1, . Q6- 1038- US1 HYDRODYNAM C BEARI NG FOR

SPI NDLE MOTOR HAVI NG HI GH | NERTI AL LOAD

Field of the Invention The present invention relates to fluid
bearings. More particularly, the present invention relates to a

sel f-cont ai ned hydrodynam c bearing unit for a spindle notor having a high
I nertial |oad and which includes a plurakity of lubricatin ke O S
for preventing escape of lubricating |iquid. QQbB-fb§h5fﬁ§i
Background of the Invention The developnent of conputer hard di sk

drives demands-ever I-‘i’???f@ Aﬂ}m@%l‘@ﬁ @g) Racoustic

noi se, and better reliabi |t under ocC ratlonal |sturbances The
undesi rabl e characteristics ‘f NG EUSHERNER J LOMP bearing spindl es,
such as high non-repetitive runout, |arge acoustic noise, and high

resonance frequencies due to beag,i QE c%ef ect mPose severe limtation on
the drive's capacity and perfor he In 19Be of a non-cont act

beari ng, such as a hydrodynam'c bearing ("HDB"), may overcone the
aforenentioned lipmita f. a Ld bearing

di splays signifi JgEﬁt eﬁ%&‘}\e %8&8%{)%1?{ [ v%bt?w&eg’éwg acolgﬂs#l c noi se, and
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Beari ng andpﬁg,@ntmg %ﬁpgcbpsmldahﬁ{geq Wigi ng i ncor por at ed herei n by
r ef er ence. The depl oynent of the HI§3 systemin a hard disk drive

environment requires that the lubricant be securely sealed inside of the

bearing structure under all oBeatledronadand ten-Iaventionng conditions in order

to prevent perfornmance degradation of the

The development of computer hard disk drives demands ever
increasingly higher track density, lower acoustic noise, and better
reliability under shock and vibrational disturbances. The
undesirable characteristics of the currently used ball bearing
spindles, such as high non-repetitive runout, large acoustic noise, and
high resonance frequencies due to bearing defect, impose severe
limitation on the drive's capacity and performance.

The use of a non-contact bearing, such as a hydrodynamic
bearing ("HDB"), may overcome the aforementioned limitation. The
full film lubrication of a fluid bearing displays significantly lower
non-repetitive runout and acoustic noise, and its higher damping
provides better resistance to external shock and vibration. One
example of a disk drive spindle motor including a HDB and
centrifugal-capillary seals is found in the present inventors' (with
another co-inventor) U.S. Patent No. 5,423,612 entitled:
"Hydrodynamic Bearing and Seal", the disclosure thereof being
incorporated herein by reference.

The deployment of the HDB system in a hard disk drive
environment requires that the lubricant be securely sealed inside of
the bearing structure under all operating and non-operating
conditions in order to prevent performance degradation of the



2, - @6-1038-US1 bearing and contam nation in the drive.
Af the sanme tine, the bearing systemneeds to be easily manufacturable in
order to satisfy cost requirenents. As expl ained bel ow t hese requirenents
often.cone into conflict with each other and have heretofore resulted in
conprom sed HDB spi ndl e desi gns. There have been a number of prior

approaches for providing seals for hydrodynam c bearing uni |
seal s, such as Orings, and dynam c cl ea?%lmce seal s, such a@surpgg 081

tension or capillary seals, have been enployed to seal hydr odynam ¢

beari ngs. ar1n?"§?@ré&italﬁgglﬁgbgei§Itﬁ@“?ﬂvh”awq&@rsa‘?ﬁe 3t|ilEnﬁU the Patent

No. 3,778,1 e HendI er et
al . approacheaEngoRystem angess| itqube, easibh manwkacsuaple i ordeedo satsty
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system In addit. | on, hin va essure vacuu oil is
provi ded at CaM€a AR zﬁonéi‘ﬁt ‘P’“i‘p&égh ?8’t"ﬁ ’E‘ﬂdh%‘f CreofoRs 1 ‘#@%‘m% or der
to retain tbhempromisyd SHDB spimdle ddsighs.n barrier filns are al so provided
at the outer edge of the annular space to prevent the oil from spreading as

aresult of surface effects and/or centrifugal forces generated by relative
rotati on of the Oderenkawsshean a numbenmtheriosr appraaspedalir ipsovisling i n

van Roembur ezﬂssforp gﬁ?é%fpacfnfc %ﬁ?’un‘?ﬁ“%ﬁﬁc %&%‘r isigh nit@fﬁn s,

Conpri si ng vvo Facin nam c._ Bear | ngs Van Roe ? pr oach,
two radial #ndi éya@@m glearpice sepls aurafaeﬁ rignsioss &y 6apil afEach

bearing i nckegigd l@a\"@rb"dd?ﬁt&ﬁﬁld%@ %nseﬂndmyuhsdwrhwqumgfsatterns wer e

such that the outer | egs of the Vee-grooves formng the herringbone pattern
were |longer than the inner |egs. However, the system nmaintained bal anced
pressure. Thi s Cute pripenexdmpls lis fopnd idendiﬁﬂ ay al.i YuSd BateastsiNee at t he
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system bearing system. In addition, a thin film of low vapor pressure
vacuum pump oil is provided at an annular gap or space at the end
of a journal member in order to retain the mercury seal. A pair of
thin barrier films are also provided at the outer edge of the annular
space to prevent the oil from spreading as a result of surface effects
and/or centrifugal forces generated by relative rotation of the
bearing system.

Another prior approach is found in Van Roemburg U.S. Patent

. No. 4,596,474, entitled: "Bearing System Comprising Two Facing
Hydrodynamic Bearings". In the Van Roemburg approach, two radial
fluid bearings were separated by a central reservoir. Each bearing
included a herringbone pattern, and the herringbone patterns were
such that the outer legs of the Vee-grooves forming the herringbone
pattern were longer than the inner legs. However, the system
maintained balanced pressure. This arrangement built up a
lubricating liquid pressure at the apex of each Vee-groove which
was greater than a counter pressure built up by the inner legs and
by helical feed grooves which feed lubricant from a central reservoir
area. By providing this differential pressure arrangement it is said
that the lubricant was not pumped out of the bearing system.



3 @6- 1038- US1 A further prior approach is
descr1bed I n Anderson et al. U S. Patent No. 4,726,693, entitled:
"Precision Hydrodynam c Bearing”. The Anderson et al. approach uses a
plurality of seals fornmed al ong the bearing unit including spiral grooves
as well as an upper surface tension or capillary seal and a | ower surface

tension or capillary seal. However, the vgry nature of the Qg%qr@gg_% a
approach suggested that it was not adapted to ommidirection o& t
resi stance to shock or vibratory forces. Anot her prior approach is
described in Titconb et al. U S Patent No. 4,795,275 and divisional

patents Nos. 5,067,528 and 5, 112, 142, entitled: " Hydr odynani ¢ Bearing". In
the prior approacAeﬁuR!b%rﬂf%daPWQaﬁbsts ﬁ&ﬁ%fhbeéj 1§uAF1§§ESOtneﬁ§|@n Hﬁ}am c
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an earlng | ee or between tapered beari urfa res
equal i zat i o ‘%Qdé‘\kﬁ‘)@ i rARPraeh &Fénﬁéﬂg@f%eﬁ St‘%les dorm EQ—:‘%E s and
Ih nfj er :j or | utlhecbeﬁrmgsanmomdudn*fjg ispiral | grootrgsaas ovelbadss ant tnppef asunfad:ehe

ydr odynani syre t 0 t e ricant
from bei ng ;tuﬁﬁlgo téﬁ u%lagﬂes%# %Iﬁcga% lﬁl’v%r srLH‘eaﬁﬁ ?e'%rl&)( ﬁlt § aliﬂ?llllﬂp se%fl
i ntroduci ng Howeiveat ithg vexyuinataret oft thsﬁ Hyaderdgm aet @W@ppt%}:h&rﬁpﬂg@pﬁt@ a
vacuum chamjeg, aﬂdvdél t h%?oéﬂﬁ)tb% & %ﬂnﬂﬁ?%h%?glm%pe%auoﬁ éi”i: eg{taﬂéé %o

approach is descri be I n Pan Pat ent 94 ent
"Fl ow Regul sXhoek 14Fd vabrAtary fomeas i ng". In this approach a disk spindle
enpl oys oppositely facing conical hydrodynam' c bearing surfaces and a

AL Ry T R T e R L
| ubri cati ng Patgnt dNOt adi95 1255 orsmdodivisiomal angentseNUSVOS J067328reand A | eak-
o ovent 9, CSAILERY, BRIy BT BRRHALE, Ptp2lad 0 e
when t he beaappr§aghes dgscmbedegn these patents, surface tension dynamic seals
were prov1ded between axially extending surfaces of a thrust plate
and bearing sleeve (or between tapered bearing surfaces). Pressure
equalization ports were required and extended between the dynamic
seals and interior lubricant reservoirs (or interior dynamic seals) to
balance the hydrodynamic pressures in the lubricant in order to
prevent the lubricant from being pumped through one of the
dynamic seals. A method for introducing lubricating liquid into the
hydrodynamic bearing employing a vacuum chamber and ultrasound
is also described.

A similar prior approach is described in Pan U.S. Patent No.
5,246,294 entitled: "Flow-Regulating Hydrodynamic Bearing". In
this approach a disk spindle employs oppositely facing conical
hydrodynamic bearing surfaces and a series of chambers and
passages and a gravitational valve are provided to permit pressure-
equalized centrifugally pumped global circulation of lubricating
liquid drawn from one or more large reservoir volumes. A leak-
preventing capillary trap "of minimum continuous axial length" may
be provided at a clearance seal for passive capture ‘of wandering
lubricant when the bearing unit is at rest.



4 (@©6- 1038- US1 A further solution has been
proposed by the present inventors wth another in U S. Patent No. 5,423,612
entitled: "Hydrodynam c Bearing and Seal ", the disclosure thereof being

i ncorporated herein by reference. One drawback of the approach described in
the '612 patent is it has proven sonmewhat difficult to provide

recircul ation ports around the bearings i,n order to realize |
recircul ation capability in circunst anceé such as i nbal ance@@;dﬁméggﬁShd/ or
shock | oad. Another drawback was that since both top and bottom seals are
at the inside di e a d o]
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t op- fixed Ha @Iﬂgt%r\glhgéﬁre | re f‘ro‘i‘h {}fé&@ﬁ%@gesurﬁﬂh&qﬁﬁpng%t:d Igad,
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spi ndl es, tbmallegear eumﬂmef eraﬂléﬂﬂe' ubrm@aHDBamls iﬂ@&ﬁé cﬁaﬁfemer detiebl e
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I e.are two t to xed HDB spindl e
desi gns, nahETcadi MaY% F?gl&l{t Bfatlhé EE@IFB% X‘S aqqq“d’sft Bgt% Il_|corrm)nl y
assi gned U. 8xp&asiont ald/o15 fdling6 ¥dlumedyariatiohe. t hAufurthieat dralebacin, was

I Tustratedyt Bréss Fitting the thrust plate onto the shaft may cause excessive
deformation resulting in large variations in bearing clearances and
unacceptable hydrodynamic operation.

Small (3.5 inch disk diameter and smaller) form factor disk
drives are used in unlimited applications and orientations.
Consequently, a hydrodynamic bearing system for a disk spindle in
such drives, e.g. having a full Z-dimension 1.6 inch height spindle
manifesting high inertial loading, must also operate in all possible
orientations, and to be able to withstand and sustain certain shock
events and vibration levels without leakage. A cover-secured or
top-fixed HDB motor is required for disk drives with high inertial
load, such as disk drives including six or more rotating disks. For
top-fixed spindles, the requirement for two lubricant seals poses a
considerable challenge.

Generally, there are two types of top-fixed HDB spindle designs,
namely: single thrust-plate design, as illustrated in commonly
assigned  U.S. Patent No. 5,423,612; and, double thrust-plate design,
as illustrated in Fig. 1. |



5 6- 1038- US1 The single thrust-plate design of
the type illustrated in U S. Patent No. 5,423,612 has the several drawbacks
al ready noted above. The doubl e thrust-plate design is shown in Fig.
1, -and it overcones the first and second drawbacks of the conventional
~single thrust plate designs noted above, while the third drawback remains
present. Unfortunately, there are some additional drambac&é 8! I n
Fig. 1 a prior double thrust-plate hydrodynanic spindl e beaing system 10
for a high performance mniature hard disk drive includes a base 12 and a

shaft 14 fixed sgqur %’%lioth%ﬁ? Bﬁﬁt’ﬁs‘% gg%@ ?| ts@?gyﬂmﬁpﬁe@pﬁpumg; 13

defined in the base [ osely aqver t%ff. shaft 14
and cooperaPHmtyNﬁaf Ord3.008 hotirbey savsral J@@mcmealreﬁ ¥ 3atethqbyve.a

spindle hub 18 is attached to the shaft housing 16 and supports one or nore
data storage dis 20 ip a top-fixed, arrangenent dl e not or
rotates the hub %eagaugksléngﬁph%tpaflﬁ}gnt ?hﬁ%wﬁa’srb #fg Qﬁdagﬁaﬁt 14 at a
plredet Sg”} n@defdwﬂésilrth\tetfﬁsd tand second dyawhzeks aﬁmhlealconheu?bnbbeuihgg:

pl ate [ sec y ;over 4 r ]

beari ng rlni)h u];ag g?%‘g%cﬁ&g@y%&?g% t‘ﬁgﬂéhgﬁ thgl%‘ oge C% H%{ %ate
28 and ri ngpﬁ@em@opdﬂafmtmathl)ad}lmenatw sbawi raglditidnal dramckﬁ thésshaft
housing 16 LHoRnOYh dfidn1UPRCE %gdaeemaggﬁsmﬂh hyaHsdyRRId Rgiddleand

| ower hydrodynam c axl earin A*centy e(i ﬁcvcf
regi on 38 | bepringi axstemyr 10 yfari @ahigh B’f?fé@ﬁl@la‘b‘é ViBHHatHE i;ﬂ&i §Kq dr1ve

hydrod%/namI ¢ndlaaes rhg%a;*é PPhnib a IMtemi fixesie k¥Qliredy 46 el bhGe ar2 ihoanmed
respectively

ween e beari nd t 6 _and 42.
Two surfaces\:‘gﬂé‘yoﬁl W&Pl%3%| pﬁé?e gh?l a3fid' 50 a% S&%&/%&&ﬁlq%
aEnuI ﬁrfgarl)a60lﬁitsva¢1d>lsylyommdtltehehaﬁto14ham$tcdmrahngsly4@le£m¢s42woel ative to
the shaft y Lvergent,
oppositely ﬁX@F&@Y‘@ﬁ |ca14§e+‘ %ésotﬁ‘eqﬁ ?ﬁ \2? %}lﬁfﬂ@%jﬂa ?q af t
housi ng 16, attadhedetd dherslwalhcmsmg 1oranst supportswanal 9r 2Pt | datéi ver gent
ggggls'nt el { 6fs?<fﬂra}§t9hgié’s'édsggg' el a%h dﬁx@cfl dftgngdhest " ARO idthi &piRgleshaf t
J motor rotates the hu laé and disks 20 relative to the base 12 and

shaft 14 at a predetermined angular velocity.

An upper annular thrust bearing plate 28 fits securely over the
shaft 14, while a lower annular thrust bearing ring 30 also fits
securely over the shaft 14. Together, the plate 28 and ring 30
cooperate with adjacently facing radial faces of the shaft housing 16
to provide an upper hydrodynamic axial thrust bearing 40 and a
lower hydrodynamic axial thrust bearing 42. A central axial
reservoir region 38 is provided for lubricating liquid between the
two radial hydrodynamic bearings 34 and 36. Two end reservoirs 44
and 46 are formed respectively between the bearings 34 and 40, and
the bearings 36 and 42.

Two surface tension annular capillary seals 48 and 50 are
provided in annular gaps outwardly beyond the two thrust bearings
40 and 42 relative to the shaft 14. The upper seal 48 is formed by
outwardly axially divergent, oppositely facing cylindrical walls of -the
thrust plate 28 and shaft housing 16, and the lower seal 50 is formed
by outwardly axially divergent, oppositely facing cylindrical walls of
the thrust ring 30 and the shaft housing 16. In these seals 48 and



6 . (@©6-1038-US1 50, a curved lubricant-air interface
typical of a surface tension interface is |ocated approxi mtely m dway of
t he gap. Two oil contai nnent bushings 52 and 54 are secured in a
seal ed arrangenent to the shaft housing 16 as shown in Fig. 1. The seal 48
I's shown as having a radially inward extension 49, which effectively

extends the upper capillary seal. The lpwer capillary seal | I se
extended radially inwardly by an extensi@n 51. Further det Q?@ @%‘Hﬁw

prior arrangenent are disclosed in commonly assigned, copending U S. Patent

Applicatio er| 6; o] enpe 9 itled: "A
Sel f - Cont ai é‘dpj\égi Agﬁﬁllég%eg? "{tktﬁg% {hﬁ)ﬁﬁ g?sél (%%plf?égt ﬁeélrsgo bei ng

i ncor por at edtéréatm nsblocatgde rmemmately midway eaf aB®v &aPt here are several
addi tional drawbacks with the double thrust-plate design illustrated in
Fig. 1. One additional drawback ;is contr II| %he tol erance of the total
| ength of the sIE@@eO%F@ﬁtWﬁésb‘{Sﬁén&% geé AF SFERI4hdB Bwhich is

abotjt IlP mﬁa@étﬁ)arra%g%ﬁi@ﬁdtdjftmkt Ih@hﬁitngs 160amﬂvactmr Pig. di.f fThalty in
control ling

e, ol erances of per end L d f t both
ends of theseélli] A8 s oSBAVE| 3% aS{RIRL ih¥afd e’i‘%&é@i‘e“g A %}gllyoof
bronlze ht heefiéaweslyt enMdsothmaJpplay mpﬂlagy iseab cditeadowairt hapﬂ ryr sosked
steel thrus d 5t
ncervals. ot kel [eBHIB MRRIIRP iyl Wy MiPTOARASIAC SO0 he
thrust pl atEugher tdqiaJéSSof |t81%1rmssr GIrangenRity Bfﬁg @Sploseﬂdh%sw@fg@@b(/es
at the side, ﬁﬁ 98@&&%? ISt Pliehe & @at?oﬁ aSriff NYMO8/BB3i366 he

t hr ust plateadaddl ef grmat | on 1N ss fitting of the thrust

pl ate and shlgd on Decembernga, g aﬂt%ﬂf s’g g%@ é@%ﬁuﬂ ‘il remai ned for a
hydr odynam g ae@dyMnMSB@aﬁr@\/Ung"a thbgﬂlslclhesrlireathdreaﬂ bkingh is |eak free
i rrespectlve of ori ea t| an r&ﬁgand vi bration, and which is readily and

reliably nERSFRETAIFdpRETHD be‘*’as ¥4 ow. manufacturing cost.

Summary of the Invention with Cbjects
As noted above, there are several additional drawbacks with

the double thrust-plate design illustrated in Fig. 1.  One additional
drawback is controlling the tolerance of the total length of the sleeve
which defines the thrust bearing clearance (which is about 10
microns). A second drawback relates to manufacturing difficulty in
controlling the tolerances of perpendicularity and surface finish at
both ends of the e.g. bronze sleeve. Third, because the sleeve is
typically of bronze, the sleeve tends to wear by coming into contact
with the grooved steel thrust plate having pumping grooves during
starting and stopping intervals. Fourth, it has proven difficult to
apply adhesive to seal the thrust plate/shaft press-fit areas of the
bearing unit. Adhesive grooves at the side of the bottom thrust plate
cause a lack of symmetry in the thrust plate and additional
deformation during press fitting of the thrust plate and shaft.

Thus, a hitherto unsolved need has remained for a
hydrodynamic bearing system having a high inertial load which is
leak free irrespective of orientation, shock and vibration, and which
is readily and reliably manufacturable at reasonably low.
manufacturing cost.

Summary_of the Invention with Objects



7 @6- 1038- US1 - A general object of the present
i'nvention is to provide a self- contained hydrodynam c bearing systemfor a
spindl e mani festing high inertial |oading which overcones |imtations and
dr awbacks of the prior art. Anot her object of the present invention
Is to provide a hydrodynam c bearing system which mnimzes the risk of

| ubricating |iquid | eakage under all requ red operating congid ey fOr
di sk drive spindle applications. Yet anot her obj ect oﬁQ%gaéﬁgggAt

invention is to provide a hydrodynam c beari ng system whi ch conbi nes

i nproved capillary seals while providing for internal |ubricating Iiquid
recirculation. One nore object of the present invention is to_provide
a sel f- contai ned Igeieoaly phjrict dledhe npresont énvention ispihdirevidaid esti-ng

hi gh inerti n anSich cteyr abl o]

Anot her obj g{):t!agﬁgd HyMBd?h nﬁlcnf;%(r%tk | %%% f?év?dgpﬁ{délé ﬁﬁaﬁﬁ?&stmg
hydr odynami blgibdﬂeﬁ@alsxl%@mg WhRIER ONEFGRIBSS UHBB%U%H‘M qn&,@a{y DFCKS aPd
seals for t#aPRM6r &4, containing lubricating liquid at annul ar seal

| ocations axially outside of journal bearing |ocations, and radially

outward of a shaft-sleeve dianeter of the system an arrangenent for
returning |iqui dAIxr(ﬁheecbb’;éctI I@é trec presery  seantion tiketoprpromide seal , and an

a0 A0St Bl AR Bk | SRR EL R Ve RS a0, | over
hydr odynani bulixéeating hqmdgrieabagea utn@lr atli \réqu‘ieddloeeeﬁmmqfngmmﬁ €.g.
virtually erélm §keanl\;éb@Pﬁ$§eléggpﬂglhgﬁ%gng eakage thereby to inprove

subst anti al e usef ul earing and di sk drive. One
nore obj ect of the present invention is to provide a

Yet another object of the present invention is to provide a
hydrodynamic bearing system which combines improved capillary
seals while providing for internal lubricating liquid recirculation.

One more object of the present invention is to provide a self-
contained hydrodynamic bearing system for a spindle manifesting
high inertial loading which is readily manufacturable at low cost.

Another object of the present invention is to provide a
simplified hydrodynamic bearing system which includes upper and
lower capillary seals for trapping and containing lubricating liquid at
annular seal locations axially outside of journal bearing locations, and
radially outward of a shaft-sleeve diameter of the system, an
arrangement for returning liquid trapped at the secondary seal to
the primary seal, and an arrangement for recirculating lubricating
liquid between upper and lower seals.

A further object of the present invention is to provide a
hydrodynamic bearing design for a disk drive spindle assembly
which virtually eliminates lubricating liquid leakage thereby to
improve substantially the useful life of the bearing and disk drive.

One more object of the present invention is to provide a
hydrodynamic bearing assembly for a disk drive spindle and
including both radial hydrodynamic bearings and axial thrust



hydr.odynam c bearing assenbly for a disk drive spindle and including both
radi at hydrodynam c¢ bearings and axi al thrust

8 6- 1038- US1 hydr odynam ¢ bearings and a plurality
of. seals in an arrangenent facilitating manufacture and assenbly and
| eading to virtual | eak- free operation, even when subjected to shock or

vi bration energy. Still one nore, object of the pre@%t Qgg l,on
is to provide a sinplified hydrodynam c® bearing desi gn wh 'i ﬁﬁ%ller

to manuf act ure, which operates reliably in any angular orientation, and
whi ch achi eye [ ear | I evi er -pri rt, fluid _ bearing
desi gns. Ylyﬁrgél'ﬁ)g?rﬁ? cg%Wea[&n%h p&&%’a&@ pPgsgéoaﬁg_tﬁ‘e %‘r eagéaﬁ}g%“@ﬁ%‘z‘m I on,
a self- c batiditatdghyohmifpaturec abdanssegnblyi tandodgadings ta virafal dedkning a
t hr eaded axi | at e‘ﬂq@qt : a abt ¥ sder j acent
t he openi nghgér?d erggggl’ ceu\fga}tlr W t ég%ﬁ%%?tggisﬁgl%ﬁaél}s @?Htl g S%%‘%ﬂ‘,‘ a

sl eeve defining an opening for receiving the shaft for relative

rotation, a pair S]]l oRQihofl et sPakedprResit ifivslitidn is oy proehdeari C
journal beari ngﬁ;&gﬂ't&fﬁr %etvveen he.shaft .and thheh . sleege?e{, a shaft-bolt
i ncl udi ng aStR od¥BRABNC 1 BFaring i deign Whic t We SUAPEAdER axi al

Oloeni nﬁ of mwﬁaatmreand/lIﬂemi opegites helinbbhow aey, angubar ?rmﬂtatiothmd

pl at e havi ng .t: I t : It t he

Char - bol ¢ Pl BERRN S, bAELSH  hERER AONgRORP . Yer orkdh A Bt "o
shoul der whéearing séesignBolt is mated with the t hr eaded axi al opening of

the shaft, the sleeve defining a radi al thrust bearing surface portion

extending radially outwardly at one, . end and positioned to confront one
radial face of tHB @rferdanseawith principlasnof athe; Bresant piVenEQ Dot ntelf- ¢ o

the sleeve zodtsigednhydredyasnad beariny Ualit beRhbriges ud f ot D@éﬂihi@l% a
confronting the other.radial.fa nul ar

Chrust  pl a ANEACRH A HGPERIn 2t Ohg crih TR RRA LA : STk Shgade:
respecti vel ydjadentt tiee reprihgt hndsperpendianiamgvighr akemgitudinahn axis t
Chrust bushihg SRva A, oiesabdethidoap optihnBefor Redaifthel thl AL CT
bet ween t he relasivexiratationdr cdypedni of dongikudinadlyi sgacedrappest wedial a
cylindrical fy:8d9hahdl€ journal bearings defined between the shaft and the
sleeve, a shaft-bolt including a threaded end region for mating with
the threaded axial opening of the shaft and defining a bolt shoulder,
an annular thrust plate having two parallel radial faces and adapted
to fit upon the shaft-bolt for mounting between the shaft shoulder
and the shaft bolt shoulder when the shaft-bolt is mated with the
threaded axial opening of the shaft, the sleeve defining a radial
thrust bearing surface portion extending radially outwardly at one
end and positioned to confront one radial face of the thrust plate, an
annular thrust bushing mounted to the sleeve and defining a radial
thrust bearing surface portion confronting the other radial face of the
thrust plate, the annular thrust plate defining two axial
hydrodynamic thrust bearings respectively with the radial thrust
bearing surface portion of the sleeve and the radial thrust bearing
surface portion of the annular thrust bushing and a hydrodynamic
thrust bearing lubricant reservoir between the two axial
hydrodynamic thrust bearings and between a cylindrical face of the
thrust plate and a facing cylindrical wall of the sleeve, and a
hydrodynamic bearing lubricant in the bearing unit and at the pair



thrust plate and a facing cylindrical wall of the sleeve, and a
hydr odynam ¢ bearing lubricant in the bearing unit and at the pair

9 @6-1038-US1 of hydrodynam c journal bearings and at
the-two axial hydrodynam c thrust bearings and in the hydrodynam c bearing
| ubricant reservoir. Capillary seals at dianmeters outside of the

di aneter of the shaft-sleeve radial jourpal bearings, and h !

| ubricant recirculation paths for the hyg;?odynani c radi al b@rﬁqﬂggg{ﬁslt he
two hydrodynam c thrust bearings are al so aspects of the present invention.
These and ot e | : s} . n r f Nt

i nvention wb?l' ﬁ%gpérmﬁ?hﬁaﬂgaﬂ{nagegé%%ogg :érﬁéf a%p%%ﬁﬁ%ﬁ??t%@?% .er&d in
the art upothmwhsbeariaghoandf in hidief dydsofiyrprawe dbeasingleBirigantomesgrveir.
preferred enbodi nent, presented in conjunction with the acconpanyi ng

dr awi ngs. ) Brief Descripti.qn o he .Draw ngs.ln the

Dr awi ngs: Gangllazy jseals, aén&‘éf‘b"éﬁrsdioglb?laﬁn‘é{ ithevfi@m?rﬁr s8Etthen and

gl evation Qfshaftéél@bvleom@dhﬁ! jouaing_la Eéarangg,i Qh_dsgilyfdrcdyhahﬁeg_hhlmc@ﬂynam c
earing unit_an als within a.di ri.ve spin . . ig. is.an
oni ar god. vi SHETRe BERS HHhE b . oy Rahs niadial hepsines g dnkos
pl ate, thrudtyddodynibi sthirnst deaningsi areacadso daspeetsvi 0f thei peeggrgs of t he

present i nvgﬂ%ﬁ on Fig. 3is an enlarged viewin elevation and
section of a srngl'é thrust, single seal plate, thrust up HDB spindle unit
in accordance with principles of the present invention. Fig. 4 is an

enl arged vi ew i nTg{&R¢abh@Nofitd 8BfdctdN a@latagks0laSpédtsUahdPt&dtardlovsy
doubl e seal plate HDB sﬂpl ndl e unit .in accorfdﬁnce \g th tge rinciples of the
present i nv&h¢iBrpsent invention wi be more fully understood and appreciated

by those skilled in the art upon consideration of the following

detailed description of a preferred embodiment, presented in

conjunction with the accompanying drawings.

Brief Description of the Drawings
In the Drawings:

Fig. 1 is an enlarged diagrammatic view in section and
elevation of a right one half side of a prior self contained
hydrodynamic bearing unit and seals within a disk drive spindle.

Fig. 2 is an enlarged view in elevation and section of a single
thrust, single seal plate, thrust down HDB spindle unit in accordance
with principles of the present invention.

Fig. 3 is an enlarged view in elevation and section of a single
thrust, single seal plate, thrust up HDB spindle unit in accordance
with principles of the present invention.

Fig. 4 is an enlarged view in elevation and section of a single
thrust plate down, double seal plate HDB spindle unit in accordance
with the principles of the present invention. :



10 . @6-1038- US1 Fig. 5is an enlarged viewin

el evati on and section of a single thrust plate up, double seal plate HDB
spindle unit in accordance with principles of the present invention.
Det-ai |l ed Description of Preferred Enbodi nents Turning to Fig. 2, a
single thrust, single seal plate, thrust down HDB spindle unit 100

i ncorporating principles of the present ;invention incl udes € L, nd a
| ower shaft-bolt 13 for securing a centt1 shaft 14 to the @Q%I%%}éﬁaft

14 is concentric about a Iongltudl nal axis of symretry-rotation. The shaft

14 defines a thrggded jaxal, nfh?ﬁ@érl n\gﬁrg%r?telé@ftléﬁparfdorseéﬁﬁﬂ'Uf gie Stglﬁrew

(not shown) for sgcurln p cover to provi uct ur al
rigidity tchrmss Qbitﬁdllll@s dnubleltscal Rlafeohd2B sspiadie 1mnif i ins aggerdante Skt

W th a clogg;fly LipRa e the! pfaRae ﬁmngeﬁl nes two axially spaced apart
hydr odynam™c | ournal bearihgs 34 and 36 by virtue of punping grooves

suitably defi ned in the sleeve (or shaft) at the bearing regions. A spindle

hub 18 is secured toDdigilet e®esciptioin ofpPesfereetl s mbddinmntshe hub 18
defines a series of threaded bores 19 for receiving screws for securing a
clanp (not shown) for securely clanping a stack of disks 20 and spacers 22
to a | ower flangBudngftot Feg.hBb. aAsidgldrtheudtesingle- bedl ppatadithrusst dewns

i ncludes a or. l; [ t ng magnet
pol e faces %P%dsﬂ%?%eneuﬁl?tsleI c%?m}%ﬁlﬁ# y%glpg%&adrﬁt} arﬁfﬁyreturn ring
33, in turrinyéeatipadinciudes iandase i andira dewerashalitbalhel 3 utpri secyring a

conventi Onaéerft?a‘-lhélpdﬁ lDr Itw e BHS<.€MTRe Ssﬁia‘fﬁtm\/% Yeotiehtig8 iowami ous coils
of the stator asse

o o R, Sy Pk > Th8, WG TSRS o™
spi ndl e unlﬁhréﬁmed sixgalt opedingedJoat ahst idpefor edcspiingl a seevgn(mni f esti ng
of st et al sy RE ToEnsuring, g oboft, {3 16RARopRBRYeR ol BUPIIE STREIAIZ, O,
slip-fit armgrrbéyréqtthe ApingleruniadiC). wAl bramzofslegue sllﬁaﬁts MV@’stthbl i shes
per pendi cul i} Vwith hhe1dsBr ERfardl ! folRPar& Al GefidesNewdX akidlly 28hced

apart hydrodynamic journal bearings 34 and 36 by virtue of

pumping grooves suitably defined in the sleeve (or shaft) at the

bearing regions. A spindle hub 18 is secured to the sleeve 16. An

upper radial wall of the hub 18 defines a series of threaded bores 19

for receiving screws for securing a clamp (not shown) for securely

clamping a stack of disks 20 and spacers 22 to a lower flange 24 of

the hub. A DC brushless in-hub spindle motor 26 includes a fixed

stator assembly 29 with slots facing alternating magnet pole faces of

a permanent magnet 31 secured to an annular flux return ring 33, in

turn secured to an inside cylindrical wall of the hub 18 in

conventional fashion. Driving currents selectively applied to various

coils of the stator assembly induce reaction forces in the permanent

magnet, and rotation of the sleeve 16 and hub 18 ensues. As thus

far described, the spindle unit 100 is a top-fixed or cantilevered

spindle design manifesting high inertial loading.

A "thrust-down" annular thrust plate 30 e.g. of steel alloy is
guided onto the lower shaft-bolt 13 in a close-tolerance slip-fit
arrangement. A lower radial wall 15 of the shaft 14 establishes
perpendicularity of the thrust plate 30 relative to the axis 1, and a
shoulder 17 formed as a base of a conical portion of the shaft-bolt 13



shoul der 17 fornmed as a base of a conical portion of the shaft-bolt 13
11 - (@©6-1038-US 1 applies a securing force to secure the
thrust plate 30 in place against the wall 15 when the shaft-bolt 13 is
tightened. An e.g. bronze thrust bushing 54 is secured to an inner annul ar
recess of the sleeve 16, and sandw ches the thrust plate 30 in a precision
hydrodynam c bearing rel ati onship betwegqn a |ower radial fagesofo3giess] eeve
16 and an upper radial face of the thrust plate 30. Punping grooves defined
on the thrust plate 30 or on the upper and |lower radial faces of the

ﬁ ! Se-‘/g 16 aighlidr HSE%&H sl Tordd theseage tgiﬁél)thﬂﬁtt Lpﬁt@mlrmap@ads)}@tamst :
ro nam axi r ear cal no
cl>/ear a%ces gr 35 ﬁg’teéll E}’ hﬂﬁsl?ég f 18 ?gﬁ%meg D b ;rﬁfﬁ?léesz i's

press-fit Cthh@stt baslsimgl t S#4isirsectirea shoa oﬁmmeBEanmllaeaebm wifi the allegvs t he

(o] h |
et 2 SECL B AT S Sy, TR | A byl
| ubri cant dredring eelationshipabetweea Iaod;@wcorrada%du £a¢6y ddutherdegvef 16 hand

insi de di angt g{aprP%fr }%gapffaéé -5t N é’ethlrﬁ’%tr g%tedaerretp%{m gggor 6E>VE9 A6GHEE

| oss of | ubri t otherw se_resultin m cent rj fuga C uri
operation oin tthe Buast MatgnsP epmn ﬁc‘éPEfﬁea§@a OVpftat ; ﬁgﬁﬁét‘?gggemerel y

as a seal, saeelv@ots a&n@ntmaaerbdshmgtsbewspeguae hiefind ruppes Enﬂ 18wer

exanpl e, reat.er clear,anc such ons._.ma | ded
bet ween th éng'ﬁfigpg 3’213; Elh gk{ﬁ%g}gsr d%@e %"f:[ hEPIC ¥e§§@p Y
Seal i ng gr asleemanc@snmay bpprbedfinmatelyi rl(brtmcmonboth of the opposite faces of
the seal plate 52 and the upper radial face of the sleeve 16 to oppose

| ubri cant di splacenent otherw se induced by centrifugal force durin
bearing unit opeAat ipper Beal plate JRaise press-bit n%ntﬁnthﬁ)ﬁbﬂffarlﬂulwﬂcapl | lary

seal 48 m'sq{)bdlaefas# %'béa%ﬁ&é'%xé}{ an ssmﬁétsea$lﬁﬁ\(@ Sl‘tﬁeﬁzi’é‘e@ defitrni ng
the journal bearings 3 r rica es o ce i fugal
forces as ri&8atd 8098, uEP‘?,roﬁ%‘g‘?L v ‘P‘icr'i eEﬁge?‘fﬁ ﬁﬁ’o 1 et %
l'ubri cant cmcmem privide ady e t:tdlah seap eforf mlmntt raﬁdseatermanhe 52
s ey LS Aculet Aaphil Sty A e TN b T
t he sl eeve shhfbysleekuoamﬁ drﬂmeueveuﬁhrdéactmgeduce loss of lubrlcant

otherwise resulting from centrifugal force during operation of the

bearing unit 100. Since the seal plate 52 functions merely as a seal,

and not as an upper thrust bearing as shown in the Fig. 1 example, a

much greater clearance, such- as 50-100 microns may be provided

between the seal plate 52 and the upper radial face of the sleeve 16.

Sealing grooves 53 may be defined in one or both of the opposite

faces of the seal plate 52 and the upper radial face of the sleeve 16

to oppose lubricant displacement otherwise induced by centrifugal

force during bearing unit operation. The seal plate 52 forms an

upper annular capillary seal 48 which is radially outside of the shaft-

sleeve interface defining the journal bearings 34 and 36 to reduce

lubricant losses from centrifugal forces as noted above. A

containment ring 56 forms an upper, secondary lubricant

containment capillary 58 with an upper face of the seal plate 52

which may extend the upper capillary seal 48 or may exist in

addition thereto. The containment ring 56 is secured to an annular

end portion of the sleeve 16 by a suitable adhesive 57. Facing

surfaces of the containment ring 56 and the seal plate 52 may be

coated with a suitable thin film barrier material for impeding surface



surf.aces of the containnent ring 56 and the seal plate 52 nay be coated
wth a suitable thin filmbarrier material for inpeding surface

12 @©6-1038-US1 flow of the lubricating liquid droplets
out - of the containnment capillary 58. As shown, the top-fixed spindle
unit 100 provides lubricant recircul ati on paths between the journal
bearings 34 and 36 by virtue of an insidgannul ar passageway)3@ 1038-US] t he
shaft 14, and one or nore radially outward | ongitudinal bores 39 which are
in substantial radial alignment with the upper annular capillary seal 48
and a reser¥Yiyw éf thestubréyning diguidt droplgts ruini oél thealcbnodintentt hr ust. )
plate 30. The ﬁ?serv r 41 also feeds and buffers lubricant to and fromthe
HDB t hrust GBBFH, and 42. A lower annular reservoir 49 is positioned
bet ween the | ower thrust bearing 42 and a | ower annular capil lary seal 50.

The narrow (e.g ]pg o, @Ho& f)}ﬁ@&%%m‘qng'ﬁﬂﬂ' PRIk NI Baﬁﬁ‘e
sl eeve 16 are prefe Iy ‘def i ne ectro- |sc arge mac Ml ng gEDI\/p
t echni ques. recuculatming pag %r@é&?@§ she alovsppahtbeasings mft andio Joio Vit ch

Lhreaded shal b0l b LaA w e neEieR ot pLaads “{@fsg‘a?‘grm?’ei‘i‘? (I B put
securing a @V f&ﬂt% X h%“té‘fﬂiflt ‘ﬁﬂﬁit&i@ﬁ g’%d "?ﬁmlhuraﬁ S]éblﬁ‘q\{ﬁ g‘ﬂtﬁ%ln
sEaf E h14. t I madﬁa@ aBgnniwteWathemhs um’s drhanhufar 2apitbadi rsealo sl ag ed with
the rus vV,

el enments of Qf’%«ﬁ? P@?ggﬂ;gg&ﬁgﬁt SIé)lt Sﬁﬁeé ?gBﬁg¥lt°Pﬁe‘”§H P? %f ‘Qﬂ g é@ﬁ

di spl aced t 3% heThottasmVWtﬁbLalschﬁmgs ngnd heufifefsedubreantuter and from t hese
el ements betyeeayREHy& BEQH%? 40 Anfl 9 3 At v g éar qﬁﬁ' E&%fr{roﬁ()@ iSA

al so secures an_upper, contain rln% secon ricant
cont ai nnent PosHioned j betwsege dhe oy hﬁ@tu sélimsoﬂrﬂa.anﬁieﬁt PVRE BBRULAG

the upper tha ?ﬁma@u%ahms(ﬂ MheChdfow O}ergdwze mhilEinmdse! diapmstepf | ubricant

| eak f t ts 100
St et ur al | yPRRIAETAL POFes IRSERR veohiseve 16" argn pRefesshl defined iy of

t he probl emswviref eldutro-discirargsi n@ichiming (EDM) techniques.

Fig. 3 presents an alternative spindle unit 200 in which the
thrust plate 30 is secured to the top of the shaft 14 by an upper
threaded shaft-bolt 13A which includes a threaded boss for receiving
a nut securing a cover onto the shaft shaft-bolt 13A and in turn
securing the shaft 14. In Fig. 3, the elements of the Fig. 2
embodiment associated with the thrust plate have been moved to the
top of the unit 200, while the elements of the Fig. 2 embodiment at
the top of the shaft 14, have been displaced to the bottom, without
changing the reference numerals for these elements between the two
figures. In Fig. 3, the threaded shaft-bolt 13A also secures an upper
containment ring 56A. A secondary lubricant containment seal 57 is
formed between the upper containment ring 56A and the upper
thrust bushing 54 in order to reduce the likelihood of lubricant
leakage from the top seal. Otherwise, the units 100 and 200 are
structurally and functionally equivalent.

While overcoming many of the problems of the prior single and
double thrust plate designs discussed in the background of the
invention, there remain two drawbacks with the Figs. 2 and 3
embodiments. First, there are no lubricant recirculation ports around



doubl e thrust plate designs discussed in the background of the invention,
there remain two drawbacks with the Figs. 2 and 3 enbodinents. First, there
are no lubricant recirculation ports around

13 - . @6-1038-US1 one of the two thrust bearings for
facilitating lubricant recirculation and pressure equilibrium Second, one
capillary seal 50 is at the bearing unityjnside dianmeter (iQ96-HiIBE-US]eeve
HDB j ournal bearing interface). These renni ni ng drawbacks are
overcone within the enbodinents of Figs. 4 and 5. In Fig. 4 a single down

~thrust platge dUBhe Sed! tHiPR Leafiglies BoY tfadQfafiak! dybricanmasyircoReidmnt
" respects the spindle unit. ' '

00 di squssed above in,conjunctdon wi.th Fig. 2.
There are &\ PAPSSUTSOFAEMDIHIRY e%ﬁ@@ fiTth CABY e tssglt ﬁg tl?'lr"ﬂsp’epl ate 30.
In the Fig.behray ndlie wgide 3anteher i.ngl shaftisleetvep DB 3jOuimlf bgadngnt o t he
shaft 14 byi &Ih]gfathBeaded shaft-bolt 13B. The thrust plate 30 provi des HDB
t hrust bear fl_% %6’ and 42, except that in this enbodi ment 300, a thrust
bushing 70 is provided which is secured e.g. by press-fitting into an inner

cyl indrical recepredf (ke VarahANd laok 608oUhd BheniAhend over thr ust

bearing 42 is forne a.top radia |l _.of the thrusi bushing 70 and the

| ower radi ambadimentst ok Kigs.udt aﬁb‘llai-emgb.l:lg)né 8r S18g Wi F‘ilgaﬁfate’ .
recircul atigfutier §sal7 HPBe sghaidleeehit N300 ofo1Idves tifr usdnyb UsipdrgantO réspeenabl e

recircul ation o&ﬂ%dr od¥n c,l ubri aati)ng l.i quid. A botto%sEal ?I ate 80 is
al so press-#ftS e frt e FOQ disaussnds a0REs (10 SRRIVAGHA, WHDEIE- 3B defi nes
an annul ar Dhae &2ewsévératnahpesapt ediffereposs twithi mggaifd tthe thér teuspl at e 30
and bottom at rel.at i ve.: t he:.t Sf, D ' :

grooves 84 @ggé g@ 'deﬁ.‘l ?ﬁfe?%l %&a V\‘}eesg’n%(ﬂg glfegéga%eagﬁgéggthggﬂt Rgﬂtgﬁ?ggts

bushi ng 70 faned tortobdee oshafbal4 diyattbe sthreadade shadi-belt 138 al ThanPimigt act i on

Cadially odar 29 Hiofides HEDB sl Bl A0 phE i heopt tHACAR, Ul )
of the sl ee@fé{’?éuaﬁﬂt a?p(bu@thrtuébel?‘bs@m&cJﬁo\‘s PRV by 1 p$%&“ée§o. A

bot t om | ubré gary garebsifitemgt intongn8thriercbylindriaal upteysned fHeandeevwehiléh is
sceured o s WL Fho ESuRhel BEaBHETHS 10 PRI P
of radial wall of the thrust bushing 70 and the lower radial wall of the
thrust plate 30. One or several lubricant recirculation ports 72 are
defined through the thrust bushing 70 to enable recirculation of
hydrodynamic lubricating liquid. A bottom seal plate 80 is also
press-fit onto the threaded shaft-bolt 13B. The shaft-bolt 13B
defines an annular boss 82 which enables precise positioning of the
thrust plate 30 and bottom seal plate 80 relative to the thrust
bushing 70. Pumping grooves 84 may be defined between the lower
radial face of the thrust bushing 70 and the bottom seal plate 80 to
neutralize radial pumping action otherwise attributable to relative
rotation and centrifugal forces. A radially outer annular capillary
seal 86 is defined between an inside wall of the sleeve 16 and an
outer tapered face of the bottom seal plate 80. A bottom lubricant
containment ring 88 includes an upturned flange which is secured to
an outer cylindrical region of the sleeve 16 by a suitable adhesive
90. The containment ring 88 cooperates with a bottom radial wall of
the bottom seal plate 80 to define a secondary capillary seal-
lubricant trap 92.



t he- bottom seal plate 80 to define a secondary capillary seal- |ubricant
trap-92. 14

6- 1038- US1 Fig. 5 presents an alternative HDB spindle unit 400
which nodifies the Fig. 4 enbodi ment 300 by placing the single thrust plate
30 at the top of the shaft 14. A shaft-bolt 13D provides a w dened threaded
openi ng 19A enabling the cover (not sho to be secured t € \ ol t
13D without disturbing its relative aligg%ent with the sha??9§zuygﬁg;§Feeve
16. O herwi se, the description given above for the Fig. 4 enbodi nent 300

a]E)p::i €s t?l thg eppedisnp fﬁseﬁ%o aff aﬁéﬂ}au@e HDB spifbii Qjmplfh({[ﬁﬂﬁﬁlc%g? and 400
o] i gs. an ively que cone o] rohl e

menti oned aBtRH ?IFB Sr{Oeng‘}ﬁ'rl Oteng?a%‘{ B‘r‘?§‘t nﬂﬁ%@égs%vﬁ%ggp% Eﬁlscthe

enbodi ment sphite F3Qsat theansp Df fHee shaftub4. baashafy-bdled3dhcgrovédennt rol | ed by
t he thi ckne t

radi al shou d&t'e# hﬁ%ﬁém \P% hirgge Eﬁial;lp? egph[m3 g?éu\égrgl(gg\?/e d&gvgatt%h%

t hrust pl at eeduredr égeths rsgafthlaoltt hiElEt mc@utngxszo;bxmos@ gtk onal

t ol er ances ?ng Iéf'bitehﬁhotl‘}cf”k?m ol 140 ﬁvgu%ng O§E:'r€ﬁ]¢,é Vgp@assenbly may

al so be enpl.o to control furthef the ust _bearin earances. Press
fitting of @ﬁ%ﬁfﬂlm%th@ar abgvedor ethst F\r/g,- Aoemb@dsmegé% appligroitaeths n

t hese Fi gs. eﬁlb@a@nﬁnemldmﬂ@ 800 and 400. Recirculation ports 39 and 72
facilitate recircul ation of hydrodynam c | ubricant around the journal
bearings 34 and 36, and around the thrust bearings 40 and 42. Both the
upper and | ower dTdgi ehdbodimeatss 308 and 460 aofe Fags.ad anded rhspeetieelyf the

beari ng uni b 30y d 00, A0RaR5°aBCBE Bl Yroblole futh Bl d iR g . and

ér nor e er reduces wear of
the sl eeve peiorf designshransk lmmnvengsomewbamwnoft etemhﬂoels@egts;eqf dfigst he

spindie unib 488 85 MM fehsk edrlity WaAraRal lis| EodiREIED YN PRiceAkal ! on

ew._ Tol erance q t ot al sl eeve 16

gl ven it in
i's rel axed 9@ glalfstreiaé& i313pd eheaghb weem@&rgg@@g( éaéla 50- 100
ni crons). begheekler hef shal slpbwé el@%m@hdhé hatep | ¢fe\tke 1deetd | abdvee thaditaust ace

of the sl eevF t%Gfgll' rr%%%{\xng the thrust bushing 70, whose dimensional
tolerances are easier to control in manufacturing. Selective assembly
may also be employed to control further the thrust bearing
clearances. Press fitting of the thrust bearing 30 relative to the
sleeve 16 is avoided in these Figs. 4 and 5 embodiments 300 and
400. Recirculation ports 39 and 72 facilitate recirculation of
hydrodynamic lubricant around the journal bearings 34 and 36, and
around the thrust bearings 40 and 42. Both the upper and lower
capillary seals 48 and 86 are at an outer diameter of the bearing unit
300, 400 and are generally aligned with the passages 39 and 72.

Furthermore, the Fig. 5 embodiment 400 further reduces wear
of the sleeve 16 if the thrust bushing 70 is made of stainless steel
and the spindle unit 400 is mounted for the most part in the up-
down orientation given it in the Fig. 5 view. Tolerance of the total
length of the sleeve 16 is relaxed because of relatively large
allowable clearance (e.g. 50-100 microns) between the seal plate 52
and the sleeve 16. Only the radial face of the sleeve 16 directly
facing the thrust plate 30 needs to be provided with a tightly
controlled surface finish and maintain close perpendicularity
tolerances. Thus, the embodiments 300 and 400 of Figs. 4 and 5



facing the thrust plate 30 needs to be provided with a tightly controlled
surface finish and maintain close perpendicularity tol erances. Thus, the
enbodi ments 300 and 400 of Figs. 4 and 5

15 - . @6-1038-US1 nmuintain all of the advantageous

| ubricant seal arrangements found in the prior double-thrust plate design
10 described in connection with Fig. 1 wjghout having the s Aragerks

- and manufacturing difficulties. As used hereln the expr essi ons
indicating orientation such as "upper”, "lower", "top", botton1 "hei ght ™

and the |ikenaiatfinaRpl iggdthe @dxﬁe@ﬂ@@ed@j A dagit n@éatalarrar@m@n@f fooad . .
figures rather _than.in an

nse. of or| nt.ati urin articul ar
operation, & ctherpiiqr goy ﬁ}ﬁ Tush Ii’lébem C3g8 Eﬂoa g%‘irl)rdﬂ VARG i t at e
and ai d undevis afiy.ng efithduee hagimgeshansambodrawbatkdeambatnuéactasing
limting. {£fi ‘[9 those skilled in the art, many changes and
nodi fi cati oné V\?lﬂ Pe readil y apparent from consideration, of the foregoing
description of a preferred enbodi ment w thout departure from the spirit of

the present invend Qﬁeflt Heraﬁortﬁet@ﬁg R_EidRI 7 R %rr%drﬁﬁh@g' xueﬁl gt ed

out by the follow pl.iQns ere| i sclosures
hereof are bDYPREE - oﬁOWPF ustORt i ohoﬁﬁﬂy’ahﬁlghbulaﬁ dnbie Aikes gt appdicds in

limting the 56195153 reratécbetoph@ﬁmal viBwengi on thii €iuirés ratieerP@kin Cid ity

?g' nted out bXs )@gav%gggfqgglg_ particular oV;\)heratmﬁ Celtg' nre'fihese
orientation labels are provided simply to facilitate and aid
understanding of the figures and should not be construed as limiting.

To those skilled in the art, many changes and modifications will
be readily apparent from consideration of the foregoing description
of a preferred embodiment without departure from the spirit of the
present invention, the scope thereof being more particularly pointed
out by the following claims. The descriptions herein and the
disclosures hereof are by way of illustration only and should not be
construed as limiting the scope of the present invention which is
more particularly pointed out by the following claims.

What is claimed is:



1 A self-contained hydrodynam c bearing unit conprising: a
shaft defining a threaded axial opening at one end thereof and a shaft
shoul der adj acent the opening and perpendicular with a | ongitudinal axis of

t he shaft, I efining an opening for receiving the shaft
for relative rﬂﬂﬂm\ﬂ‘m\m\ﬁw a pair of longitudinally spaced-apart

radi al hydrody C J our Mal Sbe&rings defijped between the sh de-20dsitis 1
sl eeve, a shaft-bolt including a threaded end reg on Por mat i ng
with the threaded axial opening of the shaft and defining a bolt shoul der,

an annul ar thrusy plaf edjavbhthih m@gﬂ?mﬁ@di&hrm@%@%wﬁm@.__-to fit

upon the shaft-bolt for nounting be e shaft shaqul der and the shaft

bolt shoul der when tha shafftdefening; 3 F\lﬂ_leé_ée@\/i X3 RPEHR&a8E PPEXCRE openi ng
of the shaffpereof and a sHdTe $HAAYEr dedjabeRy ther dpeaing handtpdrpendigular
surface portl,%g e ten_dlal%&iadl.al I% gut rfgl y at one end and positioned to
confront on¥lfadi aPngdY PHe htactSht e, an annul ar thrust
bushi ng m)u][lt ed to thﬁ sleee¥ edefiinlinge fainniopgning ddiratecelvingt the shiafiy four f ace
portion confronting t gt her radial face of the thrust plate,
the annul ar FEAFYS: gﬁﬂtﬁﬁgnglefi ning two axial hydrodynanic thrust bearings
respectively with thear gdimloft ﬂomgntu@smllmgﬁmeﬂa%@afﬁofﬁdléh of the sleeve
and the radg?hréﬁﬁﬁni@?ugﬂgl YeakARA RUIAAD Bridih aRBUSRAT lndstihbushi ng
nam—< r

and a hydro nru earing i cant reservoir between the two axial
hydr odynam &1&€¥fust beari ngs and between a cylindrical face of the thrust

E' ate anfl g faci ng Cy|aL@HﬁftQ%ltV\ﬁic|ludIfngt he thtexrled, end region fohymimeidgnani c
Pournal’ beariHbahenthisadecatih eRARIRE ngtr Bty amrccard SR A K8 L 1 n
the hydrodysheu¢deearing lubricant reservoir. 2. The sel f-contained
nydodynan o beat 19yl lyifle By e it U rsABPBl 10 s
and adapted to fit upon the shaft-bolt for mounting between the
shaft shoulder and the shaft bolt shoulder when the shaft-bolt is
mated with the threaded axial opening of the shaft,
the sleeve defining a radial thrust bearing surface portion
extending radially outwardly at one end and positioned to confront
one radial face of the thrust plate,
an annular thrust bushing mounted to the sleeve and
defining a radial thrust bearing surface portion confronting the other
radial face of the thrust plate,
the annular thrust plate defining two axial hydrodynamic
thrust bearings respectively with the radial thrust bearing surface
portion of the sleeve and the radial thrust bearing surface portion of
the annular thrust bushing and a hydrodynamic thrust bearing
lubricant reservoir between the two axial hydrodynamic thrust
bearings and between a cylindrical face of the thrust plate and a
facing cylindrical wall of the sleeve,
hydrodynamic bearing lubricant in the bearing unit and
at the pair of hydrodynamic journal bearings and at the two axial
hydrodynamic thrust bearings and in the hydrodynamic bearing
lubricant -reservoir.

2. The self-contained hydrodynamic bearing unit set forth in
claim 1 further comprising an annular seal plate secured to the shaft



17 . @6-1038-US1 at an end region of the shaft opposite
an end nounting the thrust plate, the annular seal plate defining an
annul ar capillary seal for containing the hydrodynam c bearing |ubricant at

a.di-ameter grea gm‘er of the radi al journal bearings defined
bet ween the sha ﬁm‘{ ﬂ g“ ‘\‘ . The sel f-contained hydrodynam c

bearing unit set cinrclai M 2 wherei n inner cylindri v deaf{ ned
by the sleeve and adjacently facing surfa?é1 of the annul ar ggp‘,@%ﬁgﬁi

define a divergent gap for the annular capillary seal. 4. The

sel f - cont ai rhqd Hygﬁ@g%é Colbqgél fr%éepq%% faﬂr Eﬂd'ﬂlo‘h'rﬂn'@ %h%"g@hﬁét" the

annul ar seal ated |nesara|a I n conrontlngre at | |p with a
radial surf adétepoﬁhq emngdar seak| platee dedHung upk haRnElgrpraniiliagy ptaad

grooves def 'dlﬁﬁairﬁngt tﬁ@aﬁydﬂf@rﬁmfch%era@mgwlubﬁﬁ:@n@f att he cﬁlamét@f gﬂﬁl'ter

| ate and the rad surfac ortiqgn.of the eeve fo
Iﬁydrodynam d BaF‘: a&lmgwl €4n etdl 13 q]lgnghsl?ecar{qgsr é&f@ijerzgg}ﬁqme]eggé@e

f orces ot herghase gndmhegsidesehydr odynam ¢ bearing lubricant radially
outwardly during relative rotation of the bearing unit. 5. The
sel f-contai ned hydrodynam c bearing unit set forth in claim2 further
conpri sing an anndl aTheorself-aomtained rhydredyngmac cheaninlg i enit ekt dorthl amge

secured L0 &afANY! Undibfid A ihher %m\agmav%ﬁw apﬂgeans thie Qo rangeal

plate, defining a secondary bearin Il ca t .contal nment seal
in communi caadidpeRily hqua@gamfa%ﬁ %faéhﬂ R géasea# oblate ogefing 2 (Biviesaent

ot herw se es ifog fHeoAnnhgarapilddrycapal.l ary seal. 6. The
sel f-cont ai ned hydrodynam c bearing unit set forth in claim5 wherein the

secondary hydrodynam c bearing | ubricant contai nment seal has surfaces
coated with a thi4 fiThe xeif-centaim¢drhydrodynamipeteaing unfiricset [forthofin

uni t qet T ortATRn 2 PARREE fhe anmupr, 541 Jiale frﬂﬁe's?gﬁuﬁnfgf JUETE N chait -
bol t defi ne confronting relatlonshlp W1th a radial surface portion 0 the sleeve,
and further comprising pumping grooves defined in at least one of
the radial face of the annular seal plate and the radial surface
portion of the sleeve for pumping the hydrodynamic bearing
lubricant toward the shaft to resist centrifugal forces otherwise
pumping the hydrodynamic bearing lubricant radially outwardly

during relative rotation of the bearing unit.

5. The self-contained hydrodynamic bearing unit set forth in
claim 2 further comprising an annular containment ring having a
cylindrical outer flange secured to an annular ring of the sleeve and
surrounding the annular seal plate, defining a secondary
hydrodynamic bearing lubricant containment seal in communication
with the annular capillary seal for trapping lubricant otherwise
escaping from the annular capillary seal.

6. The self-contained hydrodynamic bearing unit set forth in
claim 5 wherein the secondary hydrodynamic bearing lubricant
containment seal has surfaces coated with a thin film barrier
material for impeding surface flow of dropleté of the lubricant.

7. The self-contained hydrodynamic bearing unit set forth in
claim 1 wherein the annular thrust bushing and the shaft bolt define



18 - @6- 1038- US1 a divergent gap annular capillary seal
for the hydrodynam c bearing. lubricant at a dianeter approximtely at the
di aneter of the radial journal bearings defined between the shaft and the

sl eeve. tai ned hydrodynam c bearing unit set forth in
claim1l1 furt Eﬂuiﬁﬁmaﬂ“&“mpydrodynam c bearing lubricant reservoir in an
annul us defi m tNe shaft and sl egve between the pahhgC 16l
journal bearings. , 9. The sel f-con?gi ned hydr odynam éﬁgggf;q%%%h

set forth in claim?2 further conprising a hydrodynam c bearing | ubricant

reservoir ig apyeégett ugab;ﬂeatdrﬁﬁdr b@ié)\ﬁgtﬁfy a1 st then _(ﬁbﬁ-?ﬁ%ﬂ@@t w@éﬁnghe

air of radjal.jodurnal arings an | east one | ongditud recircurfation
ﬁol e defi neidﬁ%rHiafrﬁe af h%lf&aé?etgr d@%f(gpa%@gbr@)&ithﬁt S1aNgIRE %@aéhét exdigl the
annul ar capjddraay beatinghddefiiahdbarweehr e hsHalie snldeehe §leedehydrodynami ¢
bearing lubricant reservoir adjacent the thrust plate. 10. The

sel f-cont ai ned hydrodynam ¢ bearing unit set forth in claim1 further

conpri si ng: The seif-wontdiaed shpdrqdyanmis ebeareiwg tunit heets fiafth at an

8.
d ' i I 1 e ' t |.ate, the
gﬂnmr S?I gga ail){[gﬁ esggﬁ%rio%ﬁab I;l?lrng]_ aamﬂw{é%‘g% I%’?‘;ﬁ@g?ﬁw %Ia %iont ai ni ng
t he hydr odyff$8I€oBeani ay aumplusadefinedabaiveean dhe gshaft eand hslnewe di anet er of

the radial pemwes ﬂh@a@hng%N@i&i@?dj&%ﬁm%aﬁhgsﬁhaft and the sl eeve,
wherein the annul ar thrust bushing "and the shaft-bolt define a second

di vergent gap annul ar capillary seal for the hydrodynam c bearing |ubricant
at a di aneter apfroxThat sﬂlﬁ-o@htz}]ihedfihyﬂﬁid@haﬁﬁctb@arﬁr@gﬂlﬂiitl wgﬂ@l‘thbﬁ@“ ngs
defined bet the t t.he sl egyve, . . a rodynam c
beari ng Iubﬁv‘ﬁi@ntfr%@Eﬁ%foicﬁﬁqwlﬁwgaﬁnﬁ]yﬁoﬁggﬂgd M%Dﬁgﬁ@ haft and
sl eeve bet weesgrvdie pai an oannwldisadefinad nhetvoeear ithgsshafhdand hsleevet at
| east one | | i+nal ClykC i | ied. N at a
di anet er apgélg%’g%émttgﬁyp taﬁebgi gﬁ%le?%ﬁﬁ?_ﬁ%é%;dﬁl gPh at €ast 8%
I%ngnu inal “recirculation hole defined in the shaft at a diameter
approximately the diameter of the annular capillary seal and
extending through the sleeve to a hydrodynamic bearing lubricant

reservoir adjacent the thrust plate.

10. The self-contained hydrodynamic bearing unit set forth in
claim 1 further comprising:

an annular seal plate secured to the shaft at an end
region of the shaft opposite an end mounting the thrust plate, the
annular seal plate defining a first annular capillary seal for
containing the hydrodynamic bearing lubricant at a diameter greater
than a diameter of the radial journal bearings defined between the
shaft and the sleeve,

wherein the annular thrust bushing and the shaft-bolt
define a second divergent gap annular capillary seal for the
hydrodynamic bearing lubricant at a diameter approximately at the
diameter of the radial journal bearings defined between the shaft
and the sleeve,

a hydrodynamic bearing lubricant reservoir in an
annulus defined between the shaft and sleeve between the pair of
radial journal bearings, and

at least one longitudinal recirculation hole defined in the
shaft at a diameter approximately the diameter of the annular



19 - @6- 1038- US1 capillary seal and _
extendi ng through the sleeve to a hydrodynam c bearing lubricant reservoir
adj acent the thrust plate. The sel f-cont ai ned hydrodynam ¢

beari-ng unit s 1 further conprising an annul ar seal plate
secured to theﬂm ,I “ nt to the annular thrust bushing, the
annul ar seal plateca a Ja ent faci NGy wal | segnent of t@g si(?ja%/ejSI
defini ng an annul ar seal at a di aneter greater than a di ane ?

radi al journal bearings defined between the shaft and the sl eeve.

12. The sel {zgionigi 5o Rydr egnam trﬁ‘»aﬁ Hgtw'stee%t th O t Ya @il
wher ei n t he, annul aélhseal pl ate an CG %éﬁent aci ng wa nment of the

sl eeve def i PEAHRE bﬂl?%‘r’*t JESFIVRL A2 Haystnplatear capillary seal .

13. The sel f-contai ned hydrodynam c bearing un:t set forth i ndcl aim1ll

wh h t t h fi t l.east one rody

be:rslng Itugr?(r:]gg{l ﬂ ec ¥ e&f%#%‘%’r‘f%ﬁ@?%ﬁﬁml%gﬁ‘?%—hngmlt%? E9’([}}‘od9nam c
t hrust bear¢lagml dbrfucmer casprisoig anomnendd seqg péater seduwedoto othe
hydrodynan g, eaid1pdad 4bEdC 8! Rt dritubf"etp ﬁstbgggkﬂ%? W I 3ReT aldion of

the bearing u con al née ynam ¢ “beari g unit
set forth iPlate a0 an radiaceat fasimg i wrlgsegmerte Oéntixeastnwer definénghant - bol t

?E' nghseculr?@htttertteatgaﬁe cﬁaﬂtegéte §£%gt;ltg]t§hngl tﬁﬁﬁﬁ'ésettﬁfdoét? th?ﬁr%mﬁé% .
onf aj ne

furt here ig Cfgr‘irgb%af ‘%EH’\% ?G\‘/\QIPentH?gsgx‘ ft. apg) theeslfgveecured to the
cover, and the shaft being secured to the base. 16. A

| f ined h ri.si
def i ming a Chreaddu alfa " rERRIAAg HroBRTRmE, Biring, dmit shelr SSioaher
adj acent t helabperilngvkerdipeghpeannwlat aseali plate dmmhdht uatijneéntaxasing whi
shaft, segment DFSHEEUTe AR IdRHE e RO LA 25CHCANRPehN G2l L Tor

rel atlve rotation,
annular’ capillary seal.

13. The self-contained hydrodynamic bearing unit set forth in
claim 11 wherein the annular thrust bushing defines at least one
hydrodynamic bearing lubricant recirculation port in communication
with the hydrodynamic thrust bearing lubricant reservoir for
enabling recirculation of hydrodynamic bearing lubricant at the
thrust bearings during operation of the bearing unit.

14.  The self-contained hydrodynamic bearing unit set forth in
claim 1 further comprising a base and a cover, the shaft-bolt being
secured to the base, and the shaft being secured to the cover.

15. The self-contained hydrodynamic bearing unit set forth in
claim 1 further comprising a base and a cover, the shaft-bolt being
secured to the cover, and the shaft being secured to the base.

16. A self-contained hydrodynamic bearing unit comprising:
a shaft defining a threaded axial opening at one end
thereof and a shaft shoulder adjacent the opening and perpendicular
with a longitudinal axis of the shaft,

a sleeve defining an opening for receiving the shaft for
relative rotation,



20 . @6-1038-US 1 a pair of longitudinally
spaced-apart radi al hydrodynam c journal bearings defined between the shaft
and the sl eeve, a shaft-bolt including a threaded end region for

mating with the t axi al opening of the shaft and defining a bolt
shoul der, ﬂ"@igmﬂ mmrmrrust pl ate having two parallel radial
faces and adapted € O cf shaft - alt for mounting bq?gggg:;gt@ ghaft
shoul der and the shaft bolt shoul der whefi“the shaft-bolt is te vvitﬁ t he

t hreaded axi al opening of the shaft, the sl eeve defining a

radi al thrust bearing asg):]a;-uac& qgﬁéjtggmbp]&g%@gdrﬁfyralIlamgut wardly at one

end and positioned to c ront ong . e of the thrust, pla e,[
an annul ar hidosdymamic nipursahtlearings Hiefineb \Retaicgnddhe nshaft aard qithe
t hrust bear gﬂ,gv%yrface portion confronting the other radial face of the

thrust plate, he annul ar. t hr us | at.e defini.n wo axj.al
hydr odynam c thrust bdashafsbelspediding # ‘Eq%dleﬂeefl df =&to hhfstlﬁﬁgggi ng

surface por g e &Hﬁa&lbﬂeuﬁia&ingpéﬂiﬁgraﬂithb shafosandedefiniggsar babbe portion
of the annul S\rﬂé}éﬁr ust bushing and a hydrodynam c thrust bearing |ubricant
reservoir bé ®fhe two axi al hydrodmam c thrust bearings and between a
cylindrical face of thm tamnudar ghats¢ plde ahdvigigngwey ipandlielc sadigd) facss t he
sl eeve, o ! -BbA! ¢of 8RR ObERFesafife- O t

adj acent toaflﬁe agﬁﬁttj artlot E%tugpegugﬁﬁ flsgﬁlﬂt ﬁgﬁangul ar senF a nd, an

Y
adj acent fashaft whonldergmod: the shadt halevshapddenwaen e, §ba mRitals seal at

a dianeter geauehyiiiamd diamRtcex bpenigdiof tiouhatl, bearings def i ned
bet ween t he sha e sl eev

| ubricant in thet bggr i‘iiﬁ § etveaﬁ’ﬁﬁgltrilgg he Tagdial &Fr‘fﬁhéség‘f}lﬁgﬁgﬂbﬁfgﬁﬁﬁgﬂ%n

bearings an¢xaénding tredidly aduthwatdbdymaone thduand bpesitiogedatal ¢onfirhat

hydr odynam ¢ _bear i1 ubri capt tY, ia . 17.  The sel f-contained

hydr odynam é’“&eé?ﬁi’ﬁg %ﬁﬁet oge{hef 5&&% |Lﬂ Eef’al m 16 further conprising a second

annul ar seal plate secan eahrtwlat hilirgstaushingarmenatadedpothefsleeie sird t

opposite an gigh; ¥OUNtLAG) Berust bearing surface portion confronting the other
radial face of the thrust plate,

the annular thrust plate defining two axial hydrodynamic
thrust bearings respectively with the radial thrust bearing surface
portion of the sleeve and the radial thrust bearing surface portion of
the annular thrust bushing and a hydrodynamic thrust bearing
lubricant reservoir between the two axial hydrodynamic thrust
bearings and between a cylindrical face of the thrust plate and a
facing cylindrical wall of the sleeve,

a first annular seal plate secured to the shaft-bolt
adjacent to the annular thrust bushing, the annular seal plate and an
adjacent facing wall segment of the sleeve defining a first annular
seal at a diameter greater than a diameter of the radial journal
bearings defined between the shaft and the sleeve, and

hydrodynamic bearing lubricant in the bearing unit and
at the pair of hydrodynamic journal bearings and at the two axial
hydrodynamic thrust bearings and in the hydrodynamic bearing
lubricant reservoir.

17. The self-contained hydrodynamic bearing unit set forth in
claim 16 further comprising a second annular seal plate secured to
the shaft at an end region of the shaft opposite an end mounting the



21 - @6- 1038- US1 thrust plate, the annular seal plate
defining a second annul ar capillary seal for containing the hydrodynanic
bearing lubricant at a diameter greater than a dianeter of the radial

j-ournal beari n n the shaft and the sl eeve. 18. The

sel f - cont ai ned I“l Iw ﬁ'mmrl ng unit set forth in claim16 wherein the

annul ar thrust bushing defisnes at | east e hydrodynam c be ant
21 OGRS T

recirculation port in conmunication with ™ the hydrodynam c t
| ubricant reservoir for enabling recirculation of hydr odynam c bearl ng

Iubrlcant us r [ 0 n 0 ' unit.
The sZﬁthf #lgﬁ'enegxeb%?rng'i‘zgﬁg%&{: Ijggtaer ra%gﬁ%ir]] t sge&%}ﬁjrt | n cI aim 18
furt her confARibaRYy sea sg@brﬁﬂmé@ﬂr%lll&r aydpedyramic heding ubsicamnaf at & an

end regi on @fanidter SpfatelORAAR | hedﬁﬂn@t@ﬁ 5P Whkl @gdiame jduthdstbPdrdh gy the

annul ar seal plate definin ond,annul ar capi | Iary seal for <CTontaining
t he hydrody‘?m%foﬂr??: bRE G5! |t aﬁrﬁﬁ%ﬁt ang Qledls fet%er greater than a di aneter of

the radial journal bearings defined between the shaft and the sleeve, and a

hydr odynam ¢ bea %ng fﬁg)r eﬁfa%n{aﬁﬁg%}'&figgdgpgﬂggpﬁé{wﬁgaﬁf‘ nggt &gt en the

shaft and sl eeve Detween Peast
one | ongi t ueliaiial lﬁeovhamuatﬁh@n annularddmunteobuslnmgedeﬁacs att aasm anet er
appr oxi mat et t C | ary

Rrend ng ¢ i) Siney e Rarkle, Jebr RARE (reARaRon® iRkt | B Yoofmnitition,
reservoir aWf ghp glwgrpﬁyg,gmlw thrast beanng lubncant reservoir for

enabling recirculation of hydrodynamic bearing lubricant at the
thrust bearings during operation of the bearing unit.

19. The self-contained hydrodynamic bearing unit set forth in
claim 18 further comprising a second annular seal plate secured to
the shaft at an end region of the shaft opposite an end mounting the
thrust plate, the annular seal plate defining a second annular
capillary seal for containing the hydrodynamic bearing lubricant at a
diameter greater than a diameter of the radial journal bearings
defined between the shaft and the sleeve, and a hydrodynamic
bearing lubricant reservoir in an annulus defined between the shaft
and sleeve between the pair of radial journal bearings and at least
one longitudinal recirculation hole defined in the shaft at a diameter
approximately the diameter of the second annular capillary seal and
extending through the sleeve to the hydrodynamic thrust bearing
lubricant reservoir adjacent the thrust plate.



