises at |east one pressure equalization port. 15 31. The
hydr odynam ¢ bearing of cl | eeve further conprises a
_hub circunferentially surrou to sai d steeve. 32. The

hydr odynam ¢ bearing of clai ;mmmm:"ﬂﬁfm ‘'hub is heat shrunk to said
sl eeve. 33. The hydrodynam c Pearti ng o aifn 31 wherein said hub is
pressed onto swwnssbeeve. 34. The hydrodynam c. bearing of PCIUSMT? wherein

said hub further conprises a spindle notor for rotating said hub and said
sleeve with respect to said shaft and said first and second thrust plates.

35. The hydro aim 31 er.ei I d ,hub fur her conpri ses
at | east one g3y E)tmé? q\égggﬂ’f‘gf’ aﬁfr&c’gmlﬁ tﬁ'g?xéet"ﬁl s e

hydr odynani ¢ bféJ&'FPﬂ@ SPPE}SgsHR 1 é‘?‘é’?“ﬁe%ﬁi’itaa%’éfcé‘hﬁ%ﬁm apfate further
ext ends radi aldoppded war daid sdgewni d second end of said sleeve formng a gap
for containi nzzsai ghd Hkke@Hamt HPRDHIIRE 12341 51 $R&UE Ldidabp At e al so

ext endi ng axi aﬂla)é L%’i:d ‘%%Ed Aeeenter of said bearing along an outer
surface of said sl eave defining an additional surface tension seal formng

gap therebet weth, T8¢ F¥epes T RTEF LI QEaF 8B HEeTRiB WP 1A der as it
ext ends axi al |nresaedraptposaiddstedvg- center of said bearing to forma surface
tension seal. fHl. Mhéydapegnmanic Heasind9f Celigini X WHereAnCedid Rbbshaft; a

sl eeve having fidifbr aam‘p,sf;&ng Sida1adesn ﬂogrﬁﬁ:ae gui&rhuﬁl MFLREa

t hereof, said Ieeve I all urroun centeal t at_said inner
di arreter t her €0 a%as s%éﬁg %Es‘? sg?a eancosuap eé‘ s&] acen? %néend of said

central shaft %*H“SFrP]r‘P(}e§al d first end of said sleeve, said thrust plate
further presenis.ngThe podrpdynapherteefint ofosladmall sheweig ssiddhobit er di aneter
of said sl eevesypthepdicagrisusnbd Nkt GRCoGbueas aberfotadsd adeki ne a surface
tension seal fordling gaReiherebetween; and

36. The hydrodynamic bearing of claim 19 wherein said second

thrust plate further extends.radially outward along said second

end of said sleeve forming a gap for containing said lubricant

therebetween, said second thrust plate a;so extending axially

inward toward a center of said bearing along an outer surface of
said sleeve defining an additional surface tension seal forming
gap therebetween, said surface tension seal forming gap growing
wider as it extends axially inward toward said center of said
bearing to form a surface tension seal.

37. A hydrodynamic bearing comprising:

a central shaft;

a sleeve having first and second ends and an inner and
outer diameter thereof, said sleeve axially surrounding said
central shaft at said inner diameter thereof:;

at least one thrust plate coupled adjacent an end of said
central shaft adjoining said first end of said sleeve, said
thrust plate further presenting a portion thereof disposed
adjoining said outer diameter of said sleeve extending toward
said second end thereof to define a surface tension seal forming
gap therebetween; and

a lubricant disposed between said shaft and said inner
diameter of said sleeve and between said first end of said
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a |l ubricant dlsposed between said shaft and said inner diameter of said
sl eeve and between said fir sl eeve and said thrust

~plate~said | ubricant iAr=sad form nggap~formmg a _
| N BRI o

surface tension seal. 38. The of claim 37 wherein said
central shaft conprises |ubricantepressure | aRduci ng patterns f or med
thereon. 39.wda%esdegdr odynam c bearing of claim37 wher ePEISHAIST ceve
“further conprises a bushing coupled to said sleeve at said inner dianeter
thereof for axially surrounding said central shaft. 40. The hydrodynan c
beari ng of claim 39 wherej.n sai ushin ses_lubric ressure

i nduci ng paf{’ SN PSR THEPS dlal%il eE%F%ﬁﬁﬁ?%ﬁﬁr%%g of claim 39
wher ei n sai §eBRiSR ﬁ@alf FPERNG ERRForBINg 3t syriface tomeion @€3lire equal i zation
port. 42. TA&. hymheohydhdinangcabearjngfoft|cdaim 39 wisedn rsaddi ceryurahi ng i S

pressed int emsﬁj Cofp B8 1ubdicdite phiskady DafticEnd QAL =0Eckledl M 39 Wherein
sai d bushi ng,is eat shrunk into said sleeve. 44. The hydrodynam c bearing

of clalm39 ereln sai d bushipng further conprises a relief_ for defining

upper and | ter TRSubYHICEYRIT PeaRigg htatm Savheredn saffcsifeyPodynani ¢
bearing of GPE#M?W&FE#’ R buskingeneyrdiedstmbrid sleewmiabdsaid samet t hr ust
pl ate by pr asametgr deredhefdyydiixypasmiraondingngaid centiall shafeher ei n sai d
Py odynan & hear g aeayphitbluil Of <L) 30 WdISH Sth By Corally

y y | S us IS | g y
formed with %r&sesg%&rf a%af’f %8 h ducﬁ?/%rpaage Nam ¢ %egr??}hg “claim 37
wher ei n sai 8ts| SdpehydrodRamicohprringsoh clpim 3P Wr%ep?cf?gﬂr@%qa%l i zati on
port. 49. Tiierthedr coywrisee dfcdeastgond rrieasyneldEquwaideationsaext.sl eeve furt her
compr ihse?] gd?@gierEﬁ{:‘oﬂifﬁﬂiﬂca?gﬁbrdiﬁ)bgtlle\j.qxﬂg.‘)aﬂikr@ﬁ?ﬁmﬁﬁg }S&hﬁﬁéd SLEEVE
50. The hydgg %‘i};gréﬁ%ge aim4 ereln sal ub 1's heat shrunk to

sai d sl eeve c .bearin | m 49 re said hub is
The h mear:mg og cga 38 v?here:.n salg bush ing

is heat shrunk into said sleeve.
44. The hydrodynamic bearing of claim 39 wherein said bushing
further comprises a relief for defining upper and lower journals

along said central shaft.

45. The hydrodynamic bearing of claim 37 wherein said central

shaft is coupled to said thrust plate by pressing.

46. The hydrodynamic bearing of claim 37 wherein said central

shaft is coupled to said thrust plate by heat shrinking.

47. The hydrodynamic bearing of claim 37 wherein said thrust

plate is integrally formed with said central shaft.

48. The hydrodynamic bearing of claim 37 wherein said sleeve

further comprises at least one pressure equalization port.

49. The hydrodynamic bearing of claim 37 wherein said sleeve

further comprises a hub circumferentially surrounding and

coupled to said sleeve.

50. The hydrodyvmamic bearing of claim 49 wherein said hub is

heat shrunk to said sleeve.

51. The hydrodynamic bearing of claim 49 wherein said hub is

pressed onto said sleeve.

52. The hydrodynamic bearing of claim 49 wherein said hub

further comprises a spindle motor for rotating said hub and said

sleeve with respect to said central shaft and said thrust plate.
17
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pressed onto said sl eeve. ring of cI aim 49 wherein
said hub further conprises a spi l‘ﬁjhﬂw uﬁnmifatl ng said hub and said
.sleeve with respect to sa1—el-€—ent Sa d thrust—ptate. 17 Printed
fromM nosa 03/18/1999 14:45:16 page -19- WO 96/ 25606

PCT/ US96/ 00573 53. The hydrodynam ¢ bearing of claim49 wherein said hub
further conpriwesemsés east one conputer mass storage di skPAFPIE™: hereto.
54. The hydrodynam ¢ bearing of claim37 further conprising an additional
thrust plate coupl ed adjacent an opposite end of said central shaft
adj oi ni ng sai d second end of said slgeve ddj tiqQnal_.t st plate
further presenmtd-ngTae fif?‘?i’ﬁ‘a’t“h‘ég’@ﬁf“ﬁ spo a i o%‘ i1 saldgg‘gkﬁter di anet er
of said sl eevefmhendqongrﬁﬁﬁa?*d leapt °F'Pr‘§‘t"‘i’éﬁ%F REP eﬁ‘f'P‘TQF d&F¥ne an

addi ti onal surd{srared aihekreto.seal form ng gap therebetween, said |ubricant
further being 4Nt eppo bedakthet 8€ aNAIRTEY ghrarirdosipaeyengiad sai d

addi ti onal L hr ol bl ateteﬁst Bjutel HU6A NadeDgel dsidalional S2RGEGT Gap
formi ng an add?® 5 ace tensl o
central shaft adjoining said second end of said sleeve, said

additional thrust plate further presenting a portion thereof
disposed adjoining said outer diameter of said sleeve extending
toward said first end thereof to define an additional surface
tension seal forming gap therebetween, said lubricant further
being interposed between said second end of said sleeve and said
additional thrust plate and said lubricant in said additional
tapered gap forming an additional surface tension seal.
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