HYBRID SPINDLE BEARING Abstract: A bearing system in which an axially stiff ngrrow, gap fluid
dynamic gas bearing. As an example two fluid dynamic bearings are provided spaced apart along a
shaft, one oMBe@afifigs comprising a fluid dynamic bearing (304). the other PEODUIBARIOMprising
an air bearing. The fluid dynamic bearing has a larger gap, while the air bearing has a relatively small
gap. The overall working surface areatbf B REBINDPLE BRABMGice as much or more than the

working suryessaRasetdhedvisl D eriae dBApPiiestid’6 WO 03/064871 PCTIUS03/02899 HYBRID
SPINDLE BEARI ,Cross,Referenf:e To A Related Application This application claims priority to a
[provisional] application?ORNSHIRImBEAME0 REY 8L F0rifk Ugﬁﬁmaﬁl,afggﬁa,tmit%'ﬂ\@%ﬁeémNDLE

BEARING i60£38892%, flddidanehiyB/id2082nedsiidtoH¥BRID\GRHNDL REEARING drivemted eythold and

BEARING (806583 _ RIDISPINDLE BEARING o oy 10l
atonmey doukel STL T8, el e SRR nadsath i chah Ad Rher e e B D

The Inventi8ifIREBiedheRiteBYicRiREReS gdherapplisatienfiefdletHiricoay #naotidledridyaridand more

specifically gpmélgsigesmppPrigitaney|tieirindip beamsgstilbe heatingsebading-difisient gap sizes
and fluids of diﬁerenﬁ?gﬁs#ies at least in order to provide balance and reduced power consumption.
15 Backgroma BRI PNV EHREH Bisc drives are capable of storing large amounts of digital data in a
relatively small area. The disc drives store information on one or more spinning recording media. The

recordilag nﬁgjg anykigmvr@ru%&qkes the form of a circular storage disk in 20 a plurality of concentric
circular recording tracks. A typical disk drive has one or more disks for storing information. This

information is writtERt&"286 e ByIrdRNtel Rk Sanara Y dadheritie HedldBYHOGH fHdh RRAIAES arms
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having different gap sizes and fluids of different viscosities at least in order to provide
balance and reduced power consumption.
15
Background Of The Invention
Disc drives are capable of storing large amounts of digital data in a relatively
small area. The disc drives store information on one or more spinning recording
media. The recording media conventionally takes the form of a circular storage disk in
20 a plurality of concentric circular recording tracks. A typical disk drive has one or more
disks for storing information. This information is written to and read from the disks
using read/write heads mounted on actuator arms that are moved from track to track
across surface of the disk by an actuator mechanism.
Generally, the disks are mounted on a spindle that is turned by a spindle motor
25 to pass the surfaces of the disks under the read/write heads. The spindle motor
generally includes a shaft supported from a base plate and a hub to which the spindle
is attached having a sleeve into which the shaft is inserted. Permanent magnets,
which are typically attached to the hub, interact with a stator winding to rotate the hub
relative to the shaft. This description is consistent with a fixed shaft motor; however,
30 the invention to be described below is as easily useable with a motor comprising a
rotating shaft, an end of the shaft supporting the hub for rotation to rotate the disks.
In either case, to facilitate rotation, one or more bearings are disposed between
the hub or sleeve and the shaft.



Generally, the disks are mounted on a spindle that is turned by a spindle motor 25 tq.pgss.tie
surfaces of the disks under the read/write heads. The spindle motor generally includes a shaft
supported Y6 @BeddIplate and a hub to which the spindle is attached havin§@'8leeé¥/625%b which the
shaft is inserted. Permanent magnets, which are typically attached to the hub, interact with a stator

winding to rotate tRYFUlNfeidBleiiy e yRgR deRRItYBaS iSRRIl HiriRAEA: ANththersiga hiie motor;

however, 3@thageveysiomtadietdesednedibelossés aEinsibhaseabledvith GrearioeapRRsisSiag a
rotating shaft, an end of the shaft sypporting the hub for rptation to rotate the disks, In either case, to
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emphasis on restrictive tolerances in the manufacturmg nd operation of magnetic storage disk
i

drives. For exampft® fo"&8&HIbVESRFEHEEPSRSFABY PURRRIVERE Biosagefligk fe ob ¢ikedld
increasinglymustatcée surfgsieanf bearkigragsetishy A% anespiiothatoeanipaisssaaiblyeuhiegssupports
the storage disk Is, of critical importance. A typical bearing assembly of the, prior art comprises ball
bearings s&bjégét%%&nge?meeer? & Pair ((ﬂ eeagm%r?gggsw@%ﬁ a{%v"g}é }éu %f%%?@r%ég’ %I?gk HState
relative to aréilediereratfixetHoweher; bHbweingalsbeanbigdsavblhiesnyaneeoimmicabdiapicdlems
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vibration is poor because of damglﬁ%? An alternative bearing design is a fluid dynamic bearing. In a

fluid dynamRPI5RERShRAk RN 'i‘éf’éﬁ(ﬂ?%‘s%?ﬂj&@&’ {§@provides a bearing surface between a

fixed member of tha hatsingive. dedhiagiabipand a rieding naemmoBesvitigh SHpadlisdtisydantisk hub.
Typical lubricants include oil ot similar,hydrodynamic. liquids. Hydrodynamic bearings spread the
bearing inte!? a?créﬁg\/@rg 4 gﬁa @le{‘i;scuecgrcyésa{%ﬁé%srn%g'n %%1 RN %3 %%?%aua%s%sceer%t)‘/"?%ﬁ]i@h
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interface area imparts "20 damping effects to the bearing which helps to reduce non-repeat run-out.
bearings spread the bearing interface over a large surface area in comparison with a
ball bearing assembly, which comprises a series of point interfaces. This is desirable
because the increased bearing surface reduces wobble and run-out between the
rotating and fixed members. Further, the use of liquid in the interface area imparts
20 damping effects to the bearing which helps to reduce non-repeat run-out.
It is also known that the stiffness to power ratio is a primary way of measuring
the efficiency of the spindle bearing assembly. Most known fluid dynamic bearings
today in commercial use are made with oil or other liquid as the fluid which is
maintained in the gap between the two relatively rotating surfaces. This maintains the
25  stiffness of the bearing, that is the resistance to shock and vibration; however, because
of the relatively high viscosity of such fluids, at lower temperatures, such as at startup,

considerable power is consumed to establish and maintain high speed rotation.

Summary Of The Invention
30 It is an objective of the present invention to provide a bearing system in which
the stiffness is maintained while the power consumption necessary to establish and

maintain rotation of the bearing system is reduced.



It is also known that the stiffness to power ratio is a primary way of measuring the efficjiency pf the
spindle bearing assembly. Most known fluid dynamic bearings today in commercial use are made with
oil or other WQid34%48$id fluid which is maintained in the gap between the two RIS/ ing
surfaces. This maintains the 25 stiffness of the bearing, that is the resistance to shock and vibration;

however, because! & th&HEGRRILHIYR SfsthssiRyeRtiQTLiPRAAYYS: fohRA RInPESIRIr & Waith &s at
startup, consldtivalylatiff\iewipoassgysidrioiesiehibsbamndmoatniaiizinigHl sieegheptadirarbigaimary Of
The Inventi If.] objecti f the present invention to provide a bearing system in which the
stiffness is Wéﬁ]%éﬁ‘ﬁeﬁ&v%ﬁé? ﬁeggg%vgr aclg?lg%)r%ﬁwgﬁrgécessary to establish and maintain rotation of
the bearing systenthesednscethenabjrstives i dhe\ity @306 487 PRUTRISOY GR8Godtsgsteriher

objective of Wi ¥RB SR IRYIHSRAREGAR A RISIGRAMRIVVESHical BSBEAVRIEl P roAUE. System is
achieved without utilizing fluid dynamic bearings with extremely small gaps. in all embodiments.

ol% [ .mely gap . )
These and SHEIYBRRLIFELOBHIRMEL A HNHPYEHN iSI N deHRFING Y 1087 FRIB\PRRINES d Qxially
stiff narrow geyvitleiddiisthdampingcaliges dpzaiitgshalbpravigeto Meflpidgontiralargiorn(gyseved or
ungrooved) i il eliegn e sepical beaings feaprovide added damping More sgegifcally,
pursuant to t (,Epresent invention a system 1 provided i Which two Huid dyhamicreonical bearings are
provided spaiesd apiiaftanity theisprcingibairgspdtitirNbidralleuffuisiefintiane liqddmasrng a liquid

bearingglO aiwesh #ie ket bRaRHGES 1MARIS fRPIRIRINREBRRRME thethGidl e (i Wighhramic

bearing has a larger gap, while the a:{éé_)r as) bearing has a relatively small gap so that power
consumptioRG& HIth RS PIARTo8R ?%"ﬁéfﬁl‘&h@ﬂ?%‘&%ﬁﬁ‘aﬁ@% BrrpistreRE8l SRPFesent
invention, thteaipdearicensuraptisteistaityinmiges Whikzstitresdhie dhaidtarmdng; to get stiffness to a

desired level. 15 3 ypjcal amogsimant.each of jne o heaings s 4 gonigal bearipa campyising 2
cone supported on the shatt, with a surrotinding sleeVeproviding a surfate facing an outér surface of
the cone, theugaigstirliniprasiie¢isethanthdduid hasasgtenget stidnesaitee dpsued.laved journal

bearings supporteghby tjgidgh dvimberinaias eaeHRF et bearings is a conical bearing comprising

a cone supported on the shaft, with a surrounding sleeve providing a surface facing an

outer surface of the cone, the gaps being defined between the surfaces of the cone

and the sleeve. The journal bearing, supported by liquid, typically has a substantially
smaller working surface area than the conical bearings, supported by air/gas.

20 Other features and advantages of the invention and alternative approaches will

be apparent to a person of skill in the art who studies the following exemplary
embodiments of the invention, given with reference to the following drawings.

Brief Description Of The Drawings
25 FIG. 1 is a perspective view of a disc drive in which the bearing system of the
present invention is especially useful.
FIG. 2 is a vertical sectional view of a known bearing system as used in the prior
art.
FIG. 3 is a vertical sectional view of a bearing system according to the present
30  invention.

Detailed Description Of The Preferred Embodiments
FIG. 1 depicts a plan view of an embodiment of a typical disc drive in which
embodiments of the present invention, because of its stability and long life are



smaller working surface area than the conical bearings, supported by air/gas. 20 Othgr featjres and
advantages of the invention and alternative approaches will be apparent to a person of skill in the art
who studiesWigetfdMeiihg exemplary embodiments of the invention, given witlP¢8i@reidB4the
following drawings. Brief Description Of The Drawings 25 FIG. | is a perspective view of a disc drive in

which the b&spegallstsefer tRefpring o frigsreidn RecdiseGeivg JSoigludes. 2 housing thasesdtional

view of a kngnensbRpy el Se MR Werdiiy thaseier igdomSihed ininvasiepbaceliRng yigdariy bearing
system according to the \%gesent SOE}Er)lventlon. Detailed Description Of The Preferred Embodiments
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The base argrifgueansh aftaagsusingshown in Figure 5 1 is well known in the industry. However,

other arrangements of the hqusing components have been frequently used and there is no particular
limitation to the configdiatio ”ethﬁa s u9s ﬁis%%ri@@?hr%‘ﬂi?ﬂﬁﬁ@geg%ed%k'885?( gﬂﬁ‘ﬁf}rising
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has an associated read/write head 20 which is mounted to disc drive for communicating with the

disc surfacedif $efagampeahansrhiaiagurad/ wilgdnratb2faiss Jrewiipgdadtissydfitdfes A
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arms 24 of an actuator body 26. The actuator shown in Figure 1 is of the type known

15 as a rotary moving coil actuator and includes a voice coil motor shown generally at 28.
The voice coil motor rotates the actuator body 26 with its attached read/write heads 20
about a pivot shaft 30 to position read/write heads 20 over a desired data track along a
path 32. While the rotary actuator is shown in Figure 1, the invention may be used with
other disc drives having other type of actuators such as linear actuators; in fact, the

20 specific disc drive shown herein is intended only to be exemplary, not to be limiting in
any sense.

Figure 2 is a vertical sectional view of a known spindle motor including a set of
conical hydrodynamic bearings 206, 208 which support relative rotation between the
shaft 204 and hub 202. The motor is a brushless direct current motor 200 comprising a

25 hub 202 rotatably mounted about the stationary shaft 204 by the upper and lower
bearings 206 and 208 respectively. The hub 202 which supports one or more discs
such are as shown in Figure 1 for rotation is formed in a generally inverted U shape as
seen in cross section, and has an inner annulus sleeve 210 and an outer cylindrical
surface 212 and a top portion 214. Outer cylindrical surface 212 includes a shoulder

30 216 for supporting one or more discs in the contaminant free environment which
encloses the motor and discs. A plurality of storage discs separated by spacers or
washers could easily well be stacked along the vertical length of outer cylindrical
surface 212. The inner portion of hub 202 operably receives a stator, generally
designed 220, including a stator lamination stack 224 and stator windings 222. A



The voice coil motor rotates the actuator body 26 with its attached read/write heads 20 abgyt.a pivot
shaft 30 to position read/write heads 20 over a desired data track along a path 32. While the rotary
actuator is INOWHW4BTdure 1, the invention may be used with other disc driveBGTAVRG/ 28 type of
actuators such as linear actuators; in fact, the 20 specific disc drive shown herein is intended only to
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between the \% 4 %gpeq#tég 2..The motor ig a bru f}g]e s direct current motor 200 comprising a
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and 208 respestiveke Théheupammelaa8hnsthigdesiame or more discs such are as shown in Figure 1
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annulus sleeve 210 and an outer cylindrical surface 212 and a top portion 214. Quter cylindrical
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magneticalléinteractlng with magnetic reactor stator laminations stack 224 and stator'windings 222. It
is to be undéf&d8 ekl FARMMRatIeaNkAMRSR IBE SIALY ntiRdings tRBdnagrTitted irswis
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stator 220 iSuRPRItRA Yt RelRReP30d vt GRIueHMeatng1406,iMB8nted to a lower surface of the
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awire efficiency of the spindle bearing assembly may be expressed in the form of a stiffness

to power ratio with stiffness being the ability to withstand shock, and power being

power consumed to establish and maintain relative rotation between the two sides of

the bearing as supported by the fluid in the gap between those two sides. Typically, in

20 designing a motor using hydrodynamic bearings, the specification is established for
stiffness and for power; the objective then becomes to achieve both of the
specifications, and to optimize this ratio of stiffness to power.

It is known that the viscosity of air is about 1/256 of a typical oil at 70°C which is
considered to be a typical operating temperature for a fluid bearing; it is further known

25 that the viscosity of air is independent of temperature. This eliminates the dilemma of
having to make tradeoffs of low temperature power (which is where most power is
consumed in a fluid bearing) versus high temperature stiffness (which is where, due to
the decrease in viscosity, stiffness is typically lost in a bearing utilizing fluid in the gap),
making an air (or gas) bearing gap desirable.

30 Self-pressurized air bearing spindles have been designed which provide
sufficient stiffness for operation. However, due to the lack of damping which an air
bearing spindle has, instabilities are encountered, especially at specific frequencies
within the required operating bandwidth area. Oil bearings do not encounter this
problem, due to their inherent damping because of the viscosity of the fluid in the gap.



248 for electrical communication between the stator windings and a printed circuit bgard (ngj.shown).
By energization of this circuitry, we create torque to run at right speed, control signals cause constant
speed rotatidiOIBiedTlib about the shaft 204 as supported by the upper and RVIEESBi2#I%earings

206, 208. 15 Considering the known fluid dynamic bearings such as shown in Figure 2, the efficiency

of the spindlE"B&arthg d8¥eRiSR Meeife Bk rdwitage fefnthsr JaaiffifessvigsQRiiePtadl visth
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between tho&e t‘?N% SHRR? %lscgml, th Hsdé’é?dh ﬁa £158td eﬂsﬁ@ dayﬂ%‘l’ Refe¥An § e

specificatiopéadsgaisiistaossorwbtiéfndamping fisr ponidedhieyobijectilettbanmpesanfiaes talachidve both of
the spegifiGaliang, aRARORUNIARHRIHIRGL SUHRSHRIPBOWRY: Lirsdmg Wahiiesvisgpsily of airis
about 1/256()j of a typical oil at %OC V\'IhiCh IS I consideredéto%e é typllcaqgc])agegtl g temspgé?tfdr)gfor a
fluid bearingiEGaRAEIAdNSRE 25 that the viscosity of air is independent of temperature. This

eliminates the dileming abhaving {6 FgkrtadeefisemoarieamnBsatitePoyvendwhichimwherg most
power is consum?d in a}l)%i bearing) versus high temperature stiffnes hich is wheye, due to the
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gas) bearin@.giscresicillepparsuifthateibeypiied mésbaadint spindieshthie wmbadiesigheamidtch
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spindle has, instabilities are encountered, especially at specific frequencies within the réquired
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required to achieve the desired stiffness. And since the stiffness to power ratio is
proportional to one over the gap squared, this very small gap will lead to the greatest
efficiency for the overall spindle support system. The gas bearing 302 is of similar
design, and has a gap of the same or similar gap 320 filled with air or gas and of
20 similar dimension.
Returning next to the oil or fluid journal bearing 304, this bearing is present to
provide damping; it may be sized to provide stiffness as well. Since the gap between
the sleeve and the shaft is continuous, the journal bearing fluid is sealed in place by a
capillary seal at either end or any other sealing mechanism effective at preventing
25 travel of the fluid into the air bearing gaps. The length of this journal bearing 304, and
therefore its effective operating surface area, should be significantly less than the
operating surface area or effective surface area of the air bearings 300, 302. Another
notable dimension is that the length of the journal bearing 304 should be substantially
less than the length or radius of each of the air bearings 302, 300. Finally, the gap
30 dimension of the bearing 304 should be substantially greater, as much as 4 times
greater than the gap dimension of the air bearings 300, 302.
In summary, the target efficiency improvement can be achieved by moving in
the direction of making the working surfaces of the air or gas bearing, as large as



significantly reduced. Thus, referring to Figure 3, an exemplary embodiment is shown, Yyhilg the
exemplary embodiment is essentially shown as a modification to the design of Figure 2, it is readily
apparent thAY@nB/BeiscCibles and structures of this embodiment can be 10 applRAVYHWBAREMS of fluid
bearing cartridges and spindle motors incorporating fluid and hydrodynamic bearings. Figure 3 shows

a spindle supPRPIS stRRSmBRsHP @i dhe &iIfIRFSDREGNID M R glniy aRhisyRistie Shape,
separated byngofipoddiagringnafiuithie hnaraw30R:-goainbrerg haamngepoiasesoniarga®. 310 which
separates the hub_312 from the cone 314 is filled with air or gas; tQ provide the desired stiffness, this
15 gap is very thir?.r %—?o%é(\a/%t}\,/%%%% %?ﬁ)r) 5?rr3?'8(gasm|§h§s% ﬁ}"ﬂ?eoﬁgs? '\r,'ng it ||eg%g'3\zén9equired to
achieve the RiawéeebpttfmptonAndesoviding dhetiftmesyf thepbearinggibas golargergapatith ahigver the gap

sduared; hiueaMaIne BealeatHAIRG SSRMANAIINMIAEY dRMGIAL B sipgort system.

The gas bearing 302 is of similar design, and has a gap of the same or similar gap 320 filled with air
or gas and Ge3NgiRAEPY ARAILFRRAAGAIKY YESaAR h@asi Ph ATUMtNSLSAR Ahiaktively |8 bearing
is present toyeranifisugraaw el sltmg be sized to provide stiffness as well. Since the gap between the

I d the shaft j ti the j | bearing fluid i d in place b ill | at
citner ond or any SIRE} SALTRE AR GA L E SRR, B e Do AU OF e RERRARG b air
bearing gaptheTspindiadthrofabils peaninghissamsjBilt, amposhibleforedshaffbetjso dpatrating surface
area. sfipulirhg.AlgedirRRRBRe RN ¢ AREFBIY B68 BIGR ABERS Kesyigace area of the ai

bearings 300, 302. Another notable dimension is that the length of the journal bearing 304 should be
substantial\FOBEINHIGN Wi Regamshalidinirished slaledr Bissrrgsrivpobisinediany, the gap 30
dimension ofdfrespeatng pa# shouid heaaHgstamigdlyagreaigh ths BxibRy & tioegeaneateittkan the
gap dimensg)nnircr)]f trrcl)(\-:;eartnir l:r)]?a(/igrqstBr(])é) rﬁqu.oIBéSlermg?r%r tr%e"t1 gret eﬁgcigncg)f im rovertnent cgn be
achieved by mov?ng A e direction o% a\l%ng He'd ngg SUMECES Of B'El S aﬁg]?)é nriﬁa, as large
as 6 31 JUk¥fipess andQiosy@GehEe RATEUSHB/IBIoaxaksiaye. Further, the gap of the air/gas
bearinggshould be-pa|sthacligDSHfMGRS are achievable with current manufacturing

technologies at reasonable cost. By the same token, the stiffness, while not improved

because of the presence of one air bearing, is either maintained or close to being

maintained while the total power consumed is minimized. For example, today’s high-

speed spindles take about half of the whole mechanical power in the system; a hybrid

20 such as disclosed above can save about 30% of that power consumption.
Other features and advantages of the invention would be apparent to a person
of skill in the art who studies this disclosure. Therefore, the scope of the invention is to

be limited only by the following claims.



Incorporating a small fluid journal and a large air bearing minimize power consumed. The objective
has been to maintain the dynamic performance while minimizing power consumption by providing that
one of the bearings has a large gap with a high 5 viscosity fluid, the bearing having a small working
surface dimensions, and the other bearing having a small gap and a low viscosity gas or air in the gap
and relatively large working surface dimensions. Both of these bearings can be dimensioned so that
the dynamic performance on the spindle from both bearings is as similar as possible to each other, so
that no 10 imbalance movement results. Further the total axial play in such a bearing combination will
be somewhat diminished relative to the axial playé#¥had in a corresponding pair of fluid bearings.
Thus, althowyghathe @xialgelay is not idealized, it is an improvement over standard two bearing designs
in terms of power consumption and stiffness and does achieve some reduction in axial play. 15 The
disclosed embodiments are achievable with current manufacturing technologies at reasonable cost.
By the samé tokerf) fHédsEifRIBIE; DARIASYRIRHRo PeM PSS dTNRE PRERICADHPYIRE BIPMESFing, is

either ngaintained gr ﬁﬂ@ﬁ%dﬁu&ﬁl%rﬁéﬂﬁ@ﬂ pRavilardbeitatal RRVPREAIRNMAANG RiRiEZRHeFoOr
example, today's hﬁgq éJeed S es tak? Eggt half of th(f whole mechan ical pow%ln the system; a
hybrid 20 such as H5&6%ed 38 8?1”&%3/ SRSRAPRIHS: PSwEP CoRSSIH! If‘rfi‘gm ures
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along the inner member; a earing rstg p, the first namic bearing
disposed along théQﬁg[}d fluid dynamic bearing disposed along the second outer surface and

configured to support the relative rotation of the outer member and the inner
member; and a damping element disposed along a surface of the inner member

15 between the first conical element and the second conical element.

2. The fluid dynamic bearing system of claim 1, wherein the first gap and the second

gap contain a first fluid, the first fluid comprising a gas.
20 3. The fluid dynamic bearing system of claim 2, wherein the gas is air.
4. The fluid dynamic bearing system of claim 2, wherein the damping element

comprises a fluid dynamic journal bearing having a third gap containing a second

fluid to provide damping, the second fluid comprising a liquid.
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5. The fluid dynamic bearing system of claim 4, wherein the liquid is oil.
6. The fluid dynamic bearing system of claim 4, wherein the first gap and the second
gap are substantially smaller than the third gap.
30

7. The fluid dynamic bearing system of claim 6, wherein the first gap and the second

gap are approximately one-fourth the size of the thin gap.



10 outer surface and configured to support the relative rotation of the outer member and the inner
member, a second fluid dynamic bearing having a second gap, the second fluid dynamic bearing
disposed along the second outer surface and configured to support the relative rotation of the outer
member and the inner member; and a damping element disposed along a surface of the TARar
member 15 between the first conical element and the second conical element. 2. The fluid dynamic
bearing system of claim 1, wherein the first gap and the second gap contain a first fluid, the first fluid
comprising a gas. 20 3. The fluid dynamic bearing system of claim 2, wherein the gas is air. 4. The
fluid dynamic bearing system of claim 2, wherein the damping element comprises a fluid dynamic
journal beagng having auibirdygamicontainitg syseeons dlaichta provideirdanepime: thadegsaachituid
comprising a liquid, 25,5, Fhe fid dvnamicbearind sysiemof claim 4, wherein the ighid s ol ©- The
fluid dynamic bearing system of claim 4, Wherein the first gaﬁ and the second gap are su%stantially
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dynamic bearing system of claim 4, wherein the first fluid dynamic bearing has a first radius, the
second fluid dynamic bearing has a second radius and the fluid dynamic journal bearing has a first
length, the fst radibs dodl tHen& e dmadingdsysteubstaridiallyAaigérethaontipesingt fefigthcapilldrg fluid
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conical element and the fluid dynamlfc};éournal bearlneg and a second capillary seal defined between
the second conicaPBRIMEANAE SREPIHEARHY SeAliESH0RIPpgsAdhe FerARKERTIaIhEIRMEBRaring
systemof claim 1,ambeneifitiedfinichity jrammal bearing system is coupled to a base of a disc drive, the
second fluid dynamic bearing disposed proximally to the base.
10. The fluid dynamic bearing system of claim 1, wherein the fluid dynamic bearing
system is coupled to a base of a disc drive, the second fluid dynamic bearing

disposed proximally to the base.
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11. The fluid dynamic bearing system of claim 10, wherein the first gap and the
second gap contain a first fluid, the first fluid comprising a gas.
12. The fluid dynamic bearing system of claim 11, wherein the gas is air.
20

13. The fluid dynamic bearing system of claim 11, wherein the damping element
comprises a fluid dynamic journal bearing having a third gap containing a second

fluid to provide damping, the second fluid comprising a liquid.

25 14. The fluid dynamic bearing system of claim 13, wherein the liquid is oil.

15.  The fluid dynamic beating system of claim 13, wherein the first gap and the

second gap are substantially smaller than the third gap.

30 16. The fluid dynamic bearing system of claim 15, wherein the first gap and the

second gap are approximately one-forth the size of the third gap.



15 11. The fluid dynamic bearing system of claim 10, wherein the first gap and the second gap
contain a first fluid, the first fluid comprising a gas. 12. The fluid dynamic bearing system of claim 11,
wherein the gas is air. 20 13. The fluid dynamic bearing system of claim 11, Whereiglt?SngméJing
element comprises a fluid dynamic journal bearing having a third gap containing a second HGid to
provide damping, the second fluid comprising a liquid. 25 14. The fluid dynamic bearing system of
claim 13, wherein the liquid is oil. 15. The fluid dynamic beating system of claim 13, wherein the first
gap and the second gap are substantially smaller than the third gap. 30 16. The fluid dynamic bearing
system of claim 15, wherein the first gap and the second gap are approximately one-forth the size of
the third gap79 31THdLifuiZ0Qyhainic Theafivgd syyramier hearng sy sirencal elaintird8 flulbedgivathie first
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bearing. 19. The fluid dynamic bearing system of claim 13, wherein the inner member comprises a
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includes a spindle motor, the spindle motor comprising the shaft coupled to the base and configured

to support the one G &R SASPRE ABIHRPOERR TSI Bsdgsarthe §econd conical clement

10 and the fluid dynamic journal bearing.

19. The fluid dynamic bearing system of claim 13, wherein the inner member
comprises a shaft and the outer member comprises a sleeve, the sleeve coupled
to a hub, the hub configured to support one or more discs.
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20. The fluid dynamic bearing system of claim 19, wherein the disc drive includes a

spindle motor, the spindle motor comprising the shaft coupled to the base and

configured to support the one or more discs for constant rotation about the shatft.
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