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Background of the Invention The devel opment of conputer hard disk
drives demands ever increasingly higher track density, |ower acoustic

noi se, and better reliability under shock and vibrational disturbances. The
undesi rabl e characteristics of the currently used ball bearing spindles,
such as high non- repetitive runout, |arge acoustic noise, and high
resonance frequencies due to bearing defect, inpose severe limtation on
the drive's capacity and performance. 2 The use of &96n1Q3Htd&1

beari ng, such as a hydrodynam c bearing ("HDB"), nay overcone the
aforenentioned limtation. The full f|In1Iubr|cat|on of a fluid bearing

di spl ays significantly |IReferencertor Rphaté Applicatic ;coustlc n0|se and

I ts higher danppyg 9 é’éxﬁk‘fﬁu&}%@(‘ﬂé ﬂa‘i’?bf@’&céten@\&fﬂmﬁ{t
b n 3 HDB d
\é:an{ ?Hﬁga{) agafi)%afangjcctgmEec@nbsuaé\f?ﬁ’%%gn lssleré)elfwis‘é%&amqg ?wuth ot her

co- i nvent qyerddyharhal BRhrite. URit!230f 8. SNPhiditdNo! Hydr odynani whisais #9 and
i s ST o SR SEELEND Oy A0 o

requires tdil@tJul)hezl m994can¢u1@e "Se@ﬂ(Riruamedl Hydrodynzemié Beaeingednit'ig
structure Li?dei operatl ng and non-operating conditions in order to
pr event p e degradation of the bearing and contami nation in the
drive. At the sane tine, the bearing systemneeds to be easily

manuf acturable in order to sat uQiInYn of fif‘eq%qué?ﬁf‘éﬁ S. As explained belowin
connection with Fig. 1, theseieqm% me into conflict with
each ot her and have heretofore resulted in conprom sed HDB spi ndl e desi gns.

Pri or approacheme;%&aénﬁﬁw%&{ rélaf¥s! | Ahyd n%lﬁiéfbéﬁﬁﬁ §0M@t616d

hydr odynam ¢ be units | urface tension or c y seal s
and/ or trapa3ru¢ ?FWW%@?%‘E(%&%HUPP&E&@& o an gPPB?]V'ifgg Aspiral or
hydrodynamic bearing unit adapted e.g. for use within a rotatmg

cantilevered disk spindle of a reduced-height hard disk drive.

Background of the Invention
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 inventor's (with other co-inventors) U.S. Patent No. 5,423,612
entitled: "Hydrodynamic Bearing and Seal", the disclosure thereof being
incorporated herein by reference.
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her.ri ngbone punpi ng grooves and gl obal flow recirculation of |ubricant
driven by the centrifugal force and punping grooves resulting fromrelative
rotation of the conponents conprising the bearing unit. Capillary
taper seals have been shown to be effective when the bearing unit is at
rest (except in response to shock forces which causes the lubricant's
surface to break down and lubricant to be | ost as dropletsb However ,
capillary sealing force is relatively wdak conpared to t 669Q§ﬁ4981
pressure build-up inside of the bearing as well as to potential - inbal anced
[ sult from manufacturing tol erances. Ferromagneti c

unpi ng as ma su
gegF s gr e gengriipﬁmﬂ)ﬁ@eablo@thg HBcsysemnira harddisk drixg.emeironment
condj ti OnSre®1ré§1ﬁlzﬁtth€fluﬂ9ﬂ8ﬁ1t B¢ @Ed:ﬁ&lﬁ 'seakRPitde oftlﬁéfbeﬁmguls&ﬁcﬁﬁém t
i n undesirab gest i an of lent alr” duri op.er at
recircul at PBF‘%& SQpfFating; 3 POPCQPQVBBB&%%FP% %dentevprevsm for gl obal
fl owf t h{ oup bﬁﬁdmtdmesclier sdatg@n of tlhtbebd@mft 8 agdtumttanunmdmertl ﬁh@mﬁi‘ﬁ@r aml e
manuf act ur i nd.resul tant hi 0 e rodynarmi ¢
bonr | ng. unithe ' 6ahl, ine BEEAERYSERT hegtf o e i iapBRaciffapaeta °%
envir onrrenordchm sisfy cost requiremens. c Alsl gxplaitédybekaiv tin donnkeatienrwithal
ey nalEiel B2 [Held reqlfibhiviits offeliComE NS RoRMEEWIHABLI ORI 1S

axial or t en an annular disk or
faci ng radh@weshﬁfm,fese msulted mmpm&qdaéﬂa cepibdleadesigns.one exenpl ary
prior art exanple is presented in Fig. 1. Therein, a HDB systemw thin a

hei ght - reduced, gantilever S dl.e asse for a hard disk drive

i ncl udes a base l%i or %PWQ&Fﬁ% “El‘tlg? fieilznsﬂfr‘é%mj‘a%‘e&ﬂl%gowa 'ICt‘Pné"ﬁmGSem ng

|A| n the bashydrodynamipbeasingiditninclndé surfaceaensionbor capiliasy ¢eals

ternativ te conponent to a

nmounti ng f f‘d&)}%@f %q??ﬁeﬁéﬁaﬁnpﬁsﬁeﬁ&ﬁ%ﬁn%c?% “ﬁé%ﬁ“ Z’%gﬁga?& 8?1[;{&,91— base 11. -

The parti cihegringbone pumping grooves and global flow recirculation of lubricant
driven by the centrifugal force and pumping grooves resulting from
relative rotation of the components comprising the bearing unit.

Capillary taper seals have been shown to be effective when the
bearing unit is at rest (except in response to shock forces which causes the
lubricant's surface to break down and lubricant to be lost as droplets).
However, capillary sealing force is relatively weak compared to the
dynamic pressure build-up inside of the bearing as well as to potential
imbalanced pumping as may result from manufacturing tolerances.

Ferromagnetic seals are generally vulnerable to leakage under
thermal expansion conditions. On the other hand, pumping grooves have
been shown to result in undesirable ingestion of ambient air during
operation. Flow recirculation passages, either for localized lubricant flow,
or for global flow throughout the structure of the bearing unit, involve
considerable manufacturing difficulty and resultant high prime cost of the
hydrodynamic bearing unit.

To be effective within a hard disk drive environment, the HDB
system is typically configured to include radial hydrodynamic bearing
regions formed between a shaft and a sleeve, and axial or thrust bearing
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nounting arrangenent of the shaft 12 and the base 11 is conventional, and

not a part of the present invention. A sleeve 14 fits over the
shaft in a precise arrangenent. A disk hub 16 is secured to the sleeve 14
and supports e.g. 1-4 data storage disks in conventional fashion, the

di sks (and spacers) being retained between a |ower flange 17 of the hub 16
and a disk clanp secured to the top of the hub in conventional fashion
(the di sks, spacers and clanmp not bei ngdshown in Fig. 12965163 Al ess
spindle notor includes a nulti-coil armature assenbly 20 secured to an

annul ar wall 21 of the base 11. A permanent _magnet ring 22 and, a
f er r omagneegions fprmesk betweeaman annudandiskeor fﬁ?lnﬁﬁagiﬂl&iﬁﬁ&f thg this

cant i evegRafnand sledvei inbidadtivn!s Do é\i@nﬁ&rysm@esﬁr@&rﬁget@e shaft 12

e. b ress-fitt.l or. crew, defines’t ces,32 and 34

betg wee% gPF%?P‘HFQt‘BEG dndThereinea BB systgm MW“ gﬁ%&iﬁ'@ﬁ@@% 14,

lreSp?Ct l Veh]giuila?&bh dls dm&nﬁ? yefio ﬁﬁax&flﬁlsﬁdmvem@ludesgm lan]iae[t
ocations,o e .S e s 8 a | or

exanpl e. hakl‘lﬁétzl—ﬁﬂétag’ghs&m%e "V[B g?%HﬁEdmarb&?cgll}] %%Bp’e f or mi ng

t echni quepress ﬁtanglmidVetf an Enagrébuic adhesr\eedl Altepativelys ths HIDB satem g. as

d bed I

No. 08/ Ssé*@ﬁ‘%m%h“’@ﬁéfsg%ﬁ%ﬁfﬁfg ool B‘ecenb‘%ﬁ@*‘“?g@fg@ SRR P g
“Met hod fdn m.mgu within aneopemng of Hedbagaid bayhbepartiCHag, i ng

Assendl y* . mbliatidgs &ﬂrﬁ’ﬁ Iﬁehhsfmf sB&ftnm @ hoBasé 44 Redcrivenkivnal,/&Er ence.

The HDB patterns a t hr ust, ate 32 may be conventionally f'ormed as

by et ¢hi ndiQa Pﬁ&\q P&ﬁﬁ“&d@geml(’“ 5 of

principal interest in connectlon with the present invention, the prior HDB
assenmbly 10 inc

i nwardly taper elé %8?1’? (}rAr r?ﬁé! @’r?aﬁ%‘ﬁhu 3 eglsguwﬁﬁé‘%ﬁggfi geh\/&eﬂugn

16 is secured to the sleeve 14 and supports e.g. 1-4 data storage disks in
conventional fashion, the disks (and spacers) being retained between a
lower flange 17 of the hub 16 and a disk clamp secured to the top of the
hub in conventional fashion (the disks, spacers and clamp not being shown
in Fig. 1). A DC brushless spindle motor includes a multi-coil armature
assembly 20 secured to an annular wall 21 of the base 11. A permanent
magnet ring 22 and a ferromagnetic flux-return ring 24 complete the
brushless motor in this cantilevered motor design. A thrust plate 30 is
secured to the shaft 12 e.g. by press-fitting or a screw, and defines two

- HDB surfaces 32 and 34 between a top plate 40 and a recessed radial wall
of the sleeve 14, respectively. Radial bearings 36 and 38 are defined at

spaced-apart locations of the shaft 12 and the sleeve 14, as shown in Fig. 1,
for example.

The HDB patterns are precision-formed by suitable forming
techniques such as ball-forming for the radial bearings 36 and 38, e.g. as
described in commonly assigned, copending U.S. Patent Application Serial
No. 08/353,171 by Shuo-Hao Chen, filed on December 8, 1994, and
entitled: "Method for Making Precision Self-Contained Hydrodynamic
Bearing Assembly", the disclosure thereof being incorporated herein by
reference. The HDB patterns at the thrust plate 32 may be conventionally
formed as by etching or coining techniques.
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cyl.indrical wall portion of the sleeve 14 at a | ocation below the radial
bearing 38. Such a seal is shown and nore conpletely discussed in U S

Pat ent No. 4,726,693 to Anderson et al., entitled: "Precision Hydrodynam c
Bearing", the disclosure thereof being incorporated herein by reference.
One significant drawback of this prior approach is that droplets may be

rel eased fromthe lubricant free surf&e which resides Q86th@3dapid{ary
seal 42 because of a shock force or other disturbance occurring while the
notor 10 is at rest and settle or format a location 43 at the | ower .
juncture of the shaft 12 and sl eeve 14. Later, when power is applied to the

notor 10, resultant .relative rotation.bet n haft 12
creates a cen{ﬂrf |Rrb‘b%fp4 BHEEESHAR GOTRECHOD %@%@e@%ﬁ?@ﬁéﬁgﬂ gthiul ar gap
44 bet wepriot HDB assembly Hhinclodesanldwer axilal capiltsrytseal Bdformedd results
In | eak f r I he sl eeve
14. Dr ogﬁgﬂ@%‘%gﬁdﬂwﬂ“% %Hrb%}gaﬁ ea¢ ﬁﬁ"gaguggrlgt ?%Qla U%é)l(f:ﬂéﬁgl I fugal
f or ce- dr ylindricak wdl poriomef the slmvedb%@t adegatiga \helow thg radialr . The
present HEXSR '38“ Sﬁ@h%%? id Bhéw'rﬁﬁ‘@ﬁ%ﬂ%r&ﬁh Iétcly dtscussed"‘i'ilon@r
si gni ficgnt dﬁ aqué%g ri,or art |stha mér(e i n t.he
capi | | ar @ atend| Nao ERY 93'?19& ¢t %'orﬁf?ﬂ ﬁclsr\‘é“ IOdlyEBWIEant
V?I U{nﬁ I &‘da@lmg;'f thb:mbcﬂa?mntwthmebf !bemglsmt:d rﬁmdl heéreiy byemiferttices | olcat ed
a e iqner. di L Q e ring uni er ma
expansi o [éenﬁ’/gf'rl fﬂﬁ%‘ﬁ%&?ﬁﬁ P'gBF PBBE‘P%?\ %I ﬁ@g%@#@?@ﬂ%&' {’Fubrl cant
| eakage celeased fromt theHabsieant ftee Surface wehioh residestinghe slapillaryeseaines t hi s
dr awback. ved
o oat 42 hecause of'a ShbLR rh?c%%%tﬁeﬂdfﬁﬁfbé?@éons REREWhAE B hBRsove
cost and 10 1se&q<eq§§,and§§ml,¢ or fermcatha location 4 at the lower junc theof the
I nventi oghyt 12 @ridesleéve 14. Later, when power is applied to thé motor 10,

resultant relative rotation between the sleeve 14 and shaft 12 creates a

centrifugal force which drives the droplet along an annular gap 44 between

the sleeve 14 and the annular wall 21 of the base, and results in leakage at

the outer juncture 46 of the annular wall 21 and the sleeve 14. Droplets -

could also form during bearing operation, and centrifugal force-driven

leakage similar to that described above could occur. The present invention

overcomes this leakage problem.

Another significant drawback of the prior art is that the seal volume
in the capillary seal 42 is relatively small compared with the total lubricant
volume inside of the bearing unit because the capillary seal 42 is located at
the inner diameter of the bearing unit. Under condtions of thermal
expansion and/or variations of the lubricant filling tolerance, lubricant

leakage can occur at the seal 42. The present invention also overcomes this
drawback.

A hitherto unsolved need has remained for an improved HDB unit
having seal which overcomes limitations including high prime cost and
leakage/loss of lubricant. '

Summary of the Invention with Objects
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A general object of the present invention is to provide an inproved seal
for a HDB unit overconming limtations and drawbacks of the prior art.

Anot her object of the present invention is to provide a | eakage free and
cost effective, Z-height reduced, cantilevered HDB notor assenbly including
a lower seal overcomng limtations and drawbacks of the prior art.

A further object of the present invent is)n Is to provide QQG-WS‘JIV%TDB
e

system for a disk spindle of a conputer” hard di sk drive. A
specific object of the present invention is to provide an HDB unit having a
configuration which effectively contains its |ubricant inside the bearing
unit under all operating and non-operating conditions of a disk spindle and
nmotor within aAvgeesrghobject ef-thenpresent inventior is to provide/arf imphevedbj ect

of the prgsgifor A HDBI @it ioi/_ei'ébﬂcr)l]ﬁf% 1RAMIbAY A dERBddKs SBthe PHOF art,

generated by relative rotation l ements of an HDB unit in o
provi de an inproved | ubricant contai nment nechani smfor containing the

| ubri cant wit hiAndther bbjedtruf. the present ivv&ritidn {sutd pesvideiacieakafe i pr esent

invention _is to vi.-de upi t havi a se r angemnent I ch
provi s gn%ﬁgiﬁﬁgm ?Si'éﬁnfrs&}ws%yﬁﬁgpveﬁ ﬁliéwana F Rty
ol erancedn eab qvercommng dimitagons andadmwhbavkis tng
operationsdrguri ng manuf act ure. s Yet anot her object of thepp_resent

invention 1S to provide an HDB unit enploying a single thrust plate at a
proxi mal end of a shaft, and a |eak-free <capillary seal arrangénent at a

di stal end of tAgupdhigtobject of the pfdienf i feitidfH & prévidePdit Hfprovgyent i on
L0 O S o I i S Corted bk G e T STt ve

A more specific object of the present invention is to provide an HDB
unit having a configuration which effectively contains its lubricant inside
the bearing unit under all operating and non-operating conditions of a disk
spindle and motor within a Z-height reduced hard disk drive.

A further object of the present invention is to take advantage of
centrifugal force generated by relative rotation of elements of an HDB unit
in order to provide an improved lubricant containment mechanism for
containing the lubricant within the bearing.

A still further object of the present invention is to provide an HDB
unit having a seal arrangement which provides a greater seal volume for
HDB lubricant in order to accomodate tolerances due to thermal expansion
during use, and lubricant filling operations during manufacture.

Yet another object of the present invention is to provide an HDB unit
employing a single thrust plate at a proximal end of a shaft, and a leak-free
capillary seal arrangement at a distal end of the shaft.

One more object of the present invention is to provide an axial-
height reduced HDB spindle motor having effective lubricant sealing at a
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7 .location away froma thrust ring which is readily manufacturable with
reasonabl e tol erances and at nodest cost. An inproved seal is
provi ded for a hydrodynam c bearing unit which includes a shaft, a sl eeve
rotat ably di sposed over the shaft and providing a pair of spaced-apart
hydr odynam c journal bearings in cooperation with the shaft, an annul ar

axial thrust plate secured to the shaft to forma first a t hr ust
bearing with the sleeve, and a second Kydrodynam c thruscﬁégegaéﬂ %1

top plate secured to the sleeve, the bearing unlt being filled W|th a
hydrodyn C beari nﬁéj ubricant. The | oved ret | ns :ﬂ rodynam' o
bear i ng [QSAHOMAWEH fTomA Hust singehibh {3 readi] 7 amafyfacher

ext endi ngrda%dnableytdlﬂfawaé@lhndtaft rhddestaiost.of spaced- apart hydrodynam’ c
journal bearings defined between the seal ring and the thrust plate. The
seal ring adjacently faces adjacent radial and axial portions of the

sl eeve. An annémimpageed seqliisproyidezhfor a hiedrodyaatac\eaning uniter gi ng -
outer wal Lvé‘gg{lflﬁEﬁl& t &f‘aftseaa% %ggg?&@%wgisgﬁg@&%rm §haﬂ?%ré1td' on of the

sl eeve. al nmen r| n ve tQ _surround a radial
~wal | portpmvlﬂmgrﬂepéléa spaﬁg aatgaat:bwdr@@yméww &eaﬂﬂést@per capillary
seal and tgp rﬁn&?%ﬁﬂﬂﬁ{é’swta”d AfRGlarsBdhl Gaest Ihté%%ﬁfbd tettihahdfe f or

P cdynafh FoRaEs £usHRySeolmassls Gk bea “Smﬁ?ééc S5 280 PP senl
:gg : Z {: Idggg fxﬁm@d: Msbbemnglwﬁhm fap platerset:hﬁechhsdmslee;faf the:?g ?E: ; Olnn
the pres eh’ FATHE paj e1‘9§ fqgercgy\f) ﬂhawf%@@&ﬁ?@%d%%‘%mag thl% 5l

In one as[isprovedtseal petainmthe ydradymamicthearing labneant andwgncludosrpru ses a
fl anged “s@%} ?ﬁgﬁc&e&%%ﬁe%ﬁa&weﬂﬁmﬁggﬁa %gbhmgrcn? of taepaireeve

and prefe nes a .contal nrept groove ng,an ° . opening

of the anrf arg hydrodygamicajousnal eauapgs g@&bwmh& sepl
di ver gent ﬁﬁ ﬁféedﬁ’iiﬁ G;Slate The seal ring Q@ﬁbbﬁﬂ afa@%hdja‘cehh?adlal?%ﬁﬂt

cont ai nmoraxial pgrapas of Bt Sleekpy A5 Bl R TR S SSEENE, ent on of
t he hydr OCUelamcn hdivergimg owterhwallt swrfadeBofithe seal ring and the adjacent

axial portion of the sleeve. A containment ring extends from the sleeve to

surround a radial wall portion of the seal ring adjacent to an opening of the

taper capillary seal and forms a secondary containment seal opening toward

the shaft for preventing escape of the hydrodynamic bearing lubricant.

The surface of the hydrodynamic lubricant is placed within the annular

taper capillary seal and is retained in place by capillary force in the absence

of rotation, and is retained in place by capillary force and by centrifugal

force in the presence of relative rotation between the shaft and the sleeve.

Inone aspect of the present invention, the containment ring
comprises a flanged ring member secured to an annular flange portion of
the sleeve and preferably defines a containment groove adjacently facing an
opening of the annular taper capillary seal and a tapered section radially
divergent toward the shaft.

In another aspect. of the present invention, the facing radial surfaces
of the seal ring and the containment ring are treated with a barrier film to
promote retention of the hydrodynamic lubricant within the HDB unit.
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8 In a further aspect of the present ‘invention, the annul ar taper
caplllary seal is an outer segnent of a two-segnent capillary seal, and
radially diverging radial walls of the seal ring and the radial portion of
t he sl eeve define an inner segnment of the two-segnment capillary seal.

In one nore aspect of the present invention, radial walls of the seal ring
and the radial portion of the sleeve 8efine hydrodynanQ96d@Q8 hdJGrooves
for retaining the hydrodynam c lubricant within the bearing unit. In this
aspect of the invention, a clearance may be maintai ned between the radial
wal I's of the seal ring and the radial portion of the sleeve in a range

the present  AMVERURGE ashe® s ig gReShAt fayentio |nﬁg%én conpr?‘g‘resaipicﬁe?fgm
const r aicapillattyssealiis an quter segmeaddfca tvne—segnmxte;: aptlayisaeds andg at | east
one dat g?aiaﬂya?vé}gﬁ%rﬁiﬁl WHlHf thé s?é&xggg édianpbm@@bgrtheav' ng a

st at or 85 magnhetic ¢ ps ative to and i
havi ng $leexedetiBen IngE Segment @ etmgﬁ%gme%% larygeahe magnetic gaps
and secured to a ferrorragnetlc flux returnring in turn secured to an

i nside cylindrical wall her ijects

0 éﬂi sk hub.. . ‘Fwagse nd ({f‘
advant ages, %’&? 9%?(?%5% 9? € preseq InyeptigR, n‘f’?@ ofithe sgal oy
fully undag sambtheauradh riomof the steevecdefine hydrodynarhi¢ panipinigow ng

i L

the Dr avxlmgus aquctt iavention, a clearancq;nrgay be maiataigad Hegween the

di agr armﬁ;d ﬁé{é d;.% fric}'%‘aﬁa &'aﬂ oiﬁ%h' &Mt slée@@“ﬁ%“fdr@éa
Z- hei ht-re uc Il evered spi ndl e not assenbl
in acgormﬂ Yl ary{ei()() tmcrons _ ’ ’

In a further aspect of the present invention, the hydrodynamic
bearing unit comprises a Z-height constrained disk drive hub secured to the
sleeve for supporting at least one data storage disk, and includes a DC
brushless spindle motor having a stator of windings and magnetic gaps
fixed relative to the shaft, and having a rotor comprising an annular
magnet confronting the magnetic gaps and secured to a ferromagnetic flux
return ring in turn secured to an inside cylindrical wall of the disk hub.

These and other objects, advantages, aspects and features of the
present invention will be more fully understood and appreciated 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 elevation and axial
section of a conventional, Z-height-reduced hard disk drive HDB
cantilevered spindle motor assembly in accordance with the prior art.
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9 Fig. 2 is an enlarged, diagrammtic view in elevation and axial
section of a z- hei ght reduced hard di sk drive HDB cantil evered spindle
notor assenbly including a |ower seal (shown in the circled region)

i ncorporating principles of the present invention. Fig. 3 is an

enl argenment of the circled portion of the Fig. 2 drawing at a | ower
lubricant seal region illustrating stBuctural details €296nt0BdetlSt ed
enbodi ment of a seal arrangenent in accordance with pr|n0|ples of the
present invention. Fig. 4 is an enlargenent of ‘the circled portion
of the Fig. 2F.disnan enlargedydiagrammatiotviewain eleyationianduaxiaht i ng

n aocor A o %‘Sl%ﬁn TERARE e RIiRE AUy PO B kvétedSplindle anoeTen!

Det ai | edMO$OE as&sxm ingea dowen seabshowniin the circlediwegiondt er ence to
Fig. 2, ﬁﬂ: %ggqffgﬁeﬁkggnpm@t%@s of the present invention
I ncl udes sa structural features already discussed in

conj uncti on WI t h F| g 1, above. Accordingly, those commopn el enents bear

tlgg sanrrca]I r ef eFpgC® mufrw eiﬂéintail‘sﬁtlmc)jbu@lé& postidn of the g |2Adﬂa@va g sgalAS
is |n on encl.gse t in Fig.

shown i nggP‘Q ‘PF? c&é\é&lsrgﬁlloﬁlﬁ Pﬁﬁé@ﬁg ﬁ?ﬁ"b‘fq agowetgﬁ%pf O%f‘ and a

nmodi fi edpsd:ieermi emibodiment of a sdal arhaigerh2nt imdceserdanté' withprinciples ame

radi al r8£l=?ntqﬁv 8, and enploy a single annular thrust plate 30
to form axi al ‘regi ons 32 and 34 as the prior bearing unit 10
of Fig. 1. The m)dlfled shaft 12' and thrust plate 30 may be forned of

hardened, temmged istapeénlat: &hen%'f'tﬁefdi'ﬂ:lé@gi(fm@ﬁ of @RVEigl4 dreé\ﬁﬁlg op

pl ate 40 be fornmed of onze a hown in
D o oo e et fiircant seal SEap HIBRGBHDGCITUAREa) details of 21584HEn ot t he
| owver segrefétredRenitodinent cfhakeall2irangemions ia accanbatwrwum psinciplesidr i cal

outer su ty of the | ower sealing region to which a
cylindri Cgf&?eﬁﬁes%ékem\oﬁéh%& is press fit onto the shaft 12

Detailed Description of a Preferred Embodiment

With reference to Fig. 2, an HDB unit 100 incorporating principles
of the present invention includes many of the same structural features
already discussed in conjunction with Fig. 1, above. Accordingly, those
common elements bear the same reference numerals and are not discussed
further. A lower seal 102 is depicted in the region enclosed by the broken
circle in Fig. 2 As shown in Fig. 2, the lower seal includes a modified
shaft 12' and a modified sleeve 14'; however, the shaft 12' and seal 14’
form the same radial HDB regions 36 and 38, and employ a single annular
thrust plate 30 to form the same axial HDB regions 32 and 34 as the prior
bearing unit 10 of Fig. 1. The modified shaft 12' and thrust plate 30 may
be formed of hardened, tempered steel alloy, while the modified sleeve 14
and top plate 40 may be formed of bronze alloy, for example.

As shown in Fig. 2, the modified shaft 12' no longer defines a
tapered region at the lower seal 42. Rather, the shaft 12’ retains a
substantially cylindrical outer surface at the vicinity of the lower sealing
region to which a cylindrical sealing ring 104 is press fit onto the shaft 12'
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10 . and then secured by a suitable adhesive. The rotating sleeve 14' is
nmodi fied to define an annul ar flange portion 106 which depends downwardly
and outwardly of the annular ring 104 in a closely spaced- away
configuration as shown in Fig. 3, for exanple. A flanged dust
cover/containnment ring 108 fits over the annular flange portion 106 and is
secured thereto by a suitable anaerobic-adhesive. The containment ring 108
extends radially inwardly toward the sh8ft 12’ | Q6 F1031-YB4f er red
enbodi ment depicted in Fig. 3, an HDB unit 100 provides a first preferred
exanple of a |ower shaft seal 101. In the uni-t 100', an upper radi al
surface laoddhentsecurdd byra suitableaidhegive. n@'hgcrmtatsngatmvm 4'dsdi ver ge

radially @ﬁ@ﬂ&pﬂg%ﬁhg aﬁn%tg@lﬂ%gﬁéﬁﬁgr di'\géOG"Whﬁfh rtion 111 of

t he sl eev In a segne the | ower
capi | | ar y dosemwardlyangd antwargdlyod umbanm:elm nmil 4H@45 ?Y:&Bi“Fthry seal

101 is CO'&Wdyleénﬁ u?atﬁﬁ‘(\@g\’%héb\bh th FRe!3 oforhotaumple.al Bdngediduser ed face

por i on 1E8VGIcaEa nﬁg@%"’lﬁ%ﬁtaeﬁ& eﬁgfagét@er?aa%' i et is

di velrlges aeeurdd tretieby wsmdablednate@dﬂbxcmdheswe 13131& octmmmmheh oo mentnltge118 :
capil | ar nj Wi ubrican 0 a
Ioaler Iu%rﬁgﬁpﬁ%;@a&& Vﬁﬁggptro&%rﬁﬁ% @‘%J\gy along a length of the
capillary seal segnment defined by the walls 112 and 113. The

cont ai nent_ i ng, &Qﬁﬁﬂqufewedo&%bm%; Qe pfcteaNAUFRY. 1APHDBAniE1065S 114

which is allgn ower_ opening Q

nt
capillary m@anl a9 fist prelermad example of allpzﬂ%élq%ea?ﬁ& hekbu'@ntlmtt hat a

drop of |UHD(D‘Caﬂtu ﬂaaxdl%iirfédeomhﬂ thevaeﬂxmalogea@iﬂgeh SE04 e§capes
because of shoc ces et,c

cont ai ned RPEEF ‘? VGl 88&?9‘4&1‘“@@115%31{ aal}ﬂ_’s‘d{}ﬁgf’gi%ﬁy! Fchng gd wall s
portion 111 of the sleeve 14' in order to define a first, radial segment of
the lower capillary seal 101 containing HDB lubricant 118. The lower
capillary seal 101 is continued in a downwardly direction between an outer
tapered face 112 of the sealing ring 104 and an oppositely facing
cylindrical wall portion 113 of the flange portion 106 of the sleeve 14
The face 112 diverges away from the cylindrical wall portion 113 to
complete the capillary seal. The HDB bearing unit 100’ is filled with
lubricant 118 to a lower lubricant level as shown approximately midway

along a length of the capillary seal segment defined by the walls 112 and
113.

The containment ring 108 may optionally define an annular groove
or recess 114 which is aligned with a lower opening of the outer segment
of the capillary seal 101 defined by the walls 112 and 113. In the event
that a drop of lubricant 118 is lost from the lower seal or otherwise
escapes, because of shock forces, etc., the lubricant drop settles in, and is
contained within the recess 114. When the HDB unit 100’ is rotated at its
intended high operating speed, e.g. approximately 10,000 RPM or greater,
the resultant centrifugal force will cause the drop to flow against the wall
113 and be returned to and assimilated into the pool of lubricant 118 within
the seal 101. This effect may be enhanced by making the wall 113 slightly
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I nt ended hi gh operating speed, e. g. approximately 10,000 RPM or greater,

the resultant centrifugal force will cause the drop to fl ow against the
wall 113 and be returned to and assinmlated into the pool of lubricant 118
wit-hin the seal 101. This effect may be enhanced by making the wall 1 13
slightly convergent toward the tapered face 1 12. A drop of

| ubricant may al so be returned to the pool of lubricant 118 within the seal
101 by capillary force. In thetgvent of therml QgeHIN-138Y/ or
.variations in filling the HDB unit 100" with lubricant, a |ocation of a

| ubricant surface 119 may vary inside the two segnent capillary seal 101.
However , convergeritaonayd|thertapered facell 12. I/’ocho dfdubtivantnedy disyeer of

(e soal poachidto caétpdﬂ%f@?‘%fél?ﬂ?m@ﬁ@h L 101y, 695 \;Lqri’ft‘ e, PO
consi derably w thout | e%vlﬂrig t he téﬁ% b;e:l rgéga&gag ]é]g %gt ngnt 'y
cont ai nment r [{gh r Elfsmﬁ.}]éi i i

el 1t astﬁéﬁuggiéé@ glgh?l&anh@!oc@émp Jlubriggnt surisee i mm‘UQ' porti on
120 and +t mﬁkiertheg“ﬂ&ée heént 8 Htﬂry@hl/le‘lerﬁo{v*é%raslﬂéé’ﬂl@f l'ubr.i cant

118 esca t e cont ai p tri f. forces
will exp%ﬁflh%& ?Bela(ﬂdlsroglcé %‘ pt aﬁ@qqﬁ'éal?dﬂ?teéfo]fzéﬁrq Re ri‘l 4t hin the

| (r)]wer seahcreased volume is/avaitabld fopiths hmmgimrmartwaﬁdﬁhéllﬂfbﬁ'bgﬁm of
the pres n ZlLe

Si ngloe sgm‘rrfpflr(l:%= ?'we%baqu‘)ﬁlcgﬁgb@hg@glrﬂfgl&ry COJ&P@#@!]%@? Mﬂ lﬁa&% htly

modi fi ed tBe4apes S@Plll@glomrl@ .the flange portion 106 of the sleeve 14'. In
the Fig. 4 exanple 100", an upper radial wall 121 of the seal ring i s made

parallel wth ﬁ]e? cgﬁgﬁﬁh{e%t rfitilg Illb% 1nc?u<?es ﬁ!ﬁuliia%lyliln“?;rdt Bgrtisolne?\é?) e
adjacently facing a lower radial face of the seal ring 104, and thereby
defining a small tapered secondary containment capillary trap 121 between
the portion 120 and the seal ring 104. In the unlikely event that a drop of
lubricant 118 escapes into the secondary containment trap 121, centrifugal

forces will expel the drop and return it to the pool of lubricant 118 within
the lower seal 101.

A second, presently preferred embodiment 100" of the present
invention is depicted in Fig. 4. Therein, a modified, single-segment lower
capillary seal 101' is defined between a slightly modified seal ring 104' and

- the flange portion 106 of the sleeve 14'. In the Fig. 4 example 100", an
upper radial wall 121 of the seal ring is made parallel with the opposite
facing radial wall 111 of the sleeve 14'.

Hydrodynamic pumping grooves may be defined in the wall 121 to
aid in maintaining the lubricant 118 within the bearing unit 100" during
high speed rotation. The grooves may be formed in any conventional
manner, as by etching or coining, and may be configured to have a small
net pumping action toward the shaft 12' and thrust plate 30 in order to
overcome centrifugal pumping forces otherwise induced during relative
rotation between the shaft 12' and the sleeve 14' of the unit 100". (The
HDB units 100’ and 100" may provide for a slight hydrodynamic net
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Hydr odynam ¢ punpi ng grooves may be defined in the wall 121 to aid in

mai ntai ning the lubricant 118 within the bearing unit 100" during high
speed rotation. The grooves may be fornmed in any conventional nmanner, as
by -etching or coining, and may be configured to have a small net punping
action toward the shaft 12' and thrust plate 30 in order to overcone
centrifugal punping forces otherw se induced during relative rotation

bet ween the shaft 12' and the sleeve 1 of the unit 10 units
100" and 100" rmay provide for a sli ght‘fl ydrodynami ¢ net Qod- 1031 U5

12 punping action toward the thrust plate region, since the units 100" and

100" are ? @‘ﬁgaﬁﬁid}ﬂodl% HetHrub© Faté‘?'egﬁ‘ﬂfi e the units 10d"an Pe the
i nvent or' tent .app, |cat|on re en above and specifically
i ncor por at Hf’éﬁéieﬁ %‘yagaé%tr %@@&ﬂﬁy the seal ring 104' is not
call ed upon to provide S|gn|f|cant resi stance to axial displacenent, which
I s provided by % nal t hr |late 30 and HDB regi pns 32 and 34
at the upper erﬁjﬂhﬁlf ﬂi‘?e PhY PAFERL. p%EEﬁPBPﬁ&?ﬁonf ﬁgé?%%‘gﬂé@’%éﬂ en
t he radi alspeeificallylincarporstéd teyeinebyp meferenoe dadvaritagéously ] e Emlr[]m%

1

arrlm ﬁm‘ﬁ% nBL FRER Bl {%ﬁﬁg’ﬁﬁg‘y@@f%fﬁﬁ%ﬁ%ﬁqzﬁg38& %1 Loes of the

top cap 4@lisp cgtr@m,ewbmtats pravided cnhe\&on\mmnahmbnm iplateed0 andand 34.
oreater t QDI ceids ) MRE DA aCttRabp mi] é*m’ﬁ‘*hew. ol ” Hookhinglyy V! des
avai | abl e [hﬁéaeﬂi‘@%cg’%tw@ﬂ ¢ Jadial § iﬁmﬁ Ei—l E}cf the g @}*@ﬁm in
t Ee I nventFSU t6 100! pire #atied. th&f:ltt}fvletmz‘iaii)Innﬁﬁ_gL mtdéamhd ahors of | h .
shown in Fi e sea na | ower chanfer
122 whi ch m{]“gﬂ%ﬁu?’e QP ﬁ\)l'&%%’eﬁb%@%‘%t BFatE[?ﬁ%t%‘m&h%naer obi ¢
aflheS' ve (ep s1tmfaces of thetop @apr4013nd skeeviend a0the fdpective thhst HBB: 12
Al so Sl t ori ng
103 and 1 Saﬁ”??ﬁ““%‘ T3 el SR 62lwBgh 1€ Seal flg U A Y

sk eeve 14 prov1 es greater tolerances and economles in the manufacturing

process than is available when the seal ring is in fact a thrust HDB surface,

as shown in the inventor's related U.S. Patent Applications noted above.

As shown in Figs. 3 and 4, the seal ring 104, 104' may define a
lower chamfer 122 which provides an ideal region for placement of a
suitable anaerobic adhesive (e.g. Loctite™) for securing the ring 104, 104'
to the shaft 12'. Also, a band of adhesive may also be emplaced between
the containment ring 108 and the lower flange 106 of the sleeve 14' at a
location 124.

As used herein, terms of relative orientation, such as upper or lower,
are employed strictly in connection with the viewing orientation of the
respective figures. If the items shown in the figures were reoriented, other
relative position terms would be employed, depending upon the particular
viewing orientation.

As may be appreciated upon consideration of the foregoing
explanation, all of the objects of the present have been fully achieved, and
in particular, an effective HDB lubricant seal is provided for a Z-height
reduced (one inch or less) HDB unit within a disk spindle of a miniature
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| ocati on 124. As used herein, terns of relative orientation, such
as upper or lower, are enployed strictly in connection with the view ng
orientation of the respective figures. If the itenms shown in the figures
were reoriented, other relative position ternms would be enpl oyed,

dependi ng upon the particular view ng orientation. - As may be
appreci ated upon consideration of the foregoing expl anation, all of the
obj ects of the present have been fullyla&hieved, and iRPWrtO3WEST an
effective HDB | ubricant seal is provided for a Z-height reduced (one inch
or |ess) %Dg_un'ht within a disk spindle of a mniature .

13 3.5 i wchsomsmaller Sormy facten; high perfermanemidisk drive. dWhite Wi | e

specific €e [ i i e iven,
'towill berun n"“‘ﬁg %‘ané‘éﬂﬁgggg%@g@@;ﬁﬁf o Eﬁ%ﬁ“ﬁ#@’ﬁ‘é‘?w Bave ectogtel,
const ruct ith¥ Wngerstoad hythasg skilled inthe artthat many changes i ¢ he .
i nvent i ?ntmds!tnmm?aﬁd kﬁﬁ@h@ﬁ%%@%ﬁﬁ&ﬂs&&@aﬁpl@ﬁ&% §Pthd t and
scope of t. hon. i scl osure.an e descri ption herein are
por oty 1 1 1BYeRBER W Bueked deficeRves Hiiots paring Rotube shiriandng
Wat is clsdopedof the invention. The disclosure and the description herein arel4

purely illustrative and are not intended to be in any sense limiting.

What is claimed is: |
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1. _An inproved seal for a hydrodynam c bearing unit including a shaft, a
sl eeve rotatably dlipo\sed\over the shaft and defining a pair of

spaced- apart _hydrodynam ¢ journal bearings in cooperation with the shaft,
an annul ar a¥# heqfﬁnmnﬂppgeg secured to the shaft to forma first
hydr odynam c Wi th the sleeve, and a second hydrodynam c
thrust bearin %MI ate secured to the sl eeve, the bearing unit
being filled W|tha nam c beari | ubri cant, the ﬂquega{af
contai ni ng the hydrodynam c bearing |ubricant and incl u eal
ring secured to the shaft and extending radially outwardly -of the pair of

spaced- apart hydr ﬂ»ﬂjfb £ t.he seal"
r:ong andpt h t%r Rﬁxpl at ged%ﬁgpgéé%? draﬂglagﬁh@g)teilﬁ cﬁngﬁ%tsﬁﬁ &ft radial
and axi al$ F»t?é VSfmﬁfé 51 sposed overt agmn defimprg apair ofary seal
defined bgpamehapard red Plaié umlbeaﬁhfgaqﬁ @aoﬁéisnéﬁabuh'tﬁe sMafe,t he

adj acent aX| al _porti eeve cont aL nment ring means
ext endi ng®t u? ’&'@E iBf%tGrsfet‘}Hﬁéfi ot db%ahﬁft twafqmbgafths&n of the seal
ring gdj ahydrodmaamooﬂnrustrlgeming veith abe sleevepiahdar ﬁedﬂﬁit hﬁdﬁd Wiiathitd a
secondar y; n [ a
preventin ﬁéﬁgggggﬁgg Wﬁﬁ%r]wg%%gﬁf &Wgélg%@ the fanng umtobelpge
hydr odynagl“@d with g ind nhnblnmaah.nthmmpﬁqlead sedlfiorl ary seal
and bei ng hﬂ%’ nce of rotation,
and bei ngc{)§§§ dd?dnqhg#ac ﬁ:ﬁﬁ’éﬁghﬁ@é@g{ %ﬂr%hgaua itrifugal force in
the presence of %eél 5’(‘1&/@%@5@ Cmﬂe@d @m@rghagtradwdly ouevardiywof.
2. Thelnﬂlie) §E aﬁﬁb Mﬁﬂ] ring
means co Yﬁﬁ- aglgnn ri rgigﬂ(irad ielr d ?jgaﬁan alfélﬂg%éffﬁ?éﬁ
portion o geg 9@8“%5‘548 PC?I&IY Ifa‘i:lﬁgcl aimi1
wher ei n tlad;axmntaradxﬂrand axiah ortlamssoﬂdia sleave, cont ai nnent groove

P

adj acently T acih% P tiPeteaillary Bealtdiiiel bEARELn GARVELARY SERE-

wall surface of the seal ring and the adjacent axial portion of the sleeve,
and

a containment ring means extending from the sleeve to surround a
radial wall portion of the seal ring adjacent to an opening of the taper
capillary seal and forming a secondary containment sealing means opening
toward the shaft for preventing escape of the hydrodynanuc bearing
lubricant,

the hydrodynamic lubricant emplaced within the annular taper
capillary seal and being retained in place by capillary force in the absence
of rotation, and being retained in place by capillary force and by

centrifugal force in the presence of relauve rotation between the shaft and
the sleeve.

2. The improved seal set forth in claim 1 wherein the containment

ring means comprises a flanged ring member secured to an annular flange
portion of the sleeve.

3. The improved seal set forth in claim 1 wherein the containment

ring means defines a containment groove adjacently facing an opening of
the annular taper capillary seal.

* c L M S *



15_ 4. The |rrproved seal set forth in claim21 wherein the contai nnment
ri ng and t—he—sea.lq; defl ne a secondary contai nnment radial taper
capillary s e i nproved seal set forth in claim1l wherein

facing surf ‘$BwsRé;{1ac§J16 containment ring and the seal ring are
treated W|th to pronote retention of the hydrodynam c
| ubricant w- '!Fg unit. 6. The inproved seal set forth in
clai m1 wherei n the ann taper capifig ary seal is an nger gggngr% of a

t wo- segnent capillary seal, and wherein diverging radi al s of the seal

ring and the radial portion of the sl eeve define an inner segnent of the

t wo- segnent Ca¢ll mt&runpﬁ@ed seal set fgnhfh%laimrpvﬂihréﬁﬂkhéébnfa?ﬁ pgn claim
1V\here|§#l§% %‘\ga%ﬁ rin and he ralal g rtlono the

sl eeve d rﬁ/ antaingnens radiah tapey capillamii

| ubri cantsdaht o t he beari ng unlt 8 The inproved seal set forth in
claim?7 wherein a clearance between the radial walls of the seal ring and

the radial portion of the sleeve lies in a range substantially between 50
and 100 mi cron®. The improwed 3eal setiforthein claiin eﬂhémmfacmgcélmfmé wher ei n

the hydr Oﬁaﬁﬁfﬂs‘?opﬁi’é bBﬂt&lﬂeru‘f‘?{%hﬁﬁﬁh@ s%]ai‘?irglﬁré ﬁ%%l Hfg lg{mgﬁ e data

I ncl udi ng di sk hub secure
storage dfibi tO;REPIGLE Fetentignmfi @cdy@@amgﬂmagpuwm thet beaitingi ng a
st at or ofunundlngs and magnetic gaps fixed relative to the shaft, and
having a rotor conprising an annul ar magnet confronting the nagnetlc gaps
and secured to a ferromagnetic flux return ring in turn secured to an

i nsi de cyl i ndr 6calheanproted kealsetifortibin claim 1 whereiAnthemimlge for a

ngeOdynaEaaﬁ]tl&%cureﬁ%%ﬂﬁéy 3 at%g‘"déf‘f%séhgg@wl e?in@g’léﬂaft and

rotating Mdeseindivesging radial wallsdofbtieeseal iring and the radial portion of the
sleeve define an inner segment of the two-segment capillary seal.

7. The improved seal set forth in claim 1 wherein radial walls of the
seal ring and the radial portion of the sleeve define hydrodynamic pumping
grooves for pumping the hydrodynamic lubricant into the bearing unit.

8. The improved seal set forth in claim 7 wherein a clearance
between the radial walls of the seal ring and the radial portion of the sleeve
lies in a range substantially between 50 and 100 microns.

9. The improved seal set forth in claim 1 wherein the hydrodynamic
bearing unit comprises a Z-height reduced disk drive including a disk hub
secured to the sleeve for supporting at least one data storage disk, and
further comprising a DC brushless spindle motor having a stator of
windings and magnetic gaps fixed relative to the shaft, and having a rotor
comprising an annular magnet confronting the magnetic gaps and secured

to a ferromagnetic flux retum ring in turn secured to an inside cylindrical
wall of the disk hub.

10. An improved seal for a hydrodynamic spindle assembly of a
hard disk drive spindle including a base, a shaft secured to the base, and a
sleeve overlying the shaft and rotating relative to the shaft and base, the
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16_ sl eeve car+ying a—disk—hub, the shaft and sleeve defining a plurality

of spaced apyﬁsﬂ%gﬁg%\éiq{ﬁgmhournal bearings, a thrust plate secured to

t he shaft an radi al surface in facing confrontation with a
shoul der of th flnlng a first hydrodynam c thrust bearing, a
t hr ust bushlng sleeve and having a bearing surface in
overlying facing engagenent with a second radi al surface of the thrust

pl ate and defining a second hydrodynaffigc t hrust beari ngQ36+d 03pA9Rdd seal
for containing hydrodynam c bearing lubricant and including: a seal

ring secured to a region of the shaft adjacent to the base and extendi ng
radi al | ysleevemadiyingfa disk ipubirthiei shafoandsleevk definingadpladslitynof | our nal

Dont ] ogss %ﬁgﬁﬁﬁfﬁ‘ Hy\diBagHREE Ihlp i It EL %f) Pl PRk Seclltt XL,

bet wleen ; widhaving a firsteadiak surface mffacmg cenfrontatipmmith e adj ace St
L et S i 5 B O SRl 1
to an opéh#'“ﬁ' OYf {%SQ%ﬁa tedhe slegve and h aé’rhﬂlgﬂd?m sugfaee far y

cont ai nmenerlyéag facingeasa mlﬂp%eéohaetadmfshrfa@e off eahirh§g escape of

t he hydrodyna arln Iubr| m.c | ubri.cant
enpl aced? ﬁ#hﬁff o8l d sepOng irdrodysamis hirdu Redring HBe ifpidvednad i n
p: ace By seabfdlm emytaimngdlydrodlyﬂaﬁhed:m&m flub¢ait and imelddhg:ng ret a:c ned in
ace capi o
el ative ro{’af. el il 5 L m?ﬁ > 5%;%% of éﬁ%}wﬁé@%&;ﬂt%@ﬁﬁﬁnﬁm
i npr oved eX&e gt I Y outwardliynob the pl ity ofmpasedepaparDbydoodghimic
sgP ndi'e_Buftiallteariies? it 34 rifglddj gg'fxf&gxa%ga%?&&aaﬁa alPgut the
shaft, d hlg\g/llsn Ilﬁ Oﬁé@%ng Be r‘ent gnet "asse y secured o]
i nsi de amQut u
an annular taper capillary seal defined between a diverging outer

wall surface of the seal ring and the adjacent axial portion of the sleeve,
and

a containment ring means extending from the sleeve to surround a
radial wall portion of the seal ring adjacent to an opening of the taper
capillary seal and forming a secondary containment sealing means opening
toward the shaft for preventing escape of the hydrodynanuc bearing
lubricant,

the hydrodynamic lubricant emplaced within the annular taper
capillary seal and being retained in place by capillary force in the absence
of rotation, and being retained in place by capillary force and by

centrifugal force in the presence of relative rotation between the shaft and
the sleeve.

11. The improved seal set forth in claim 9 further comprising a DC
brushless spindle motor having a stator coil assembly fixed to the base

about the shaft, and having a rotating permanent magnet asscmbly secured
to an inside annular wall of the hub.
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