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SEAL RESERVOIR CROSS REFERENCE TO A RELATED APPLICATION [0001] This application
claims priority to provisional application Serial Number 60/390,388, filed June 21, 2002, entitled "FDB
Secondary Capillary Seal Reservoir" invented by Robert A. Nottingham, Norbert S. Parsoneault,
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the field of computer disk drives, specifﬁ&ﬁ},%ﬁ@(%ﬁb RE ¢ bearings. BACKGROUND
OF THE INVENTION [0003] Disk drive memory systems have been used in computers for

CROSS REFERENCE TO A RELATED APPLICATION

[0001] This application claims priority to provisional application Serialv
Number 60/390,388, filed June 21, 2002, entitled “FDB Secondary Capillary
Seal Reservoir’ invented by Robert A. Nottingham, Norbert S. Parsoneault,
Jeffrey A. LeBlanc, and Troy M. Herndon, assigned to the assignee of the

present application, and incorporated herein by reference.
FIELD OF THE INVENTION

[0002] The present invention relates to the field of computer disk drives,

specifically, those having fluid dynamic bearings.
BACKGROUND OF THE INVENTION

[0003] Disk drive memory systems have been used in computers for
many years for the storage of digital information. Information is recorded on
concentric tracks of a magnetic disk medium, the actual information being
stored in the forward magnetic fransitions within the medium. The disks
themselves are rotatably mounted on a spindle. Information is accessed by a
read/write transducer located on a pivoting arm that moves radially over the
surface of the rotating disk. The read/write heads or transducers must be
accurately aligned with the storage tracks on the disk to ensure proper reading
and writing of information.

[0004] During operation, the disks are rotated at very high speeds within
an enclosed housing using an electric motor generally located inside a hub or
below the disks. Such spindle motors may have a spindle mounted by two ball

bearing systems to a motor shaft disposed in the center of the hub. The



many years for the storage of digital information. Information is recorded on concentric tracks of a
magnetic disk medium, the actual information being stored in the forward magr8t{FAFSRiIENRE within
the mediumWIhdeigks74hemselves are rotatably mounted on a spindle. InfBGRAIRIGIFHEEESsed by a
read/write transducer located on a pivoting arm that moves radially over the surface of the rotating
disk. The read/write heads or transducers must be accurately aligned with the storage tracks on the
disk to ensure proper reading and writing of information. [0004] During operation, the disks are rotated
at very high speeds within an enclosed housing using an electric motor generally located inside a hub
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lubricated by highly Te grease | e conventional ball bearing system described above
is prone to severaiikficrted mingshiirsiisat 818AF@CHF vibration generated by the balls rolling on the

bearing racewayS[drdUS]is one ghEedrRHHGERS it l&,eé’lﬂé@ys%!ﬁré@é@%éw%&@ [gog,tgﬁglf@tween
raceways and balls, in spite of the Iubricatiopdgrovided bé the bearing oil or rea%e. Bearing balls
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disk drive system.
lubrication provided by the bearing oil or grease. Bearing balls running on the

microscopically uneven and rough raceways transmit the vibration induced by
the rough surface structure to the rotating disk. Such vibration results in
misalignment between the data tracks and the read/write transducer, limiting
the data track density and the overall performance of the disk drive system.
Further, mechanical bearings are not always scalable to smaller dimensions.
This is a significant drawback, since the tendency in the disk drive industry has
been to shrink the physical dimensions of the disk drive unit.

[0006] As an alternative to conventional ball bearing spindle systems,
much effort has been focused on developing a fluid dynamic bearing (FDB). In
these types of systems, lubricating fluid, either gas or liquid, functions as the
actual bearing surface between a shaft and a sleeve or hub. Liquid lubricants
comprising oil, more complex fluids, or other lubricants have been utilized in
such fluid dynamic bearings.

[0007] The reason for the popularity of the use of such fiuids is the
elimination of the vibrations caused by mechanical contact in a ball bearing
system and the ability to scale the fluid dynamic bearing to smaller and smaller
sizes. In designs such as the single plate FDB, two thrust surfaces generally
are used to maintain the axial position of the spindle/shaft assembly in relation
to other components such as the sleeve.

[0008] Clearly, it is essential to maintain the volume, position and
integrity of the fluid in a fluid dynamic bearing system. Accordingly, there have

been improvements o almost every component of such systems, including the



Further, mechanical bearings are not always scalable to smaller dimensions. This is a significant
drawback, since the tendency in the disk drive industry has been to shrink the pR)SIEHFEH Y sions of
the disk drive@2f040008) As an alternative to conventional ball bearing spift{l&/Ep20835 951 uch effort
has been focused on developing a fluid dynamic bearing (FDB). In these types of systems, lubricating
fluid, either gas or liquid, functions as the actual bearing surface between a shaft and a sleeve or hub.
Liquid lubricants comprising oil, more complex fluids, or other lubricants have been utilized in such
fluid dynamic bearings. [0007] The reason for the popularity of the use of such fluids is the elimination
of the vibrations c@GskiPpphseaiareapPes sesions A HeBaas $apesichesiis Hidsinhad'sedie the
fluid dynamic bearipg tashraller and smaller sizes. In designs such as the single plate FDB, two thrust
surfaces generally are used to_paintain the axial position of the spindle/shaft assembly in. relation to
other components[gﬂeﬂfas the gfé‘é%/eﬁ‘ﬁfﬁdﬁ]ael FRPSt e &esgﬁt?g R nvﬂflémv%l PRI sition
and integrity of therituidteyrtfl oickididanaidllde alyngreicstearidgspsténgly, there have been
improvements to almost every component of such systems, including the 2 30 NOVEMBER 2006
WO 2004/001740 PCT/US2003/019572 addition of seals, various designs for bearing shapes, specific
fluids to be used, GHMARKOOIbHF NENHEN is an interest in the art to assure the volume,
position and integrity of fluid in a fluid dynamic bearing system. SUMMARY OF THE INVENTION
[0010] The present invention is intended to provide a fluid reservoir to maintain the volume and

integrity of the fluidAR19Kuid dVPRRIESRUrRYCALRR b IaRHed 1A Si¥dshR HHEsTaRe W ildRtages

are achieved by praidiagh the volume and integrity of the fluid in a fluid dynamic bearing
assembly. This and other objectives and advantages are achieved by providing
a secondary reservoir in a fluid dynamic bearing design between a bearing and
an adjacent component such as a bearing sleeve or seal member.
[0011] Spedcifically, the present invention provides an annular bearing cone
for a fluid dynamic bearing in a disk drive comprising: a bottom, a top and a
middle; a central annular opening; upper walls angling out from the top to the
middle; lower walls angling out from the bottom to the middle to meet the upper
walls; and axial grooves in the upper walls of the annular bearing cone. The
annular cone may also have at least one recirculation hole in communication
with the central annular opening where there are axial grooves on the walls of
the central annular opening between the recirculation hole and the top of the

bearing cone.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For a fuller understanding of the present invention, reference is
made to the accompanying drawings in the following detailed description.
[0013] Figure 1 illustrates an example of a magnetic disk drive in which the
invention may be employed;

[0014] Figure 2 is a vertical sectional view of a fluid dynamic bearing
cartridge;

[0015] Figure 3 is an exploded view of the fluid dynamic bearing cartridge
of Figure 2; and



a secondary reservoir in a fluid dynamic bearing design between a bearing and an adjacent
component such as a bearing sleeve or seal member. [0011] Specifically, the pr@SENEHRFEGN
provides anWr0iE9E&INg cone for a fluid dynamic bearing in a disk driv@ CHap98atIa7Bottom, a
top and a middle; a central annular opening; upper walls angling out from the top to the middle; lower
walls angling out from the bottom to the middle to meet the upper walls; and axial grooves in the
upper walls of the annular bearing cone. The annular cone may also have at least one recirculation
hole in communication with the central annular openjng where there are axial grooves on the walls of

the central annulaf®P8ling HEaMER tife R EIRSSIERSHARE ARY Ple s 'SERTNCBSYSIREMeNBRIEF
DESCRIPTION Obrékntii@MitwGS [0012] For a fuller understanding of the present invention,
reference is made to the accompanying drawings in the following detailed description. [0013] Figure 1

illustrates an example of a magnetic disk drive in which the invention may be employed; [0014] Figure

2 is a vertical seciRiHBALERN SESORIFTVRM (- DEdRE MR EERRRE [BUVEDPIYIFRBSs an exploded view
of the fluid dynamic bearing cartridge of Figure 2; and 3 30 NOVEMBER 2006 WO 2004/001740
PCT/US2003/019572 [0016] Figure 4 is a cross-sectional view of the reservoir system of the present

invention. DETAILESTBE SCRieferen¢cor irp br rpasR Egs el snameRnseobediesis ehce will
now be made in deailiQeHRINPEBHIRROSIMAIRIS S INesNRILIPIheXEEDDIRE NG chammdistrated

in the accompanyifg drawings WONG e Lyenuanyih DS d5seabs b RO SHaB R s
is to be understood that the described embodiments are not intended to limit
the invention solely and specifically to only those embodiments, or to use solely
in the disk drive which is illustrated. On the contrary, the invention is intended
to cover alternatives, modifications and equivalents that may be included within
the spirit and scope of the invention as defined by the attached claims.
Further, both hard disk drives and spindle motors are both well known to those
of skill in this field. In order to avoid confusion while enabling those skilled in
the art to practice the claimed ‘invention, this specification omits such details
with respect to known items. The embodiments of the present invention are
intended to maintain the volume and integrity of a fluid in a fluid dynamic
bearing system.

[0018] Figure 1 illustrates an example of a magnetic disk drive in which the
invention may be employed. At least one magnetic disk 5 having a plurality of
concentric tracks for recording information is mounted on a spindle 7. The
spindle is mounted on spindle support shaft 6 for rotation about a central axis.
As the disks are rotated by the motor, a transducer 8 mounted on the end of an
actuator end 4 is selectively positioned by a voice coil motor 2 rotating about a
pivot axis 3 to move the transducer 8 from track to track across the surface of
the disk 5. The elements of the disk drive are mounted on base 1 in a housing
9 that is typically sealed to prevent contamination (a top or cover of housing 9
is not shown). The disks 5 are mounted on spindle 7.

[0019] Figures 2 and 3 show an exemplary design of a bearing cartridge
26 that may be part of the spindle identified in Figure 1. Bearing cartridge 26
supports a spindle hub assembly 27, which is comprised of a back iron 28 and

a cover 29. Bearing cartridge 26 includes a central spindle shaft 30 may be



IS to be understood that the described embodiments are not intended to limit the invention solely and
specifically to only those embodiments, or to use solely in the disk drive which i& MSHEEF BN the
contrary, thavinepiot idintended to cover alternatives, modifications and B§liVaRMs18a12may be
included within the spirit and scope of the invention as defined by the attached claims. Further, both
hard disk drives and spindle motors are both well known to those of skill in this field. In order to avoid
confusion while enabling those skilled in the art to practice the claimed invention, this specification
omits such details with respect to known items. The embodiments of the present invention are
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least one magnetic disk 5 havin lurality Qf .concentric tracks for recqyding information is mounted
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selectively positio ice cai ating about a pivot axis 3 to move the transducer 8
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45, which are secured to back iron 28.
[0021] An electric connector assembly 47 is mounted within the lower end
of spindle shaft 30 and includes electrical leads that are connected to the
electrical windings of the motor. Connector assembly 47 also includes
connector pins 48, which provide for reception for connector from an electrical
power source.
[0022] Figure 4 shows an embodiment of a reservoir system of the present
invention. Figure 4 shows a shaft 500, a shield seal member 502, a bearing
sleeve 504, a bearing cone 506, and a fill hole 520 in shield seal member 502.
[0023] A fluid reservoir A is shown at 510. Reservoir A provides fluid
between bearing cone 506 and shield seal member 502, and bearing cone 506
and bearing sleeve 504. A second reservoir, reservoir B, is shown at 514 and
is connected to reservoir A 510 by passage 512, which creates a capillary path
between reservoir A 510 and reservoir B 514. In one embodiment, there may
be an axial groove or grooves 513 down the side of bearing cone 506. Axial
groove 513, if present, can be longitudinal notches or scratches along the cone
506 in passage 512 from reservoir A 510 to reservoir B 514. Such longitudinal
scratches or grooves 513 enhance the ability of the passage 512 to provide a
capillary path to facilitate the flow of fluid between the reservoirs.
[0024] Fluid can be added to the sys{em through fill hole 520. When fluid
is added to the system both reservoirs A and B fill with fluid. Initially the gap of
reservoir B 514 between annular seal member 522 and bearing cone 506 is

tighter than the gap for reservoir A between bearing cone 506 and shield seal



base 12. Bearing cartridge 26 also includes an upper bearing sleeve 32 and a lower bearir;)g sleeve
33. Both upper bearing sleeve 32 and lower bearing sleeve 33 include conical Be¥PfY'Stiates 34.
Bearing surMi@s2®U0BHgage a pair of bearing cones 35 and 36. [0020] Be iy ER0Y@I8 also
includes upper and lower seal cones 37 and 38, seal 0-rings 39 and 40, and shield seals 41 and 42.
Seal cones 37 and 38 are press fit onto spindle shaft 30 and shield seals 41 and 42 are press fit onto
bearing sleeves 32 and 33. The spindle motor includes stator windings 43 which are secured about

spindle shaft 30 by means clip 44 and magnets, 45, which are secured to back iron 28. [0021] An
electric connector 5%%“&?%%5&57 is Aouted" r’ﬁ%ﬂ?ﬂﬂ? RIGEr AL YR dSiHERL LR Sbiai8SANOles

electrical leads thdB @ktconnected to the electrical windings of the motor. Connector assembly 47 also

includes connectqnRYs 48, whi vide f anf nnector from an, electrical r
source. [0022] Figogeg : howvg]g%%%oé |§1uiﬁtF§ %&%%2‘}\%??2 %fegrﬁ é?ﬁ%g%?gsrgﬁ?r\l/r?\'féﬁﬁ%wnffFigure 4
shows a shaft 50008 §hgsldtbespanchsiiue s bear gage Sho6vers0ahigldczaah grepnlees G62afad a fill

hole 520 in shield Al AMOSYSAR ORI HisheReguRIdh 8 OBPBETAbRAIENRAHrovides

fluid between bearing cone 506 and shield seal member 502, and bearing cone 506 and bearing

sleeve 504. A secSRIFICSRPINEN 22418 R SRR 4 8ndNR BERISEHE W QESRASIVRIB 10 by
passage 512, which isseatessasoadlilatiigrathe bednieeisr asetty off rAsehibRIT) resgiuaty BdibA. wione

embodiment, there. m ea ial groove ropves 513 down side of hearing cone 506. Axial
groove 513, if presréon %8%%‘8”?3%3&@&%61 rlllggé%/eesp(};rro QIS r(\a/g"élgn% e TIRE %d’bgirﬁ) %%Ssao%ege 512
from reservoir A 55020 TdxscoapieBEI4NSGUR tirgyfaidansdrnsirdidhes 4 gndoessrsaiB Britidnae the

ability of the passaggiadié RpENGHE drcaRiianeRardie faniliale-Iag flomuq! g bEHESBRs
reservoirs. [0024] Fluid can be added to the system through fill hole 520. When fluid
A and B are full and stay full, there will be no net movement of fluid from

reservoir B to A or from A to B. If the meniscus width of reservoir A becomes
smaller than that of B, there will be net movement of fluid from reservoir B to
reservoir A.

[0026] Note that the embodiment of Figure 4 shows a shield seal member
502 abutting sleeve 504 adjacent bearing cone 506 to form reservoir A, and an
annular seal 522 adjacent bearing cone 506 to form reservoir B. An alternative
embodiment to this embodiment might simply be to configure the bearing
sleeve in such a way to serve the purpose of all three elements; that is, the
bearing sleeve, the shield seal member and the annular seal, or two out of three
of these elements. Essentially, one skilled in the art should note that the
present invention requires merely a structure adjacent bearing cone 506 to form
reservoirs A and B and passage 512; and the present invention should not be
limited to a particular structure or set of structures.

[0027] Another aspect of the present invention is shown in Figure 4., A
cross-section of a recirculation hole 518 is shown. Recirculation hole 518 is a
structural element of an exemplary fluid redistribution system of a fiuid dynamic
bearing. Such recirculation holes are common in fluid dynamic bearing systems
to assure that the distribution of fluid throughout the system is even. In this
case, reservoir B 514 is connected to recirculation hole 518 by passage 516.
Passage 516 may also have axial grooves thereon similar to axial grooves 513
on the outside of bearing cone 506. Passage 516 provides a capillary path

from recirculation hole 518 to reservoir B. Capillary passage 516 can be used



is added to the system both reservoirs A and B fill with fluid. Initially the gap of reservoir B 514
between annular seal member 522 and bearing cone 506 is tighter than the gap’fd? f@&&RGIt°A
between be@hg0e4AEBO6 and shield seal 5 30 NOVEMBER 2006 WO 2004V(27eR019572
PCT/US2003/019572 member 502. The capillary action is such that fluid is first drawn in to reservoir
B 514. [0025] However, should reservoir A 510 get depleted and reservoir B 514 be filled, the gap
between bearing cone 506 and shield seal member 502 for reservoir A 510 will be smaller than the
gap for reservoir B 514 hetween annular shield member 522 and bearing cone 506 (i.e., the meniscus
width of reservoir R BEHRRLs AR AhaleRE e i e RATEREP REE RSN FeRSIAT ABH wil
now act such that #uttl veidresiel Bob1 deselinis BpaseserveiteA bvassageehbl: Bheés gapamad
meniscus size for reservoit. A for 510,and reservoir 14 are variable dependin .the fill level of
each reservoir. If tlﬁgeC rec\?g é'% re%%rgg);%rs? ° ?ing gsaeiitsuﬁeérr]]%vgévﬂfome%g Wi F%gnlgsr?%?%%{/ement
of fluid from reservsin® Resaagefrdhz And thelfopiionad Axialigioeite 6f efaripingiehatdtigsiromaller
than that of B, thergwil, bg Bejayemenidif Aluggrom reservoir B to reservoir A. [0026] Note that the
embodiment of Figure 4 shows a shield seal member 502 abutting sleeve 504 adjacent bearing cone

506 to form reserviiP28land dAtheiniRaiwesl 598 aaeBtA%Rsarkfy tiohdyeBtiBToIMl rdese® B. An

alternative embodipeieia taisgreheniroeskimighheinglwhe uwemnedigheeritheiangriiscisirpuedin such a

way to serve the purr.ge%re gfe%lll tglree %I%ments; that is, the bearing sleeve, the shield seal member
and the annular sé3 , Or tWo ou &%?ee "of these elements. Essentially, one skilled in the art should
note that the present invention requires merely a structure adjacent bearing cone 506 to form

reservoirs A and B and passage 512; and the present invention should not be



limited to a particular structure or set of structures. [0027] Another aspect of the present invention is
shown in Figure 4. A cross-section of a recirculation hole 518 is shown. Recircaf{dfF G888 is a
structural element of an exemplary fluid redistribution system of a fluid dynamic bearing. Such
recirculation holes are common in fluid dynamic bearing systems to assure that the distribution of fluid
throughout the system is even. In this case, reservoir B 514 is connected to recirculation hole 518 by
passage 516. Passage 516 may also have axial grooves thereon similar to axial grooves 513 on the
outside of b@ﬁmgs&{ﬁ'lﬁ‘%‘é)éiz Passage 516 provides a capillary path from recirculation hole 518 to
reservoir B. Capillary passage 516 can be used 6 30 NOVEMBER 2006 WO 2004/001740
PCT/US2003/0195/72 i iti rnat| . reservoir A 510
and reservgfr' B 51'3‘[?1%5@?%&5%55@3 %ﬁ@%@%ﬁ@h@g‘&%ﬁg‘ﬁ6@%’@??@%@6@%%?&5?@18 could be
used to remove fluid fRoBefEBE R EPRIMHACAE@EL; using passage 512 and the optional axial groove 513
for transfer of fluid frog cepgarndinBab bpdaingservoir A 510. [0028] Other features and advantages of
the invention will become apparent to a person gf skill in the art who studies the following disclosure
of preferred embodim&itE’ Vy% ﬂ@@l\éﬁ'ﬁ?'ﬁ&% %ﬁ%mg C éﬁmeé’d is: An annular bearing cone for a
fluid dynamic bearing lieneiciei 8lidngliogmptikivn theabbiboiorty thegpideid to miekiléhe a central annular
opening; - upper walls 3pgling RuLffgm the top to the middle; - lower walls angling out from the bottom

to the middle to meet the _ _
- grooves of a general axial nature in the upper walls.

2. The annular bearing cone of claim 1, further comprising at least one

recirculation hole in communication with the central annular opening.

3. The annular bearing cone of claim 2, further comprising walls of the central
annular opening, and grooves of a general axial nature on the walls of the

central annular opening between the recirculation hole and the top.

4, The annular bearing cone of claim 1, wherein the top has a generally flat
region.

5. The annular bearing cone of claim 1, wherein the bottom has a generally flat
region.

6. A fluid dynamic bearing assembly comprising:

- the annular bearing cone of claim 1;

- abearing sleeve adjacent the annular bearing cone;

- ashield seal member abutting the bearing sleeve and adjacent the annular
bearing cone;

- an annular shield member above the annular bearing cone;

- afirst fluid reservoir between the annular bearing cone and the shield seal
member; and

- asecond fluid reservoir between the annular bearing cone and the annular

shield member.



upper walls; and - grooves of a general axial nature in the upper walls. 2. The annular bearing cone of
claim 1, further comprising at least one recirculation hole in communication wititN8 E¥REFRt°Ahnular
opening. 3. The annular bearing cone of claim 2, further comprising walls of the central annular
opening, and grooves of a general axial nature on the walls of the central annular opening between
the recirculation hole and the top. 4. The annular bearing cone of claim 1, wherein the top has a
generally flat region. 5. The annular bearing cone of claim 1, wherein the bottom has a generally flat
region. 6. A fluid dynamic bearing assembly comprising: - the annular bearing cone of claim 1; - a
bearing slegve adjaneniuibelaramiabbaaingssentdly of shiridesaatmee subasraingtingetise dearing sleeve

and adjacent the %’%H@Lﬁaﬁ&‘?‘ DR FP0%: 2 u%F'B%fng“é%‘ﬂet’ﬁ%ﬁﬁﬁgé{fomﬁi@ﬂg'@é Fiing cone; -

a first fluid reservoir between the annular bearing con€ and the s al member; and - a second
fluid reservoir betvREW B BRIMNGINEBA ARG Waneeanaaisetnular shield member. 8 30 NOVEMBER
2006 7. The fluid dynamic bearing assembly of claim 6, further comprising at least one recirculation

hole in the annular_bearing cone in communicatiqgn with the ceptral annular opening in the annular
bearing o T AR e Bea T AR SR 7 e A RSIS S e et
annular opening asdnjr@cvesiel apgnirg sinakguboegaes argeneraziiabhaheecentis walsilkir opening

between the recircyjatian:hele-A0RAMRBIAMGLEReen the recirculation hole and the top of the

annular dynamic bearing assembly.

9. The fluid dynamic bearing assembly of claim 6, wherein the top of the annular

bearing cone has a flat region.

10. The fluid dynamic bearing assembly of claim 6, wherein the bottom of the

annular bearing cone has a flat region.

11. A fluid dynamic bearing assembly comprising:

- an annular bearing cone having a central annual opening, a bottom, a top
and a middle, upper walls angling out from the top to the middle, lower
walls angling out from the bottom to the middle to meet the upper walls;

- abearing sleeve adjacent the annular bearing cone;

- ashield seal member abutting the bearing sleeve and adjacent the annular
bearing cone;

- an annular shield member above the annular bearing cone;

- afirst fluid reservoir between the annular bearing cone and the shield seal
member; and

- asecond fluid reservoir between the annular bearing cone and the annular

shield member.

12. The fluid dynamic bearing assembly of claim 11, further comprising at least one
recirculation hole in the annular bearing cone in communication with the central

annular opening in the annular bearing cone.



annular dynamic bearing assembly. 9. The fluid dynamic bearing assembly of claim 6, wherein the top
of the annular bearing cone has a flat region. 10. The fluid dynamic bearing ass&NMb§MGFRER 6,
wherein the bottom of the annular bearing cone has a flat region. 11. A fluid dynamic bearing
assembly comprising: - an annular bearing cone having a central annual opening, a bottom, a top and
a middle, upper walls angling out from the top to the middle, lower walls angling out from the bottom
to the middle to meet the upper walls; - a bearing sleeve adjacent the annular bearing cone; - a shield
seal member abutting the bearing sleeve and adjacent the annular bearing cone; - an annular shield
member abage theTasnuidrdyeanigzeneg-adusitiyist seseriirfoehyeeonipasamnwiaishsarigg cone and

the shield I ' T Ui ' h ' dth
anular shiokd mepREE B Rl ) A e A g o

least one recirculdfiBfeBIaliantdas aRering SaMReache incieHaianitaltord/ MetaP 6&ital annular

opening in the annayaiRe AlRCIGARRELAMEG YEMBEIR 2006 13. The fluid dynamic bearing assembly
of claim 12, further comprising walls of the central annular opening and grooves of a general axial

nature on the walls of the central annular opening between the recirculation hole and the top of the
annular fluid#éynarnhitebleididyasse besynd asTemilviof dlavanic hethéngempaamgyoafalaiefll, further

comprising grooveg gé.a/dPRAGHRhaXIRA NAINEQ PhENG/HIRPET el iR SaHY RRearing cone. 15. The
fluid dynamic bearing assembly of claim 11, wherein the top of the annular
15. The fluid dynamic bearing assembly of claim 11, wherein the top of the annular

bearing cone has a flat region.

16. A fluid dynamic bearing assembly comprising:

- an annular bearing cone having a central annular opening, a bottom, a top
and a middle, upper walls angling out from the top to the middle, lower
walls angling out from the bottom to the middle to meet the upper walls.

- abearing sleeve adjacent the annular bearing cone;

- ashield seal member abutting the bearing sleeve and adjacent the annular
bearing cone;

- an annular shield member above the annular bearing cone;

- afirst fluid reservoir between the annular bearing cone and the shield seal
member;

- asecond fluid reservoir between the annular bearing cone and the annular
shield member; and

- capillary path means between the first fluid reservoir and the second fluid

reservoir.
17. The fluid dynamic bearing assembly of claim 16, further comprising at least one

recirculation hole in the annular bearing cone in communication with the central

annular opening in the annular bearing cone.
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bearing cone has a flat region. 16. A fluid dynamic bearing assembly comprising: - an annular bearing
cone having a central annular opening, a bottom, a top and a middle, upper Wﬁ&”&ﬁ@'ﬂﬁﬂ*@%ﬂﬁfrom the
top to the middle, lower walls angling out from the bottom to the middle to meet the upper walls. -
bearing sleeve adjacent the annular bearing cone; - a shield seal member abutting the bearing sleeve
and adjacent the annular bearing cone; - an annular shield member above the annular bearing cone; -
a first fluid reservoir between the annular bearing cone and the shield seal member; - a second fluid
reservoir between the annular bearing cone and the annular shield member; and - capillary path
means between therf&%fM@mamMam@d@amndoﬁlaﬂd Ieseriasr.comprizén wididysfansc bearing
assembly of claim iSi [ é g aring cone in
commumcation wift hE e AT eI A e A e B T bR 2006
18. The fluid dynai@Wabfpe s eeiNRED IS IcuIgtam B CorpgiBmipRal e fidldentral annular
opening and capillapnfate reaang Lsséheiyalls of the central annular opening between the
recirculation hole and the top of the annular dynamic bearing assembly. 19. The fluid dynamic bearing
assembly of claim 16, wherein the top of the annular bearing cone has a flat region. 20. The fluid
dynamic beafing asberfilly dyinalainbEgy W essiemhly bbdleim dbtivéherainuke teparfribecamelws a flat

region. 11 bearing cone has a flat region.

20. The fluid dynamic bearing assembly of claim 16, wherein the bottom of the

annular bearing cone has a flat region.
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