HYDR(I)YNAM C BEARI NG ASSEMBLY W TH SI NGLE SI DED GROOVED COUNTERPLATE Fﬁﬁ@

OF ‘THE | NVENTI ON The

present invention relates to the field of

hydr odynam ¢ bearing assenblies of the-type which pr-ovide support and
rotation for

present

erial No.

08/279,199 filed July 22, 1994, incorporated herein by reference; the
invention is related to and may be used in commobn with the invention

di scl osed

BYDRODYNAMIC BEARING ASSEMBLY WITH SINQI:S
SIDED GROOVED CQUNTERPLATE \/

Tha prasant mantion Talates to the z'ield ot
hydrodynanie bearing assemblies of the type Which provide
support and ratation for high speed spindle ol.omnt. Hore
specifionlly, the praesent invention ruatu to
hydrodynamic bearing asmsemblies utillized in tha qmpum
dise drive recording system.

- mm—

This apﬁiicahion is a scanbinuvatien~in-part of U.S8.

application Serial No. 08/279,198 filed July 23, 1984,

incorporated herdin by refsrence; the invention is related
to and may be used in compen with the lnvention Qlisslosad
in sttorney docket nutbers A-60203/JA8 filed 07-18-95,
Berial Neo. 08/503,568, A=60465/TA8 L£iled 08'*30-95. Sarial
Ro. upknown and A-38788/038, U.B, Serial No. 03/278 754
f£iled July 22, 1994, all of saiq applications being
assigned to the assignes of the present inv:tttion and
incorporated herein by referencs..

Disc drivae menory systans have been used in conmputers
for many years Zor storage of digital Lutomat.ton.
Information is recorded on conecantric wemory t'.ucﬁu of a
magnetic disc medium, the actual information being stored
in the form of magmetic twanaltions within the medium.
The disca themselves are rotztably mounted on a apindle,

the information being accessed ky means of resd/write -

hoads generally located en a pivoting arm whieh moves
yadially over the surface of the diss. The readlwritu
heads or transducers mWust he adourately anqned with the
storage tracks on the disc to ensure propar rnaing and
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hi gh speed_ spindle eI re speC|f|calIy, i t:he
i nvention " relates %o‘t nga enbl ifes utilized
in the corrputer di sc drive recordi ys L E AI'PLIsliATI O‘%lS Thi s
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in attorney docket nunbers A-60203/JAS filed 07-18-95, Serial No.

08/ 503, 568, A-60465/JAS filed 08-30-95, Serial No. unknown and A-59788/JAS,
U S Serial No. 08/278,754 filed July 22, 1994, all of said ;applications
bei ng assigned to the assignee of the present invention and i'n¢orporated
herein by reference. BACKGROUND OF THE | NVENTI ON Di sc drive mefory systens
have been used in conputers for many years for storage of digita
information. Information is recorded on con®@Mtric nenory -tracks of a

magnetic disc nediu e acj yal ration being stored in the form of
magnetic transiti on%ﬁﬂ?n“é ﬁ'é't ol

nmounted on a spindle, t h@“ﬁﬁﬁ)ﬁmm%%eggé é@%ﬁ:&%ﬂ?%@gﬁﬁf%agﬁ”}r’m: %/e

spesda yithin an enclosed housing by mains of anjaleatric
¥ioter generally ledated inside tha hud or helow the disca,
one type of motor in common wse is Xnown as an ;q-hub or
in-spindie motor. Such known in-spindle motors typically
nave a mpindls pounted by weans of two ball kearing
systens to a motoy shaft dimposed in the cont§2 of the
Bub. One of tha baarings is typleally located near the
top ‘of the spindle and the other near the kottoh. Thase
pearings allow fer rotational movement between the shath
and the hub while maintaining accurate alignmert of the
spindle to the shaft, The bearings themselves are
noxrmally lubricated hy graass or oil.

The conventional bearing system described above is
prons, however, to saveral shortoomings. Pirst is the
problem of vibration genernted by the balls ron{ng on tha
raceways. Ball bearings used in hard disk drive spindles
run under conditions that genevally guarantes! physical
contact bakwesn raceways and balls, this in spike of the
Iubrication layer provided by the hearing oll or grease.
Hence, bearing balls running on the genarally aven and
smooth, but plozosgopically uneven and rough raceways,
transmit +this surface structure as well as thalyx
imperfections in apherieity in the form of vibgcqtion ta
the rotating disk. ZThis vibration results in misalignument
betwesn the data tracks and the read/write transduaer.
This source of vidration limits therefora the {a@a track
density and the overall performanas of the digc drive
‘Y‘tmt .

Another problem is ralated to the application of haxd
aisk dyives in portable computar seguipment and the
resulting requirements for shook resistance. shooks
oreate zelative acceleration betwsen the disk? and the
drive casting which in tuzn shows up as a force 2cxroms tha
baaping system. Since the contact au:!acaa‘ in ball
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heads generally located on a pivoting armwhich noves radially over the
surface of the disc. The read/wite heads or transducers nust be
accurately ali.gned with the storage tracks on the disc to ensure proper
readi ng angd -2- witing of information. During operation, t‘he discs are
rotated at very high speeds within an encl osed housing by neans of an
electric notor generally | ocated inside the hub or below the discs. One
type of notor in conmon use is known as an i ™Fub or i n-spindle notor. Such

known in-spindle not Yearkyih G@le Yory small, the resulting contact presaures
may exosed the yleld atrength of tha baaring wathrial and
leave permanent deformation and damaga on rac&waya and
balis, ‘

Moraover, mashanical bearings are not nlways gg,;,b;‘

- to smaller dimensions. This is & significant dzaw back
since the tendensy in the disc drive industry has been to
continually ahrink the physical dimnnsions o2 the disc
dxive unit.

As an alternativa to oonventional kall hearing
spindle systems, resesarchers hava concentrated nuch of
their afforts on developing a hydvodynamic Reading. In
these types of systems, lubricating £luid =~ aither gas or
liguid ~~ functions as the actual hearing surfach between
& stationary bage or housing and the rotating spindle ox
rotating hub and the stationary surrounding portioh of the
motor. For axample, ligquid lubricants comprising aii,
nors complex ferro-maghetic 2luids, or even air have besn
utiliged for wee in hydrodynamic bearing systems. The
reason for the popularity of the usa of aiir is the
importance of avoiding the cutgassing of contaminants into
the ssaled area of ths heaad diao housing. Hewever, air
doas not provide the lubricating qualities of oll. Its
low visocosity requires emalley hearing gaps and thexefore
highar telerance ntandarda to achleve sgimilar dynanic
performanca.

Thus, in the case of & hydrodynanmic bearing employing
& ligquid lubricant, the lubricating fluid itself must de
sealad within the heazing-bo avoid lozs of Iubriaant which
results in reduced kearing load capacity, oOtherwise tha
physical surfases of the epindlie and housing would contact
ona another, laeading to increased wear and avantual
failure of the bearing system: Equally seriously, the
failure of such 4 seal or othex effort Lo contain the
lubricant within the bearing system would cause the entry
of contaminants into the. head disc region of the dise
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have a spindle nounted by neans of two ball bearing systens to a notor

shaft disposed in the center of the hub. One of the bearings is typically
| ocated near the top of the spindle and the other near the bottom Theseg
bearings allow for rotational novement between the shaft and the hu
mai ntai ni ng accurate alignnent of the spindle to the shaft. . The!
bearings thenselves are normally |ubricatled Dy, grease or oil. The
conventional bearing system described above is prone, however, to S&%
short com ngs. First ardvddhe probl em of vibration generated by t he* b3

ro:jl i ng 03_ E he.ratCﬁW?ys ERipichEry, qg,stgse&i& Inlrtd thﬁh '?*% SQi nd&
el T {he%: b PEE Al A 80 bl ULl d S sntelro Fin o
the surface of the liquid) air interface. In the case of
baaring assetblies vhioh anpley fexro-magnetic f.mia., the 7
seal is achieved by the nesns of a uagnaqj.9 tield =
eatablished at each end of the bearing. Hewsver, such
ssals hava not been demonstrated te ba reliahly effaative
over a long period of time. .
Other chvicus shortconinys include the fact that many
prior art hydvedynamic Dbemring assanbiies rruqumtly
. Yeguire large or kulky structural elsments for shpportinq
+ the axial and radisl loads, such hydroﬂynamiu bearings

mechaniosl besring ssseublied. Tt ls aifziouit to socale
“ the structural support elemante to £it within the smalier
disc dvive dimensSons currently in consumey demawds. In
- other inatances, hydrodynamia bearing assenblies suffer
from the disadvantages &f Fequiring sxtrauq:.y tight
clearances and alignments; thias burden makes it dirfi{ault
to manufasture such asamhl};u since evan & snall
deviation or abarration can laak te faulty hearings,
Another dirficulty w:.th assembly of known
hydrodynanic bearing systems is that an essentisl part of
the bearing ia the Zormdtion of pat:terns of grooves on one
of tha two facing surfaces vhich|form the bearing. Such
pattexns or grooves are quite daifflcult to Zorwm,
especially in designs where the groovas yun all the way te
the adge of a flat swrface, or wheres the entire grooved
surface wust be an effective part «©f the bearing. 7The
meat sconomlical way to form these paitterna is mtamping or
coining. Typically, especially Wt the edgas of the
pattern, stress ralsers appear duriny the coining process,
which interfere with the estabiishment of the desired
pressuye distribution patterns within the baaring.
In some hydrodynaric hearing de%:.ggns, a thinst plate
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Iubrlcatlon | ayer provided by the bearing oil or grease. Hence, bearing
balls running on the generally even and snooth, but nicroscopically uneven
and rough raceways, transnmit this surface structure as well as their

i nperfections in sphericity in the formof vibration to the rotating disk.

Thi s vi br at i onyg @84l Whidhextingahérpermivalar lnethegomtinghshaftak aumtfacec ISucin teust phte
read/ wite transducer. This source of vibration limts therefore the data

track density msdn mbmmmﬂymwan@fm@@ o Kiﬂswlfﬁﬂ& her
E{)(r)rgtte(ranrl qur“e:jg‘t?%into o ap ’?‘%@MP‘ :‘Eﬁgﬁﬂt&?{s\& ortegl? ce.
Shocks create gg gf b&%&&%ﬁ&&&ﬁﬂg R 46 it S Shak R istoctions i the

thrust plate or stress ridges on the sm:t'aoe of the thrust piate. Since hydrodynamic

bearing assemblies suffer from the different disadvantages of requiring extremely tight

clearances and alignments, such problems quickly lead to faulty bearings since even a

small deviation or aberration in the formation of the groove or stamping of the thrust

plate can impose sufficient distortion to overcome the narrow margins or clearances

which are allowed for assembly. o

It is therefore an objective of the present invention to provide a hydrodynamic
beating which is extremely simple and highly scalable for use within an information
storage unit such as a computer disc drive sysnem.'

1t is a further purpose of the present invention to provide a hydrodynamic bearing
design in which any flood pieces such as the thrust plate are stamped or grooved on a
single surface only.

1t is a further objective of the invention to provide a method and design fora
thrust plate/counterplate combination wherein the grooving is more repeatably and
reliably achieved, without stress edges or risers being formed.

These and other objectives of the present invention are achieved in a
hydrodynamic bearing including a shaft and sleeve which are relatively rotatable. Thus,
in accordance with the inveation an improved spindle motor is provided, the spindle
motor comprising a rotating hub for supporting one or more discs in a disc drive, and a
hydrodynamic bearing system for snpporting said hub for rotation, said bearing system
comprising a sleeve and a shaft fitted into an axial bore of said sleeve, said shaft and said
sleeve rotating freely relative to one another, and together defining a journal bearing,
said shaft further supporting an annular thrust plate, said thrust plate extending into 2
recess formed by an axial face stepped into said sleeve, and 2 counterplate parallel to
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drive casting which in turn shows up as a force across the bearing system
Since the contact surfaces in ball -3- bearings are very small, the
resulting contact pressures nmay exceed the yield strength of the bearing
material and | eave pernmanent deformati on and damage on raceways and balls.
Mor eover, mechanical bearings are not al w&s scalable to smaller
dimensions. This is a significant draw back since the tendency in the disc
drive industry has been to continually shrink the physical dinmensionhs of

the disc  giq axial face and seid thrust plate and attached to said sleeve, said surface of said
ﬂnwn;mngﬁwmgsﬁdaﬂh}ﬁweofﬂmiﬂawehmﬁngagnxwepm&anﬂmﬂmdﬂmmpm
and sald surface of sald countérplate facing an opposed, second surface of said thrust
plate having a grooved pattern therean, to form an effective fluid pumping surface in
said hydrodynamic bearing. At or near one end, the shaft supports a thrust plate, which
rotates within a recess in the sleeve, Thethrustplate.mtates within a recess in the
sleeve, one side of the thrust
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drive unit. As an alternative to conventional ball bearing spindle systens,
researchers have concentrated nuch of their efforts on devel oping a

hydr odynam ¢ bearing. |In these types of systens, lubricating,fluid --
either gas or liquid -- functions as the actual bearing surfacé between a
stationary base or housing and the rotating spindle or rotating hub and the
stationary surroundi ng portion of the notor. For exanple, liquid

| ubricants conprising oil, nore conpl ex ferrosnagnetic fluids, or even air

hav n |I|z for ri n

for the popularity obals auBPeRtd " Pltern 52 a??s‘igf; aﬁ%?‘i e

out gassi ng of cont am&nﬁg v‘-ﬁ\*’eﬁtﬁ@"'ﬁ-’éﬁ?ﬂ?’hr ‘13‘98(1 di¥eeingu$hng.

However, .ai r . opposiees side of the thrust plate, a counterxplate is
provided which ltzelf has a graaved surface nac_guary to
provide the fluid distrimution and.prassure distributien
to support the smooth rotation eof the hydrodynamic
Pearing. The groove pattern on the couni'.orplzitc is of
sufficient extent to extend bayond tha rccﬁﬂii in the
slegve, so that in fact a portiecn of the grooved pattern
is facing and abut an end portion of the sleeve., In this
way, the ends of the groave pattern, which are fXaguently
inperfact and have stress ridgas or other details which
nay interfere with the proper distrirution of ths fluig
zra masked from the fluld kearing by tha abutment of the
counterplate with the sleave.

Other features and advantages of the present
invention will kacome apparent to a paracn of skill in the
art who studies the description of a preferred enbodiment
given in conjunction with the accompanying drawings.

F:Lqixre 1 is a vertical sectional view of a £iuid
dynamic beaving incorporated in a spindle motor usable in
a dige drive Incorporating the features of tha present
invantien;

Figure 2a is a verticaz gactional vigw of a spindla
motor 4ineerperating the thrust bearing of zhc prerent

invention;
Flgure 2B is a top plan view of a diseo drivq in whioch

the present invention is useful;

¥igura 3 is an exploded sactional view of a datailed
portion of the invention;

and Figures 42 and 45 are details of thia baaring
surfaces of the thrust plate and countarplata n‘ai!.iud in
the present inventien. .

Other features and advantages of the. present

Sheet Has Been Reﬂlaced

i lIIIIl lI bl

r 3!
H

[ L e
- . e > e T '



does not provide the lubricating qualities of oil. |Its |ow viscosity
requires small er bearing gaps and therefore higher tol erance standards to
achieve simlar dynam c performance. Thus, in the case of a hydrodynan c
bearing enploying a liquid lubriccant, the lubricating fluid it'self nust be
sealed within the bearing to avoid |oss of |ubricant which results in
reduced bearing |oad capacity. Otherw se the physical surfaces of the

spi ndl e and housi ng woul d contact one anot het?= | eadi ng to increased wear

and eventual failure o b
failure of such a se’é'f"‘&%tig H‘gﬁ' Q?%‘ﬁ/“ %ﬁ‘%‘&ﬁ?m ni[hgr’?&{)#? ?gh\m&?hﬁ*ffthe
bearing system woul crBaddie skEdiss the olieving Sakpiled,de

regi on of the di SC prararred snbodinent given in conjunetion .with the

ascompanying drawings. .

- gos—

By spindla motor and disc assembly for use i.n a disa
arive couputer system is disclosed. The spacifid purposa
af ths present lInvention is to nodlfy the design of a
hydrodynamic bearing ae that it is easier te design and’
manutacturs the thrust plate which rotates with the ghatt,
A more general purpese iz to provide a spindlq notor
incorporating a hydrodynanic bearing Zor the main x'otating
or stationary shaft for uss in a harg d:.qc drive
applicatien, vwhera the thrust plate vwhich extends
perpendicular to the shaft and carrias grodves for

' distriduting the £iuid in the hydredynamic bearing and
oreating the pressurs distributien which im nncésaary teo
maintain the stiffness of the bearing is ddsler to
nanufacture.

The improved hydrocdynamic bearing of the presant
invention is based on some known principles; of the
technology, An example of which is shown in Piqu%a 1, As
shown in that figure, a journal bearing inomgratinq a
shatt 10 rotating inside a bushing or elasve 12, has one
of the two oppesing surfaces, in this case tt;a shaft,
carrying oylindrical sections of spiral grooves. ' X thrust
plate 14, rotating in a recsss in the sleeve 12, is also
provided with concentyic apiral groove sestions aa shown,
The yelative ratation of the ahaft and sleave comyination'

) pumps the fluid &8s & funchion of the direction and angle
‘ of the grooves with respest ¥o the sensa of rotation of
the shaft 10 and thrust plate 14. Pumping aotion dullds

up multiple pressurs in zones slong the journal and thrust
plate, maintaining a fluid film between the relatively
rotating parts, and providinq stiffnass for the bearing.

- — -
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- 4-..drive. Typically, in the prior art, seals for sealing the fluid within
the disc drive utilize a pressurized filmon the surface of the liquid air
interface. In the case of bearing assenmblies which enploy ferr.p;magnetic
fluids, the seal is achi eved by the neans of a nagnetic field &st abl i shed
at each entl of the bearing! However, such seals have not been denonstrated
to be reliably effective ovder a long period of time. O her obvious
shortcom ngs include the faipt t hat many -§=

A motor of the typs in which such a hydrodynamic
besring is useful is shown in Yigure 2. fThe motior shown
in yigure 2Ais especially adapted for use in a dise drive
of the type shown in Figura 2B. This top p;.an view
nlultrat-s the basic slenments of the d::l.va incmding tha
rotating di.sc or disos 19 which ars rotated by thé spindle
23 of thq: spindle metor of Figure 2A. As the discs
rotate, a |transducer 33 mounted on an end of an'actuator
arm 27 is= :ej.qots.vuy positioned by & voice coil 'motexr 29 .
yotating ahom-. a pivot 31 to move the transducey 23 :rem'
tyaak to eraek over the surface of the disza.

Returning te Tlgura 23, the figure shows in vertical
seation a Apinrne motor of & type which is sgpecially
useful in aldisc drive. %he mater includes a ahatt 50
hoving & thrust piate 52 on one end in & design similar to
that dilalon‘xd with respect to Figure 1. The shaft BO is
fixad relative to the rotating sleave 54; the thruat plate
18 fixed withip a recess B6 in the hub 54, A counterplate
58 is previded, resting on and prassed agalnst ah annular
ring section 40 of the sleava 54, The cuter atimater of
the counterplate 58 is pressed inside shoulder 62 of the
sleave £4. An O-ring &4 is provided in the regeas &6
betwean the annular ring 60 and the shoulder 62, with tha
£lexible Gwring &4 £i11ing the depth of the recess: 66 and
pressing tightlly against the bLottom surface 68 of the
counterplate 4. The lubyicating fluid of  the
hydrodynanic he.aring, in addition to oircuht&ng betwaan
the surfaces of the shaft 50 ‘and sleave 54, also
aircitlates over \hoth ths upper and lewer gurZaces 70, 72
of the thrust plate 53 us well as around the outaide
dianeter 74 of ths thrust piata,

The xaaturala described to this point comprise ‘the
primary featuras :at a hydrodynanic bearing cartridye which
is useful in a nuuim of environments. " Te inanrpoute the
cartridqe into a (aisc drive, a hub 80 is addsd to the
outer surface of| the slesve 54 and votates with the
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prior art hydrodynam c bearing assenblies frequently require |large or bul ky
structural elenents for supporting the axial and radial |oads, as such

hydr odynam ¢ bearings do not have the inherent stiffness which results from
mechani cal bearing assenblies. It is difficult to scalé the strwuctural
support elements to fit within the smaller disc dri ve di mensions currently
in consuner demands. In other instances, hydrodynanic bearing assenblies
suffer fromthe di sadvantages of requi ri ng extgLnely tight clearances and
alignments; .this burden makes it difficult to manufacture such assenblies
since even a smal| de#}esvdon The apbiting siseva alan supports, bplee thenheb,
Anot her difficulty a mhgiet emssmibhyintefactekwdth ayatatymasi ctheasisg

systens is that an e%ﬁh B2t aleave and the hub 80 that it supports.
: " The motoy shaft 50 ends In s shoulder 86 with 3 support
plats 88 and lock nut %0 aszsambling the hydrodynmic
bearing into a base 92 which would typically form the
lowar portion of the housing of a disc driva, Onj; or more
disca which are not shown in this figure but whioh axg
generally . indicated at 13 in Figure 2B ave supportsd on
the outer surface of tha hub or sleeve.

Referring next to ?iguro 3, the specitic futures and
nodifieations incorporated in the preaent invcnt.tpn ean be
more clearly wnderstood by & study of this figure which
shows in exaggerated detall the counterplate 58 2ixad
within the sleexe 54 and the thrust plate 52 votating in
the rasass ¥4 of the mlesve. In this partiaula: figurs,
the O-ring 64 is not illustrated; the :ationus for
providing the O-ring 3is disoussed in -the above
incoxporated application of steva Purscneault et al, and
will be rafarred to further helow.

As already discussed, and =e @an be zmoYe cleayly geen
in the sxaggeratad view of Figurs 3, lubricating £luid is
flowing ovar the upper surfacas 70 and lower surface 72 of
the thrust plate 52, According to the approaches Taken in
the kuown prior art, tha fluld flow over these upper and
lower thrust plate surfaces was controlied and the proper
pressure distributions developed by providing stanped or
coined surfaces having ohevron=like patterns on hoth the
upper and lower surface of the thrust plate 52. Rowever,
as has kesn found that such stamping or eoining, applisd
to oppoalte surfacss of the thruat plate, is significantly
more diffioult to do accurately than stamping on only one
mide. Stamping on both sides of the plate, whera the
2inished plate is to be usad in a earing having very
tight tolerances, fregquently rasults in defeots ¢ither due
to strass ralsers or stress concentratiens which influence

N e
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t he bearlng Is the formation of patterns of grooves on one of the two
facing surfaces which formthe bearing. Such patterns or grooves are quite
difficult to form especially in designs where the grooves run all the way
to the edge-of a flat surface, or where the enti.re grooved surface nust be
an effectiye part of the bearing. The nost economcal way to formthese
patterns is stanping or coining. Typically, especially at thé edges of
the pattern, 'stress raisers appear during thei®woini ng process, mhich

bat Ler ns i thi n the. bem Gadrin A¥a A iRycr i Pha eBi%i Ay aEA IR ' B 5
plate the thiust plate on only one side,
therefore, aceording to tha praferrad mbodimnt of
this invention, only the side 72 of tha thrust plnta which -
is facing the »ecass axial ewsface of the sleave 54 has
the grooves coined or stamped thereon (as shown in Fig.
48). 'Tha prior art would have also coined or stamped a
grooved pattern on the cpposite suriade 72,
Instead, saccording to the present invenuion, the
faoing surface 68 of the counterplate (shown in Fig. 4a)
weuld have & colned or stamped pattarn of chevron~shapad
grooves imprinted theveon. Thism could ba done prier to
inserting the counterplate 58 betwaen tha ehoulders 63 of
the sleeve. Thus, the colning or stamping cparation could
be aasily and ageurately curried out prior to assembly of
the hydrodynamis bearinq. Moreover, ln ordar ti he able
te accurately-impzint the grooves on the countaxplau, tha
imprinted pattarn would be printed over a circular surface °
which exceeds the diameter of ths recess openinq 100 in
the siseve. As shown graphically in Pigqure 4A, singe ¢he
affactive groove surface area is less in dismoter than the -
actual grooved surfsca ares on tha counterplate 53, there
is no preblem with stress ridges or risers at the edges of
the pattern. There is & far batter groove dezinition ovey
the surface of the 'counterplate and the - preaaure
aistrivution areated by the grooves will be more sven and
raliable. The region of the gzoovea whish lios outeide
the diameter 100 will in fact overlie the up:ith'ring 60
of the sleeve 54 and he covered therehy. To the extent
that fluid might have a tendency to be forosd out of tha
resarvolr region 102 and aver the top of tha ring &4, the
o-ring 66 impressed into the recess 65 will preVant any
auel fiudd motien Zrem passing beyond 4the cdgqa ef the
countarplate and working its way up bétweean the shoulder
" ana counterplats and out into the surrounding stincsphare.
A finsl note with ragard to the emall recesges which
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- 5- i s"utilized which extends per pendi cular to the rotating shaft or
sur f aces. Such thrust plate has in the past frequently required a pattern

of gr ooves.n Boih.gidesaw. i | Y | £uf 4 QUIkd m@e SANp or_gr pl
on bothlﬁcﬁéé?g%%‘% re di fJf'%@t']%[f&t[T‘?an to stanp the pl & ew'gn y\ég%saong?.{se
side. Such stanping and grooving effortsytcjan again-lead to distortions in

the thrust plate or stress ri dgfas on the rface of the-thrust plate.
oL S ] RO P ML e o B e,
20 T ) ek B0 T RS e e i o O
thrust plate may be more easily inserted into what otherwise would be rectangular recess,
It should further be noted that the recess 65 and its O-ring 66 appear only in Figure 2A
and not in Figure 3. They are omitted from .Pigm 3 for the purposes of clarity i -
descriizing the relative locations of the coined surfaces; however, the use of the O-ring
does provide an important sealing advantage in insuring that no fiuid can be lost from the
hydrodynamic bearing.

Other features and advantages of the invention may be found by a pexson who
studies the present disclosure. The aforegoing description has been given by w;y of
example only and it will be appreciated by a person skilled in the art that modifications
can be made without departing from the scope of the present invention. For example, a
rotating shaft design utilising the hub features of the present invention where the rotating
hub would be attached to the shaft at the opposite end of the shaft from the thrust plate
would also fall within the scope of the invention. Therefore the scope of the invention is
to be limited only by the following claims.
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gr oove or st anping- ef Phe thrust_plate can inpose sufficient distortion to
overcone the na I ns or clearances which are allowed for assenbly.
SUMVARY OF THE UHM herefore-an objective of the present
i nvention to pr m c bearing which is extrenely sinple and
hi ghly scal able for use wi thin"an information storage unit such as a
conputer disc drive system It is a further purpose of the present
invention to provide a hydrodynam c bearing.gdgsign in which any flood
pi eces such as the thrust plate are stanped or grooved on a single surface
only. It is a furthegragmsecti ve of the invention to provide a nethod and
design for a thrust plate/counterplate ' .
1. An improved spindls motor comprising a rotating
hub for supporting ona er nore discs in a dlsc drive , and
a hydrodynamic bsaring systen for aupporting said hub for
Fetation,
sald bearing systenm conprising a sleeva and a shatt
fitted into an axial bore of maid sleevs,
said shaft and sald sleeve rotating truly relativae
to one another, and togaether defining a jouznu.bgaring,
gald shaft further supporting an annular thrust plata,
sald thrust plats extanding into a recess formed by an
axial face stapped into sald sleavs and )
a counterplate parallal to sald axial face and said
thrust plate and, attached to said sleeve,

. sald surface of sald thrust plate faoing #aid axial
face of said slesve having & groove patterp formed
therson, and said surface of said counterplate facing an
opposed, sacond surface of said thrust plate having a
grooved pattarn thereen, to form an elfactive Fiuid
pumping murface in said hydrodynamia haaring.

4. A spindle motor as claimed in Clain i wherein
suid shaft ie stationary, wnd said sleeve supports a hub
far rokation with said sleave about sajd staticngry shaft
ang supportad for vrobtation by a hyﬂro&ynmia baaring
formed by sald shafk, anid thrust - plate; surface
cooperating with said axial racess of said sleeve; and said
counterplate surface cocperating with said second wurface
of said thrust plate. .

3., A spindle motor am claimed in claim 2 wherein
said counturplate is located betwean upright shu}tldau of
‘sald sleeve 2nd located parallel to smaid thrust plate
supported by sald shaft. ‘
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conmbi nati on wherein the grooving is nore repeatably and reliably achieved,
W t hout stress edges- or: riserS"béTﬁg formed. These and ot her objectives of

t he present |nvent|on ar in a hydrodynam c bearing including a
shaft and slee-ve Emﬂ er rotatable. At or near éme end, the

shaft suppprts a t Ich rotates within a recess in the sleeve.
The thrustiplate rotates vmthln a recess in the sleeve, one side of the
t hrust 6- plate supports a pattern of grekdmes, to establish the

4. A spindle motor as olaimed in claim 3 wherein
gald ghafh terminates in a ragion parallel to maid annular
thrust plate go that =said planar gurface of .said

countarplate forms 2 planar end ‘of said hydrodynms.a '
bearinq.

5. A spindle nmotor ag ¢laimed in Claim 3 wherein
sald groovad surface of said counterplate extenda bayend
the xagion of maid esunterplate averlying said mecond
surface of said thrust plates so that saild groove surfade
on sald counterpiate ia more easily formad.

§. A spindle motor as claimed in Clain & wherein
sald sleeve has an upright anmular ring at an and ‘of said
sleave surrounging eaid thrust plats, saild zring
surrounding sald thrust plate and sooperating therewith teo
dafine a reservoiy Zor sald hydrodynamic bearing, thersby
forming sald xecess for said hydrodynamic besring, said’
shoulders of sald sleeve supporting ssid counterplata
arising fron sald dleeve in a reglon axialily hayond said
annual ring so that sald counterplate rests on an upright
surface of said ring and betwsen sald =han1du-a af gald
AI8eVE.

7. A spindle notor as clalmed in Claim & whersin
sald annual 2ing includes an annular racess formed:
adjacent paid axial face of maid sleave so that sald
thrust plat-.a is more easily fitted into said sleeva
recass. :

8. A spindle metor s clalmed in Claim 7 wherein
sald shoulder of sald sleeve includus ay annulsr recess
jacent the surface of said ring on wh,tch said

Lountazplata is resting s¢ that said ccuntsrpluta is xore
' eas:uy fitted tightly intc said shoulder of galid sleeva.

]
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pr oper f|UId distribution in the bearing. Facing the opposite side of the
thrust plate, a counterplate I S provided which itself has a grooved surface

necessary to prOVI1 I i bution and pressure distribution to
support the snooth ml"ﬁw ?"@”m&ydrodyﬂam c bearing. The groove
pattern on.the count*ergl ate »s fficient extent to extend beyond the
recess in the sleeve, so that in fact a portion of the grooved pattern is
facing and abut an end portion of the sl eeve-iden this way, the ends of the

groove pattern, which are frequentna/ %erfect n havg stress ridges or
ot her details which may itht er ReFRINGY, MOkar 4% npetdalisn Hivherednl ui d
are masked fromthe shiddsleave ndrnojudér mutansnhaof rehess obetupen atsnidi t h

t he sl eeve. . antulsr ring and gaid upright shoulder, and an O~ri.nq
' formed of an elastic material Zitted into sald raaess and
£413ing the vertical extend of said recess and ‘capturs
betwaen & basis of sald recess and smaid gounterplste, so
that lubricating fluld in & said hydrodynanic bearing
cammot move peyond sald ring te reaoh a region whara gaid
sounterplate meets sald shoulders of said sleava,

10. A spindle motor »e olaimed in Claim § wherein
said groeve surface of said countezplate extends beyond
szid racess Tormed to hold sald thrust plate’ o2 ‘said
hydrodynanic bearing, and rests agalnst said spx"zaca of
gald annular »ipg, #0 that said greave surfacs of said
counterplate 'aay' ba more aasily formed oh saild
counterplate without having ends of wsald: grooves-
cooparating with any region of sald sscond surface of said
thrust plate or said recess fov sald hydrodynania hearing.

11, A spindle motor as claimed in Claim 8 whexein
said end of said shatt supporting said tarust plate
includes a caentral reglon of xaduced oross mectidn, sald
thrust plate being fittad onto said reduced cross sectien
ragion of said shaft shd is supported en a ghpuylder of
said shaft defined by sald ghaft of normal oross seatien
and said region of reduced oross section.

12, A spindle metor as claimed im Claim 11 wheraein
sald shatt ragion of reduced arass section inoludes an
annular recess formed around said shaft so that =maid
thrust plats may ke mors easily fitted ontoc sald end.of
sald thrust plate.

13, A spindle motor as claimed in Claim 1 whersin
said shaft is rotating with sald sleeva and supports said
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O her features and advantages of t-he-present invention will becone apparent

to a person of skill rt_who studles the description of a preferred
enbodi ment given i n @1 e acconpanyi ng draw ngs. BRI EF

|

L

DESCRI PTI ON OF THE a vertical sectional view of a
fluid dynam c bearing incorporat ed [ n a spindl e notor usable in a disc
drive incorporating the features of the present invention; Figure 2Ais a
vertical sectional view of a spindle_ notor mﬂﬂporatl ng the thrust beari ng

3}‘“ Eﬂet E(rae;regtselntnviezy“%nb F*,g%@seg'#%za top plan view of a disc drive in
suid sBAYE &nd hub being supported for rotation ky
sald hydmdynmie raaring 102:4.6 by ui.d shaft amd ni.é._
s].aeve, .
gaid thrust plate surface ccoparatinq with u:.d axial
recess of sgxid sleave and sald ccunterplata. surface

cocperating with said second murface of saiq thruﬁ: plate.

34, A spindle motor as clalmed in ¢lainm 13 vherein
said thrust plata is supported on sald phags distapt £rom
said hud and adjacaut said counterplate supported on said
sleava.

15. A spindle zmotor a2z claimad in Claim 14 wharein
sald counterplatg is located hatween upright shoylders of
said sleeve and located parallel +o sald thrust plate
supported by maid shate,

16. A gpindle motor as cleined in Claim 18 vharain
gald shaft terminates in a region parallel to sald annular
thrust plate ne that sald planar suyrface of said
sounterplata forms a planar end of said hydyedynamic
bearing. .

17, A spindle motor as claiméd in Qlaiy 3 wherain
sxid gyvoved surdace ef said counterplate extends beyond
the region of sald counterplates overlying said secend
surrace of smaid thrust plate po that said gz.-_qov'g ‘surface
on said countarplate is more easily formed, )

18. A spindle mator as claimed in claim 17 whersin
said sleeve has an upright annular ring at an end of said
sleave gurrounding msaid thrusat plate, sald ring
surrcunding said thrust plate and cooperating therqwith to
define & Teserveir for sald nydrodynamin bearinq, thmby
forming sald yacess for aaid hydrodynmic baaring, said
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Figure 3 is an exploded sectional view of a detailed portion of the
I nvention; and Figures 4A'and 4B-are-details of the bearing surfaces of the

thrust plate and coun |ized in the present invention. Qher
features and advant ag ﬂ”ﬁ’! -7- invention will becone
apparent to a person of rt who studies the follow ng detail ed

description of a preferred enbodi nent given in conjunction wt h t he
acconpanyi ng draw ngs. 18-

shoulders of gaid slauve mupporting said countarplate
arising from said slsave in a region axially beyond snig
annual ¥ing so that said countexplate raestd én an uprignt
surface of said ring and betveen said shou:l;dars of pald’
‘sleava.

19. A spindle moter as claimed in Claim 18 wherein
said annual ring includes an annular raecess formed
adjacent said axial Zace of sald sleeve go that said
thrust plate is nera aeasily fitted into -sald slesva
racess. - '

20. A spindle motor as clainmed in Claim 19 whersin.
sald shoulder of said slesve indludes an ‘anhular recess
adjacent the guvface of sald »ring on which =aid
gounterplate is rastlnq so that said counearpzata is nove
easily fitted tightly into sald shoulder of =aid sleaeva.

21, A spindle motor as alaimed in Claim 1% wharsin
said mlesve includes an annular reoesp Netween said
annular ring and said upright shoulder, and an O-ring
Zormed of an elastic material fitted into said recess and
£i1ling the vartical extend of said recess and aapture
between » basis of sald recess and said counterplate, =0
that lubricating fiuid in & said hydrodyhamic bearing
cannot move beyond sald xing to reach s reigion vhera sald
_counterplate meets mald shoulders of said ‘sleeve,

32, A spindle motor as claimed in clain 19 wheraein
said groove surface of sald counterplate extends beyond
said recese Formed to hold gaild thrust.plates of said
hydradynamic bearing, and rests againat sald surface of
said annulax ring, .se that said groove suyface of said.
counterplate’ may be nmors easily forwed on said
counterplate without having ends of sald grooves
cooperating w!.i:n any raqion of aaid second gurfacs of said

———
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A spindl e notor and disc
assenbly for use in a disc-drive- eorrputer system is disclosed. The specific
pur pose of the present invention i nodi fy the design of a,hydrodynam c
bearing so that |t|l’Hm@m§H‘l Iﬂlﬁﬁl gn and manuf act ure the thtust plate
which rotates with e general purpose is to prow de a

spi ndl e not or |ncorporat| ng a hydrodynamc bearing for the main rotating or
stationary shaft for use in a hard di sc driwx?-application, where the thrust

pl ate whi ch extends perpendi cul ar t he sh g

di stributing the fl ditotush nmﬁh%l ¢ EAGess Eé"«f ?ﬁ "ﬁ&%siﬁ“.fng B?%é"%
pressure distribution which is necessary to maintain the sti ffness of the
bearing is easier tQgusy

\'.
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manufacture. The inproved hydrodynani c bearing of the present invention is
based on sonme known principles of the technol ogy, an exanple of which is
shown in Figure 1. As shown in that figure, a journal bearing incorporating
a shaft 10 rotating*™f#srle a bushing or sleeve 12, has one of the two
opposi ng surfaces, in this case the shaft, carrying.cylindrical sections of
spiral grooyes. °°A%4h’ﬁésﬁ3‘ﬂﬁﬁtﬁ-mwwamsng in arecess in theV@Iré

is also provided with concentric spiral groove sections as sho ) !
relative rotation of the shaft and sl eeve conbi nati on punps the fluid as a
function of the direction and angle of the grooves with respect to the
sense of rotation of the shaft 10 apd thrust pigeue 14. Punpi ng action

bui | ds

ABSTRASY OF THS DISCLOAURE

an improved spindies motor is disclosed tmial& uozudu s
rotating Rub for supporting one or more discs in & d:llc dx-!m.
Also disolomed is & hydrodynanic hearing systenm for suppertinq a
hub fox rotation, the beaxing .IYItm includes & slseve and a
shaft fittsd into an axial kove of the slasve, The dheft and the -
sluave Totats f£0esly ralative to one another, and togather,
dafine a journal beaying., 'The shaft supports an amnulsr thrust
plate, The thrust plate axtends into & racess foradd by an axisl
face stepped into ths sleevs and a tounterplate pa_n;u-z to the
axisl fZace &nd the thrust plate and attached o ﬂﬂ: slasve, A
#irst surface of ths thrust plate Zaces tha axlal face of the
slesve whioh has a groove pattarn formsd on it, A surface of tha
countarplats faces an opposed, second surface of tha #hx'ust plate
vhich has a grocve pattern formed on i%, to form an affectiva
#1nid puping systen in the hydrodynanic hearing.

i /i
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up Jultiple pressure in zones along the journal and thrust plate,

mai ntaining a fluid filmbetween the relatively rotating parts, and
providing stiffness for the bearing. -8- A nmotor of the type in which
such a hydrodynam c bearing is useful is shown in Figure 2. The notor shown
in Figure2A is especially adapted for use in a disc drive of the type shown
I n Figure 2B. This top plan view illustrates the basic elenents of the
drive including the rotating disc or discs 19 whi.ch are rotated-by the
spindle 21 of the spindle notor of Figure 2A As, the di scs
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rotate, a transducer 23 nounted on an end of an actuator arm27 is

sel ectively positioned by a voice coil notor 29 rotating about a pivot 31
to nove ebhewuwansducer 23 fromtrack to track over the surface of the disc.
Returning to Figure 2A, the figure shows in vertical ;section a spindle. ..
notor of a type which is especially useful in a disc drive. The notor -

I ncludes a shaft 50 having a thryst plate 52 on one*end in a design si'mitar
to that disclosed with respect to Figure,l.'The shaft 50 is fixed relative
to the rotating sleeve 54; the thrust plate is fixed within a recess 56 in
the hub 54. A counterplate 58 is provided, resting on and pressed agai nst
an annul ar ring section 60 of the sl eeve 54. -The auter dianeter of the
counterplate 58 is pressed inside shoul der 62 of thé\, Yt
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sleeve'54. An Oring 64 is provided in the recess 66 between the annul ar
ring 60 and the shoulder 62, with the flexible Oring 64 filling the depth
of the recesg.GQGQWammgniﬂﬂmyﬂﬂqﬂﬁﬂqwagahnst t he bottom.sunface 68, of the
counterplate 58. ** The lubricating fluid of the hydrodynam ¢ -
bearing, lin gaddition to circul gti N R

and sl eeye 54, also circul ats
72 of the thrust plate gy it
thrust pllate. The fgatures describef
features!of a hy ' S lop V-
environnﬁnts
added tojth

0] CrOPRNG
e Byt si de dganmeter 74 of 'the
0 this pointsgonprige the primry
rndme, Whi ch 1§ useYul in a nunber of
W, 2 di SA\dr §vese=hub 80 is

. 83

3
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outer surface of the sleeve 54 and rotates with the -9- sleeve. The

rotating sleeve al so supports, below the hub, a nagnet 82 which interacts
with a stator 84 to cause rotation of the sleeve and the hub 80 that it

supports. The notor shaft 50 &ndsai n %&U der 86 with-a supE)ort 88
and | oc aggesbl i ng &b k xC1b ] i ad !
muldt&%’%—ﬁ%w e ¢ A ol 3¢ (drf veé. lonle
or nore rie hot gqhgwnl i p dhilsiilg 4 ' gY T,
indicatet:f (Ll ' T {#blarle pupported dn .
by 4 \ ( “. H 7 j
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l
t pe out e 335‘ n%'f Péﬁ”gdh btooPaggfie Referring next to Figure 3, the
specificif HE )(a)nd gl‘]‘ t@a n orporated in the present I nvention
can be myr& Pravdpg§ dy of thy ch shows in.
exagger at| off Absterct thﬁag?éu' té’r e- 58 f—t—xed Wi 56 t @ g 5 and t
ee ar-t-l c?l ar

thrust pliate 52 rotating i s| 56 of th
he

figure, the)mIOiQIECEIS'TnI. u atpd; the rationale for prOV|d|ng
' j §€ed 1N The above I ncorporated application of Stevé

and B¥XPROBE¥NAMAEr BEARINGS ASSIEHBIEeIW(I\WH AINGLRady
an be nore dE5¥D erERRED tdtifrERsgReEat ed vi ew of

itng fluid is flowmng over t e upper surface 70 and | ower

FIELD OF THE INVENTION |
The present invention relates to the field of
hydrodynamic bearing assemblies of the type which provide
. support and rotation for high speed spindle element. More
specifically, the present invention relates to
hydrodynamic bearing assemblies utilized in the computer

disc drive recording system.

RELATED APPLICATIONS

This application is a continuation-in-part of U.s.
application Serial No. 08/279,199 filed July 22, 1994,
incorporated heréin by reference; the invention is related
to and may be used in common with the invention disclosed
in attorney docket numbers A-60203/JAS filed 07-18-95,
Serial No. 08/503,568, A-60465/JAS filed 08-30-95, Serial
No. unknown and A-59788/JAS, U.S. Serial No. 08/278,754
filed July 22, 1994, all of said applications being
assigned to the assignee of the present invention and
incorporated herein by reference.

BACKGROUND OF THE TINVENTION

Disc drive memory systems have been used in computers
for many Yyears for storage of digital information.
Information is recorded on concentric memory tracks of a
magnetic disc medium, the actual information being stored
in the form of magnetic transitions within the medium.
The discs themselves are rotatably mounted on a spindle,
the information being accessed by means of read/write
heads generally located on a pivoting arm which moves
radially over the surface of the disc. The read/write
heads or transducers must be accurately aligned with the
storage tracks on the disc te ensure proper readi_ng and

o



t he thr!ust pl ate 52. According to the approaches WHPLACEMEN%S

prior
art, the fluid fl ow over these upper and | ower tHryst plate surf S was
controll ed and the proper pressure distributions jdgvef ouetR e7pr di ng
stanped or coined surfaces havi ng chevrofe+i ke pdttierns on both upper

and | ower surface of the thrust plate 52. Howevern, d t hat
such st anpi ngroirting mhginfemhakilono opposite suifaces of the thrugt plate,
is significantly gy f C t pgRaebLaNRENG, one
si de. St anpi ng on'{?£%|éé%%%ﬁ%éﬂfﬁghé1§#%éé %?eP 2 flnlshee99lg? M|s to
be used in a $REFIHFHVIMmAR ecloged 11‘@4’-%*%‘50’@2 m?i‘@ﬁu@ﬁt?? ?ESEFFécl n

de][ fect s eit hafotthte JehHd ESP THAE S 1Hsidd the B o balb@nshehdtscs.
In uence

One type of motor in common use is known as an in-hub or
in-spindle motor. Such known in-spindle motors typically
have a spindle mounted by means of two ball bearing
systems to a motor shaft disposed in the center of the
hub. ©One of the bearings is typically located near the
top of the spindle and the other near the bottom. These
bearings allow for rotational movement between the shaft
and the hub while maintaining accurate alignment of the
spindle to the shaft. The bearings themselves are
normally lubricated by grease or oil. _

The conventional bearing system described above is
prone, however, to several shortcomings. First is the
problem of vibration generated by the balls rolling on the
raceways. Ball bearings used in hard disk drive spindles
run under conditions that generally guarantee physical
contact between raceways and balls, this in spite of the
lubrication layer provided by the bearing oil or grease.
Hence, bearing balls running on the generally even and
smooth, but microscopically uneven and rough raceways,
transmit this surface structure as well as their
imperfections in sphericity in the form of vibration to
the rotating disk. This vibration results in misalignment
between the data tracks and the read/write transducer.
This source of vibration limits therefore the data track
density and the overall performance of the disc drive
systemn.

Another problem is related to the application of hard
‘disk drives in portable computer equipment and the
resulting requirements for shock resistance. Shocks
create relative acceleration between the disks and the
drive casting which in turn shows up as a force across the
bearing systen. Since the contact surfaces in ball



-10- the coining dye life. it is significantly §EELACE@EQHA§HEEI t hr ust

pl ate on only one side. Therefore, according tojthe preferred e di ment of
this invention, only the side 72 of the thrust platel9ARI993 fhc| ng the
recess axial surface of the sleeve 54 has the gfogves coi ned or| sfanped
thereon (as shown in Fig. 4B). The prior att wopl d have arso ned or
stanped a grooved pattern on the opposite Surfa 72, |lnstead, according to

the present inyentisgs abe fréf'yng;m%li'if,a%é&éﬁui@fmi%&ﬂ@é@{:ab?e&.%ﬁ?lé@. in
Fig. 4A) would have a c Hﬁ?d o] stanped pattern of chevron-sha

e
may excee e yleld strength of the bearing matgrgal and
leave permanent deformation and damage on raceways and
balls.

Moreover, mechanical bearings are not always scalable

to smaller dimensions. This is a significant draw back
since the tendency in the disc drive industry has been to.
continually shrink the physical dimensions of the disc
drive unit.

As an alternative to conventional ball bearing
spindle systems, researchers have concentrated much of
their efforts on developing a hydrodynamic bearing. 1In
these types of systems, lubricating fluid -- either gas or
ligquid -- functions as the actual bearing surface between
a stationary base or housing and the rotating spindle or.
rotating hub and the stationary surrounding portion of the
motor. For example, liquid lubricants comprising oil,
more complex ferro-magnetic fluids, or even air have been
utilized for use in hydrodynamic bearing systems. The
reason for the popularity of the use of air is the
importance of avoiding the outgassing of contaminants into
the sealed area of the head disc housing. However, air
does not provide the lubricating qualities of oil. 1Its
low viscosity requires smaller bearing gaps and therefore
higher tolerance standards to achieve similar dynamic
performance.

Thus, in the case of a hydrodynamic bearing employing
a liquid lubricant, the lubricating fluid itself must be
sealed within the bearing to avoid loss of lubricant which
results in reduced bearing load capacity. Otherwise the
physical surfaces of the spindle and housing would contact
one another, leading to increased wear and eventual
failure of the bearing system. Equally seriously, the
failure of such a seal or other effort to contain the
lubricant within the bearing system would cause the entry
of contaminants into the head disc region of the disc



*

grooves inprinted thereon. This could be done pri [ xmmm e 123
counterpl ate 58 between the shoul ders 62 of thg S .Cgﬁmﬁn‘ﬁﬁﬁﬁﬂcnning
or stanping operation could be easily and accuratlelly carried out jpdior to
assenbly of the hydrodynam c bearing. Moreover, ijn {forderMaR 19y aljl @ to
accurately inprint the grooves on the countgLpl atje,] the inprinted pattern
woul d be printed over a circular surface which exdceeds the arametef of the
recess openi ng &PPvén the sl eeve. As shown graphilcal Iy in Fiqure 44, since

the effective gr oove, surfagf area i,g less,in digneter t he %ftualth
grooved surface area PRATTRE ¥outferPiatRF % Bhere |§lﬁo g hthe
stress ridges oﬂlmi@ewsthinttbeedgse dtiveeupilieena Phessurizedf fillhebher
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bearing assemblies which employ ferro-magnetic fluids, the
seal 1is achieved by the means of a magnetic field
established at each end of the bearing. However, such
seals have not been demonstrated to be reliably effective

over a long period of time.

Other obvious shortcomings include the fact that many
prior art hydrodynamic bearing assemblies frequently
require large or bulky structural elements for supporting
the axial and radial loads, as such hydrodynamic bearings
do not have the inherent stiffness which results from
mechanical bearing assemblies. It is difficult to scale
the structural suﬁport elements to fit within the smaller
disc drive dimensions currently in consumer demands. In
other instances, hydrodynamic bearing assemblies suffer
from the disadvantages of requiring extremely tight
clearances and alignments; this burden makes it difficult
to manufacture such assemblies since even a small
deviation or aberration can lead to faulty bearings.

Another difficulty with assembly of known
hydrodynamic bearing systems. is that an essential part of
the bearing is the formation of patterns of grooves on one
of the two facing surfaces which form the bearing. Such
patterns or grooves are quite difficult to form,
especially in designs where the grooves run all the way to
the edge of a flat surface, or where the entire grooved
surface must be an effective part of the bearing. The
most economical way to form these patterns is stamping or
‘coining. Typically, especially at the edges of the
pattern, stress raisers appear during the coining process,
which interfere with the establishment of the desired
pressure distribution patterns within the bearing.

In some hydrodynamic bearing designs, a thrust plate



regi on of the grooves which lies outside the dianefef bgg ct
overlie the upright ring 60 of the sleeve 54 and bge ko géRfm%?e y.] To the
extent that fluid m ght have a tendency to be forc ut _of the rdsdqrvoir
region 102 and over the top of the ring 60, Jghe Ofring 66 |npressed into
the recess 65 will prevent any such fluid notion fT

edges of the coupkerpliatizewMOEK BEtehSsWderPehalonet (¥ ﬁheulr%%ratﬁ%

counterpl ate an into the surroundln at nospher final note wth
regard to the snﬁﬁF%Feéﬁésﬁg rSAFeR - uch " thrdst plaé; has In the past
frequently required a pattern of grooves on both sides.

It is very difficult to stamp or groove a plate on both
sides, much more difficult than to stamp the plate only on
one side. Such stamping and grooving efforts can agéin
lead to distortions in the thrust plate or stress ridges
on the surface of the thrust plate. Since hydrodynamic
bearing assemblies suffer from the different disadvantages
of requiring extremely tight clearances and alignments,
such problems quickly lead to faulty bearings since even
a small deviation or aberration in the formation of the
groove or stamping of the thrust plate can impose
sufficient distortion to overcome the narrow margins or
clearances which are allowed for assembly.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention
to provide a hydrodynamic bearing which is extremely
simple and highly scalable for use within an information
storage unit such as a computer disc drive system.

It is a further purpose of the present invention to
provide a hydrodynamic bearing design in which any flood
pieces such as the thrust plate are stamped or grooved on
a single surface only.

It is a further objective of the invention to provide
a method and design for a thrust plate/counterplate
combination wherein the grooving is more repeatably and
reliably achieved, without stress edges or risers being
formed.

These and other objectives of the present invention
are achieved in a hydrodynamic bearing including a shaft
and sleeve which are relatively rotatable. At or near one
end, the shaft supports a thrust plate, which rotates
within a recess in the sleeve. The thrust plate rotates
within a recess 'in the sleeve, one side of the thrust
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appear ‘cut back into the sleeve 54 at the | ower edgosEIJ H( ENTLS
and the ring shaped upright 60. These recesses 104{ 105 3&@@@ OVId
that the counterplate and thrust plate nay be nore 3a>|lb

what ot herwi se woul d be rectangul ar recess. It shouj difurther be n
the recess 65 and its Oring 66 appear onlyg.n Figufe 2A and not i
3. They are omtted fromFigure 3 for purposes of crar '

relative !ocatigriat@f £B8p6PLECE SPAELERR; o&ovey@évegheweegﬁashgsno Fth'&g

does provide an orta i ﬁgal advantage i n qglng t hat gﬁ fluid

be | ost fromth?r &de€ 4&5%‘ ighetn fé%Fh 8aEN% advant aies ethe

i nvention may bepmsrid:ebysadpercsmntw&o thxigk s pllateyr caentountsatmlate. isor
provided which itself has a grooved surface necessary to
provide the fluid distribution and pressure distribution
to support the smooth rotation of the hydrodynamic
bearing. The groove pattern on the counterplate is of
sufficient extent to extend beyond the recess in the
sleeve, so that in fact a portion of the grooved pattern

is facing and abut an end portion of the sleeve. In this
way, the ends of the groove pattern, which are frequently
imperfect and have stress ridges or other details which
may interfere with the proper distribution of the fluid
are masked from the fluid bearing by the abutment of the
counterplate with the sleeve.

Other featuies and advantages of +the present
invention will become apparent to a perscn of skill in the
art who studies the description of a preferred embodiment
given in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical sectional view of a fluid
dynamic bearing incorporated in a spindle motor usable in
a disc drive incorporating the features of the present
invention;

FPigure 2A is a vertical sectional view of a spindle
motor incorporating the thrust bearing of the present
invention;

Figure 2B is a top plan view of a disc drive in which
the present invention is useful;

Figure 3 is an exploded sectional view of a detailed
‘portion of the invention;

and Figures 4A and 4B are details of the bearing
surfaces of the thrust plate and counterplate utilized in
the present invention. '

Other features and advantages of +the present



exanplé, a rotating shaft design wutilizing t'&ﬁphﬁﬁiﬁgggldﬁggE

present invention where the rotating hub would be ptfached to the jshfaft at
the opposite end of the shaft fromthe thrust plate houllHUMARSKEIT alil wi
t he scope of the invention. Therefore the scope pfjithe invention ijs to be
limted only by the follow ng cl.ains. ~K2- CLAIMS 1
spindl e notor conprising a rotating hub for suppor!
a disc drive, dmiremtiyodr edyilabeeoneaappgrayst €6 &0opessippost islgllhiih ke f or

art who studies the following detailed description of a
preferred embodiment given in conjunction with the

accompanying drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A spindle motor and disc assembly for use in a disc
drive computer system is disclosed. The specific purpose
of the present invention is to modify the design of a

hydroaynamic bearing so that it is easier to design and
manufacture the thrust plate which rotates with the shaft.
A more general purpose is to provide a spindle motor
incorporating a hydrodynamic bearing for the main rotating
or stationary shaft for use in a hard disc drive
application, where the thrust plate which extends
perpendicular to‘ the shaft and carries grooves for
distributing the fluid in the hydrodynamic bearing and
creatihg the pressure distribution which is necessary to
maintain the stiffness of the bearing is easier to
manufacture.

The improved hydrodynamic bearing of the present
invention is based on some known principles of the
technology, an example of which is shown in Figure 1. Aas
shown in that figure, a journal bearing incorporating a
shaft 10 rotating inside a bushing or sleeve 12, has one
of the two opposing surfaces, in this case the shaft,
carrying cylindrical sections of spiral grooves. A thrust
plate 14, rotating in a recess in the sleeve 12, is also
provided with concentric spiral groove sections as shown.
The relative rotation of the shaft and sleeve combination
pumps the fluid as a function of the direction and angle
of the grooves with respect to the sense of rotation of
the shaft 10 and thrust plate 14. Pumping action builds
up multiple pressure in zones along the journal and thrust
plate, maintaining a fluid film between the relatively
rotating parts, and providing stiffness for the bearing.
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rqtation, said bearing system conprising a sleeve EPLAQE&ﬁQ€ES HEET¢d i nto
an axi al bore of said sleeve, said shaft and said gl eeve rotatin reely
relative to one another, and together defining afjurh@iMArRe@yizng aid
shaft further supporting an annular thrust plate} $aid thrust plgat
extending into a recess forned Qy an axi alLgface ftepped TNToSat | eeve
and a counterplate parallel to said axial face a said thrust plate and

attached to said sl gewgrtial deswHaceypl Ia dmidwskubhate ﬁy&wa ﬁéﬂﬂ _
axi al face of said,sl eeve having a groove pattern formed thereon, sai d

surface of sai He8bdRPels éF@ff-‘&cHr?g ShoYBh Jds FRI%RE ohd s@??a‘&% oF shpwn

thrust plate hdni Rjgare2a is especially adapted for use in a disc drive
of the type shown in Figure 2B. This top plan view
illustrates the basic elements of the drive including the
rotating disc or discs 19 which are rotated by the spindle
21 of the spindle motor of Figure 2A. As the discs
rotate, a transducer 23 mounted on an end of an actuator

arm 27 is selectively positioned by a voice coil motor 29
rotating about a pivot 31 to move the transducer 23 from
track to track over the surface of the disc.

Returning to Figure 2A, the figure shows in vertical
section a spindle motor of a type which is especially
useful in a disc drive. The motor includes a shaft 590
having a thrust plate 52 on one end in a design similar to
that disclosed wiéh respect to Figure 1. The shaft 50 is
fixed relative to the rotating sleeve 54; the thrust plate
is fixed within a recess 56 in the hub 54. A counterplate
58 is provided, resting on and pressed against an annular
ring section 60 of the sleeve 54. The outer diameter of
the counterplate 58 is pressed inside shoulder 62 of the
sleeve 54. An O-ring 64 is provided in the recess 66
between the annular ring 60 and the shoulder 62, with the
flexible O-ring 64 filling the depth of the recess.- 66 and
pressing tightly againsf the bottom surface 68 of the
counterplate 58. The 1lubricating fluid of the
hydrodynamic bearing, in addition to circulating between
the surfaces of the shaft 50 and sleeve 54, also
circulates over both the upper and lower surfaces'70, 72
of the thrust plate 52 as well as around the outside
'diameter 74 of the thrust plate.

The features described to this point comprise the
primary features of a hydrodynamic bearing cartridge which
is useful in a number of environments. To incorporate the
cartridge into a disc drive, a hub 80 is added to the
outer surface of the sleeve 54 and rotates with the
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grooved pattern thereon, to forman effective fl i g—ptip ..9 stit-fjlade i n said
hydr odynani ¢ bearing. 2. A spindle notor as c|a %J 1 wher ei n
said shaft is stationary, and said sl eeve supports al B &fﬁ}%otation wi-t h
sai d sl eeve about said stationary shaft and suppbried.for rofatijor] by a

hydrodynam ¢ bearing fornmed by said shaft -gsaid fhrust plate surfgce
cooperating with said axial recess of said sleev pl ate
surface cooper aliesyen t Fhearotstingdsieevacalesd SUPRPYES uRelnwitthie Buby

spindle mtor g5 glghaedeln Fehin fatheneta saith coustatalale | ol eadeed

bet ween upri ght shaoul ders of said eeve and | ted p to sai
thrust plate sdf&H@R RE sthe shgeve and the uab so PEha gk‘. supports.

The motor shaft 50 ends in a shoulder 86 with a support
plate 88 and lock nut 90 assembling the hydrodynamic
bearing into a base 92 which would typically form the

lower portion of the housing of a disc drive. One or more
discs which are not shown in this figure but which are
generally indicated at 19 in Figure 2B are supported on
the outer surface of the hub or sleeve.

Referring next to Figure 3, the specific features and
modifications incorporated in the present invention can be
more clearly understood by a study of this figure which
shows in exaggerated detail the counterplate 58 fixed
within the sleeve 54 and the thrust plate 52 rotating in
the recess 56 of fhe sleeve. In this particular figure,
the O-ring 64 is not illustrated; the rationale for
providing the O-ring is discussed in the above
incorporated application of Steve Parsoneault et al. and
will be referred to further below.

As already discussed, and as can be more clearly seen
in the exaggerated view of Figure 3, lubricating fluid is
flowing over the upper surface 70 and lower surface 72 of
the thrust plate 52. According to the approaches taken in
the known prior art, the fluid flow over these upper and
lower thrust plate surfaces was controlled and the proper
pressure distributions developed by providing stamped or
coined surfaces having chevron-like patterns on both the
upper and lower surface of the thrust plate 52. However,
as has been found that such stamping or coining, applied
to opposite surfaces of the thrust plate, is significantly
"more difficult to do accurately than stamping on only one
side. Stamping on both sides of the plate, where the
finished plate is to be used in a bearing having very
tight tolerances, frequently results in defects either due
to stress raisers or stress concentrations which influence
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-13- 4. A spindle notor as claimed in Claim3 i g&&@%@ﬁé'% : T
termnates in a region parallel to said annular thfust plate so [ hat said
pl anar surface of said counterplate fornms a plangr|emd ¢faks®od hydr odynam c

bearing. 5.

surface of said counterpl ate extends beyen®d- he
overlying said second surface of said thrust pla

A spindle notor as clainmed in daiml wherein said grooved

surface on sai BhecERiBipgA¥e kifer e Mudisl gignifégantly easier to stamp

the thrust plate on only one side.

Therefore, according to the preferred embodiment of
this invention, only the side 72 of the thrust plate which
is facing the recess axial surface of the sleeve 54 has
the grooves coined or stahped thereon (as shown in Fig.
4B). The prior art would have also coined or stamped a
grooved pattern on the opposite surface 72.

Instead, according to the present invention, the
facing surface 68 of the counterplate (shown in Fig. 43)
would have a coined or stamped pattern of chevron-shaped
grooves imprinted thereon. This could be done prior to
inserting the counterplate 58 between the shoulders 62 of
the sleeve. Thus, the coining or stamping operation could
be easily and acgcurately carried out prior to assembly of.
the hydrodynamic bearing. Moreover, in order to be able
to accurately imprint the grooves on the counterplate, the
imprinted pattern would be printed over a circular surface
which exceeds the diameter of the recess opening 100 in
the sleeve. As shown graphically in Figure 4A, since the
effective groove surface area is less in diameter than the
actual grooved surface area on the counterplate 58, there
is no problem with stress ridges or risers at the edges of
the pattern. There is a far better groove definition over
the surface of the counterplate and the pressure
distribution created by the grooves will be more even and
reliable. The region of the grooves which lies outside
the diameter 100 will in fact overlie the upright ring 60
of the sleeve 54 and be covered thereby. To the extent
that fluid might have a tendency to be forced out of the
reservoir region 102 and over the top of the ring 60, the

O-ring 66 impressed into the recess 65 will prevent any

such fluid motion from passing beyond the edges of the
counterplate and working its way up between the shoulder
and counterplate and out into the surrounding atmosphere.

A final note with regard to the small recesses which
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6.. A spindle notor as clainmed in Claimb5 whereiRE?Léégéﬁd A an
upright annular ring at an end of said sl eeve surroundln sai d hr ust
plate, said ring surrounding said thrust plate |ard ﬁg$
to define a reservoir for said hydrodynam c bearijng therebv formng sai d
recess for said hydrodynam c beari ng, saLdlshoulﬂers of said sleev
supporting said counterplate arising fromsaid sl ' |
beyond said anmppéariogtsbabha&ntaidheouﬂbewplaueame$h£(mownrlqﬂgq&ﬂof

pindi e motor hecRAoRIer, ¢ hd ctipcray Siprte NBTIME 8B [ hede.,

annul ar recessreceagesadPice 05 HRL garevided esof thatd thiee@auntenpkataai d
and thrust plate may be more easily inserted into what
otherwise would be rectangular recess. It should further
be noted that the recess 65 and its O-ring 66 appear only
in Figure 2A and not in Figure 3. They are omitted from
Figure 3 for purposes of clarity in describing the
relative locations of the coined surfaces; however, the
use of the O-ring does provide an important sealing
advantage in insuring that no fluid can be lost from the
hydrodynamic bearing.

Other features and advantages of the invention may be
found by a person who studies the present disclosure. For
example, a rotating shaft design utilizing the hub.
features of the p%esant invention where the rotating hub
would be attached to the shaft at the opposite end of the
shaft from the thrust plate would also fall within the
scope of the invention. Therefore the scope of the
invention is to be limited only by the following claims.




thrust plate is ily fitted into said sleeve @
notor as cl ai mejl" I], lﬁl‘ MEI n said shoul der of
an annul ar rece ' Burface of said ring

counterplate is resting so that said counterplate is
tightly into said shoul der of said sleevel2- -14- 9.
claimed in daim7 wherein said sleeve.includes an ,
sai d annul ar CIAIMSnd sai d upright shoul der, and an[O-ring

1. An improved spindle motor comprising a rotating
hub for supporting one or more discs in a disc drive, and
a hydrodynamic bearing system for supporting said hub for
rotation,' ' | |

said bearing system comprising a sleeve and a shaft
fitted into an axial bore of said sleeve,

said shaft and said sleeve rotating freely relative
to one another, and together defining a journal bearing,
said shaft further supporting an annular thrust plate,
said thrust plate extending into a recess formed by an
axial face stepped into said sleeve and

a counterplate parallel to said axial face and said
thrust plate and attached to said sleeve,

said surface of said thrust plate facing said axial
face of said sleeve having a groove pattern formed
thereon, and said surface of said counterplate facing an
opposed, second surface of said thrust plate having a
grooved pattern thereon, to form an effective fluid
pumping surface in said hydrodynamic bearing.

2. A spindle motor as claimed in Claim 1 wherein
said shaft is stationary, and said sleeve supports a hub
for rotation with said sleeve about said stationary shaft
and supported for rotation by a hydrodynamic bearing
formed by said shaft, said thrust plate surface
cooperating with said axial recess of said sleeve and said
counterplate surface cooperating with said second surface

of said thrust plate.

3. A spindle motor as claimed in Claim 2 wherein
said counterplate is located between upright shoulders of
said sleeve and 1located parallel to said thrust plate

supported by said shaft.
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formed of an elastic material fitted into said red

vertical extend of ' capture betweers basi a
and said counter pdﬂ!ﬂ%j‘@@umﬁ“ cating fluid ifn{a @gih@:‘fﬁﬂgﬁod
beari ng cannot noves ) g to reach a regi '

counterpl ate neets said shoul ders of saidjgleeve.|{10. A spindle notpr as
claimed in Cdaim9 wherein said groove surface of —sard-cotnterptate ext ends
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5. A spindle motor as claimed in Claim 1 wherein
said grooved surface of said counterplate extends beyond
the region of said counterplate overlying said second
surface of said thrust plate so that said groove surface
on said counterplate is more easily formed.

6. A spindle motor as claimed in Claim 5 wherein
said sleeve has an upright annular ring at an end of said
sleeve surrounding said thrust plate, said ring
surrounding said £hrust plate and cooperating therewith to
define a reservoir for said hydrodynamic bearing, thereby
forming said recess for said hydrodynamic bearing, said
shoulders of said sleeve supporting said counterplate
arising from said sleeve in a region axially beyond said
annual ring so that said counterplate rests on an upright
surface of said ring and between said shoulders of said

sleeve.

7. A spindle motor as claimed in Claim 6 wherein
said annual ring includes an annular recess formed
adjacent said axial face of said sleeve so that said
thrust plate is more easily fitted into said sleeve

recess.

8. A spindle motor as claimed in Claim 7 wherein
said shoulder of said sleeve includes an annular recess
adjacent the surface of said ring on which said
counterplate is resting so that said counterplate is more
easily fitted tightly into said shoulder of said sleeve.
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thrust plate or said recess for said hydrodynan1 earrﬁg“w&i sipi ndl e
not or as cl ai ned n said end of pa portl ng said
thrust plate incllmm"m Imﬂm gl on of reduce ,rolﬂscgﬁé‘gc‘éag said -
thrust plate being*fiated snto said reduced cross section.regio

shaft and is supported on a shoul der of sakd shaft defined by sai shaft of

normal cross section and said region of reduced
spindle motor as cl%i medk i aPtndle notameas ciainedhant Cladgmord dfh?-lé%mned

cross section ddid u%qSeéVé arimalafdésecsas hahlRdrar pUBdsSai Ketleéh S@aidat
said thrust plat nore easil flttqugnto sai_d end <£ sai d_t hyust

plate. 13. A ﬁﬂ’?’fﬂ’t"’e‘y not8e AP §P|’r€d Ry ght nshophaezin an O-ring

formed of an elastic material fitted into said recess and
filling the vertical extend of said recess and capture
between a basis of said recess and said counterplate, so
that lubricating fluid in a said hydrodynamic bearing
cannot move beydnd said ring to reach a region where said

counterplate meets said shoulders of said sleeve.

10. A spindle motor as claimed in Claim 9 wherein
said groove surface of said counterplate extends beyond
said recess formed to hold said thrust plate of said
hydrodynamic bearing, and rests against sald surface of
said annular ripg, so that said groove surface of said
counterplate maf be more easily formed on said
counterplate without having ends of said grooves
cooperating with any region of said second surface of said
thrust plate or said recess for said hydrodynamic bearing.

11. A spindle motor as claimed in Claim 9 wherein
said end of said shaft supporting said thrust plate
includes a central region of reduced cross section, said
thrust plate being fitted onto said reduced cross section
region of said shaft and is supported on a shoulder of
said shaft defined by said shaft of normal cross section

and said region of reduced cross section.

12. A spindle motor as claimed in Claim 11 wherein
said shaft region of reduced cross section includes an
annular recess formed around said shaft so that said
‘thrust plate may be more easily fitted onto said end of
said thrust plate.

13. A spindle motor as claimed in Claim 1 wherein
said shaft is rotating with said sleeve and supports said



said shaft is rotating with sald sl eeve and suppcREnggﬁaﬁ@ﬂfﬁﬁEﬁw on an
end thereof, sai ﬂ,ﬁmm ei ng supported f{ qr rotation by{said
hydr odynam c bea ’m ” i d shaft and saijd {s| ¢gweaRr 3997d { hif ust

pl ate surface cooperatilng ™ #h sald axi al recess{off said sleeve an¢ said
counterpl ate surface cooperating with satibseconq surfaceof—sard {hrust

plate. 14. A spindle notor as claimed in Caim1l3 wherein said thrpst plate
i s supported &ubs®ndasghgnd dhareat,from

said shaft and hub being supported for rotation by

said hydrodynamic bearing formed by said shaft and said
sleeve,

said thrust plate surface cooperating with said axial
recess of said sleeve and said counterpléte surface
cooperating with said second surface of said thrust plate.

14. A spindle motor as claimed in Claim 13 wherein
said thrust plate is supported on said shaft distant from
said hub and adjacent said counterplate supported on said
sleeve.

15. A spindle motor as claimed in Claim 14 wherein
said counterplate is located between upright shoulders of
said sleeve and located parallel to said thrust plate
supported by said shaft.

16. A spindle motor as claimed in Claim 15 wherein
said shaft terminates in a region parallel to said annular
thrust plate so that said planar surface of said
counterplate forms a planar end of said hydrodynamic
bearing.

17. A spindle motor as claimed in Claim 2 wherein
said grooved surface of said counterplate extends beyond
the region of said counterplate overlying said second
surface of said thrust plate so that said groove surface
on said counterplate is more easily formed.

18. A spindle motor as claimed in Claim 17 wherein
said sleeve has an upright annular ring at an end of said
sleeve surrounding said thrust plate, said ring
surrounding said thrust plate and cooperating therewith to
define a reservoir for said hydrodynamic bearing, thereby
forming said recess for said hydrodynamic bearing; said
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satd hub and adj ace l l l te supported pnjsaid sleeve. {15 A
spi ndl e notor as cl %‘uaﬁ jm IH wherein said golnt Bors { ocated
bet ween upright sho sald sl eeve and | ocat gd péf%?#%ﬁ to sjai .
thrust plate supported by.said shaft. 16_14-spi ndl ¢ hrotor—as—ctai in

Claim 15 wherein said shaft termnates in a regionjparallel to said jannul ar
thrust plate shddladerdi ¢! 324 Mé@f@ thiﬁixd:l@@lngﬁﬁ.ﬂl aESUNEAF] £t e

pl anar end of nani A spindl e mntor. as clained in

d ai m 2 wher ei salgygﬁlb‘?}geﬁa%érfg %Vﬁf l§aFd FEFHI L B i e R RYRAD 1R34AFh d

the regi on of aggivhlauimeersy dtrato\wrid icoprserpketontests on an upright
surface of said ring and between said shoulders of saiq
sleeve.

19. A spindle motor as claimed in Claim 18 wherein
said annual ring includes an annular recess formed
adjacent said axial face of said sleeve so that said
thrust plate is more easily fitted into said sleeve
recess.

20. A spindle motor as claimed in Claim 19 wherein
said shoulder of said' sleeve includes an annular recess
adjacent the surface of said ring on which said
counterplate is résting so that said counterplate is more
easily fitted tightly into said shoulder of said sleeve.

21. A spindle motor as claimed in Claim 19 wherein
said sleeve includes an annular recess between said
annular ring and.said upright shoulder, and an O-ring
formed of an elastic material fitted into said recess and
£illing the vertical extend of said recess and capture
between a basis of said recess and said counterplate, so
that lubricating fluid in a said hydrodynamic bearing
cannot move beyond said ring to reach a region where said
counterplate meets said shoulders of said sleeve.

22. A spindle motor as claimed in Claim 19 wherein
said groove surface of said counterplate extends beyond
said recess formed to hold said thrust plate of said
hydrodynamic bearing, and rests against said surface of
said annular ring, .so that said groove surface of said
counterplate may be more easily formed on said
counterplate without having ends of said grooves
cooperating with any region of said second surface of said



urface of saidt | ate so that said groove sjr }
counterplatels nﬂ!ﬂ ”Jllm 18. A spindle hotor as clained ijn Caim
17 wherein said s ﬂmght annul ar ringjal a7 MAR 897 sdi d sl eeve
surrounding said thrust pI dte' said ring surrpunding said thrjust plate
and cooperating therewith to defiine a resarmoir fof said hydrodynamjc
bearing, thereby form ng said recess for said hydredyrami-c—bearing~Isai d
-16- shoul der stfustiplatecor sajparadess Fan S@G@lh&'ﬁp’loéﬁ@é\a’rlicshﬁmmn
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annual ring so that said counterplate rests on anju
ring and between said shoul ders of said sleeve. 19.
claimed in Caim18 wherein said annual ring incl
formed adj acent said axial face of said sleeve so
nmore easily fitted into said sleeve reces.- 20. A\ Iained
in Claim219 wherein said shoul der of said _sl|eev ecess
adj acent the surface B¥PRODYNAMI B@ﬁRﬁﬁpbﬁs§§N§LgbUﬁF§r§F§F@E|§IP§9n ng o)

that said counterplate is nore e COUNT, FFEHPI i nto said shoul der of

said sleeve. 21. A spindle notor as clainmed in Claim19 wherein

ABSTRACT OF THE DISCLOSURE

spindl e notor as

An improved spindle motor is disclosed which includes a
rotating hub for supporting one or more discs in a disc drive.
Also disclosed is a hydrodynamic bearing system for supporting
a hub for rotation, the bearing system includes a sleeve and
a shaft fitted into a axial bore of the sleeve. The shaft and
the sleeve rotate freely relative to one another, and together,
define a journal bearing. The shaft supports an annular thrust
plate. The thrust plate extends into a recess formed by an
axial face stepped into the sleeve and a counterplate parallel
to the axial face and the thrust plate and attached to the
sleeve. A first surface of the thrust plate faces the axial
face of the sleeve which has a groove pattern formed on it. A
surface of the counterplate faces an opposed, second surface
of the thrust plate which has a groove pattern formed on it,
to form an effective fluid pumping system in the hydrodynamic
bearing.

Figures 1, 2a, 4a and 4b




sai d sl eeve includes an annul ar recess between said annular ring and.said
material fitted into
said recess~and filling the vertical extend of said recess and capture

upright shoulder, and an Oring fornmed of an elastic
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between a basis of said recess and said counterplate
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a region where said counterplate neets sai d shoul der s
spindle notor as clainmed in daim19 wle/& n said gr¢
counterpl ate extends beyond said recess forned to hol
sai d hydrodynam c bearing, and rests agai nst said suf
ring, so that said groove surface of said counterplat
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cpunferplate wi t hout having ends of said grooves cooperating with any
regi on of said second surface of said -17- thrust plate or said recess

for sai.d hydrodynam c beari ng.
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