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(0004] Generally, the disks are mounted on a spindle that is turned by a spindle motor to pass the

surfaces of {{g sligksossader the read/write heads. The spindle motor geng&qjmgﬂ]?w(gz%g‘g shaft
mounted on a base plate and a hub, to which the spindle is attached, having a sleeve’into which the

shaft is inserted. Permanent magnets attached to the hub interact with a stator winding on the base
plate to rotate the hub relative to the shaft. In order to facilitate rotation, one or more bearings are

usually disposed between the hub and the shatft. '0005 Over the years, storage density has tended to
increase, and MQ@M‘W&!M%QQM EbYID RYNAMIG s lead to greater

precision and lower tolerance in twgqgﬂgl%qﬂie %%ig of 1 WO 2004/003906
Isks. The

- PCT/US2003/020505 magnetic storage bearing assembly that supports the storage disk is
of critical importance. One bearing design is a fluid dynamic bearing. In a fluid dynamic bearing, a

lubricating fluidrosk ag aERENGH o REIRTED Reasing SHidAes between a fixed member of the
In addition to air ical lubricants include gas, oil, or

housing and a rotating member of the disk hub | I, t al
other fluids. Iseu@ﬁynami? E?gae?ﬂ?&gaé\gféﬁla'm%tbggﬂﬂﬁt%ﬁ?ﬁé@%‘g 1ates HEOYSIPNAL area, as opposed
to a ball beariApplisstentiledwhlgH c200p fseGrante{éatitietSbionResifadating Bisnisalesirable because the
increased begijing [ﬁwgﬁ,gg BeEHAES, WRRM G Herdit MoRFURS oY Fefigiing and fixed members.

u

Further, the use of fluid in the interface area imparts damping effects to the bearing, which helps to
reduce non-repeat run-out. Thus, fluid dynamic bearings are an advantageous bearing system. [0006]
A common flurdEdyhamitHEe INMIENTESINN incorporates dual conical shaped bearings mounted on each

end of a fixeqigpgdf- The BRI NRention relates to disk drive motors in general and
particularly to fiuid dynamic bearings used in disk drive motors.

BACKGROUND OF THE INVENTION

[0003] Disk drives are capable of storing large amounts of digital data
in a relatively small area. Disk drives store information on one or more
recording media, which conventionally take the form of circular storage disks
(e.g. media) having 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 the surfaces of the disks by an
actuator mechanism.

[0004] Generally, the disks are mounted on a spindle that is turned by a
spindle motor to pass the surfaces of the disks under the read/write heads.
The spindle motor generally includes a shaft mounted on a base plate and a
hub, to which the spindle is attached, having a sleeve into which the shaft is
inserted. Permanent magnets attached to the hub interact with a stator
winding on the base plate to rotate the hub relative to the shaft. In order fo
facilitate rotation, one or more bearings are usually disposed between the hub
and the shaft.

[0005] Over the years, storage density has tended to increase, and the
size of the storage system has tended to decrease. This trend has lead to
greater precision and lower tolerance in the manufacturing and operating of



further typically employ internal pathways for the re-circulation of fluid around the cones, as well as

grooved sua;ﬁc]% ﬂﬁ?ﬁ%ed on an axial surface between the cones that ng}gs%j)g/j,%%gapillary seals.
However, as the size, height, and power consumption of fluid dynamic bearing motors is decreased,

several problems become more prominent with this particular design. This Is largely due to the fact
that reduction in feature size is the preferred method of reducing overall motor power consumption.

For one, the reduction in the diameter of the cones leaves less room available for re-circulation paths.
Providing a réoagaetiieiarpaedisks e hne braringiasiamiin tiat sveners thr atereos fiskegral part of the

shaft, becausg tiefigtisanenpBRaAdS. Bie eearihe dexien #nd Shiafidipraiwiitl veadiigulitian. Additionally, as

motors overall become shorter, the axial spaci t e ' ' is.reduced, making it
impractical oﬁﬁﬁeﬁéﬂﬁw'%‘ﬁﬁéf&“&é Suﬁ%?ﬁggé?%g\ﬁi \%,ﬁcetﬁ:é quariggg ?lh%'reggtgﬁgg%. 0007] Therefore,
a need existshferringusiidigerarbfiwreliny ixesgienten&otighbeueirgcandm d8%8tiRgight, and power
consumption gamgadsrvndeisk FREPIAMIRITBS B cliooaliMpickitdinarioeyas WMARY OF THE

INVENTION 2 W%Oﬂdf_égolgio PCT/US(?OO%/OZOSOSe Qg] Thﬁ invseur?é)cré %r\(,)evridaes a fluid dynamic
bearing desig?ffg ri Ej' shaft’ adﬁfﬁné'ﬁ &8L0RY 2RISR DEaPRY Afie , reéspectively, to a first and
second end dathe sirfdceaandasssppededstscisbal keaing@ssambiih whiclysametisessaals pump fluid into

reSenvoirs on dedir e SRR aRls DS WG BHRRIBEDRSHE IRE AL @by DRAWINGS

0009] So that the manner in which the above recited embodjments o
[ ] surface reduces wobble or run-out Ee een me ro{aﬁng anJ fixed members.

Further, the use of fluid in the interface area imparts damping effecis to the
bearing, which helps to reduce non-repeat run-out. Thus, fluid dynamic
bearings are an advantageous bearing system.

[0006] A common fluid dynamic bearing design incorporates dual
conical shaped bearings mounted on each end of a fixed shaft. The bearings
further typically employ internal pathways for the re-circulation of fiuid around
the cones, as well as grooved surfaces disposed on an axial surface between
the cones that pump fluid into capillary seals. However, as the size, height,
and power consumption of fluid dynamic bearing motors is decreased, several
problems become more prominent with this particular design. This is largely
due to the fact that reduction in feature size is the preferred method of
reducing overall motor power consumption. For one, the reduction in the
diameter of the cones leaves less room available for re-circulation paths.
Providing a re-circulation path is even more difficult when a cone is formed as
an integral part of the shaft, because there is no space in between the cone
and shaft for fluid re-circulation. Additionally, as motors overall become
shorter, the axial spacing between the conical bearings is reduced, making it
impractical or unfeasible to include pumping grooves on the surface
therebetween.

[0007] Therefore, a need exists for a fluid dynamic bearing design that
accommodates current size, height, and power consumption demands without
compromising the functionality of the bearings.

SUMMARY OF THE INVENTION




the invention are attained and can be understood in detail, a more particular description of the
invention, bRgdyy/qAvgEized above, may be had by reference to the en@gp/hnger(l)tsmt%%gof which are
illustrated in the appended drawings. It is to be noted, however, that the appended drawings illustrate
only typical embodiments of this invention and are therefore not to be considered limiting of its scope,
for the invention may admit to other equally effective embodiments. [0010] Figure 1 depicts a plan
view of one e % iment af a disk drive that comprises a motor in accordance with embodiments of
the present irT\a/ &u n: 001§ ERyEPEGLRrAVIdeS R duid AT RSBHME RIS BAYANG- circulating
conical fluid dgrahafic &dnstrandnsroorat conitaltieating mfized} raspenticety,Rig aréraGaituistrates an
alternate apPiGhdo Uedia dee Beainandy SeminRlin el fdgucadh delniRgn gpkof flud dynamic
grooves for use in the motor of FIG. 2. DETAILED DESCRIPTION [0013] FIG™| depicts a plan view of
one embodimBMBPE HRRLRR LUDPLEHT IR fRSeHBIATeG BrsthantwesaBA . wBikding to FIG. 1, the
disk drive 10hbeehirdes a housing base 12 and a top cover 14. The housing base 12 is combined with
top cover 14 to form a sealed environment to protect the internal components from contamination by
elements outside the sealed environment. The base and top cover arrangement shown in FIG. | is

well 3 WO 268D AJeBARFTIPEbOHTHEOBBAVKINGS in the industry; however, other arrangements of
the housing ¢0009pnents Bauadt aigp emibhbeanwisenl tiw drseaeistel tbabadansing are not

the invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate
only tybical embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally
effective embodiments.

[0010] Figure 1 depicts a plan view of one embodiment of a disk drive
that comprises a motor in accordance with embodiments of the present
invention;

[0011] Figures 2A and 2B depict two embodiments of a non re-

circulating conical fluid dynamic bearing motor according to the present
invention; Figure 2C illustrates an alternate approach to venting the bearing
system; and

[0012] Figure 3 depicts a set of fiuid dynamic grooves for use in the
motor of FIG. 2.

DETAILED DESCRIPTION

[0013] FIG. 1 depicts a plan view of one embodiment of a disk drive 10
for use with embodiments of the invention. Referring to FIG. 1, the disk drive
10 includes a housing base 12 and a top cover 14. The housing base 12 is
combined with top cover 14 to form a sealed environment to protect the
internal components from contamination by elements outside the sealed
environment. The base and top cover arrangement shown in FIG. 1 is well



limited by the particular configuration of the disk drive housing. [0014] Disk drive 10 further includes a

disk pack 1@@%&?/6&%'{“9(1 on a hub 202 (see FIG. 2) for rotation on aﬁm%m tz%rﬂg]ot shown) by

a disk clamp 18. Disk pack 16 includes one or more individual disks that are “mountéd for co-rotation
about a central axis. Each disk surface has an associated read/write head 20 that is mounted to the
disk drive 10 for communicating with the disk surface. In the example shown in FIG. 1, read/write

heads 20 are su(p\ported flex rets 22 that are in éHrn attached to .hea @(%zjg{hrﬁ%_arms 24 of an
a

actuator 26. ﬁ“lne Aetultor Sho Uﬁﬂﬁd’!"f" REF R ﬁfp@'i{ﬁ%%ﬂ“ﬁﬁtg r8 Wil actuator and

includes a voieenmpshenisibayy Grushibibege neesdlyand 28peaicel dbé inveoliaBarstanets actuator 26

with its attachﬁqi@ggmgepg%g@g&ﬁﬁgﬁgmmq@%@m PRaliRg. read/write heads 20 over a
desired datatlr ck along a path 32, &?O FIG, ?A is a_sectional side view of a portion of a non

re-circulating @B?ﬁtjal flué}'%/ iYRid H KRS RRYEPS GFisk RAGNIP ah & SreuaiRd Mfition. Motor 200
comprises a rothtiag2atsentiily. 2) foa stationaoy asspinddyr26i8r @ot shbwajiby asdisknbly 205. [0016]

The rotating a5sfmbiy 2086 PRERSRANURRIIINR GURRAES RiviSaS! AR g afLfor rotation and a

sleeve 208 affixed to or integrated with the hub that supports a magnet assembly 252 comprising a
back iron 207 0RHMted oG SerotRIAH i RRAUN & SERLRY BXIE-enfiRGHiHiSHt BifRES AR, the magnet
assembly 252asspdatednsddwtite inside 20r ahatfésenitaintedfacetB@dAdisk thevaull®@0ér [0017] The

stationary asseqally, 2030 AN 562 AR GAZIIOUN S e dbim HaSShbanT i gt 202 is disposed
through a bore 221 in the Sle d

[ eve 208 and su gortst e hub 204 for rotation. A stator' 210 mounted on
the base 12 ¢8RbriRBeaR ALAHRBHRICASY b IReued SDies FRE A ORalaR e R: hub

head mounting arms 24 of an actuator 26. The actuator shown in FIG. 1 is of
the type known as a rotary moving coil actuator and includes a voice coil
motor (VCM), shown generally at 28. Voice coil motor 28 rotates actuator 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.

[0015] FIG. 2A is a sectional side view of a portion of a non re-circulating
conical fluid dynamic bearing motor 200 according to the present invention.
Motor 200 comprises a rotating assembly 201, a stationary assembly 203,
and a bearing assembly 205.

[0016] The rotating assembly 201 comprises a hub 204 that supports at
least one disk 250 for rotation and a sleeve 208 affixed to or integrated with
the hub that supports a magnet assembly 252 comprising a back iron 207 with
a magnet 209 affixed thereon. In one embodiment of the invention, the
magnet assembly 252 is positioned on the inside circumferential surface 254
of the hub 204.

[0017] The stationary assembly 203 comprises a shaft 202 mounted to
the base 12. The shaft 202 is disposed through a bore 221 in the sleeve 208
and supports the hub 204 for rotation. A stator 210 mounted on the base 12
cooperates with the magnet 209 on the hub 204 to induce rotation of the hub
204 relative to the shaft 202. The stator 210 comprises a plurality of “teeth”
215 formed of a magnetic material such as steel, where each of the teeth 215
is wound with a winding or wire 217.



204 relative to the shaft 202. The stator 210 comprises a plurality of "teeth” 215 formed of a magnetic

material suqk}@gog_r‘%gw@mre each of the teeth 215 is wound with a Winqjeglggﬂi’ngs 4 WO
2004/003906 PCT/US2003/020505 [0018] The bearing assembly 205 comprises a first conical

bearing 210 and a second conical bearing 212 affixed to the shaft 202. The first conical bearing 210
may be formed integral with a first end 211 of the shaft 202, as shown in FIG. 2A, while the second

conical beari may. [ m ress fit onto.the shaft in a region 213 ced toward a
second end (ﬂ%tﬁgﬁshaftﬁg%.g %ﬂiﬁr(ﬁa %eglry,ﬁiyogwa ézgﬂ‘rﬁ’(_ﬁ'éeﬁﬁ%i‘zcﬁ{&??% ‘?ﬁﬁ%%éﬁ ent pieces that
are press fit offd et zonicakbaasing # & @hixes. te dheistptha0@:stTherficsildsadgahg 210 integral

with shaft 202germig > folangp beiRsnatey Atdbel Witk enarthahe Shal 2R25 Jespiig an overall
decreased feaﬁre sizeFl%s ? Og’ﬁ@éiﬁ to Ff‘rq)':rior art beari%% assemblies; this makes it easier to insert a
t

fastener such 28 4 SCrew o o R0 SAYSH BRPENGIS] 2 RS TapE%ABEsing in place.
[0019] A fluid Pressstichrie Hie shiaibinasragitisRiSespboaddewandrinsesanfd terdoointbel bearings 210,

212, and the aGingbeLTa0RM RS VA Bedittyd!oit Ay R {NHotesR bugdited plenum 220
that separatej first and sec‘g(énd' (lf)ﬁicaé}t%egriqr?;g% 210, 212 an(¥] extends eﬁ?i%e%ﬂ%%gugh the sleeve
i

208. This pleftfh AR SR L BB ERH AP B3 ARNR Bl etBin&BRipshie Mikrnatively, fluid
can be introd@osigahtoctiing 236r ibtegraigwitirshgtt 282 ttaeaiessahiagy@60idnastée axdstieto capillary seal

216; fluid woulespeningofle sk it adonaisBRa iR e AEn W GR0The first and second

conical bearings 210, 212 further comprise fluid dynamic grooves 300, 302. The fluild dynamic

grooves 300 %cqu?gfg t@%oﬁs%@%lﬁ?ﬁfé"b ies; this makes it easier to insert a

fastener such as a screw or the like into the shaft to hold a disc clamp or
upper housing in place.

[0019] A fluid 214 such as air, oil, or gas is disposed between surfaces of
the conical bearings 210, 212, and the facing surfaces of sleeve 208. The
fluid may be introduced through vented plenum 220 that separates first and
second conical bearings 210, 212 and extends entirely through the sleeve
208. This plenum also serves to maintain fluid separation beiween the
bearings.  Alternatively, fluid can be introduced into the upper bearing
through vent/access hole 260 that leads into capillary seal 216; fluid would be
introduced into the lower bearing through the plenum 220. The first and
second conical bearings 210, 212 further comprise fiuid dynamic grooves 300,
302. The fluid dynamic grooves 300, 302 help to support stable relative
rotation of the hub 204 to the shaft 202; their design is asymmetric so that
there is a pressure bias appropriate to drive fluid toward the reservoir/seal
216, 218 defined at the wider end of each conical bearing. The reservoir/seal
216 is defined by relatively diverging surfaces 261 of shield 263 and surface
265 of conical bearings 210. Fluid can be inserted thru vent 260 into the
reservoir region 267 which terminates at meniscus 269. Reservoir/seal 218 is
of similar design; Vent 262 is provided primarily for establishing the meniscus;
because of its location, it typically is not used to insert fluid. Alternatively, the

grooves 300, 302 could be formed on the surface of the sleeve 208 facing the
bearings 210, 212.




rotation of the hub 204 to the shaft 202; their design is asymmetric so that there is a pressure bias

apprppriatev%dzr(jgﬁoﬂwﬂ&oward the reservoir/seal 216, 218 defined at thﬁc‘?’)gf[()?ﬂﬁz@%?am conical
S of s

bearing. The reservoir./seal 216 is defined by relatively diverging surfaces 2 leld 263 and
surface 265 of conical bearings 210. Fluid can be inserted thru vent 260 into the reservoir region 267
which terminates at meniscus 269. Reservoir/seal 218 is of similar design; Vent 262 is provided

primarily for egtablishing the meniscus; because of its lgcatiqn,.it,typically is not used to insert fluid.
Alternatively, ﬂ%@%ﬁow segab?%dsaectgﬁmpd%gfoqrr%%\ﬁe%ngg&é S%Jar%agéegf SR facing the
bearings 210 geomedryyhie Ge4/0B3ws iP Gfeusp 60 §10Pe 596 goentpRynmetictsegumping grooves

300, 302 have)afyRgy§roBoEica06 050010 dois-a66H MaRiEiSTBFSRfNALE the RIE@FoRN "asymmetric
seal". Utlllzm%opves 300, 302 as %stfrlbed mlnlqlzes or eliminates t&e gﬁgqfo pumping seals on
hér'on

the shaft 202 INRBARGRIG B {58885 6921 DS ilioMB9 ¢ 1588P%: h8%hatft 202. Moving
the cones 210n@iki clioser tmgpdhiee oallthe sfaft28Boridoving dhe oneshRt0|Rirelosduces motor power

consumption. Qg1 CRRKEYERL.CaRILY mBRIS 206 AR AR IRGltld FRSRIVEHReR 60, 262 between
the capillary seals 216, 218 and the conical bearings 210, 212; that is, when the motor 200 is spun

down, fluid 21SPTSYEIBYAR from the capillary seals 216, 218 to the volume occupied by the grooves
300, 302. Pupopg fluidCentritsgae sepiipdyabenle cHB)irze satink defre fuithteseavadrscirculation

conduits in congs 3492 hedSna LGy LsleonBI PRIGNAL AL bERRK1bINe cones 210
212 may be reduced without compromising functionality.
212; that is, when the motor 200 is spun down, fluid 214 is returned from the

capillary seals 216, 218 to the volume occupied by the grooves 300, 302.
Pumping fluid 214 as described above eliminates the need for internal re-
circulation conduits in cones 210, 212 (e.g., drilled or preformed pathways),
so that the size of the cones 210, 212 may be reduced without compromising
functionality.

[0022] Figure 2C illustrates an alternative to the embodiments of Figures
2A and 2B in the sense that the vent 270, rather than extending radially
outward through the sleeve, extends primarily axially through the sleeve.
Pr'eferably, for ease of fabrication the vent includes a radial section 270A and
an axial section 270B. This eliminates the need to precisely align the vent in
the sleeve with the ungrooved region of the shaft 202.

[0023] As demonstrated in FIG. 3, the fluid dynamic grooves 300 form a
ring around the cones 210, 212 (as do pumping grooves 302) and may
comprise a herringbone pattern as shown, or may alternately comprise a
chevron, spiral or sinusoidal pattern (not shown). The herringbone, or V-
shaped pattern, illustrated in FIG. 3B generates a pressure distribution across
the bearing surface that provides improved bearing rocking stiffness. The
grooves 300 comprise two “legs”, that meet at an apex 304. Generally, the
apex 304 of the grooves 300 is located near a midpoint along the operating
surface - of the cone 210, 212. When rotated in a direction against the
herringbone, fluid dynamic grooves 300 draw fluid 214 toward the apex 304 of
the grooves 300. Pumping grooves 302 may comprise asymmetric
extensions of fluid dynamic grooves 300, as depicted by legs L1 and L that



[0022] Figure 2C illustrates an alternative to the embodiments of Figures 2A and 2B in the sense that
the vent 27Qy sdhErot3ask €xtending radially outward through the sleeve, gé%&;m%gy axially
through the sleeve. Preferably, for ease of fabrication the vent includes a radial section 270A and an
axial section 270B. This eliminates the need to precisely align the vent in the sleeve with the
ungrooved region of the shaft 202. [0023] As demonstrated in FIG. 3, the fluid dynamic grooves 300

form a ring ar, C 0 s do pumping grooves,302) and may .comprise a
herringbone p@t%gfr?v;a:ns %%?13,6(%? %%a%/'%a? eerreea k{/%@'rﬁ?)sr%'g%}/e{: Qaavnr ?1%%$8F%Moidal pattern (not
shown). The relenaibohdLorsdesnapsithisatiey TGS Sbenrasy®IreB el thmpedterpiessure distribution

across the baage@eyRs Wik iRdReERRrRY 8hoeminer Ak 9 Sl TsRBed i depOves 300

comprise two !legs”, that meet at an apex 304. Generally, the apex 304 of the grooves 300 is located

near a midpoifftaRh YRS, HARG it c i the eakasiiaent shows ipRIGS:RAred thea direction
against the hésgivgthotre, Soattelyiengib grodddse306atsdvpituichatkd dapiltig theaspe1e304 of the

grooves 300. R4ENpiNG, S AV eSia j ol Si i namic grooves
300, as depicted by Ie%s I?rféz/an%| Lozgtﬁﬂla%y %ewg%%%gfg{ég%gé%ﬁﬁm?@%éﬁg%/neet at an apex
304, where th@?e??g'i'ﬁ ?@,%%reater than the length of L2 (by a length of AL as demonstrated by FIG.
3). When asyijeomstty of titlipingeconatrbedsiddsy 2egs 2ith skiffesepribeagiiig, maehizew of fluid 214 is

pumped towa ' r : { t shown i GS,, 2A-C, the leg with
the shorter Ier%ttﬁ]v%ou dl%%%éﬁgtgﬂgp%%ﬁ%%&igﬁﬁ?a %?%‘%%&%fg%%%ha ﬁ?efq‘?uid 214 is pumped
into the resenfiifs EEMIB IYENREPHY are-leeaind negr shg midpoints of the cones 210,

212. In addition, the reaction forces in conical bearings 210, 212 will produce
a restoring moment to the shaft 202.

[0025] Therefore, the present invention represents a significant
advancement in the field of conical fluid dynamic bearing motors. Structural
integrity and functionality is maintained, while feature size is reduced so that
the motor consumes substantially less power.

[0026] While the foregoing is directed to embodiments of the invention,
other and further embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is determined
by the claims that follow.



[0024] Utilizing conical bearings 210, 212 as described will maximize both journal spacing and rocking

stiffness, pyyirslatololde apexes 304 of the fluid dynamic grooves 300 g¢g/{R5868/d2063" the
midpoints of the cones 210, 212. In addition, the reaction forces in conical bearings 210, 212 will

produce a restoring moment to the shaft 202. [0025] Therefore, the present invention represents a
significant advancement in the field of conical fluid dynamic bearing motors. Structural integrity and
functionality iWﬁ i?stain‘??e cy\{gjle feature size is reduced so that the motor consumes substantially less
power. [0026] e oregoing is directed to embodiments of the invention, other and further
embodiments of the invention may be devised without departing from the basic scope thereof, and the
scope thereof is ¢letgpraigedchivdior &aipisimat follow. 7 WO 2004/003906 PCT/US2003/020505 What
is claimed is: 1. An electric Fnoté)r co';tnprising: a fixed shatft; a first conical bearing integral with a first
end of the shaft; a seconaacbxr‘ﬁcaﬁhgearing fixed to a second end of the shaft; and asymmetric grooves
on the bearings pumping ®firatéaniea bearies integrahwithafirst endotlee ghaffiotor according to claim

1, further comprising: a vegited slaemcer Basaingiea b stedmeenadransispifbaadngs; a rotatable
sleeve disposed around the shaft and the first aqﬂ %econd conical be rirégg; ﬁlnd
asymmelric grooves on the bearings pumping toward'the outer

ends of the shaft.

2. The electric motor according to claim 1, further comprising:
a vented plenum separating the first and second conical
bearings;
a rotatable sleeve disposed around the shaft and the first and
second conical bearings; and
a fluid between the first and second conical bearings and the
sleeve.

3. The electric motor according to claim 2, wherein each of said first and
second conical bearings is sealed by a capillary seal at a wider end of
the bearing.

4. The electric motor according to claim 3, wherein the capiliary seal
defines a fluid reservoir.

5. The electric motor according to claim 4, wherein the capillary seal is a

centrifugal capillary seal.

6. The electric motor according to claim 5, wherein at least one conical
bearing is formed integral with the shaft and includes an opening
therein extending to an end of the shaft.

7. The electric motor according to claim 5, wherein the grooves comprise
fluid dynamic grooves circumscribing the surface of the bearing.



a fluid between the first and second conical bearings and the sleeve. 3. The electric motor according

to claim 2, whesehy,sasts Of said first and second conical bearings is sea@r%ﬁmﬁuﬁg seal at a
b t by

wider end of the bearing. 4. The electric motor according to claim 3, wherein the capillary seal defines
a fluid reservoir. 5. The electric motor according to claim 4, wherein the capillary seal is a centrifugal
capillary seal. 6. The electric motor according to claim 5, wherein at least one conical bearing is
formed integral with the shaft and includes an opening therein extending to an end of the shaft. 7. The
electric motor according to claim 5, wherein the grooves comprise fluid dynamic grooves

circumscribing the slita&testrimansieringcading ooleion JooreeEiny e ol ohmsoEc 8. The electric

motor according to glaidles sunfifse Hied4yidmdinavisHHeaypstRpRIPIise an asymmetric V-shaped
pattern. 9. The electric motor according to claim 8, wherein the vented plenum extends from the shaft

through the sleeve to an outer surface of the sleeve. 10. The electric motor according to claim 8,
wherein the vent@d Prenelectdstoriertacserdinghigftclaine \Ganviemsin theaeniatt pemamexterior of the

motor. 11. The eleciigmasGraRanedutittalignomynassie 1Biddisirpdaesaner anical bearings

further comprise pursqg(iar\}g grooves that pump fluid toward the reservoirs defined by the capillary seals.

10. The electric motor according to claim 8, wherein the vented plenum
extends thru the shaft side wall through the shaft to the exterior of the
motor.

11.The electric motor according to claim 9, wherein said first and second
conical bearings further comprise pumping grooves that pump fluid
toward the reservoirs defined by the capillary seals.

12. The electric motor according to claim 11, wherein the pumping grooves
are asymmetric extensions of the fluid dynamic 'grooves.

13. A disk drive motor comprising:
means for rotatably supporting at least one disk;
a stationary shaft disposed through the supporting means in a
spaced apart relation;
a first conical bearing integral with the shaft, and a second
conical bearing supported on the shaft;
an asymmetric groove pattern on the conical bearings pumping
toward opposite ends of the shaft and vent means separating
the first and second conical bearings.

14.The disk drive motor according to claim 13, wherein the means for
rotatably supporting the at least one disk further comprises:
a hub;
a magnet assembly mounted to the hub; and




12. The electric motor according to claim 11, wherein the pumping grooves are asymmetric

extensions gfghgofliigghenamic grooves. 13. A disk drive motor comprisinlgi &E/B%;&tatably
supporting at least one disk; a stationary shaft disposed through the supporting' means in a spaced

apart relation; a first conical bearing integral with the shaft, and a second conical bearing supported
on the shaft; an asymmetric groove pattern on the conical bearings pumping toward opposite ends of
the shaft and vent means seé%)aratin the first and secqnd conical bearings. 14, The disk drive motor

according to claim 13, wh&r&ie HRIRRGH PIRES SPELBIFORRIAFRE TP S BN SRsk further
comprises: a hub; a magnetiaiisenfithe méurdedvie tththé atatiendryOstia 2004/003906
PCT/US2003/020505 a stator disposed proximate the magnet assembly to induce rotation of the hub
relative to the stationary shaft. 15. The disk drive motor according to claim_14, further comprising a
fluid between th&3stfASK Wik BAPHASTACIRG 1 C&IPpti serpsising 2 Mk 16. The disc
drive motor accordibgticeelaitheldatibragrshaét vadithecmsansdonzuppartiventies gilastm extending
through the sleeve. &r{ EIQ electric motor according to claim 15 wherein the vented plenum extends
thru the shaft side wall'and through the shaft to the exterior of the motor.

16.The disc drive motor according to claim 15 wherein the vent means
comprise a vented plenum extending through the sleeve.

17. The electric motor according to claim 15 wherein the vented plenum
extends thru the shaft side wall and through the shaft to the exterior of

the motor.

18. The electric motor according to claim 15, wherein each of said first and
second conical bearings is sealed by a capillary seal at a wider end of

the bearing.

19. The electric motor according to claim 18, wherein the capillary seal is a

centrifugal capillary seal.

20. The electric motor according to claim 15, wherein the grooves
comprise fluid dynamic grooves circumscribing the surface of the
bearing.

20. The electric motor according to claim 15, wherein the vented plenum
extends from the shaft through the sleeve to an outer surface of the

sleeve.
21. The electric motor according to claim 15, wherein the vented plenum

extends thru the shaft side wall through the shaft to the exterior of the
motor.
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18. The electric motor according to claim 15, wherein each of said first and second conical bearings is
sealed by awailgdyesss at a wider end of the bearing. 19. The electric HP{RIS?&%?J?% to claim 18,
wherein the capillary seal is a centrifugal capillary seal. 20. The electric motor according to claim 15,
wherein the grooves comprise fluid dynamic grooves circumscribing the surface of the bearing. 20.
The electric motor according to claim 15, wherein the vented plenum extends from the shaft through
the sleeve to an gyter surface of the sleeve. 21. The electric motor according to claim 15, wherein the
vented plenum eﬁa@ HragiRneesarding farsainy Aaneherein ssidirstasdiseerifie motor. 10 WO
2004/003906 PCT/USRIG8/0205@S fadhdimmiatis pungivpagoovdshaomigipiili wherein said first

and second conical hgay i i v at pump fluid toward the reservoirs
defined by the capiIIa@ggg@éﬁ%%ﬁ)mﬁ%&Hmﬂ@gagmg}y%%%'
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