1f05 §
17 14!

9610906-1"

RYDRODYNAMIC BEARING ASSEMBLY WITH SINGLE
SIDED GROOVED COUNTERPLATE ) \/

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 application is a continuation~in-part of U.8.
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,
gexial Na. 08/503,568, A=60465/TA8 L£iled 05*30-93. 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 invention and
incorporated herein by referencs..

Disc drive memory systams have been uzed in computers
for many years for stovage of Jdigital informatien.
Information is recorded on concentric memory trhdks 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 & apilndle,
tha information being adcessed 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 Wust be adcurstely aligned: with the
storage tracks on the disc to ensure propar rnaing and
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writing of informatlion.

puring eperation, the disca are rotated at vmcy high
speeda within an enclosed housing by wmaans of an| alectr.{e
motor generally 1oaatad {nside tha hud or helow tha disca,
one type of motor in common wse is Xnown as an in-hub or
in-spindie motor. Such known in-spindle motors tzypicany
have a =pindls mounted by means of two ball bearing
systens to a motoy shaft dimposed in the contqz of the
Pub. One of ths baarings is typleally ioaatcd near the
top of the spindle and the othaz near the botteh. These
pearings allow fer rotational movement between the shath

and the hub while maintaining accurate alighmest of the -

spindle to the shaft, The bsarings themsalyes are
normally lubricated by grease or oil. '

The conventional bearing aystem. described above is
prone, howevar, to savaral shortcomings. Fiﬂe is the
problem of vibration genernted by the balls rolling on the
raceways. Ball bearings used in hard disk drive dpindles
run under conditions that ganerally guarantea! physical
contact bakwesn raceways and balls, this in apiu of tha
Iubrication layer provided by the hearing oll or grease.
Hence, bearing dalls running on the generally aven and
smooth, but plozosgopically uneven and rough raceways,
transmit +this surfzcs structurs as well as thaly
imperfections in apherieity in the form of vibution ta
the rotating disk. ZThis vibration results in niuiiqnmnt
betwesn the data tracks and the read/write transducer,
This source of vidration limits therefoers the data track
density and the overall performanas of the d.tac arive
‘Y‘tm:

Another problem is ralated to the application of haxd
aisk dyives in portable computar seguipment and the
resulting raeguirements JZer shoox resistance. Shocks
oreate zelative acceleration betwsen the disk& and the
arive casting which in twgn shows up as 8 force acrou tha
baaping system. Since the contact au:!acas in pall
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bearings are vexry small, the resulting contact pressures
may exosed the yleld atrength of tha baaring wathrial and
leave permanent defomat:im and dmn;ga on rac&waya and
balis, ‘

Morsover, mechanical bearings are not nlways ucalabh

- to smaller dimensions. This is & significant dzaw back
since the tendensy in the disc drive industry has been to
continually ahrink the physical d.i.mnsions 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 conplex ferro-maghetic Zluids, or even air have bean
utilizged for wes in hydrodynamic beaving 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 a hydrodynamic bearing employing
& ligquid lubricant, the lubricating fluid itself must de
sealed within the bearing to avoid ioss of Iubziaant 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. haad disc region of the disa
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ariva, :
Typically, in the prior art, eeals for sehling'
£luld.vithin the diso drive utilize a bressurized £iim op
the surface of the liquid eir interfece. In the cage of
bearing assesblies vhioh anploy ferro-magnetic £luids, the i
seal is achieved by the means of a nagnetle field =
eatablished at each end of the bearing. ueweiur, such
ssals hava not been demonstrated te ba reliahly effaative
over a long period of time. .
g Other chvicus shortconinys include the fact that many
- prier art hydvedynamic repring assemblies friquentiy

. Teguirs large or bulky structural elements Zor s\yperting
+ the-axial and radisl loads, &¢ such hydvodynamid bsarings
‘@0 not have the inherent stiffness which results from
: mechanioal bearing assemblies. Tt is dairfioult to soale
“"tha styuctural suppert elenants to £4% within the smalier
' dise drive dimenasons current Y in consumer demawds. In
other inastances, hydrodymamic| bearing assembliss suffer
from the disadvantages af Fequiring extremsly eight
clearances and alignments; thias burden makes it dirfi{ault
te manufagture such uambﬁa.s 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 difflcult to form,
especially in designs where the grooves xun all the way to
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 durin‘z the ¢oining process,
which interfere with the estabiishment of the desired
pressuye distribution patterns within the baaring.

In some hydrodynaric hearing de%:.ggns, a thinst plate

™ o o
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) 3
is utilised which extends perpendicular to the rotating shaft or surface. Such thrust plate
has in the past frequently required a pattem of grooves on both sides, It is very difficult
$o stamp or groove a plate on both sides, much more difficult than to stamp the plate
only on one side. Such stampmg and grooving efforts can again lead to distostions in the
thrust plate or stress ridges on the sm:t'aoe 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. a

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 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. 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 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 2
recess formed by an axial face stepped into said sleeve, and a counterplate parallel to
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said axial face and said thrust plate and attached to said sleeve, said surface of s::dm
thrust plate facing said axial face of said sleeve having a groove pattern fotthd ett_ ,
. ofsaidcountérp!ahefacinganopposed,mondsutfaceofsaxdﬂm?
o — thereon, to form an effective fluid pumping surface in
e mbe:;::erit or nm; one end, the shaft supports a thrust plate, which
::t:: ?;nnjm r;ess in tl;e sleeve, The thrust platelrotates within a recess in the
sleeve, one side of the thrust
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plate supporte a pattern of grooves, to astnbush the
proper 2luld distribution in the bhearing. rac;l.ng the

" opposiee #ide of tha thrust plate, a .coun\:or.;p}ate, is

provided which itzell has a grooved surface nacassary to
provide the fluid distrimution and.prassure distributien
to support the smooth rotation of the hydredynamic
Pearing. The groove pattern on the countorplato is of
sufficfent extent to sxtend bayond the recass 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 advautages of the present
invention will become apparent to a perscn of skill in the
art who studies tha degcription of & preferred embodiment
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
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invention will bacome appsrent to a person of skill in the
art who studies the follewing detailed description of a

_ prafarred subodiment given in conjunetion .with the

ascompanying drawings. .

- g —

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 se thet it is easier te design and’
panugacture the thruat plate which rotates with the shaft.
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 shatt and carries grodves for

' distriduting the £luid in the hydredynamio 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
fechnology, An example of which is shown in Piguie 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 eurfaces, in this case tha shatt,
oarrying oylindrical sections of splzal grooves, ' X thrust
plate 14, rotating in a recess in the sleeve 12; is also
provided with concsntric apiral groove sestions as shown,
The yelative ratation of the ahaft and sleave coﬁ:b_imtion'
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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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 diec or discs 19 vhich are rotated by thé spindle
23 of thq: spindle metor of Tigurs 23, A= the discs
rotate, a \transducer 33 meunted on an end of an'actuater
ars 27 is= ﬁeluaﬂivuy positioned by & volce coil 'motar 29
rotating sbout a pivot 31 to move the transducey 23 :rem'
traak to eraek over the surfaca of the disa.

Mturn?.ng o Tlgura 2, the figure shows in vertical
mmation a spindle nmotor of a typs which iz ejpesially
useful in adisc drive. 7he moter includes a shaft 50
having a thrust piate 52 on one end in & design similar to
that disoleosed with raspeat to Figure 1. The shatt B8O is
fixad relative to the rotating sleave 54; the thruat plate
18 fixed withip a recess B6 in the hub 54, A counterplate
50 is provided, resting on and pressed against sh anaular
ving sestion 40 of the sleava 54. The outer dinmeter 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 tightiy againét the bottom surface 68 of the
counterplate '58. 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 xaaturas described to this point comprise ‘the
primary featuras :at a hydrodynanic bearing cartridye which
is useful in a m_;mim of environments. " Te inanrpoute the
cartridqe into a (aisc drive, a hub 80 is addsd to the
outer surface of| the slesve 54 and yotatas ‘with the,
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sleeve. The rotating shwe also supports, balow the hub,
a nagnet 82 whioh interacts with a stator 84 to cated
xotation of the slesve and the hup 80 that 1t 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 invcntiﬁn 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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the coining dye Life. It is significantly essier to stamp
the thfust plate on only one sids.
therefore, according to thse praferraed mbodimnt ot

this invention, only the side 72 of tha thrust puu waich -

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, sccording to the present invam:.on, thae
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 easily and acgurately caxried out prior to assembly of
the hydrodynamis bearinq. Moreover, in ordar t@ be 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 cpeninq 100 in
the siseve. As shown graphically in Pigqure 4A, sinde the

affactive groove surface area is less in dismoter than the -

actual grooved surfsca ares on tha counterplate 53, there
is no problem with stress ridges oF risers at the edges of
the pattern. There is & far batter groove dezinium 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 z.iu outeide
the diameter 100 will in fact overlie the upright 'ring 60
of the sleeve 54 and he covered therehy. To the extent
that fiuid night have & tondency to bhe forosd out of the
resexrvoir regian 102 and over the top of tha ring 60, the
o-ring 66 impressed into the recess 65 will preVant any
auel fiudd motien Zrem passing beyond 4the cdgqa et the

_countarplate and working its way up batwean the shoulder

and gountarplats and out into the surrounding mtmosphare.
A finsl note with ragard to the emall recesges which

e LRI
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appear cut back into the sleeve 54 at the lower edges of the shoulder 62 and the ring
shaped upright 60. These recesses 104, 105 are provided so that the counterplate 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 the purposes of clarity ih -
descriizing the relative locations of the eomed 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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CLAIMS

1. An improved spindls motor comprising a rotating
hub for supporting ona er nore discs in a dlsc drive , and
a hydrodynamic bsaring systes for supporting said hub gor
Feotation,

said bearing systen coomprising a sleeve and a shatt
gitrad inte an axial bore of ‘maid sleevs,

said shaft and sald sleeve rotating truly relativae
to cne another, and togethey dafining a journal kearing,
said shaft further supporting an amnular thrust plats,
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 sald 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
gnid shaft le stationary, and said sleeve mppa;-ti 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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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 #aid recess for said hydrodynamic besring, =aid’
shoulders of sald sleeve gupporting said ccumorplnta
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. :

B+ A spindle motor as claimed in Claim % wherein
sald shoulder of sald sleeve includus ay annulsr recess
jacent the "surface of said =ring on which said
Lountazplata is resting s¢ that said ccuntsrpluta is xore
' eas:uy fitted tightly intc said shoulder of galid sleeva.

]
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8. A spindle wotor az alaimed in Claim 7 wherein
said sleeve includes an annular recess betwhen said
ammlar ring and gsaid upright shoulder, and an O-z‘i.ng
formed of an elastic material £itted into sald raaass 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 wsaid: grooves-

cooparating with any region of sald sacond surface of said
thrust plate or said recess for sald hydrodynamic 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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hub on an end thersof,
said shaft and huwb being supported fox rotation by

sald hydmdynmie raaring 102:4.6 by ui.d shaft amd ni.é._

s].aeve,

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
beaxring. :

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 a Teserveir for sald nydrodynamin bearinq, thmby
forming sald yacess for aaid hydrodynmic baaring, said
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ghoulders of gaid slauve supporting said countarplate
arising from said slsave in a region axially beyond snig
annual Ting Be that said -counterplate rasts én an upright
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 inaludas an ‘annular recess
adjacent thes guvface of sald ring on which maid
counterplate is resting so that said counterplate is more
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
sald annulaxr ring, .se thak said groove gurface of said.
counterplate’ may be nmors easily forwed on said
gounterplate without having ends of sald grooves
cooperating w!.i:n any raqion of aaid second gurfacs of said
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thrust plata or said recess Iox said hydrodynanic b’.‘r ney
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