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Abstract: A fluid dynam c bearing design is provided featuring a rotating
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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.

15 [0003] | 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

20 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 shaft.

[0004] 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 magnetic storage disks.

25 The bearing assembly that supports the storage disk is of critical importance. One
bearing design is a fiuid dynamic bearing. In a fluid dynamic bearing, a lubricating
fluid such as air or liquid provides a bearing surface between a fixed member of the
housing and a rotating member of the disk hub. In addition to air, typical lubricants
include gas, oil, or other fluids. Fluid dynamic bearings spread the bearing surface

30 over a large surface area, as opposed to a ball bearing assembly, which comprises a
series of point interfaces. This is desirable because the increased bearing surface

reduces wobble or run-out between the rotating and fixed members. Further, the use
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SUMMARY OF THE INVENTION

[0007] The invention provides a fluid dynamic bearing design featuring a
rotating shaft with at least one conical bearing formed integrally thereon. The shaft is
disposed through a stationary sleeve, and a fluid separates the shaft and sleeve

25 surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] So that the manner in which the above recited embodiments of the

invention are attained and can be understood in detail, a more particular description
30 of the invention, briefly summarized above, may be had by reference t the
embodiments thereof which are illustrated in the appended drawings. It is to be

noted, however, that the appended drawings illustrate only typical embodiments of
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IEVfG?tI on; alnd [0013]dF| gure 5 depicts a fourth enbodi nent of a rotating
shaft conica ] ring notor according to the present

i nvention. DETRﬁ*é%%HF@ﬁlS [0014] FIG 1 depicts a plan view of one
enbodi ment 16f poddpk dFiGre depictoa plaseviewot tnecebbetimenital aodisk ddvei 1/fenuseon.
Referring to F %’1 em’bo&m%ng' oﬁifhéjrn\/(\-,(rﬁlo?'lp F‘e'?&hHéI?osFl%. 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
20 arrangement shown in FIG. 1 is well known in the industry; however, other
arrangements of the housing components have frequently been used, and aspects of
the invention are not limited by the particular configuration of the disk drive housing.
[0015] Disk drive 10 further includes a disk pack 16 that is mounted on a hub
204 (see FIG. 2) for rotation on a spindle motor (not shown) by a disk clamp 18. Disk
25 pack 16 includes one or more of individual disks that are mounted 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 supported by flexures 22 that are in turn
attached to head mounting arms 24 of an actuator 26. The actuator shown in FIG. 1
30 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



housi ng base 12 and a top cover 14. The housi ng base 12 is conbined with
top cover 14 to forma sealed environnent to protect the internal
conponents from contam nation by el enments outside the seal ed
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20 with the shaft and a second cone 212 typically affixed to the shaft 202. The first cone
210 is formed integral with a first end 201 of the shaft 202, while the second cone
212 may be, for example, press fit onto a second end 205 of the shaft 202 for ease of
assembly. Forming the first cone 210 integral with shaft 202 creates a larger
diameter at the first end 201 of the shaft 202, despite an overall decreased feature
25  size. Therefore, the overall size of the shaft 202 may be reduced in accordance with
power reduction demands, but the structural integrity of the shaft 202 is not
compromised as a result of including a screw thread or other opening 203 in end
201. In other words, the effective diameter of the shaft 202 is larger at the end 201
for the screw thread 203, and the mounting interface for the hub 204, than is the
30 effective diameter for determining power loss. Furthermore, both the bending

stiffness of the shaft 202 and the angular stiffness of the shaft-to-hub interface are

greater in this design than in prior configurations.
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seals 302. %apnllary seals 216, 218 are depicted in FIG. 2 as radial capillary seals,
but conventional capillary seals could be used as well, although a height penalty is
incurred. Pumping fluid 214 as described above eliminates the need for internal re-
circulation means in cones 210, 212 (i.e. drilled pathways), so that the size of the
cones 210, 212 may be reduced without compromising efficiency.

25 [0021] Utilizing conical bearings 250, 252 as described will maximize both
journal spacing and rocking stiffness, particularly if the apexes of the fluid dynamic
grooves 302 are located near 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. Incorporating a crowned surface in the cone 310, 212 also is effective in

30 locating the apex to minimize power.

[0022] An alternate embodiment of the rotating shaft conical fluid dynamic

bearing motor 400 is shown in FIG. 3. Asin the previous embodiment, the motor 400
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sl eeve 208, while the punping grooves 302 (which are preferably asymetric)
punp 15 fluid 214 toward first and second capillary seals 216, 218. Fluid
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20 amount of fluid 414 into a vented plenum 420 that separates the first and second
conical bearings 410, 412, filling a capillary seal defined between the shaft and the
sleeve; when the bearing 412 spins up the fluid fills the bearing. When the bearing is
at rest, capillary attraction is rebid on to hold the fluid within the bearing. The sharp
corner 460 closest to the plenum region holds the fluid in the upper bearing 410
25 against the force of gravity; the lower bearing avoids loss of fluid by the presence of
capillary seal 415 defined by the relatively diverging walls of the shaft and sleeve.
[0025] A third embodiment of the rotating shaft conical fluid dynamic bearing
motor 500 is shown in FIG. 4. As in the previous embodiments, the shaft 502
comprises an integral first conical bearing 510 at a first end 501 defined by a cone
30 504 integral with the shaft, and a second conical bearing 512 defined between a
cone 511 affixed to a second end 505 of the shaft 502 and a surrounding sleeve 508.



return circulation holes 417) around the bearing 412 to pur i i
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pl enum 420 t ha @%@J ﬁtﬁé 4ta$§5‘<?1 fddfai;Ea&My §640The GOOVesa00RATH fih 51410, thealz

filling a capil seal bet ween t f
t he bearing 54lﬁlf§?§10n§f @ °Wh%15fq°!Y?Bj ?.f'r%etgeFE@‘%}égrﬁta}@ggWéaﬁ ¢ ﬁ‘lﬂggeegrr]? ﬁ%@:ln S
at res tg 2 22' lslr?g? )ée@%ﬁg;%ﬁklazlgbodnﬁ?é 8o, tCB1(2nTh@f|I‘wkeimtdm¢at|blh pith 566t fetumst Had
er e

in the upper bééf‘l‘ﬁg‘hal‘@pﬁéryaﬁ% ‘??\ E}b rgic%pr avi %9}0% giﬁi fﬁew gglrlulng
?\éf):a ?Isv L |O§ sdlof f(éféuasuylwniphgespn parnaediaf sectxexpBﬂ umayesems aDl@Sdbff plaeve $88: t he

vergin sha
enbodi nent of taﬂg' %F}elft'va"i‘%c'g??gquﬁ%yo?upgé 5§$| Vil ﬁﬁﬁaeﬁ%qg@ghb%&g%&gren%oo
i's shown i noFl Gnd4urthds mcﬂudtehenmxal'mmsormﬂbéai? N@mhseXtQWé f%ﬁdgEBGQmponem

compri ses. an LLo%t alyd LiibrPan 698, HRANkRANGIRn tid s SfhoRRbulots ned

o a _second cani cal n

efi ned bet weemutithecterrircaiatiornpth,a28 ansl e Heosapl @%8%5“918@%%385:%8?'4 g%

and a surround”&gnﬁhqg#gnggﬁmemng 4 NOV 2006 [0026] First conical bearing
510 conprises asymret

300
233 of Lhe cond0daTi | SevendaonsaLiaaian ok Lo eddi e Ot BHh fREG e
The bearing,d s 88h&y.sicald 5§9pl®elc6ﬁh voridal fbbblmrﬂb B2 eoromisieb Iaayrylmstmlgf@_wss

(depi cted FIG 4 di
51471 1 the 5 ciT0Rdn LTI Ut G RvBlpa et L Re VErY B RhRh 2

ﬁgatm fgﬁfir ?t es dahfm‘dida@d byrerowe cizdincinding aflovb passaggs FHBointexiop 1o ifs CPRG- st
ation _pa ret.urns
13? design gg@nkq;ﬁgrfes V\fﬁﬂ'ﬂﬂ&‘? F@é@? iahd MEYboRERariRg$510, 2

the path indic thé
radi al section £27 Alshf;tta matteenuigy he defised fre thel 'éfé\?@ %@CX 5%&(9 %nggggg ‘ﬁglr; :

cl osed off f(% dggcp | &'9,p28 555%? sé:ﬁiﬂ% la?scgbétf?\?érplﬁﬁlf@.’!@b Bﬁcﬁigr@@fléfpé‘lmh {tydi€allgnd

further inc ax| al one ext
en
a spiral) is denned to pump toward the center of the sha? air buer esin ?he fF J'R‘ﬂ“e“t

tend to move toward the outside and then cancel away through external path 527,
526. In this design, neither the top bearing 510 nor the bottom bearing 512 nor the
bottom bearing 512 is isolated in terms of fluid circulation, so that air bubbles
25  entrained in the fluid may be carried away through recirculation path 526, 527.
[0028] A fourth embodiment of the rotating shaft conical fiuid dynamic bearing
motor 600 is shown in FIG. 5. As in the previous embodiments, the shaft 602
comprises an integral first conical bearing 610 at a first end 601, and a second
conical bearing 612 is affixed to a second end 605 of the shaft 602.
30 [0029] First conical bearing 610 is sealed and supplied with fluid by a capillary
seal 616 (depicted in FIG.5 as a radial capillary seal). Second conical bearing 612 is

sealed by a sealing disk 624 affixed to the stationary sleeve 608. Both first conical
7



527 to radial capillary seal 516. The pressure gradients in the fluid 514
force bubbles out the re-circulation path 526 and into the capillary seal
516 and specifically the reservoir region 561 thereof. [002)]4 Reyor086
coni cal bearing 512 is sealed by a sealing disk 524 affixed to the 15
stationary sleeve 508. Second conical bearing 512 conprises asynmetric
grooves 300 t badring®10iana kedrel donicabbdsting &1 2 GTIPLreaBEAPEIFE 9OeV$REP VRL a

second re-circul at th _i.ndi cat ' ' &
563 interior taretq{ég‘,’ggﬂggum?hlg&e@% (GHaRHinG BRI oPER seBohd it buaiafEassages

ore, the design acconplishes Il flujd
- TPEAS oS AL el
re-circul at i onwae@Unehtirstanthiverienumy segirps30. shrem the fenug B30 HIUjd-B14S '8
defined on the bott AR fhabRtures fitiB 1300 fitec resgrveinrégme 572
of sealing di s@p 35181%1 @%I@?‘%ﬁégﬁfb%ﬁéw r r |

Such groove tt (typi
spiral) is defBhedhe mdalieppilaiesed 6He JbprafiabrarlRL géaf'%;%ﬁb‘?@“ag{’:éb'l°@§’i n
the fluid wll sr&a‘%@?ﬁ%:hgbzfgﬂMSéz%@w?@h ﬁshh@p@uhéd flemasnebvelens aramelalivainaygled
pa ,

t hrough externa .. In this S| neit her g
510 nor the bosudapeHidsr oirRieeyeB08or Theghield q?o%%%%?i "n%’? §T%W|%QE‘|9§BP§€S%11| n

terms of fluid GifefdthRhtidR0.09m)ath diaft Goapidisegap2Seresst ana sedl tpprevest fuidii d

may be carried away t'hrough recircul atjon t 6 % iRsdriadrid h
enbodi ment of {996 fiogt e PRE NGB n"ie(:‘!i ndffﬁlﬁ?oge yn%hql%% f%&a@ﬁ?ﬁ?e ‘ot or |§00

i's shown i moFl Ghe Bapiley béul résenmireneyion 5 16Toi whieh the fiuid camgptusgd o fill an
conprises an integral fjrst ni j 10rat rhétfid gfitile Gatternand a
second coni calmad'ggﬂpif%d @lliotﬁ eﬁﬁ'%}sxéﬁ?%’c\)@g@egrorﬁqa%rﬁj 6t0590{1 eﬁg shaf t
602. 30 [0029] pehiirefs 610N6 t2awhibie hothrryn1icom thesesgreeir BHRIEHIDI PR BEHINBH4PT ui d

by a capill ary%é%e}inﬁggg%%q?_gw%@g)l.éggngéééa'%dafatu_ﬁhiﬁge\miralghea@icwaamypaaatzo.

Second coni cal a sealing disk 624 affi t he
stationary sl eeyeess0®ir @5t hTld ¢i§1U|6éi©'hi°&§’le flurd $14) IHPOIFFLY BEQNS ﬁgé!&’ge and
second coni cal o GO IR fluRP s A IRaEEbUbbRs BUO teare-ciO0latidrapath 2@ and
grooved to %ﬁnﬁp‘f?ﬁgmeg&%@%&?omrd t he bottor%of ttheeo%econd coni cal bearing
612, where it intnthereapilaptiea! §16 RFINOATi O BSEMO'¥ DM t he pl enum 630, fluid
614 is forced, rphdthO aTRYieRdre, theliptbsertinventioh adprerentsad higaficant lagyancemgpiia

fluid 614 to the réservoir reqion 5 615 t. Lal Il s i I dThe
radial capi | | arthe §eld)ofjconigak ﬁﬁ%&yw“‘&lﬁeé&gf it * SiRRYS! iAol 8 enfddee
whi ch i's suppordved pfisrogasidnes weild Bataracsizee temaincespalasg I ted thg UPPIAE EOBE St

sl eeve 608. The shi el 33 deflnes, ry small annul ar gap 641
(pref erabl yZ(hb St@’.“{f’g e AN nsmﬁa t%f %cg’&é‘ this gap serves ,ahs 3, seall. t%
prevent fluid [0031] In summary, the reduction in feature size is accomplished by making the

top cone integral with the shaft. This allows the screw thread for the disc clamp to be
placed within the larger diameter of the top cone. The effective diameter of the shaft
is therefore larger for the disc clamp screw, and the mounting interface for the hub,
25  than is the effective diameter for determining power loss. As a herringbone grooving
pattern is often used in conical bearings, and the apex of the grooves is near the
midpoint of the cones, the effective diameter for determining power consumption is

the midpoint of the cone. Incorporating a crown in the conical bearing also helps to

D)

insure the apex diameter is the effective diameter for delermining power.
30 [0032] Utilizing a conical structure with the apex of the grooving pattern near the
midpoint of the cones, maximizes journal spacing and maximizes rocking stiffness.

The thrustplate in a single plate motor utilizes space on one end of the shaft that is
8



| oss fromthe bearing 610. The vent and fill hole 661 allows for fluid to
be inserted in 10 the capillary seat reservoir region 615, fromwhich the
fluid can be used to fill and maintain fluid in both bearingst &NOY 206 612.
The asymmetric groove patterns in bearings 610, 612 which both punp from

t Ihe r esgg \60i r gﬁtlﬁvéiiabl_@uwa b@/i@ﬁanﬂn RYcaragE matbr, hbaraixgl‘t]égarﬁlﬁdiaﬁbéaﬁmg_aaamw
pl enum and returni throu recircujatjon patk to S i )
The circul ati §AMgined I‘i‘@g%hﬁﬁe&gﬁgﬂmﬁé’epﬁai E\aqdéjﬁloBy@&/plr%q,\gbwdﬁﬁtgt%ge&og

pr eﬁsgrz 8; @J(r]I a%;ﬁ@é@uiﬁ@ th@&_eléclhléhdfoﬁ;bél iﬁgggetwbuwm umgatingémprcmﬁeia mﬂtertriggg
pat an into t capi ry sea ur gi air fromt not Qr.. )
[ 0030] Ther ef frosment fut rﬁ%@gnfr ﬁﬁgﬁ/\é‘?ﬁt‘?rﬁ 1'% Q?i%@é g’n{;“g °8“§P[_;?H"Q°8-aﬁ{‘e res?onn%
advancement i moridi? if dtbininéd B Riurilyifd the dnabnitade of thess vegorstdycthe length of
Structural integrity is enhanced over prior, desi gns ile feature size
remai ns snal | ad@ge ”Sﬁt@’eﬁﬁtt beasing GRB r(’ﬁﬁpg'ﬂﬁé‘%ﬁ’ﬁfé? q begrings o0 die %‘r’?@unt
of power. [003dhtehifepamamieyhorinBBic tiesltoréd vettorh Thisaling ie paraiel foshaconerphglehed
by making the top cone in

; tegral, with the shaft. This al]ows the .sc.
thread for théngi P”SF’aWﬁ"t“begBQa' #@B‘é"dg‘\?ﬁ"’?ﬁ? e R%arfngrragpo;ﬁfgpr%@er}o(f%&lw?lhe
top cone. The igs nesiboting Ahagbes agdx. t he fshaftf IS theLeLorcza | arger for the
di sc clanp screw, _and e nmounti.ng jpterface for the hu t han i e
effective 18i afRR33] ¢ othhaéi%me ‘H?'ﬁ%)fﬁgﬁéf’”? g8d _theAghagt ﬁeﬁnﬁ"ﬁbﬁgﬂgﬁ%p@heﬁ%g
patterﬂ i's _0; e atalea]gbﬂt Eh@fowbmalhabew h?\?witmm sdmed_ ajpe)claffpmmsnrgwo_a’h;ssini s
near the mdpoint of t cones, the ctive, di aneter r..dete i
power consu rrplgfjﬁ'ﬁori‘ o the r?zfeﬁ’i'v(fp‘iﬂ"ﬁtcp%?&%@s%ﬁgq “?ngg b3 f%fuicﬂ U\ ‘5:%’3[? Oigrn
the conical beagihgle fp’edtwehi@hpﬁitrt the $amalstffridse pepfermaticeneNete that theebending

effective diangter r.,.determ ni power . Q032 il zi e
structure wit 8t ’Pﬁ?sa‘get?eo?hafthé‘"ﬁgg%\ﬂ”ﬂﬂlabiﬁﬁ%ésﬁ %e&?%m Fonﬁ%f)?)'?trglﬁgégf é]T{ehe
cones, maXism gasatérattmatotatiracshag designrduel toithe sapecakderigrs of the ners sf theBhetft.

th tplate i i I | at t tili z th ft
that 5 6 2 Maesn JRosodaboiwhetnt Bepely SFRapS0aRR St idiinds, - og, B
tgg_ axi al _anda;tadirgéntleaaroifngﬁcaaﬂ!e\t/er?ﬂlsbafned and share the same center. In
addition, it e ophseryed, that the.vectors Nfi : . n
forces int he%%]con&@éffe %‘ aflofergﬁg’gp'%%r g@tdatror%"s]%%dr%%é érfotﬂgr{{‘%%gsﬁﬁée}hép
shaft. These wadtmrger grrmodfmqrmé' o@meﬁmentimnmaglbesiavfsadevithwhtedep&dingrfmn@tfteh

nt termn mulk t | I ng t I : the
Tength of 20a. BRE SRR oAt e e i BRES chitfinel th i kgl Bucw, | 0
beari ngs on the shaft



centerline) and the normal tc the force vector. This line is parallel to
the cone angle, and is longer than the axial distance between the bearing
m dpoint and a horizontal Iline intersecting the groove apex. 10 [0033] The
narrow wai st of the cone and the shaft is smaller than th ﬂiﬁg@tgmﬁ that a
straight shaft would have to have with the sane disc clangg g rew. This,
in addition to the effective cone dianeter discussed results in a

reduct i onwHatpovaimed®: a single plate design with the sane stiffness
performance. Note that the bending stiffness of the shaft, and the angul ar
stiffness of the shaft to hub interface are 15 greater in the rotating

shaft design d : i : t.he. shaft. Materi al

i s added :I/\hereﬂﬁ{&(ﬁg%@p S S r?&fﬁgés&é}(rlgﬁ\g% B@rﬁ%’f‘%rﬁﬁe’é'ﬁg’st - at the
attachment endaobtatihg sbafithavingea ewbistiagtinteffad84lt a\irsi end theréof; egoing i s
directed to eng{g_di ment s Bf t'he'r{qlrh\;cﬁnti on, .ot her. nd further en‘ﬁodi ments of
the invention #SUEONIEER) PeRUNG, P g&eniqal Feoipp depmeintegrabWii e scope

t her eof, dirkhenF 6P Hgt-eof is determined by the clainms that follow 9 2
2 NOv 200 R FTend 6PRE 4Bt e S R Fl Ui 4 dynani ¢ bearing for a disk drive

nmot or conpri si agecand oconitanparing inchudingyg canealffiedrtg d secorfceered af a first
end t heregf; aftirst coni cal bearing including a conical region forned
i nt egral tsﬂ"atthe first end of the shaft; a second conical bearing

i ncluding a cogetaohbiesleble Aispoeea@renst e sidle shaft; a stationary sleeve
di sposed around the shaft; a counterplate supported by the sl eeve adjacent

t he second con@€aunterpiale sipnasteghy the slegepadiecapicthefecend conicBhce of the

Frrst comgalrtEloein s b6 Belhedd Bn S fldteirtne B apl LHlBIEP T, ‘Dear i ng
and t he sguirtdcendéiriiie soanatetplats)dndet ween the end surface of the shaft and
the surface of the counterplate. 2. A fluid dynam¢ bearin& as clainmed in

claim1 furtheluid eprean K firgt eepieal Rparingeanoinestatipnay shafl. Bch of the
first andsgerand i bsating Ak tRg Stationary sleeve, and between the end

surface of the shaft and the surface of the counterplate.

2. A fluid dynamic bearing as claimed in claim 1 further comprising
grooves defined on a surface in each of the first and second conical bearings,
each of the grooves being asymmetric to pump the fluid in the bearing away

from a central region of the shaft toward an outer end of the shaft.

3. A fluid dynamic bearing as claimed in claim 1 further comprising a
groove pattern defined on the end surface of the shaft or the facing surface of

the counterplate and defined to pump fluid toward a central axis of the shaft.

4. A fluid dynamic bearing as claimed in claim 3 wherein the groove

pattern is a spiral groove pattern.
5. A fluid dynamic bearing as claimed in claim 1 further comprising a

radial capillary seal adjacent an outer end of each of the first and second

conical bearings.
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each of the grooves being asymretric to punp the fluid in the bearing away
froma central region of the shaft toward an outer end of the shaft. 3. A
fluid dynam c bearing as claimed in claim1 further conprising % NOyr 284e
pattern defined on the end surface of the shaft or the facing surface of
the counterplate and defined to punp fluid toward a central axis of the
shaft. 4. A fluid dynam c bearing as clained in claim3 wherein the groove

pattern is. a spiffiad dgh@mv&b@airtgea@claﬁnemi Ehaird 1dfynaet cwbmelngga as clai ned
inclaiml further conprising radi al ﬁ_I'HaI‘ seal adjacent an outer

end of eatafligfcapiiary seaka@aeprg@maer EB%Oé e {ishepnigal beasing. 4 Nov 2006 6.
A fluid dynamc bearing as clainmed in claim1l further conprising a radial
capillary seal adjacent an outer end of the first conical bearing. 7. A
fluid dynZm c Adhid dgnamicbearinedas olairhed in ¢lafrmrit faethec oomprisinga wentent and

fill hole defined interpediate.the first and second. conical bearings. 8. A
fluid dynﬁﬂgé'"lf)‘@% ﬂ%@"%ﬁgﬁﬁrﬁ?%e ithe @T%l%%ﬁqm@P&%'qqﬂBeéﬁﬂg conprises a
radi al bore extending fromthe central region of the shaft through the

sl eeve to an outer surface of the sleeve. 9. A fluid dynam c bearing as
clai med i 8. cl aArfiuld dpeamicbertily af claieed in slaim Zrwiheredotie vanti cal beari ngs

conprlses cr.owne ace aC|n nner urface eev 10. The
Furd dynSmBres FiTAgALLas: eXtBgInd iy SentldplRR e SHRIRERSR seal
def i nes atrfdéleévéﬁﬁgﬁbgtérswacbfwtw&ek@aé bearing which it seals. 11. A
fluid dynam c bearing as clainmed in claim2 further conprising one or nore

fluid return paths interior to the cone of the second conical bearing from

a w der egd of t nt er

regi on of g'[ he é E'?q SVQWCWF 9%5@@%@3?‘5 Hg‘p r%@fga&pgf H&eﬂr%gl m 11
further cangeesomycenicaietsarigd donprises! ecrdmiriedeslirfatecfaomdiat mnehe first and
second conical bearings. 13. Afluid dynamc bearing as clained in claim

12 wher ei $uif3ge Qldhe 3'%4%r| ses a radial bore extending fromthe central
regi on of the shaft through

10.  The fluid dynamic bearing according to claim 5, wherein the capillary
seal defines a fluid reservoir for the conical bearing which it seals.

11. A fluid dynamic bearing as claimed in claim 2 further comprising one or
more fluid return paths interior to the cone of the second conical bearing from
a wider end of the cone toward a narrow end of the cone and the center

region of the shaft.

12. A fluid dynamic bearing as claimed in claim 11 further comprising a
vent and fill hole defined intermediate the first and second conical bearings.

13. A fluid dynamic bearing as claimed in claim 12 wherein the vent
comprises a radial bore extending from the central region of the shaft through

the sleeve to the outer diameter of the sleeve.
14. A fluid dynamic bearing as claimed in claim 11 further comprising a

capillary seal adjacent the narrow end of the second conical bearing defined

between a surface of the shaft and a surface of the sleeve.

11



the sleeve to the outer dianeter of the sleeve. 14. A fluid dynam c bearing
as clainmed in claim11 further conprising a capillary seal adjacent the
narrow end of the second conical bearing defined between a suifR§Q¢ Zgt he
shaft and a surface of the sleeve. 11 2 4 NOV 2006 15. A fluid dynamc
bearing as clainmed in claim2 further conprising a grooved pattern defined
on one of the end surface of the shaft and the facing surface of the

count er pl gge, N’fﬂn@ﬂ%dﬁn@@éérﬂ@a@@laﬂﬂeé% bR 2 RirbleRRofriphisihg 4 ovar d a
central axis of the Shaft. : | uid dynam c bearing as clalrredln claim

15 wher ei gradvedgraiiere defiaed @nronesofathg ;ﬁndaﬁur@cecméh@éha&aﬁd the faging| ui d

o et od_priree pEReeinBE RS B ot Rt P HERheT S PubR 1% Y i
capi | | ar yiaead 2cemednixiofthdahaetnd of the first fluid dynam c coni cal

bearing. 18. A fluid dynamc bearing as clainmed in claim217 further
conprising a plug inserted in the radial vent hole at an outer surface of

the sleevgg 194 iy ghgm g@énnrfgamra;rnadﬂ% @hﬁww Lt r@g?ola vbur ther

conprising " grooves surftace o each o the st and second
coni cal bpattemgds a syt lgradvet pettegnooves bei ng asymmetric to punp the fluid
toward an end of the shaft adjacent the second conical bearing. 20. A

fluid dynam c bearing as clainmed in claim19 further conprising a radial

capil I aryqgeal A%HP(H’BYH% @%e?rﬁ?”'és éIaYH)QS"n élﬁﬁan1 fuhtfef béu‘ﬁbn&ﬁ@'a@ﬁ' bearing

distal fromthe coun l'ate dynam c bearing as Clainmed in
claim 20 anlathherlem‘@drﬂul@ retgrcalatloamaeth ebtaf@llng(trenm r@dlalr\cantao plrediain adj acent
a wider end .of the s§ cond conl cal [ &S8rVol I region in

Phe Sot; oSl sa BGEERN o H7Gk 81y OFBE PR Al bt pamREIbRe’ T Re T 1 o

and second conical bearings. 22. A fluid dynam c bearing as clained in
claim19 further conprising a groove pattern defined on one of the end
surface ofl8t heAdhdd dyeamicleearing agyclaned frelasn 17HartbeueeBPH$iAgA and defi ned

to punp f bh’] Ins & B oG58l FntRdIS aPhin Jubsr silHHde of the sleeve.

19.  Afluid dynamic bearing as claimed in claim 1 further comprising
grooves defined on a surface of each of the first and second conical bearings,
each of the grooves being asymmetric to pump the fluid toward an end of the

shaft adjacent the second conical bearing.

20. Afluid dynamic bearing as claimed in claim 19 further comprising a
radial capillary seal supported adjacent a wider end of the first conical bearing

distal from the counterplate.

21.  Afluid dynamic bearing as claimed in claim 20 further comprising an
axial bore extending from a plenum adjacent a wider end of the second
conical bearing to a fluid reservoir region in the radial capillary seal to allow
for fluid recirculation over the first and second conical bearings.

22. A fluid dynamic bearing as claimed in claim 19 further comprising a
groove pattern defined on one of the end surface of the shaft or the facing
surface of the counterplate and defined to pump fluid toward a central axis of
the shaft.

12



12 2 4 NOV 2006 23. A fluid dynami c bearing as clainmed in claim219 wherein
an outer surface of each of the first and second bearings conprises a
crowned surface facing an inner surface of the sleeve surrounding the
first and second bearings. 24. A disk drive notor conprithg:Ngwgmggting
means for rotatably supporting at |east one di sk, wherein said supporting
nmeans i ncludes a rotating shaft having a nounting interface at a first end
thereof, a first conical bearing including a conical region forned

integral with the first end of the shaft, and a second conical bearing

i ncl udi ng23a cHdkideynsais hearingsazelaimed i elpin HE wiherein ag ostelt i onary

assenbly di oLkt r i - from a
count er pl g‘t’@%ﬁgﬂ%ﬁ%@ tB% qﬁ}e sﬁ%@rﬁ’;@ @sqg’ re%”l?@%%gj%}i%en ettdngel‘mgs(%cond

coni cal bfairighan iMmedaliface af trapslbevavsaroandiagdhe firstane sfconde shaft and a
facing surface of the counterplate; and neans for supporting stable

rel ati ve PRRMIGS%n of the supporting means and the stationary assenbly. 25.
The disk drive notor according to claim 24, wherein the neans for
supporting stable relative rotation conprises: a fluid disposed between the
suppor t i ng4.neaAdisindrivehmoserataroprEsing: assenbly. 26. The di sk drive notor

IR b ST AR e R A A
said supporting means includes a rotating shaft having a mounting interface at
a first end thereof, a first conical bearing including a conical region formed
integral with the first end of the shaft, and a second conical bearing including
a cone affixed to a second end of the shatft;

a stationary assembly disposed about the rotating shaft and spaced-
apart therefrom;

a counterplate supported by the stationary assembly adjacent the
second conical bearing to define a gap between an end surface of the shaft
and a facing surface of the counterplate; and

means for supporting stable relative rotation of the supporting means

and the stationary assembly.

25. The disk drive motor according to claim 24, wherein the means for

supporting stable relative rotation comprises:

a fluid disposed between the supporting means and the stationary

assembly.

26. The disk drive motor according to claim 25, wherein the bearing
assembly further comprises fluid dynamic grooves circumscribing elements of

the bearing assembly.
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