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15
FIELD OF THE INVENTION
The present invention relates to magnetic disc drive storage systems, and
more specifically, the present invention relstes to & hydrodynamic fluid bearing for use
in & magnetic disc drive storage system.
20

BACKGROUND OF THE INVENTION
Magnetic disc drives are used for magnetically storing information. In a
magnetic disc drive, a magnetic disc rotates at high speed and a transducing head “flies™
over a surface of the disc. This transducing head records information on the disc surface
25 by impressing a magnetic field on the disc. Information is read back using the head by
detecting magnetization of the disc surface. The transducing head is moved radially

across the surface of the disc so that different data tracks can be read back.
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BACKGROUND OF THE | NVENTI ON Magnetic disc drives are
used for magnetically storing information. In a magneti c di sc
drive, a magnetic disc rotates at high speed and a transducing head "flies"

over a he disc. This transducing head records information on
the disc surtace 2 by inpressing a magnetic field on (ora
Information is read back using the head by detecting nmagpeti zation
of the disc surface. The transduci ng head i-3- noved radially acr oss
the surface of the disc so that different data tracks can be read back.
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Over the years, stirggeogaenichas tdngeddeceasge drtiniréddtae dae (o Brbatel pregision and t he
storage system has tended to decrease. This trend has |ead to greater

precision and jgwer tolerdnd\RY thé lsRbitefng ihdl dRralMp OF niababiticMbragiiRBe FoF | NY
of magnetic storage discs. For exanple, to achl eve increased

storage densitig zaaso r@ﬁwﬁeﬁ&e@ﬁgﬁggﬁ&fﬁ@sg@mm “head mukt'be'phfed N9l Y

close to the surtace e storage rOX|mt reqwres that the

di Ec@g ol

r:JrS100ut in %I sc?r @%ﬁé%%%%ﬁ&b%% eﬂgﬂ eﬁ%&gg%‘éor
tact the t d d. Thi , and

Gamge. the.tr andBte AR n o e Pﬂ%ﬁee“%ﬁ‘@ﬁw&*spagmﬁwf%w@%anF:’i‘”

| oss of cmgsgghaemfweoft&wdzscmmmmatmsdumnghmd This is known as a “crash”

and can damage the transducing head and surface of the storage disc resulting in loss of
data.

10 From the foregoing discussion, it can be seen that the bearing assembly which
supports the storage disc is of critical importance. One typical bearing assembly
comprises ball bearings supported between a pair races which allow? hub of a storage
disc to rotate relative to a fixed member. However, ball bearing assemblies have many
mechanical problems such as wéar, run-out and manufacturing difficulties. Moreover,

15 resistance 1o operating shock and vibration is poor, because of low damping. Thus,
there has been 2 search for alternative bearing 2ssemblies for use with high density
magnetic storage discs.

One slternative bearing design which has been investigated is a hydrodynamic
bearing. In a hydrodynamic bearing, a lubricating fluid such as air or liquid provides &

20 bearing surfiace between a fixed member of the housing and 2 rotating member of the
disc hub. In sddition to air, typical lubricants include il or ferromagnetic fluids.
Hydrodynamic bearings spread the bearing interface over a large surface area in
comparison with a ball bearing essembly which comprises a series of point interfuaces.

This is desirable because the increased bearing surface reduces wobble or run-out
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10 From the foregoing discussion, it can be seen that the

beari ng assenbly which supports the storage disc is of critical

i nportance. One typical bearing assenbly conprises ball bearings
supported be air races which allow a hub of a storage di sc
to rotate relative to a fixed nmenber. However, ball bearing BH#t1%s have
- many mechani cal probl ens such as wear, run-out and manufagturing
~difficulties. Mreover, 15 resi stance to-®perating shock and vibration
I's poor, because of |ow danping. Thus. there has been a search for
al ternative bearbetweeashasnistingand fixed membensi Mordvivertithe esesofifiyid in the interfacemepaet i ¢

' storage discs. One alternative bearing deign which has

“been investi gat eithpags danping eftgrsaorthe bearing which Halpato Reguce it fiblR i C
bearing, a lubricating fluid such as air or liquid provides a 20
“bearing surface bet \A/eerﬁ{wﬁe&e@dmyb@ﬁcQ&ﬁn@@nﬁ&ﬁ&b&%@eﬂﬁﬁmr&w{dn@eﬁﬁmer

. of the disc hub. In addition to air, typical lubricants include

~oi | or ferromagngiiving d ldivdefhess-to-power ralid 0 Gidris IRRIAE MR seRERAd oF i

' bearing interface over a |large surface ar parisoh wth a

" bal | bearing as Skdghihg/vo Ml bl LAIPSA shGck, @ Series of point interfaces.

- This is desirabl e because the I ncreased bearing surface reduces wobble or

Ir:,g/ (l)Jgt97 /24261 VO 98/ #t8Aen solution to this problem would be to have the spindle megtor

between the 1ot abln0 ARk HE el MAHhS top Rve SFihe dhsh Sries foing: T worda "

-]

incsease overall drive performance. A motor attached at both ends is significantly stiffer
than one held by only one end.

10 _ Known hydrodynamic motor designs provide no method for top cover
attachment. The reason for this is that in order to have top cover attachment, the motor
bearing would need to be open on both ends. Opening a hydrodynamic bearing type
motor bearing &t both ends greatly increases the risk of oil or fluid leakege out of the
hydrodynamic bearing. This leakage is caused among other things by small differences

i35 in flow rate created by differing pumping pressures in the bearing. Ifall of the fiows
within the bearing are not carefillly balanced, a net pressure rise toward cne or both ends
will force the fluid out through the capillary seal. Balancing the flow rates in
conventional, known thrust plate bearing designs is difficult because the flow rates
created by the pumping grooves are a function of the gaps defined in the hydrodynamic

2@ bearing; the flow rate may change with RPM or the load on the motor. Thus, a -needl
exists for 2 new approach to the design of a hydrodynamic bearing based motor to

optimize dynamic motor performance, stiffhess (both radial and axial) and damping.

SUMMARY OF THE INVENTION
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I mparts danping effects to the bearing which hel ps to reduce non-repeatabl e
runout . However, hydrodynam c bearings thensel ves
suf fer from di sadvant ages including a | ow stiffness-to-power

ratio. Th ﬂ@Q%ems | ead to a high sensitivity of the earing to
ext er nal F‘%@ggjor shock. A desi rabl epggﬁﬁﬂ%ﬁato this

probl em woul d be to have the spindl e notor attached tao both the
base and the top cover of the disc drive -Housing. This would

i ncrease overall drive performance. A notor attached at both ends is
significantly stiffehus it is an chbjsstof che prestrd ipyentioh \to omeste aa . improged

Known hydr odynam ¢ notor designs provide no nethod for top cover
attachment . Tigdrodpsmatic bearing Which issrelativdly ingensitiviers dhangeaindotdgndcotational
attachnent, the notor bearing woul d need to be open on both ends.
Openi ng a hydrsggidnam c bearing type not or bearing at both ends
greatly increase the risk of oil or fluid | eakage out of the

hydrodynami ¢ bear i ng.Anblies obREALT thSinvaiis %s &'BHOWA b 1 brolifteRftSbddving el |
di fferences 15 in flow rate created by differing punping pressures in

the bearigg. lgfyak incRhselli8mids® VS within the bearing art not
careful | y bal anced, a net pressure rise toward one or both ends

w11 force the T1uid o bl i GORH y 50 HRAFRRE bl O
HIATRHRRES TR HAK TS S R
o T g ol Soob 4 S 5 S S R0
LT 10 i A Totor Rer forrance, stifigess (both
10 A further objective of the invention is to design a hydrodynamic bearing
usefiil in a spindle motor or the like in which the motor could be attached to both the top
cover and the base of the housing for the spindle motor.
Yet another objective of the present invention is to provide a hydrodynamic
bearing motor in which the bearing is open at both the upper and !owér ends.
15 These and other objectives of the present invention are achieved by providing
2 hydrodynamic bearing usefil as a bearing cartridge or as the cartridge may be
incorporated into 2 spindle motor or the like, where the bearing includes a shaft and at
least two independent bearings each comprising 2 thrust plate supported on the shaft and
& counter plate incorporated in a sleeve which is capabie of relative rotation around the
20 shaft. Because of the deviation from acmaﬁ geometry in different parts in the bearing
due to manufacturing limitations, the multithrust plate or single plate type bearing with
top cover attachment - open at both ends may force the fluid out of the beearing. This

effect is caused due to the pressure imbalance inside the bearing generated by the

hydrodynamic action. In such a situation, the whole bearing with multipie thrust plates
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SUMVARY OF THE | NVENTI ON

-4- Thus, it is an object of the present invention to
create an inproved hydr odynam ¢ bearing which is relatively
insensitive Lo changes in |oad and rotational ' . not her
obj ective of L is to provide a hydrodynanic beagqr@mgsﬁ

havi ng i ncreased stiffness. Anot her objective of the
invention is to provide a hydrodynam c beardsag useful in a spindle
notor for a disc drive or the like which is stiffer than known standard

spi ndl e not ors whist he saperetedpinto seationg, thege cdn berseparated sodactvaptled fhem sachivihert y of

the system and specifically of the transducer relative to the
rotating disc i soafimbe #réfect dfhressure imbalance thus'elikrisakiig or @Biciey the ehantestdfie
i nvention is to design a hydrodynam c bearing useful in a spindle

motor or the |i kifid idakge.Ch the nmotor could be attached to both the top
cover and the base of the housing for the spindle notor.

Yet another objective qgf tﬁﬁ%ﬁrmﬁ%ﬁ%@iﬁé Wg@ﬁntgtéﬁﬁgg%d&@b$%§a%nam c

beating notor in which the bearing i opén a e “upper and | ower

?gszn ti éﬁ arS e ac iiiﬁ'eereuét dngs il;g :&gﬂ%?%m? %ﬁ&ﬂ% e%&ﬁs%tthg %@pa?im{oﬂ? Bcf Ytk piate
includes a radial vent opening extending radially through the plate, and an axial vent hole
at the plates inner radius connecting with the radial vent. In the case of 2 multithrust
plate design, g hole through the shafl is connected t§ vent both the shaft and the thrust
plates. A meniscus is formed on either side of each junction of vent to gap.

10 More specifically, in an exemplary embodiment the bearing includes a fixed
shaft and a sleeve rotating around and surrounding the shaft, and at least first and second
thrust plates separated by a portion of the shaft. The shaft includes an axial hole to vent
appropriate positicns inside the bearing. The axial hole extends from one end of the
shaft past at least one of the thrust plates. The axial hole is connected by a radial bore

15 to the bearing gap at a location between the thrust plate closest to that one end of the
shaft and the facing counterplate.

In an alternative embodiment, the axial hole can extend beyond the farthest
thrust plate from the one end of the shaft, and can be connected to the bearing gap by
a second radial cross-bore. This approach is useful where the gap between shaft and

20 sieeve beyond the furthest thrust plate from one end of the shaft is to be used as a

journal bearing region. A meniscus forms in the bearing gap on either side of each vent
~ opening, decoupling adjacent bearing sections of the hydrodynamic bearing,
Tn the situation where the bearing is used in & disc drive, typically in a spindle

motor or as another bearing, the open end of the axiaf hole is at the bottom or base, and




a hydrodynam c bearing useful as a bearing cartridge or as the cartridge
may be incorporated into a spindle notor or the |like, where the
bearing includes a shaft and at | east two i ndependent beari ngs
each conpr igsh et Nrust pl ate supported on the shaft and a

. counter plate In

corporated in a sleeve which is capable oFCTEPPA3PL
rotation around the 20 shaft. Because of the deviation fromactual
geonetry in different parts in the bearines- due to manufacturing
limtations, the multithrust plate or single plate type bearing with

top cover att atbhplosed endplshe axial borelat the tisp. Gagovies candbetfivanet lonisbiafoort sleefe ine
bearing. This effect is caused due to the pressure inbal ance

i nsi de the beamanypfthenep egieds toynctdae stiffness. Groovey chuldisisocppear @8 on@or mbie such a
situation, the whole bearing with nultiple thrust plates WO

08/ 48422 of the counterplates, or on one or more thrust plate surfaces.
PCT/ US97/ 24261 must be separated into sections; these can be

separated or decoupl emgus@mmmmmmmm%m&%mw&ct of

pressure inbal ance thus elimnating or reducing the chances o

fluid | eaFage- the ovemﬂgdesﬁgn without an ha}(tté@a#{}ﬁh&e%k ﬂ‘ﬁjpo%(ﬁ ?ér[sﬁtgﬁ?&em%ygh%%ﬁle

i ndi vi dual bearings have to be Vv . ere

O ont | OBk AR SRR A e BRI Shonll B, o,

Fadial vent . IFREbmeneineli dpomeR Wy e
Other features and advantages of the present invention will become apparent

to & person of skill in the art who studies the present invention disclosure, given with

10 respect to the following figures.
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pl ate design, a hole through the shaft is connected to vent both the shaft

and the thrust plates. A neniscus is formed on either side of each
junction of vent to gap. 10 More specifically, in an
exenpl ary e%ﬁﬁ | t the bearing includes a fixed ?Cﬂ@@?ﬁkw?nd a

sl eeve rot at ound and surrounding the shaft, and at |eas I'rst and
second thrust plates separated by a portion of the shakt. The
shaft includes an axial hole to vent <7- appropriate positions inside
t he bearing. The axial hole extends fromone end of the past at

| east one of thBREEFDRSGRIPIEON ORTHEDRAWINGSi s connected by a radial
bore 15 to the bearing gap at a |ocation between the thrust plate

cl osest to that one enFigmt 1liswperspective viewsdfaf haghedt diftcstérags sysremovhithangyl at e.
In an alternative enbodi nent, the axial hole can extend beyond the farthest

thrust plate frg@iBRtOne hpiedydhmicheariigahitridgantld epRdio Mot MaRbridndeavitthe

beari ng gap by a second radial cross-bore. This approach is useful
where the gap b SemIfRhorand 20 sl eeve beyond the furthest thrust
pl ate from one @%ﬁo?nt*ﬁ%&s%aft is to be used as a journal bearing

region. A rngeniscus for | | [ . | ' t

openi ng, dgoupl I ng ad] 8%6% Eﬂigﬁ% %@@%ﬁ]egpggé #ﬂgﬂ@ﬁ%ﬁ%ﬁq&%ﬁgi ng.

In the situation retheggeedarin hLS_used in disc drive, typically in a
i acpladie pRiy angmiopy

spi ndl e B IncBPORE R 8¢ #88%5™¥he open end of the axial
P,Cc)l-l-/e UISS 77“2 4t2 gi bot t om g{gm%afisig a vg&gal sectional view @V}pa h%%m/‘o%a%nznc bearing cartridge in

aceordance with the present invention.

10 DETAITLED DESCRIPTION OF A PREFERRED EMBODIMENT
Figure 1 is an exploded perspective view of & magnetic disc drive storage
gystem in which the present hydrodynamic bearing cartridge could be used. In the
example to be discussed below, the use of the hydrodynamic bearing and associated
cartridge will be shown in conjunction with & spindle motor. Clearly, this bearing
i5 cartridge is not Jimited to use with this particular design of a disc drivé. which is shown
enly for purposes of the exampie. Given the many advantages which this inverition
achieves, it could also potentially be used to support the actuator for rotation. The
bearing cartridge also has numerous other uses outside of the field of disc drives.
Further, the fluid bearing disciosed herein has a fixed shaft and rotating,
20 surrounding sieeve. The design is also useful where the sieeve is fixed and the shaft
rotates. Since the bearing is open at both ends, the shaft could extend beyond the sleeve.
and be axially coupled to an external device or system.
In this particular example, the storage system 10 includes 2 housing base 12

having spindle motor 14 which carries storage discs 16. An armature assembly 18
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the closed end of the axial bore at the top. G ooves can be forned on shaft
or sleeve in ofthe gap regions to increase stiffness.
Grooves could al so appear on one or nore of the counterplates, or

on one or nmyLe st plate surfaces. %&f w
mul tiple thrust pltates maintai ns and even increases the st Wg% 5
the overall design wthout any attendant increase in power consunption.

Further, the manuf acturi ng and assgnbly process does not becone
nore difficult because the gap may be maintained at a reasonabl e
wi dt h.. moves transducers 29 herossfthmturfaessof dheidisod J n The envirofinéng of diecsd bt

i nvention will becone apparent to a person of skill in the art who
studi es t he prekasiled by s 22 andicovet 24 ulncopegitioadisus t1l§ rotafe at highepedd wiilet he
foll owi ng figures. WO 98/ 48422

PCT/ USQ7/ 24261 trgnsducers 20 are positioned at any one of a large number of radially differentibted

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a

perspective vi e% oftheBE R Iof ifdidfes F6. Wﬁﬁgﬁ%&?ﬂ?ﬁgcﬁ% 208 read and write

i ncorporate the rodynam c bearing cartridge an e notor In

accordance Wthma@nsﬁmﬂix SRR da e é%gfdgcs Iéatseﬁ%ctedﬁnmﬁonfi'ﬂwe 2
is a verti cal sectional VIew prior an hydrodynam ¢ bear! hg

discs rotate at very high speeds, several thousand RPM, in order to maintain the

transducer flying over the surface of the disc. In present day technology, the spacing
distance between the transducer and the rotating disc surface is measured in microinches;
thus it is absolutely essential that the disc does not tilt or wobble.

10 Figure 2 is a vertical sectional view of a singlé thrust plate hydrodynamic
besring motor design of a type which is already established in this technology. The basic
strsucture of the motor shown in this figure includes 2 stationary shaft 10 and a hub 12
supported from & slecve 13 for rotation around the shaft, The shaft 10 includes a thrust
plate 14 at one end, and terminates in a shoulder 16 at the opposite end. The sleeve 13

18 supports a counterplate 19 at one end, for rotation over the thrust plate 14. The
counterplate 19 and thrust plate 14 are separated by & sufficient gap 22 to allow
circulation of lubricating fluid to lubricate the hydrodynamic bearing out of the reservoir
20, through the gap 22, through the reservoir 26 defined between the end of the thrust
plate 14 and an interior surface 27 of the sleeve 13, and between the lower surface 24

20 of the thrust piate 14 and an upper surface 25 of the sleeve 13, and between an inner
surface 28 of the sleeve and the exterior surface 29 of the fixed shaft. The fluid path is
completed to reservoir 20 primarily through a central bore 21. In order to promote the
flow of fluid over the bearing surfaces which are defined between the thrust plate 14 and

the counterpiate 19; between the thrust plate 14 and the sleeve 13, and between the shaft
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cartridge incorporated in a spindle notor assenbly.

Figure 3 is a vertical sectional view of a hydrodynam c bearing cartridge
in acordance with the present invention. 10 DETAI LED
DESCRI PTI ON EFERRED ENMBODI MENT Fi L J.s an _
expl oded perspe0|%ieviem10f a magnetic disc drive storageﬁgﬂh&ﬁéﬁk§system

I n which the present- hydrodynam c bearing cartridge could be used. In the.
exanple to be discussed bel ow, the use of t%e hydrodynam c bearing and

associ at ed cartridge will be shown in conjunction with a spindle
nmot or . O ear |y, 1@ sndshenieave 13q typicslly one of thettmwioagposing sadices pfieack suchassemblywi t h
this particular design of a disc drive, which is shown only for

pur poses of t hecavigrspitions 6f groovdsaeisveellknowhy Bithidgechnolbgych t his invention
achieves, it could also potentially be used to support the actuator for

rotation. The FIBWdEiwaeh tha bieFihs fadds Treattd hydtoSRRMIEDrétt S, v _
outside of the field of disc drives. Further, the fluid

bearing discl 05@@&%&&&@%&?&1@0&5@%&&@%&@@%&%%% ttﬁﬂéﬁoﬁeé@ of the shaft to

surroundi ng sl eeve. The design is also useful \ sleeve Is fixed and
shat coul d ext Hehe Rafy aehiln) B8 ftblind dedpifle Momkfty bnd Btk
he. st or age. sy oPRIRTRY ik Renrssugises, mpasinder ofsho iifird B gl AT *
TOrOr 14 Whi N QoL S B S B LR RS, ARSIl Hvendod
region 31 which is threaded into a portion of the base 44. A stator 42 cooperates with
magnets 40 which are supported from the sleeve [3, with energization of the stator
10 windings 42 causing rotation of the sleeve 18 and the hub 12 about the stationary shaft.
As used in & disc drive motor, this system supports one or more discs 44 for
rotation. Because the transducers and disc drives fly at extremely low heights over the
surface of the disc, it is essential that there not be wobble or vibration of the hub and
disc as it rotates. Moreover, it is also important that should such wobble accur, that
15 there is no touch down between the surfaces of the thrust plate 14 and the opposing
surface of the counterplate 19 and sleeve 13. However, as expiained above, in a
cantilever type bearing such as shown in Figure 2, where the load carrying surface which
is thrust plate 14 is located far from the center point about which any pivoting would
occur in the event of vibration or wobble, there is & much greater chance of a touch
20 down or contact between the facing surfaces, which would result in both wear of the
surfaces over the long term, and a slow down of the rotational speed of the disc in the
short term.
It is for this reason that the design of the foliowing figures has been adopted.

By adopting this design, load carrying surfaces, whether thrust or conical bearing type,
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noves transducers 20 across the surface of the discs 16, The environnent of
di scs 16 is sealed by seal 22 and cover 24. In operation, discs 16
rotate at W%%’%ed whi | e transducers 20 ar.e poSt W%\t any
one of a large nunber of radially differentiated tracks.on the
surface of the discs 16. This allows the figansducers 20 to read and wite
5 magneti cal ly encoded i nformation on the surfaces of discs 16 at

sel ect ed | ocat aehzated taser to the middle df the overall BydzodynamiebgaringghstancEhspivaever al
thousand RPM in order to naintain the transducer flying over the

surfaice of thpoiftisbut whith ptyasekihg cftlie beasihs) e 9¥cur bIFS lidRRskk Rothe middic of
di stance between the transducer and the rotating disc surface is neasured

in mcroi nChesihebmﬁvg.l%ecah&Lb?tﬂii; by otihg the tb&d #rcdS ad dIo¥e ab PéisileSC does

not tilt or wobble. Fi gure I's a vertical sectional

view of a i NGlut Bioketlof Heded, Sy HBHRAT rac of he s wauld 96 ks k0" Of 2

type which is already establis I's technol og asi c

anda hub 1o eat oA phdbolbfnd b 0 SOAtiTRnf P SRR

shaft. The shaft 10.includes a thrust . . |late 14 at on nd, and
termnates in HOER%H dez@ &f%‘f%f"gttﬂeeg%ﬁ’ﬂg@i m@kngs,@;@ SghEn Eﬂ%&%@ﬂl—%ﬁﬂ%{%
supports a counterplate 19 at one d, for rotation ogver the thrust plate
14. The coun P%&?‘%@%%DW% & by sggnshag ahisis g mog %’Wﬂmﬁy a
sufficient gap 22 tqg allow circulation of lubricating fluid to

| ubriate the heddraslybaincopamtied into te tlesign of Rigusedste fomm ¢ cartridge which wguld hr ough

the gap 22, through the reservoir 26 defined between the end of the thrust
have many uses, but would be especially useful for mounting a hub such as the hub 71

10 and to be incorporated into & disc drive. The upper end 10] of shaft 59 could be
fastened to the top cover 24 of the disc drive; and the bottom extension of the shaft 59
could be extended to mate with the base portion 82 as indicated and represented in
Figure 2.

The design of the present invention includes at least two thrust plates 90, 92

15 each mounted on the shaft 59 and spaced apart by a region of'the shaft 4. Further, each
of the thrust plates is spaced by an end section 101, 103 of the shafi. Whenused ina
disc drive, the top end section 101 is preferably fastened to cover 24; the bottom shaft
end section 103 is fastened 10 or mounted in base 82.

The fluid bearing of this invention is defined between an inner surface of

20 sleeve 72 and counterplates 105, 107 it supports, and the combined outer sieeve of shaft
59 and thrust plates 0, 92. Fluid is maintained in the gap 102 between the fixed portion
of the fiuid dynamic bearing and the rotating portion. Also, as will be explained in detail
below, the fluid in the bearing gap is separated into sections, with the ends of each

bearing section defined by a meniseus formed in the fluid.
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plate 14 and an interior surface 27 of the sleeve 13, and between the | ower
surface 24 20 of the thrust plate 14 and an upper surface 25 of the

sl eeve 13, and between an inner surface 28 of the sleeve and the
exterior sur of the fixed shaft. The fluid path is

conpleted to reservoir 20 primarily through a central bore D4™O¥I288ler to
pronote the flow of fluid over the bearing w he which are_defined

. between the thnst plate 14 and t he-l¢ounterpl ate 19; between the

thrust plate 14 and the sleeve 13, and between the shaft WO

98/ 48422 In operation of the example of Figure 3, the sleeve 72 rotates relative to shaft

PCT/ US97/ 24261 -9-

10 and the sl eev#, toulstigpihedhidyin drediudf boalisp, thil cRROMShyEdykio pRSsued. BRCH
such assenbly carries sections of grooves as is well known in this

t echnol ogy. hydrodynamic fluid createsPr@WrbR{sWRRRe thi forll6R poRtbn D HeARSP gynhBRL €S

hydr odynam c pressure, resulting in stiffnéss. The circulTation of

fluid is maintai pGfing fnP e BxiGdidon! and plidéds %Sﬁélﬁ‘gﬁg# Ihteret%»}reregﬁ} ?r‘?aﬂwe

ot her bearing surfaces by the "‘appropriate desi geone

i Tueture of i oY PumRlScii fHfriditt plbkdith oBGFF yhrefir G RE MRS citac; gn

o eaed | ot sk i e e Rty 4 BREH St T o
' magnets 40 which are. s orted fromthe s|eeve 13, with enerqgization of the
st gt or 10 mﬁ"ﬁﬁﬁ“ﬂ‘g@gﬁﬁ’da@éﬁféﬁ”ﬁgeﬂ'fhﬁfg‘Fi*&ﬁﬁvecﬁ“Ffﬁ@sﬂ@@%&&% srather Hep 12

about the station

st gF tﬁé ghaft, at the uppermost 101 and lowermost 103 sections of the gap, will
be grooved using known spiral or hesringbone or similar grooving patterns as are aiready
10 well known in the art to provids the necessary pumping effect. Alternatively, or in
addition, at least one surface of at least one thrust plate or the facing surface of the
counterplate wili be grooved. Typically, the axial surfaces defining the gap regions 200,
202 at the ends of the thrust plates 90, 92 are not grooved.
Referring again to the Figure 3, each thrust plate 90, 92 rotates in a recess
15 200, 202 respectively defined at its end by an axial wall of the sleeve 72 and on either
side by radial walls of the sleeve 72 or counterplates 105, 107. Thus, considering thrust
plate 90, rotating in recess 200, the bearing gap is defined by a radial wall 210 of sleeve
72, and a radial wall 214 of the thrust plate 90; then by an end wall 216 of the thrust
plate 90, and an axial wall 218 of the sleeve 72; and finally the gap extends between a
20 radial wall 220 of the thrust plate and a radial wall 222 of counterplate 105. The gaps
around thrust plate 92, and any additional thrust plates which may be mounted on the
shaft 59, are similarly defined, so that a continuous gap extending the length of the

overlapping shaft and sleeve is defined.
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As used in a disc drive notor, this system supports one or nore discs 44
far rotati on. Because the transducers and disc drives fly at
extrenely | ow hei ghts over the surface of the disc, it is

essenti al 4%‘Qgre not be wobble or vibration of the h 112426

disc as it rotates. Moreover, it is also inportant that shou suc]h wobbl e
occur, that 15 there is no touch down between the surfaces ef the
thrust plate 14 and the opposing -1%urface of the counterplate 19
and sl eeve 13. However, as explained above, in a cantil ever type
bearing such as showWhessmipguids for pumpiag action of the Suidbswepn the fixed siwBandni ch

Is thust plate 14 is |ocated far fromthe center point about which any

pi vot i ng woul dhe rotating sleeve with thegaps graviding foo free rdtrtinn ofithe sleavebwhile thehere i s
a much greater chance of a touch 20 down or contact between the facing

surfaces, whi |oflthee G6id i eatinoftthd bearifpsectidnsiphdvides the necesssyi stiffhess sader t he
long term and a sl ow down of the rotational speed of the disc in the

short term  gamping, asweﬂasiubricatidntfoh%titi@ﬁofﬂh%%eirﬁ%son that the design of
the follow ng figures has been adopt ed. y adopting this design,

{Agagsfggg i2“9 sur f ac Gfpemith 6 thedevialitn Pdm Miuef Sedhfedy inRR dnb Parks iPfe bearing

are | ocat od oIS kg Inssion, he it pnt boaag wi op sever ptachmer
Syotem T, P Bl ouee e By B9 o e GRS b g TSRS A ™
due to the pressure imbalance inside the bearing generated by the hydrodynamic action.
In such = situation, each bearing section defined by the muitiple thrust plates must be
10 separated or decoupled from adjacent sections to minimize the effect of pressure
imbalance, thus eliminating or reducing the chances of fluid leakage. This is achieved
in the present invemﬁoﬁ by providing means for forming a meniscus across the gap at
either end of each fluid bearing section. |
In this kind of arrangement, the individual bearings are vented in different
15 ways in different locations. The bearing sections above and below or on either side of
each thrust plate are vented by providing cooperating axial and vertical holes in each
thrust plate, Where multiple thrust plates are used, they are decoupled by providing an
axial hole through the shaft, with radial vent hole or holes establishing the necessary
boundary between adjacent bearing sections. Briefly, a meniscus forms on either side
20 of each vent; the meniscus limits fluid circulation through the gap as the shaft 59 and
sleeve 72 rotates relative to one another. Thus the possibility of fluid leaving the gap
102 at either end is diminished. According to the present concept, there is no circulation
through axial or vertical holes and there is no fluid inside the shaft hole 94. The shaft has

through hole 94 only to vent the appropriate positions inside the bearing 102. A radial
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t he beai ng. Because of this, by noving the |oad carrying surfaces as cl ose
as possible to the center of the disc, any wobbling or vibration
of the disc would have | ess chance 5 to cause touchdown at the ends
of the bearipg. By _adding thrust plates, the stiffhess is _

i ncreased vMYﬁ%“M“”ﬁiducing the gap wi dth, making the systeﬁﬁ?ggyw?ﬁwz

manuf act ur e. Reftbrini therefore to Figure 3. it can bhe
" seen that this is a nodification which -13- cd easily be incorporated
into the design of Figure 2 to forma cartridge which would have

many uses, but vesssticlad 1€ smseo gdpl A2 bareken fhenhmmyhites P, 82 bauling thet fommtibine hub
71 10 and to be incorporated into a disc drive. The upper end 101 of

shaft 59 coul d hsf s meniscus on dithed Sdead idofaré the beding Goutidhs Rfmed arblasd @icisthrait | Ve,
and the bottom extension of the shaft 59 coul d be extended to mate

with the base pPQiifkOmn fedlisdSrdsd'RE 21 PRIng A6l tHeGiah 988 BbtOed fop thrust plate 9Riagdir e 2.
Te design of the present invention includes at |east tw thrust plates 90,

92 15 each Mﬁ@%ﬁ@ﬂﬁﬁetﬁﬁé{gﬁ(s ﬂoﬁgﬁﬁo?@:@g ﬂﬁ%&v&%g?&%%@%ﬁg the

shaft 94. Furt her, t he rust plates 1s s y an end

section 10 1, 10 the . When used in a disc drive, the top
5101 el g

end section”101 astened to cover 24: the bottom shaft

end section 103 is fastened to or unted j n.base 82 .

The fluid bearing of t egainte DSMTNE HAEHOGS o1 Alsf GRFoR op sy sidh of pash ousi Plste, o o

20 se 72 and counterpl ates 1%#‘ 107 it supports, and the, conb|ned outer
Heaghend o

sl eeve of shaft Amenscusis an‘@?;mwi‘ﬁﬁﬂfﬁd@fwy“ﬁed in
the gap 102 between the fixed portion of the fluid dynam c bearing

and the rotati nghqiﬁm’tho%. Al so, as will be explained in detail

below, the fluid in the bearing gap is separated into sections, wth the

ends of each e, nefprengto) Rigurel 31 iadialcbdsy 400 ispnévideddn thoustpiatd 90.t he

fhard 10 running from axial connector siot 404 to the distal end 216 of the thrust plate 90. The
axial connector slot 404 provides & conmection between the radially inner end of slot 400
and the contimious bearing gap 102.

The presence of bore 400 aids the formation of a meniscus in the

hydrodynaric bearing gap on either side of the junction 412 between bore 400 and the

18 hydrodynamic Bearing gap. A meniscus also forms on either side of each junction 416,
418, between axial slots 404 and the hydrodynamic bearing gap 102. This provides the |
desired isolation between adjacent bearing sections C, D which support rotation of thrust
plate 90. Similarly, radial bore 402 and axial bore 406 aid the formation of menisci at
each end of bearing sections E, F which support thrust plate 92. The radial vents 110,

26 111 aid the formation of the menisci at the ends of journal bearing sections A, G and B.
Isolation of these journal bearing sections is very important in preventing leakage of
lubricating fluid into the atmosphere.

In & preferred embodiment, a notched-type ol trap 150 is also provided at this

upper end of the bearing gap 102. This entails cutting a notch into the upper end of the
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WD 98/ 48422

PCT/ US97/ 24261 In operation of the exanple of Figure
3, the sl-eeve 72 rotates relative to shaft 59, circulating the
fluid in the fluid bearing, thus creating hydrodynam c pressure. The

hydr odynami V¢ P¥1B&#2cr cat es pressure to separate the rotati RGVEEFRMA of the
fluid dynam c beating fromthe fixed portion, and provides a
beari ng surface there between. This fluid -145 fl ow punpi ng acti on and
pressure generation occurs whereve one of the two facing surfaces

I n the rel ati vekieveoRelhdalyigetddonalls five paohatiter icrgssabe/gap, créptingehd degired ail
enhance and mai ntain the fluid pressure, either the sleeve

surfaces direct w,fmwmsﬁ%ﬁmmmme is any physi6dl mig@&ech fRim tdpillaghaf t
n

at the uppernobst 101 and [owernpst 103 sections of the gap, will
be grooved USi NGeakREUTHERdvER bnddf thiEab 108 BRIG af aitSrhilivie BrmsrRaMIANY sdR1802T NS

as are already 10 well known in the art to provide the necessary

punpi ng ef fect. ;AL i , iy By 3 : hdol . it sk Gs
surface of at Ig%@a{)tﬁgﬂiﬁﬁ%%ts p gtlgz g'rmpteﬁeéﬂ héﬂg ?&%;Hé&éﬁ?g&%&ﬁ«?f@eex

Gap 1 egh ons 200 rat. ISHEY B sl P Hsed O e 0 e 6T il B8,
Chrust Cpl ate oo sseisting theserilyy geac ALaive, SF coussothe o 164 3 Be it 3
defined at its end by an axial wall of the sleeve 72 and on either

side by radial faviddesaperte Thesnme sorpotrapiizuniesl cpld beproyidsd sythe toprefife
considering thr g&%ﬁ ‘The design specifics of seals 150, 160 are not critical, so long as an effective seal

against leakage is provided at each end of the shafi.

10 As can be seen from the figure, assembly is achieved by providing the sleeve
72 with stepped features 300, 302, which are axially separated and allow the
counterplates 105, 107 to be press fitted into place relative to the thrust plates 90, 92
with which they must cooperate. The thrust plates are mounted onto the shaft by any
suitable method. To assemble the fluid dynamic bearing, the shaft 59 with the thrust

15 plates 90, 92 is inserted into the sleeve; the counterplates are guided into place by the
stepped features 300, 302, |

The filling process can be done at once by plugging the shaft holes and other
open end and then by vacuum fill (conventional process). Then take the plugging (seal)
out and sling the excess oil out from the bearing.

20 The other way of filling can be carried out during assembly with a proper
amount of hydrofiuid dispensing in individual journal and thrust plate regions; in this
case cleaning by spinning is not necessary. Another advantage of this process is the

application of different hydrofiuid (liquid or gas) in different regions of the bearing.
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plate 90, rotating in recess 200, the bearing gap is defined by a radi al
wal | 210 of sleeve 72, and a radial wall 214 of the thrust plate
90; then by an end wall 216 of the thrust pl ate 90, and an axi al
wai |l 218 ofv@ggm&#feve 72; and finialy the gap extends between a 20

radi al wal | the thrust plate and a radial wall .ZZZPWWM ate
105. The gaps around thrust plate 92, and any additional thrust
pl at es which may be nounted on the -1s-shaft 59, are simlarly
defined, so that a continuous gap extending the |ength of the

over | appi ng shaft and Thkelmve dewribisifinveation has a multitude of advantages including that \\O

98/ 48422 PCT/ US97/ 24261
-12- both ends of the sidfocag befixerly thivs vien higed iR W ARE B8ved Edp cWRerQhtatiifent | Ui d
bet ween the fixed shaft and the rotating sleeve with the gaps

providing for fif gew asHidvable betkusd Hthe LRRY Burus'B !aieear}aﬂgemem which comes about  Of
the fluid in each of the bearing sectlons prOV|des necessary stiffness

d d a0 |
2 ot I a |°g§i§c £ g?h{eg@?% érer%tgé i%in(i% %dse%% gg,g;'tggi n

5 Because 0 the

he b ltith I
beat g wih tal‘gmcfgs'e?**“ﬁ%cﬂmﬁﬁéeﬂfehﬂ”%h%' 3 B BiSRRep oM oy
f the fluid _out of .th t g.q ffect d due t
tﬁre_cgr esgur eu: 8 Ouie%n W’Fﬁgﬁ‘%‘ 2% ﬁﬁ%&eﬁ@@ﬁéﬁélﬁé‘ﬁgﬁsfhe hydr odynalrjnec 0

action. In s tua beari ng sectiqgn defined by the
: ﬁ% I' t erab!e ffcxz%tlny on powe% consumption and stnﬂfnessb}y

multiple thrust plate
the ease of adjusting the gap between the multiple thrust plates by adjusting the points
of attachment of the thrust plates, and modifying the construction of the sleeve by
10 moving the counterplates.

As disciosed above, this bearing can of course be used as a liquid bearing.
However, it is also possible to use as a gas bearing which generates stiffness by multiple
step pumping, i.e., by separately pumping sections of the gap around cach of the thsust
plates and the journal/sleeve ancas A, B, G. Thus as used in this application the term

15 “fiuid” shall be construed to mean cither gas or liquid.

Other features and advantages of the present invention may become apparent
to a person of skill in the art who studies the present invention disclosure. For cxample, |
it is possible to modify the location and design of the grooving patterns, to enhance or
optimize the fluid circulation through the gaps.

20 By adopting these design principles, a stable system with multiple thrust
plates can be achieved. Upper and lower joumal bearings A, B have s capillary seal 163,
160 at one end and a meniscus Al, Bl at the other end, so that pressure against either
seal is limited. Bearing sections C, D. E and F are provided primarily above znd below

each thrust plate, each section ending in a meniscus C}, C2...F1, F2.
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10 separated or decoupled from adj acent sections to mnimze the effect
of pressure i nbal ance, thus elimnating or reducing the chances of
fluid | eakage. This is achieved in the present invention by

provi di ng ans Lor formng a neniscus across the gap at ei t her
end of eacﬁﬁ§”“”"bear|ng section. . PR of
arrangenent, the individual bearings are vented in different 15 ways
in different |ocations. The bearing secti-o&s above and bel ow or on either
si de of each thrust plate are vented by providing cooperating

axi al and vertical hdims nve taslone thrust plate is heedsit ispissental to/Vepasaterndiacén| e
thrust plates are used, they are decoupl ed by providing an axi al
hol e through tghfusspiates bywisthionaaihads G RiVing'up least@ne hehiscusaGll asbiblishbd bgat he
necessary boundary between adj acent bearing sections. Briefly, a

meni scus f or MeyeRN B difiShe © 2 Rntre Ghaft hol®@bg €ach vent; the nmeniscus limts
fluid circulation through the gap as the shaft 59 and sl eeve 72

rotates relative to 1GNRE OH(L ¥ hﬁ@r@gﬁ %bcéﬁ%d‘meé iothpleéfth N9 the

gap 102 at eithéer en ccor I ng to e present

Conept. 31T e lon e L B rﬂ%ﬂé‘?"*‘hﬁ?‘bf“"' ~

through hol e 94 onl y, 12 KEnlla G ARRL R 8k RS ki %Qasﬁn'gng%&,%ztb%swasat ing
PCT/ US97/ 24261

cross hol e 110mfitees Ad apd ©1-hslovw, st plate $0a apd,yere { 1 | popid joimythe bg‘f““gﬁgl ng t he

formati on

between meniscus E1 and G2 below thrust plate 92. Other features and advantages of
the present invention may be apparent to a persen of skill in the art, and modifications
10 may be made to the example described above. Therefore, the scope of the invention is

to be limited only by the following claims.




of a nmeniscus on either side to isolate the bearing sections formed around
each thrust plate. A radial cross hole 111 runs to the gap 102
between top thrust plate 92 and counterplate 107 if the top end
(Section B) of the shaft 101 above top thrust plate 92 is méacd as a
bearing surf Sien4c2 Separate bearing sections are al so
found on either side of each thrust plate. A neni scus is<forned at
~each end of a bearing section by providi ngslae--radi al or—aﬁd—ai—veﬁt—-—

hol e or bore. Thus, referring to K -
400 is provided in thrust plate 90. 10CLAIMS unni ng fH
slot 404 to the distal end 216 of the thrust plate 90. dhN&
connect or sl ot HHAPIOTLABMED I8onnecti on between the radia
sl ot 400 and the continuous bearing gap 202.

The presence of bore 490 ai AhyliRydaeiic il Gearig cartrigd cofipsising a fiked central
hydr odynam c beari ng gap on elther side of the junction 412 between bore

400 and the 15g.q %ﬁ%ﬁ%&&:&@&h&%gﬁmes R ScirRLIROshif poBioAN

ei ther side of each Junction 416 418, 'bet weeén axial slots 404 and
t he hydr odynham Qﬁ@ ds of said HASbY Ssler

| sol ati on bet mgm&ﬁgt; acgacg earl ng sec h% \/\,?1m %‘ sSﬁpsgsort ro)'f ation of
t hr ust ate 90, a 6 aid
the formation o fé?‘d E‘r‘m&& eéc% gf%@%ﬂﬂ%ﬁ@g{ﬁ c% gifg)é}é %agﬁ@%dﬁg

whi ch h 2. Th | 110
For mmt § on of  he SHRPA ated? L AEReS A A éwbﬁgfae%eﬁﬂxﬁéoltkgh%‘%nd 3

| sol ati on of these journal bearl ng sectigns . is very i event| ng

DR than, saidHeave
| eakage of shaft arquad s pentred iy of Ftetipn defined by cepteg) @i of smid shaft, said e

supporting or defining a counterplate opposing each exposed face of said thrust plate
10 and thereby defining recesses for each of said first and second thrust plates, said recesses
each including radial surfaces joined by an axial surface and facing each said radial and
axial surface of said thrust plate to define & continuous gap around cach said thrust plate.
said gap further extending between internal axial face of said sleeve extending parailel
%0 an axial face of said fixed shaft between each said thrust plate, so that said continuous
15 gap is defined from end to end of said shaft, and
lubricating fluid in said gap between said shaft and said sleeve and said thrust
plates and said sieeve and said counterplate so that said sleeve is free to rotate relative
1o said fixed shaft while maintaining the increased stiffness of said sleeve relative to said

shaft.
2. A hydrodynamic bearing cartridge as claimed in claim | wherein said

fixed shaft includes central hole connected by one or more radial vents to connect to the

bearing gap to maintain an ambient condition or to vent said bearing gap.
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In‘ a preferred enbodi ment, a notched-type oi trap 150 is al so provi ded at

this upper end of the bearinmg gap 102Z. This entails cutting a
notch into the upper end of the

- 14- sl eeve. Rel atively Hmulmwwmme each other across the
gap, creat iy *¥¥¥%esired ol c twa® Wwhieh is.inmp8FTEATYA48L (or any
reason, there is any physical mgration fromcapillary seal area.

The | ower end oft he gap 102 shows an altengative formof capillary seal 160
in which the shaft wall section 162 is tapered while the sleeve wall
section 164 extends 35 A hpirodyhahit beafing@aritfeasthuivhéd in<lain 2 vhefeineail, t hi s
tapering of the shaft wall is possible, establishing the capillary
seal . Al ternat pedtionOdf siif siafi Qutatindtvithil shid bRévekpdrite sGill 6AY enddcond thrust
could be tapered. The sane sort of capillary seal could be provided at the

top of the g&ams front Waid endd BCafiEdh Q,,rhinﬁ REmpdidifSa Qgﬂ&?f&eﬁl defifled HeBloehtla® NOt

critical, so | ng as an effective sea al rist eakage IS prOV|ded

at each end of end section of said s&gaﬁ’t so’%ﬁat%@ﬁﬂ R 1S MERal @gm

figure, assenbly |s ac |eve%l. y provi

st opped features 3 axi aI |y separated and al | ow the
count er pl at es %gwsgas%%mﬂ?&' s@ f¥ted into pl ace relative to the thrust
pl ates 90, 92 wi th which they nust cooperate. The thrust plates

are mounted onto the shaft by any suitabl e method. To assenble the

fluid dynam c bearing, the shaft 59 with the thrust ) .
4, A hydrodynamic bearing as claimed in claim 3 wherein one of said

radial vents connects said central hole to said gap wherein said thrust plate and said shaft
join, a meniscus being defined in said fluid on either side of said gap to separate adjacent

10 sections of said bearing.

5. A hydrodynamic bearing cartridge as claimed in claim 4 further
including grooves formed on at least one of the radial surfaces of each of the thrust

plates and counterplates separated by said gap.

15
6. A hydrodynamic bearing cartridge as claimed in ciaim 5 wherein said
groove patterns are formed on both of said radially extending surfaces of said counter-
plate or on both radially extending surfaces of said first and second thrust plates.
20 7. A hydrodynamic bearing cartridge as claimed in claim S wherein said

grooves are formed on said outer surface of said shaft or said inner surface of said sleeve
facing said end section of said shaft and along a central portion of ssid gap defined by

central surfaces of said shaft and said sleeve between said thrust plates.
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15 plates 90, 92 is inserted i : counterplates are

gui ded into place by the ste{oed f res., 300, 302.

The filling process can be done at}k¥k¥El maﬂWﬂm t he shaft hol es and

ot her _open end and then bi/MKREER el 1g nventlg%%gggpq Ss
98B G0i ng (seal) out and sling the s mf out

Then take t
fromthe bearing. 20 The other way of filling can be
carried out during assenbly with a proper-i9- amount of hydrofluid

di spensing in individual journal and thrust plate reglons in this.

case cleaning by spi i ng A method ofassembling the. hyduodyriamic braringeasgdgosf daim s
process is the application of different hydrofl ui d (liquid or gas)
in different regcungofrotibing acddeve Gith at least first and second axially separated steps

PCT/ US97/ 24261 The above described invention has a

nul titude of aghsaph Akeson Bhd SidbdRavingafifferent radii, and RiséttiRg 8 Firdfand Aaecthdf t can

be fixed; thus when used in a disc drive, top cover attachnent S

now achi evabl €ed petiele omres
og&@use of t"ﬂ%w}s{@d’tsg &E}?&t? “B%Q den k0 Biust

about e spacl ng o rust pl at es

ar T angenerit | cnCus R sSlbbfedifdos o sy %ﬂeege%i%f*ﬁ‘é“r e Ot P e

Further, the sleeve can be defined as a single section.
Al so, there is considerable flexibility on power consunption and stiffness

oy 5. A hydrodynamic fluid bearing cartridge as ciaimed in claim 1 wherein

said shaft has first and second ends and said thrust pletes are separated from said cnds
by sections of said shaft defining journal bearing sections, one end of each said journal

10 bearing ending in 2 meniscus defined by one of said radial vents.

16. A hydrodynamic bearing as claimed in claim 4 wherein a first one of

said vents joins said gap between said first and second thrust plates.

15 11. A hydrodynamic bearing as claimed in claim 10 wherein a second one
of seid vents joins said gap between a top one of said thrust plates and said top of said

bearing.

12. A hydrodynamic fluid bearing cartsidge as claimed in claim 2 wherein

20 said bearing fluid includes gas and/or liquid.

13. A hydrodynamic fluid bearing cartridge as claimed in claim 2 wherein
each of said thrust plates includes means for defining separate bearing sections adjacent

each radial surface of each of said thrust plates.
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the ease of adjusting the gap beW hrust pl ates by
adj usting the points of Tattachnent of e thrust plates, and
nodi fyi ng the construction of th \mm ‘ . movi ng t he
g

count er pl atgs, scabove, this bear idga can of

: )

course be used as a liquid bearing. wever, .it i ssi bl e
to use as a gas bearing which generates stiffness by nultiple . step
punping, i.e., by separately punping sect+0ns of the gap around each of the
t hrust pl ates and the journal/sleeve areas A, B, G Thus as used
in this application thd teAmydm@ynamic¢ fibidibedringtaalclainieel i6 olaint 1 3 edhedein saidan
either gas or |iquid. O her features and advant ages of
the present i ndefiriingmeasngomprisesirediablpore exténding to a radiallefd of SRR MRUst@lattsi | | i n

the art who studies the present invention disclosure. For exanple.

it is possibl ejdimssit .fﬂaWderﬁﬁﬁiilﬂﬁnm Eﬁﬁé!@%@@ﬁe&[’gﬁd%ﬁw Q:Eem{gt erns,

to enhance or " optimze the fluid circulation through the gaps. 20
By adopting t hgagiyl@skgh sid tHsd BlafSto join $hid bl H‘ﬂgh hrust
pl ates can be achiy(eieed.gmUpper aﬁd IovjilegIl %‘o%%ﬁg E%ﬁﬁ%‘g@% ﬁ@\h/ageﬁét

capi | 1ary $5€al yckfi and third juncrichf eafd befiify BPfba Bélnd o BEeBed s B o 11

ot her end, so that pressufte agal nst
Bearing sectio . . provided primarily above and bel ow
each thrust pl g%%&’é@cﬂ&s%@?wgdﬁéﬁﬁgﬁg in a nmeniscus d, C2...Fl, F2.
WO 98/ 48422

PCT/ US97/ 24261

15. A magnetic disc storage system comprising a housing for said disc
drive,
10 means for supporting one or more discs for constant speed rotation, and
means for accessing date storage locations on each of said discs,
said means for supporting comprising fluid-filled hydredynamic bearing means
for enabling a hub supporting said one or more discs to rotate relative to a shaft
supported in said housing.
18
16. A disc drive comprising a disc, a motor, and connected to said disc
and said motor & means for fluidically coupling said discs and said motor to achieve a

constant rotational speed.

THIS SHEET HAS BEEN
| REPLACED |




-16- Since nore than one thrust plate is used, it is
essential to separate adjacent © - . thrust plates by a section such as 0
havi ng at | east one neniscus Gl est abl i shed by a vent 110 running
to a centr ghgshdids hol e 94. Finally, the upper section B
nmay not neeJ@to”be fluid filled to conplete t he 5 . beggpﬂég : it
I's, the provision of vent 111 to est abl%3h neniscus B 1 is i nportant. OF .
course, as an alternative, the vents 110 could neet the bearing gap 102

bet ween meni scus Al and O below thrust plate 90; and vent |1
could join the bearing gap bet n meriscus El and & bel ow t hrust
plate 92. Qther features and advantages & the present invention
may be apparent to a pers skill in tthe art, and nodifications 10

may be nade to the exanpfe descri bed—abaye. Therefore, the scope of the

invention is bem%%gggggaonlyfS?“Fﬁe%LQLLowgng cl ai ns.

WD 98/ 48422 "‘PCT/UT%F/24261
-17-
CLAI MED | S:

a fixed ceptral )
ust_pl ates separated by a circu
s

cartridge conprisin
first and secondft

Rk VB VWHAT | S
L%/ﬁgérlng
rrying at | east

" shaft portion.

FIG. 1
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5 said first and second thrust plates being separated from di st al

ends of said shaft by outer end sections of said shaft, each of
said thrust plates conprising first and second radi al surfaces
connect ed q%@gﬁm%@%aj surface and a sleeve which rotates relative to the
fi xed shaft around a central axis of rotation defFREEH28 centra
axis of said shaft, said sleeve 2/3 supporting or defining a

count erpl at e opposi ng each exposed face of said thrust plate 10 and

t hereby defining recesses for each of said first and second thrust plates,
sai d recesses each including radial surfaces joined by an axi a|
surface and facing each said radial and axi al surface of said

thrust plate to define a continuous gp around each said thrust plate.

said gap further extending between internal axial face of said sleeve

ext endi ng parall el to an axial face of said fixed shaft between
each said thrust plate, so that said continuous 15 gap is defined from
end to end of said shaft, and Lubricating fluid in said
gap between said shaft and said sleeve and said thrust pl ates and
said sleeve and said counterplate so that said sleeve is free to rotate
relative to said fixed shaft while nmaintaining the increased
stiffness of said sleeve rekaiive to said shaft. 20

2. A hydrodynanic bearingycartridgelds clained in claim| wherein said
fixed shaft includes d8qtral {hoj’e conngcted by one or nore radial vents to
connect to the earitng gap t naintm|1gg|anbient condition or to

vent said bearing gap.
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WD 98/ 48422

PCT/ US97/ 24261 3. A hydrodynam c bearing cartridge
as claimed in claim2 wherein said end sections of said shaft
rotating Wgtli.ne.S5ai d sl eeve separate said first and second,thﬁusp_

pl at es fromsald-ends of said shaft, and conprising a capt®#i 260
defi ned between a wal | of sald sl eeve and an end sectiopn of said

shaft so that said fluid is maintad/ed in said 5 gap bet ween sai d
shaft and said sl eeve. 4. A hydr odynam c bearing
as claimed in claim3 wherein one of said . - radi al vents connects

said central hole to said gap wherein said thrust plate and said shaft
join, a meniscus being defined in sal@@fluid on either side of said gap to
separate adjacent 10 sections off said bearing.

A hydrodynam c bearing cartridge asjclaimed in claim4 further

I ncl udi ng grooves forned on at Ieas,géne of the radial surfaces of each of

t he thrust ptates—ea HH : wseparated by said gap. 15
6. A hydrodynam c bearing g%% |
f

din.claim5 wherein said
groove patterns are forned on ¥§nd radla.Ly/e endi ng surfaces of
. said counter- pIateLor 01 oth radi al | y| €xj€ndj ng surfaces of said

first and second t st pl at e _
—~d s AL

] Y

54@6% § . ] . 2 I 408
428 R I - S— s
-7 S 1 ¢ E Y
418 IRn al é /| eop
| | 300
140 u 2R T 220
404— -7 ' - 1 — 200
400
216
416
_\am

FIG. 3

SUBSTITUTE SHEET (RULE 26)



20 ) 7. A hydroynam c bearing cartridge as cldﬁmriﬁ
clraim5 wherein said grooves are fornmed on said outer SLﬁ@ﬁﬁe of
said shaft or said inner surface of said sleeve facing said end
- section of said shaft and along a central portion of sart—gap-defined by

central surfaces of said shaft and sald 5Ieeve bet wepggsal ust pl ates.
W 98/ 48422 0 § g BaR A ’”m
- 8. A nmet hod of assenbling the hydrodynan1c beari ngeCag t'T)| 8 ei‘ ai m
-2 including providing a sleeve with at least first and second aX|aITy '

- separ aued HpPfodynamic EPRhiideHebPeh€0ls Tddmeticln AL I8 fhReesinr adil,
~and inserting a first and a second counterplates to rest on said
first andlefdoumng sm@qnﬁ sepngei semn tedibps brrecertending htosa radial pnét ef

and sai d count ons _of s sl eeve ar cufs defi

S DTt BRRey BodPiho Rk SPRGHE 4t Eh e ot Arh AR Shneriah
sa| d Shafﬂoﬁéslééééédaﬁéaie%l% eé‘?éﬁ@nénéale%téﬁﬂli ? RIS 2T enPERGHh 2k8Ye
fromsaid ends by sections of said shaft defi ning Journa beari ng

sect i ons,thoneteplaife darhj cslai cse;:urﬁugw abtre andbbediong seidi trustapiatesads
defi ned 3%%one of said radial ve

, 1Q. .. A
nydlr ody AL A7 AT G| LREHLPRS o1 8P4 AORREHES no8oF 1PBE JRELBRI botween

said first and second, and first and thiré junctions.

(S
\_/ 15.A magnetic disc storage system comprising a housing for a dige

[N

drive, .

means for supporting one or more discs for constant gpeed rotatiomn,
and means for accessing data storage locatiefis on each of said

discs,

said weans for supporting comprising f£fluid-filled hydrodynamic
bearing means for enabling-a hub supporting said one or more discs
to rotate relative tp a shaft supported in said housing.

16.A disc driye comprising a disc, a motor, and commected to said disc

and saifd disc motor a means for fluidically coupling said discs and

Agebros
142 )e



said vents joins said gap between said first and second thru

15
wher ei

-t

11.
n a second one

one of said thrust plates and said top of said

12.

pen |

SR 206~ Z-
A hydrodynam c bearing as claimed in claim

of said vents joins said gap be
bear §

@&'dp

1apic fluid
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contral SHt (55 eatrying St and socend frust plates (90, /
92) separsiod by & cirilax sba®t portion (94), each of T —

theust plates baving fismt and seoosd sadial sucfices 0L
by an axial snface end & slesve (72) which rotates sslative to 150 ‘/;/
the fixed shaft around » contral axis of rotation defived by & 107 5/ a5
central axis of the shaf. ‘The sleeve supponts 2 counterplate 482 g P
gos, 107) opposing each exposed face of the thrust plate \m&. a | e
deflncs recesses fior each of the fisst and second thust iuﬁih%%ﬁ ’7f,ffﬂm
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thrust pl-ate—to _join said gap above and bel ow said thrust plate at
second a];:thlrg junctions, said bearing'section%%gggined bet ween '
* | ;

said fin Md first and third junct LACEMBENB@EETTdi sc

st or age

| bl a ‘housing for a di @%gge, means
 for supporting ond of ndbre discs for con? afit speed r tion, and
nmeans for accessing data storage |ocations on each of said di scs,

sai d means for supporting conprising fluid-filled hydrodynan c

bear i ng 4meansydidyanaild NFludd hbdasipgoaki elaified die clfaii®rEs dvliéfein said

to rotate relative to a shaft supported in said housing. | 6. A disc

drive conglefdinigion miians comprisies wefivirkeore extending dteca radiajpgnd of

di sc notor_a ns for . fluidically coupling said discs and. . i A

to achi ev®ah S PlaES: |g8n3f”‘ép§3%1$ gap at a A5 fteion andfoh WhGE
bore located near said shaft and extending axially through said
thrust plate toc join said gap above and below said thrust plate at
second and third junctions, said bearing sections defined between

said first and second, and first and thizd junctiong.

15.A magnetic disc storage system comprising a housing for a disc

drive,

means for supperting one or more discs for comstant speed rotation,
and means for accessing data storage locations on each of said

discs,

said means for supporting lcomprising fluid-filled hydrodynamic
bearing means for enablimg a hub supporting said one or more discs

to rotate relative to a shaft supported in said housing.

16.A disc drive comprising a disc, a motor, and comnected to said disc
and said disc motor a means for fluidically coupling said discs and

said motor to achieve a constant rotaticnal speed.
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