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small area. The disc drives store information on one or more spinning recording

for

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.
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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.
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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



FIG 2 is a vertical sectional view of a known bearing systemas used in
the prior art. FIG 3 is a vertical sectional view of a bearing system
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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
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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.



power consunmed to establish and maintain relative rotation between the two
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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



304. The bearing 300, 302 have air bearing surfaces; the gap 310 which
separates the hub 312 fromthe cone 314 is filled with air or gas; to
provi de tWe odeeisred stiffness, this 15 gap is very thin. Fo®Eases0283% nce
only air or gas is used in the gap, very snmall gaps are required to
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382 Ano'?t RElréblfngo[\étef zri&ﬁ %atrﬁén%aﬁ@pggéiﬁmﬁéfﬁsﬂn t Ofd?ﬁraéé g%?ﬁgl gear i ng
304 sHbul imbglanse Favemenhresylts.| Ewetrmtom@xqaémlgvm wchraableamgof each of the
air beari irdion vﬁﬁ)sz sEh@@JhEVdmﬁm&&ﬂgﬁ%% t fﬁ%na%é?'ﬂlag fodtdlfePidl | Ng 304

shoul d be substantia reater, as mnmuc reater than t he gap
di mensi orcasfespording palbehfﬂundlgsarsm T802.. althaughitheaayjal pldyds nat igealizefifit si ency

T+ OV CTERE kR0 cAfertSNL PYEA Y TR Kbdihd dlsidrn WrrRehiBRePLolABA LIS |

wor ki ng sur the arr arge P&
PCT/ US03/ ©i#f8ess aqﬂné@aslmﬂuevlémomaenepuctlw igapiabplay.ne ai r/gas beari ng shoul d be

| hi | d
Targelair bearmgieren S sime e A i fur Bl e @igeen fo° °
mai nt ai n tebenolygiesatrepsorfableneost. e Bythd sanme mken,zthegnffmnwewhme)nsttmptdved by
Pl o e PG Bhotelte B Sha AP BsbTh RGPl TRalhbhePebisting 1he orher
beiaritng lhauintwwem white the gatal mmbr&ohgymw Banisiniye aBogxample, itdddytehigiep and
relative

di mensi o 'egggﬁgg‘ﬁ%ﬁgmﬁﬁﬁ E’F ﬁ@ nS| Oaargqpl?%wve?m the%?gte%egrhlyggg can be
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.



the spindle fromboth bearings is as simlar as possible to each other, so
that no 10 i nbal ance novenent results. Further the total axial play in such
a beari ngwowembismat i on wi || be somewhat di m ni shed rel ati yeTtusot/ms9axi al
play obtained in a corresponding pair of fluid bearings. Thus, although

t he axi alWphtig cladmadis:i deal i zed, it is an inprovenent over standard two
bearing designs in terns of power consunption and stiffness and does

achi eve sone reduction in axial play. 15 The discl osed enbodi nents are

achi evabl'e Wi wb@aﬂrrgewste*m@uﬁ@ﬂéuug larlﬂlafﬂ; g¢unO hAd beariid meaAs fstadlippokiagt . By
t he sarre stif e not inproved because of the presence

th ne I
of one ai E%fi’f" %?hq '%“l%{ Féﬁ‘t'vﬁﬁpﬁf'%‘ ned or close to being maintained

while ghe total power consumed is mnimzed. For exanple, today's high-
speed spindl es take about half of the whole nechanical power in the system

a hybrid 20 sdthea{nofystan asglaiped & clai $ Nhergip$atd BRRVNGIMeaNst CYORUSES
consunpt i p& arfd é’@fonﬁ%ﬁl&é?%eﬂlﬁ@s g RERARh NS dISHERhAR ARUA tbupeal

apparent to a person_ of skill in the art who studies this disclosure.

Ther ef or 2€2fiRg '@@Wﬂﬁd@ﬁ “B%@O'?“Fﬁ}éﬁ@”m isto belinited only by the
following clains. 7 WO 03/064871 PCT/US03/02899 What is clained is: 1. A
beari ng %/stem conprising a shaft, a hub, and bearing nmeans for supporting
the sHhf t3.and A beanngbsystam s claimed i Glaimi DWhesim eagh peaaifl igstsanst seeoad

claimed iy, aﬂh% gbég%‘é‘sf 8idonRal Qeﬁ‘ég{ herngﬁgﬁﬁ éif?ﬁg BBort éi frSth tﬁ@%hﬁﬁcond

coni cal beari aced from eac a jour
beari ng iandea gecdond surfaoe suppoded froeathentyb, trle)flst apd lseacmdwgu@aesmhmh

clai med in ¢ %g'd@h&p&’%f‘qg@éﬂguﬁﬂg@ﬁ%‘fsﬁbﬁor‘bﬁé'a dr°§a§'8%?lmee5§‘w??§mthe shaf t

conprises a conica surface suppo
and a second surface supported fromthe hub, the first and second surfaces

ot atton b 1 eoie0elh §s Sied il Suboilfe SHORTALAS 4R Rl

wher ei n theariggpisi subsamdarfy Iesé than thesgainche faiarjourpsl beariagbst antial Iy | ess
than the gap in the fluid journal bearing. 5. A bearing system as cl ained
in claim4 wherein the dianeter of the air bearing

5. A bearing system as claimed in claim 4 wherein the diameter of the air bearing
is greater than the length of the fluid bearing.

20
6. A bearing system as claimed in claim 4 wherein the shaft is mounted to a base
of a disc drive housing, the conical bearing being distal from the base.

7. A bearing system as claimed in claim 2 wherein the bearing system is mounted
25 inabase of a disc drive, the air bearing being mounted adjacent to the base.

8. A bearing system as claimed in claim 7 wherein each of said first and second

bearings comprises a conical element having a first surface supported from the shaft

and a second surface supported from the hub, the first and second surfaces of each
30 bearing defining a gap, fluid in the gap supporting relative rotation of the surfaces.

9. A bearing system as claimed in claim 7 further comprising a capillary seal

defined intermediate the journal bearing gap and a gap of each of the conical bearings.



is greater than the length of the fluid bearing. 20 6. A bearing system as
claimed in claim4 wherein the shaft is nounted to a base of a disc drive
housi ng, wbasmesical bearing being distal fromthe base. PCTAShgesPng
systemas clainmed in claim2 wherein the bearing systemis nmounted 25 in a
base of al@i s@ bearing, system as clabsed inngaitned wherairutiteeghpeidjsatkiirst dral $dvenbase.

cecond. - Beriy ¥ SERERELAC Rah b e MRS MGG, < s face.

supported fromthe shaft and a second surface supported fromthe hub, the
first and sur.faces of. 30bar|n def|n| flui.d in the
gap suppotti ng‘ 8'8? gpvg comprisipg gﬁ'lo(y,smgH@c udjpg dn%CB\ée&a}g MLt as
cl ai medl i definbairegion,faispinge mmumbﬁmg&bn@&ﬁlnhdr@rmsc%&@ﬂ cor@eint Aation, and

of each of the conical

internedi ate the journal bearing ga a ga

beari ngs.a" QCtV@ODJ\G)V‘Q%’maﬁW U%(?BV g@er af% Bﬁf‘e@é”éﬂm pRchsofssaidises.dpgi ned
in cl ai m&invdie hidter édﬁﬁpmrg a%haﬁusdpifad;rfeﬂfr@ﬁdhé%@@@ndme%bw%pp%nm a
substanti al | zqu ess th idjournal bearing di sc

drive corpd rf@taé'oﬂdﬁﬁt'ﬁ@ tP%EPLﬁ!ﬁaﬁg the 55@&9 AN serRasteds tor r@&@@pra)éqyng a 5

defined rggirag. sy&eﬁpb&ﬂt)ﬂsﬁ@tfl%t aHdPRRbAN RENICRCLA NGB Pabbd afondhe GRARE aNt
rotati on, and an actuator Supporting at |east one’transducer "associ at ed

with Ehcransta jogmal Beaing 'nferﬁ@ed'gkﬁ thgIcenigakksarigd@spri si ng a shaft support ed
fromthe base and a sl eeve supporting a hub for rotation relative to the
shaft, the sleeve being supported for rotation by a bearing system

conpri si ntf-f i AsdisaAdveas slaimedin daim bewhereifs thepeanicsl spaiingstdasheatrise 10 and

a jour naIaB |I|&%WWI‘ %F\ﬁ i Bufran é:r:g,ng” ndﬂr@% aﬁ;:laé iy iR Gudr i ve as

clainmed in al m ereint coni ca S eac onprise "a gap
filled W|th gas or air, and the journal bearing conprises a gap fiIIed W th

fluidic 154L3. ' i '

capll ar?%ealﬁd?b ¥%ab‘6‘f‘anﬂ§dg¢ %{ equlqpﬁ%r?&d@eﬁr?s”{ 5%@8. Iar&ven{ hﬂew d from
entering endeofgmp)]omlfnaélbeaemg tf prekentdloid feah enberingithe gap bﬂeltmarbﬁahe canicalst em
as clai arﬂ gl aim3 wherein the gap in said first and second 20 bearings
i s subst antl ¢ y less than the gap in the fluid journal bearing. 15. A
beari ng system as claimed in claim4 wherein the dianmeter of the air

beari ng 14. A bearing system as claimed in claim 3 wherein the gap in said first and second

20 bearings is substantially less than the gap in the fluid journal bearing.

15. A bearing system as claimed in claim 4 wherein the diameter of the air bearing
is greater than the length of the fluid bearing.

25 16. A bearing system comprising a shaft, a sleeve surrounding the shaft and
defining a gap therewith, and a bearing system for supporting the sleeve and hub for
relative rotation, the bearing system comprising first and second conical bearings
defined by grooves on one surface of the gap separating the shaft and the sleeve, the
first and second conical bearings being axially separated along the shaft by a sufficient

30 distance to define a journal bearing in the gap between the shaft and the sleeve, the
journal bearing including a fluid of substantially greater viscosity than the conical
bearings.



is greater than the length of the fluid bearing. 25 16. A bearing system
conprising a shaft, a sleeve surrounding the shaft and defining a gap

t her ewi t Wwoandes7beari ng system for supporting the sl eevepramashutesior
relative rotation, the bearing systemconprising first and second coni cal
beari ngs 1alef iAbehring ysedvas cimed i daifi 86 whefeif ke gaPotRdsdhalngarihg shaft
and the sl eev§ tame fi rsF| aﬂ% secand coni CSJ bearings being axially

separ at ed® SPRTigYal¥ oLealer thag the gapr9fithe eoicllBearagsance to define a j our nal
bearing in the gap between the shaft and the sleeve, the journal bearing

including, a fluid of substantially greater viscosity than the coni cal
bear i ngs.g189 WO B8R $YSISPCHs HRFaPE IR BRI 77 Whejekt k/'}?gcgr%@'et?ﬁaé@gélad?ned in

cl ai msl6 suppbREd b Fotafdh g? 4 ngid] eHhPEind aa’ dmas,| Sncd RS jaumhd abdayingrigat er
t han the%p of the conical bearings. 18. A bearing systemas clained in
cl ai m 17 SkREPEEHDPY Adluidsareriisingdigridigs are 5 supported for rotation by a
fluid conprising air or gas, and the journal bearing is supported by a
fluid conprising liquid. 19. A bearing systemas clained in claim16

wher ei n t1e diAbRarEg ystermas glaimaskiarclaig 16 whereinathediamelgr ohibejairfaRingf t he

fluid begg PF&ter]tﬁar?gwe @@m@ﬂ@mmgé@, as claimed in claim 18 wherein the
ng

di aneter of the alr bear I's greater than the length of the fluid
beariy. 10

20. A bearing system as claimed in claim 18 wherein the diameter of the air bearing
is greater than the length of the fluid bearing.

10



