ROTOR LIMITER FOR FLUID DYNAMIC BEARING MOTOR (err) Abstract: A mptgrisgQuided
comprising a rotor, a stationary sleeve disposed about the rotor, a fluid dynamic bearing between the
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and more specifically to fluid dynamic spindle motors with limited axial movement. BACKGROUND

OF THE INVENTION !0002 Disk drives are cajfable of storing &Iaﬁe amounts of digital data in a
relatively smaftBfea! REN&Erd B ERAIFDABRE! l%cording media, which

conventonallydaisghe form Aclisyignisiaumetid profte L IRASIaBL PABYGERaNcentic

circular recording tracks. A typical disk drive has one or more disks for storing information. This

information isARRISRIERANP rEH3AI0RSisduna il el Atk PrRseo arsilt-et @lofeatitirdor arms
that are moveqR &g HARK AR REFERRIBES N vtHERFERSRG fiskpdisRr ByiHeremeshanism. [0004]

Generally, the disks are mounted on a spindle that is turned by a spindle miotor to pass the surfaces
of the disks under the read/write heads. The spindle motor generally includes a shaft and a hub, to
which one or pyresliorsTHE altaeneriaQd a sleeve defining a bore for the shaft. Permanent magnets
attached to the hub _interact with a stator winding to rotate the hub and disc. In order to facilitate

rotation, one $PAEE beariddEalRvELAN, KriieSatPoBHiIk YRGS MRteffr@nd more

specifically to fluid dynamic spindie motors with limited axial movement.

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 and a hub, to which one or more discs
are attached, and a sleeve defining a bore for the shaft. Permanent magnets
attached to the hub interact with a stator winding to rotate the hub and disc. In
order to facilitate rotation, one or more bearings are usually disposed between the
sleeve 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 magnetic
storage disks.

[0006] From the foregoing discussion, it can be seen that the bearing
assembly that supports the hub and storage disk is of critical importance. One



[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 operatiNgbiiét storage disks. [0006] From the foregoing discusBfoHUR2088&63ken that the
bearing assembly that supports the hub and storage disk is of critical importance. One 111 AUGUST

2006 WO 2004/001742 PCTIUS2003/019621 typical bearing assembly comprises ball bearings
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member. However, ball bearing assemblies have ma(g%gmchanical problems, such as wear, run-out
t
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bearing, a lubricating fluid such as air or _liquid prov_i#_es a bearing surface between a fixed member of

the housing anti&fFotAihgh&RBeMaNHa NG (AU SRR o MBrERY §ipiEeF RIBACSNIS IRBRIGEMs, oil,

or other fluids. dHaisk eaanteatienrispoopsashiite RFINHawsiag.over a large surface area, as
opposed to a ball bearing assembly, which comprises a series of looint interfaces. This is desjrable
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elps to reduce non- repeatable ryn-out. ne embodiment of a fluid dynamic bearing motor is
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element to estajplish ancharpiyaitolHie RyRsaIrUBribeEe INCID dsegas, asinesralihier dRfit)s Whade the
thrust bearing is defined in the &ap at the end of the shaft.laThis eliminates the need to provide
hydrodynamic SYOGRS REGESS RRSRAFIRS HERTEMS DRSS ROVEECRNTHIRR FH 18R ERCh turn

reduces the peywpbsensuraashibieimpissEanIgYerhithsdoapsEwRh therid ot pothb Mebrthdbs:

rotating portion]_?ﬁsthlg G‘é’stﬁ%liw Igecgaiﬁstgqch%dﬂcrpe%gsneec}i%é%rr?r% tggltggéefeifduces wobble or run-
out between the rotating and fixed members. Further, the use of fluid in the
interface area imparts damping effects to the bearing, which helps to reduce non-
repeatable run-out.
[0008] One embodiment of a fluid dynamic bearing motor is magnetically
biased. That is, the bearing design cooperates with a magnetically biased circuit
or element to establish and maintain fluid pressure in the bearing areas,
especially in designs where the thrust bearing is defined in the gap at the end of
the shaft. This eliminates the need to provide hydrodynamic grooves on one or
more motor elements in order to accomplish the same, which in turn reduces the
power consumed by the motor. However, this means that the only thing holding
the rotating portion of the motor in place is the axial magnetic force; therefore, if
under shock axial forces exceed magnetic forces in the motor, the rotor can shift
and the disk drive will fail.
[0009] Therefore, there is a need for a fluid dynamic spindie motor in which

axial movement of the rotor is restricted.



under shock axial forces exceed magnetic forces in the motor, the rotor can shift ang thedisk drive
will fail. [0009] Therefore, there is a need for a fluid dynamic spindle motor in which axial movement of
the rotor is W&A280A0Y741 AUGUST 2006 WO 2004/001742 PCTIUS2003/BCTBBR0GOMMARY OF
THE INVENTION [0010] The invention is a motor comprising a rotor, a stationary sleeve disposed
about the rotor, a fluid dynamic bearing between the rotor and sleeve, and a limiter for restricting axial
movement of t8e)MikgARNaDR THBENEITEON sleeve. BRIEF DESCRIPTION OF THE DRAWINGS
[0011] So thatfggag:fnner inwhich the aboye recited embodiments of th |nve%s|on are att ned and

can be unders detail, d%ﬁﬁ?ﬁ&lﬁr B0 SR PR EnfiBIP bk a&lﬂﬂﬁ%nﬁ §%bove,
may be had bﬂt@é@f@éﬂ:@ﬂ@ahmembmlr@eﬂtﬁdWﬁ@mbéamgllbméd ithé&heoanpandeatediayyings.
Itis to be noted, however r?at thea ended drawin {f@gﬂ%{t pica nlb %m%? of this
invention and & tﬁel’gf’é Bt fg’ m&.aé SRl ;5 ol 'Yrﬁ/ Mtrof 5‘;}% to
other equally effestige embodiments. [0012] Figure | deplcts a plan view of one embodiment of a disk

drive having a motor in accordance with the present invention; [0013] Figure 2 is a vertical sectional
view depicting a magnetically biased fluid dynamic spindle motor according to one embodiment of the

present invenBRIEPORBORIAT RIS OFeMide BRAWIAIG®BW depicting a magnetically biased fluid
dynamic spindle motor according to a second embodiment of the present invention; [0015] Figure 4 is
a vertical sectional view depicting a magnetically biased fluid dynamic spindle motor according to a
third embodimpg0pfithe preSmthialedionaandr [ WGlichotiie Sbsvavestited satiivthndats deplating a
magnetically bJased .
nvention are attalned and can be understood in detail, a more particular

description of the |nvent|on, 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 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.

[0012] Figure 1 depicts a plan view of one embodiment of a disk drive
having a motor in accordance with the present invention;

[0013] Figure 2 is a vertical sectional view depicting a magnetically biased
fluid dynamic spindle motor according to one embodiment of the present
invention;

[0014] Figure 3 is a vertical sectional view depicting a magnetically biased
fluid dynamic spindle motor according to a second embodiment of the present
invention;

[0015] Figure 4 is a vertical sectional view depicting a magnetically biased
fluid dynamic spindle motor according to a third embodiment of the present
invention; and

[0016] Figure 5 is a vertical sectional view depicting a magnetically biased
fluid dynamic spindle motor according to a fourth embodiment of the present
invention.

[0017] Figuré 6 is a vertical sectional view of a motor embodying a further

embodiment of the present invention.



fluid dynamic spindle motor according to a fourth embodiment of the present inventign, JOO1 4] Figure
6 is a vertical sectional view of a motor embodying a further embodiment of the present invention. 3 1 |
AUGUST 20108 200&091082/001742 PCTIUS2003/019621 [00181 Figure 7 isPC¥ErHi2MB4HEBhal view of
a rotating shaft motor embodying a further embodiment of the invention. [0019] Figures 8A and 8B are
partial vertical sectional view and an exploded view of another embodiment of the limiter used in a
fixed shaft mof001B)020] Fifligar2 ¥ &expidatseeivedlaiiter asefiatinglshefinimedonent of Figure

8A. [0021] Figures | OA and.10B are a partial vertical sectional view and an exploded view of a
stationary shaﬁWﬁﬂ&ﬁﬂ%&dﬁﬁﬁﬁ{gﬁﬁb&@ﬂ%{f}ﬁﬁ%&wﬁﬁﬂp-of the present invention. [0022] Figure
| 1A is a verticEdGt8lional viFigwics IBAItend S Wre partiaitingtishhfgviivpabuidwaarghawn in Figure 6;
Figures 11 B and 11 D are plan views of the limiter shown in Ejgure 1 1A; and Figure 11 C is a
cross.section P RIGR e il ARG B BRI O 6 R B S RGO are
partial vertical [g@aeInal vievRgate Miiershoidideeniicol ofliriraitespeetalyrugeidmiibdinelativly shaft
motor. [0024] T.o faciljtate understanding, identical reference numerals have been used, where

possible, to d s'i%wéﬁ fentical elements that are common to the figures. DETAILED DESCRIPTION

[0025] FIG. 1 oot} a planFiguyes ¢0A amdbddiBrars af paeisk visiviediGsbatiowel wighveandastiments of
the invention. Ref?r%'na to FIG, 1, the.disk driye 10 iricludes a ho Sin%ﬁaﬁﬁf 12 ?l'nd at%p over 14.
%8 el

The housing b3X8'4594 VigHSha PRHANBY Al TP R LDy mRHYGSHBRMAL
internal compehedpikegsridntamtiwiion by elements outside the sealed environment. The base and

top cover arrarfgggiejnt Shov}énlgiﬂrgl% A% IJSS a \e/grlﬁ%gwgeg}i})hneal view of a limiter useful in a rotating
shaft motor such as shown in Figure 6; Figures 11B and 11D are plan views of
the limiter shown in Figure 11A; and Figure 11C is a cross-sectional view of the
limiter of Figures 11B and 11D;
[0023] And Figures 12A and 12B are partial vertical sectional views
alternate embodiments of a limiter especially useful with a rotating shaft motor.
[0024] To facilitate understanding, identical reference numerals have been
used, where possible, to designate idgntical elements that are common to the

figures.

DETAILED DESCRIPTION

[0025] 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 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. Disk drive 10 further includes a disk pack
16 that is mounted on a hub 202 (see FIG. 2) for rotation on a spindle motor (not
shown) by a disk clamp 18. Disk 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



industry; however, other arrangements of the housing components have frequently heenused, and
aspects of the invention are not limited by the particular configuration of the disk drive housing. Disk
drive 10 furiYé& Ip48&EE 2 disk pack 16 that is mounted on a hub 202 (see FIGU3J0GYH&RIon on a
spindle motor (not shown) by a disk clamp 18. Disk 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;mmwuﬁm@éﬂﬁbaﬂiﬁhld@'\cﬁskosimﬁaéé | MIBY 8Xafple waﬁowmmzread/wnte
PCTIUS2003/019 ommunlcatln ith the disk surface. In the ex e shown in F G 1, read/wrlte
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actuator 26. TheasRdator shayeristdl @6l Israfatbetualemﬂmwam RIGiarygnsiving Wéa@tuawwd
includes a voice coil motor (VC ho enerajly at 28. Voice coll m r 28 rot ctuator 26 with
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magnetically biased fluid dynamjc b arlng indle 0 acc rdln resent ention.
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to a shaft 204 fessiratabba sm@au@ggoagg)mrsgre disks 205. The rotating assembly 201 further
comprises a back iron,207. The hub 02 com |ses a dlslk%(?untl g fI e 230

206
that supports &mor é20E§;aﬁ1d H%ﬂ'g c%‘?gtW fM@(‘ﬁés ryo'[&)zgﬁn HRSH mbly

203 Comprlsesmzagie@w@HQSbMﬂmd hgiessBidmitefeditp rgphidles riotoe cCROG m@tmﬁgzw tNk@unted
upon the sleeve 208 E a st%tor 212 that, when energized, communicates with the magnet 206 in the

hub 202 and, HAERThEYSEAEP12 is energized, induces rotation of the shaft 204 and hub 202 about
the stationary [0@27 208. The stritor2280dnuhises & phaséty1of at&ﬁtb ritatingnassehibipagoetic

material Wher%g%%r}igfntg %t Fioh 5r|nso\l/1vr? e towétrsﬁawlagf forrota ag%;supporting one or more
disks 205. The rotating assembly 201 further comprises a magnet 206 affixed to
back iron 207. The hub 202 comprises a disk-mounting flange 230 that supports
one or more disks 205 and disk spacers 207, if necessary.
[0028] A stationary assembly 203 comprises a sleeve 208 with a recess 210
defined therethrough to receive the shaft 204. Mounted upon the sleeve 208 is a
stator 212 that, when energized, communicates with the magnet 206 in the hub
202 and, when the stator 212 is energized, induces rotation of the shaft 204 and
hub 202 about the stationary sleeve 208. The stator 212 comprises a plurality of
“teeth” 215 formed of a magnetic material where each of the teeth 215 is wound
with a winding or wire 217.
[0029] A bearing assembly 232 is further provided for stable rotational
support of the shaft 204 and hub 202 relative to the stationary sleeve 208. A
hydrodynamic bearing on the rotating assembly - here shown as a conical bearing
214 integrally formed with the shaft 204 - together with a bearing on the bore of
the stationary journal sleeve 208, forms a bearing surface. Alternatively, journal
bearings may be formed on the outer surface of the shaft 204 and the bore of the
journal sleeve 208 by grooving the facing surfaces. Fluid 216 such as oil, air, or
gas is introduced between the outer surface of the shaft 204 and the bore of the
journal sleeve 208. Additionally, grooved surfaces on a thrust or counterplate (not

shown in the figure) may provide additional bearing surfaces.



[0029] A bearing assembly 232 is further provided for stable rotational support of the shaft. 204 and
hub 202 relative to the stationary sleeve 208. A hydrodynamic bearing on the rotating assembly - here
shown as a Wéhie8/BEddhg 214 integrally formed with the shaft 204 - togetheFNEHE3HE¢3Mg on the
bore of the stationary journal sleeve 208, forms a bearing surface. Alternatively, journal bearings may
be formed on the outer surface of the shaft 204 and the bore of the journal sleeve 208 by grooving the

facing surfaceg0bB0q 216 FeckaaisisiRianey raamiaintrdssett bietweeiie 2uerantfesprighnshaft
204 and the bore of the journal sleeve 208. Ad itiona‘%eﬁ{ooved surfaces on a thrust or counterplate
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bias the rotating assembly, a constant force magnetic circuit is provided comprising a magnet 206
sUpported on IRCAESAGTEES9RP (TBMB aRaRe e HeSARE R0 Resldindcr) cesu BRGSO
magnetically cemelegtingnsigebesembf (Hepe iesLetedherstatiobase assentbibidheiagnetioteifcaitshe
base 12). Other mﬂgnetic circuits or_placements are of cggkgit%osshtﬂe. Such a configuration
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iiter pin 220 SRR OB oD B RELy 1 SEE MG CP i aiFE KBl DEAAREY
stationary sleavitl 2ABoltroftetie im0, piedrtsiedisk airiaa gil Fabstantially perpendicular to the hub
curtace of tho SUAH04. THe BS99 S dH R By 2 dEVBALR dlrniicir e SHAY
surface and hasmavéenghiodf fitie rotating assembly by means other than the axial magnetic forces
acting alone. One embodiment of the invention is limiter pin 220, which is
mounted, for example by press fitting or epoxy, into a bore 209 in the stationary
sleeve 208. Limiter pin 220 protrudes at an angle substantially perpendicular to
the hub 202, from approximately the midpoint of the sleeve 208 and into an
annular recess 222 on the outer surface of the shaft 204. The annular recess 222
is defined by a decreased diameter on the shaft surface and has a depth of, for
example, one quarter of the shaft diameter. The width of the recess 222 on the
shaft surface dictates the extent to which the shaft 204 may move axially when
engaged by the limiter pin 220.
[0032] In another embodiment (shown in FIG. 3), a limiter screw 320 is
screwed into a threaded bore 321 in the base 12. Alternatively, the screw 320
could be epoxied or press fit into the bore 321. In one embodiment, the limiter
screw 320 protrudes from the base 12 at an angle of approximately 45 degrees
and extends into a recess 322 defined by an annular, angular cut on a lower
portion of the hub’s outer surface. The recess 322 is cut at an angle of
approximately 45 degrees from a bottom surface 325 of the hub 202 and
comprises a face 323 that is substantially parallel to an end of the screw 320.
Alternatively, the screw 320 could extend at an angle substantially perpendicular
to the outer surface of the hub 202, into a recess 322 that is substantially



example, one quarter of the shaft diameter. The width of the recess 222 on the shgaff sujface dictates
the extent to which the shaft 204 may move axially when engaged by the limiter pin 220. [0032] In
another emBYARERIEHdWN in FIG. 3), a limiter screw 320 is screwed intoP4THEFSAHBAHGRE 321 in the
base 12. Alternatively, the screw 320 could be epoxied or press fit into the bore 321. In one
embodiment, the limiter screw 320 protrudes from the base 12 at an angle of approximately 45

degrees and pxiprigliotten teansssha dekinedbyrafi@)lsheadgpihrofitheredesscd 22odéfimes the
hub's outer suyface. The recess 322 js cut at a le.of approximately 45 degrees from a bottom
surface 325 o eaﬁl%%’zgﬁda V&%\‘?’bF&%Qﬁqgggﬁ%rﬁ?aﬁﬂﬂﬁ%tamiaIIy parallel to an end of the
screw 320. Alfoo3jvely, theystranothidl embdeten aronwaniold-KBSsteAtaiy Byrpdimiteddsiockthe
outer surface of the hub 202, info a recess 322 that is.substantially 611 AUG 2006 WO
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recess 322 defin@sextuhasialt rangmhiledupstdnetibli 2O ntlizeikar twtie 32D vehaitetock
embodiment (shown in FIGS. 4A and B), a limiter blgck 420.is mounted, for example Ry, press fit or
epoxy, intoa b Ei‘éqﬁHC%é Brzfég f2pgﬁ@@x?étn{l]@%%%ea%@oﬁ?&#aﬁﬁéwsp@r di ila 3th& hub
202. Limiter blpgted Yoot uHES &bithe pobi02f theititee blblccat2d axtessla detp 4l donularlower
portion 423 of the hub 202. Limiter block 420 extends.into gn anpylar rece 22 defined in the Jower
portion 423 of 'iﬁ(éeﬁﬁbéé d@%ﬁcﬁa d%%%quﬁbqpth u eﬂ%ﬁo @lﬂﬁ’fgﬁL it%r?iﬁggﬁa is, for
example, trapejgideteincshéne asehbuly sufice4B.imitemblp ekl di(dsy theregumpiee tregtemidal
geometries. As in FIGS. 2 and, 3, the wid @ft %re§e§s 422 de%[fﬁts rihe ial ran g in WBJcht.the hub
202 is free to Mo .%BESEFFI@%F@HFE% s ant Al hat 8 die ?ogﬁ'ﬁ%il%g%%Mpﬁ ﬁ% |geﬂange
522 on the uppropwtitesS0Ashin FHBSN A yasideethe8uithie Batge Ftsand2ledeined8ttefiaxial
capillary sea] (here a ce trifuqﬁll %aLPti)Hf& se r]% 5?0 therebetween to prevent fluid from escaping the

e is free to move.

motor 500. Th aﬁ'%glg qlg

[0034] FIG. 5 represents an alternate embodiment of a limiter comprising a
flange 522 on the upper portion 507 the stationary sleeve 508. The flange 522
and sleeve 508 define a capillary seal (here a centrifugal capillary seal) 530
therebetween to prevent fluid from escaping the motor 500. The flange 522 is
substantially perpendicular to the shaft 504 and extends inward from an outer
surface 509 of the sleeve 508. The end 521 of the flange 522 extends over a lip
532 that extends around the circumference of the shaft 504. The lip 532 is
defined by a decrease in the diameter of the upper portion of the shaft 504. The
distance between the lip 532 on the shaft 504 and the lower edge 534 of the
flange 522 defines the axial range in which the shaft 504 is free to move.

[0035] A further alternative embodiment is shown in Figure 6 which is a
motor with a rotating shaft 610 supporting a hub 612. Rotation of the motor is
caused by the interaction between the magnet 614 and the stator 616, the magnet
being support from the hub 612 and the stator from the base 620. An axial
electromagnetic bias is established by an axial offset of the magnet 614 from the
stator 616. The limiter in this embodiment comprises a step 630 defined at an
end of the shaft closest to the base 620 or counterplate 622. This step 630 may
be either integrated with the shaft 610 or be press fit thereon. The step extends
axially a limited distance under the sleeve 640 which is supported from the base
620 and in turn supports the counterplate 622. As shown, it may extend at least
part way into the recirculation path 642 which is defined axially through the shaft



substantially perpendicular to the shaft 504 and extends inward from an outer surfagg 529 gf the
sleeve 508. The end 521 of the flange 522 extends over a lip 532 that extends around the
circumferen®OFHOE42 504. The lip 532 is defined by a decrease in theRGANEIEPBIXHE upper
portion of the shaft 504. The distance between the lip 532 on the shaft 504 and the lower edge 534 of
the flange 522 defines the axial range in which the shaft 504 is free to move. [0035] A further
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and in turn supports the caunterplate 622. As shown, it may extend at least_part way into the
recirculation pEQH%)é)b WhigﬁQSoﬁ@I}iW&s%ﬁﬂﬁ?ﬁ?@ﬁéjﬁ ﬁf@%ﬂ%’ﬁx‘?nf WA@@J@SZQ%% r?/véy KBgUSh1742
PCTIUS2003/gh86220848ubyies!ly, HnBrede dopevtation suispoting ene ortheehaliski0 Thinadacing

surface of counterplate 622 to drive flyid toyard th t is 650 of the shaft ' Y air.
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therefore this igtritsiaiheitbesigl ivfsée fiaeirguatinr (06.daasthigt Bindedireatictiesshbtoperation
on this embodiment. [0036] Fig, 7 shows an alternative embodiment wherejn.as befqre, a rotating
chalt 700 SLpFUIRMR RIPPESTeh TS o dr P IO RSN Sa oY e
704 on its intedaysHfaceod tetadysatigriod tshdisd driis drdmidinng b dkislixppeetfipe scesator
and below a top SO AP ST ML PIGPHAE 428 VO Nl ORI G B EhoRdRParLERe? 730
is threaded thrpyglofitaeeteifil 20hardldtsicribetwesiathavitbttotopssuidaec? 50 of the screw 730
and the upper surface 740 of the shaft 700 sets the limit of travel under sharp
conditions and the like for the shaft. Thus, in a very straight forward fashion the
system is guaranteed against unnecessary disengagement or misalignment of the
shaft from the sleeve.
[0037] Figure 8A is a partial sectional view of a stationary shaft motor
cooperating with a limiter supported from the surrounding sleeve, and Figure 8B,
is an exploded view of a section of the same design. A stationary shaft 800 has
two sets of grooves 802, 804 spaced axially along the shaft which form a fluid
dynamic bearing for supporting the sleeve 810 for rotation around the shaft. This
support is provided by fluid 812 which lies in the gap between the surface of the
shaft 800 and the surface of the sleeve 810 and is pressurized by the grooves to
form a support for the rotating sleeve.
[0038] One or more disks (not shown) are supported from an outer surface of
the hub 810 and are held in place using a clamp 820 which is screwed or
otherwise fastened to the hub 810 by screw 824. Also not shown, magnetic
biasing is established, preferably by axially offsetting the magnet and stator which
cause rotation of the hub similar to figures 6 and 7.
[0039] To prevent axial disengagement of the hub from the stationary shaft, a
limiter 850 which is shown especially clearly in the enlarged view inFigure 8B is
fastened with adhesive or by welding or any other useable fastening system to the



740 of the shaft. The distance between the bottom surface 750 of the screw 730 gnd theHRRer
surface 740 of the shaft 700 sets the limit of travel under sharp conditions and the like for the shatft.
Thus, in a v&Q 23¢iBM7A8rward fashion the system is guaranteed against (RfABES3&EHH)19621
disengagement or misalignment of the shaft from the sleeve. [0037] Figure 8A is a partial sectional
view of a stationary shaft motor cooperating with a limiter supported from the surrounding sleeve, and
Figure 813, issfyeesniaded Vimvlimﬁme?s%ioreﬁféhwaml@es@feﬁm@t&mehwﬁ@%ﬂﬂédt\aﬁ sets

the stoeve 818 1ErRREH hrob 18 RPOHAR, HSHECEHI b RLEt JHe) HercPBEs GATLAEL HARe gop
between the sbéfirescof ithe uppeft 80AA08HR stfacimittraskave &6 Ritthis wﬁ%@yﬁed bythe
Tom an outer SR LEGTe nhDS 85 HACER S HEIcH b LB H AL B2 RER B A RERDr
otherwise fasteapméeytb@énLﬁeﬁﬂémth@ﬁwéhéﬂsmwﬂﬁﬂmmgambuc :@mmmsmmhﬁshe_d,
6 ancl 7. 10061 ¥ ORI SHRROERC M VGt PIPHEE Dl o G (R S, 2OV B
whlc_h is showthedparerbesdratigfifigoessrsagad\88y inFigure 8B is fastened with adhesive or by
B e s e o S oo bl on
the shaft 800. ghengap Wnbﬂtwe@n thiser aspriiidirasttied $1g{ir808 cohtireiastinetiraiarti@iopper
surface 862 of the I d the facin 4 of the houI er 860, The s 862, 864
civerge axial BRI Pr R AP CE 1B e DeIoMn (18 TR SHHSAP ool Aot b to
retain the fluiddmbwligrRnG4Ravivches PO S peldtidefirotatine. shuidddnai3geottie atkaficb@yed by
the imiter desoLSENES ARG BRaDRERA HESGUHSEI U3 SRPOREE S Sifinag BAgosre

sleeve 902. As with other embodiments, to support relative rotation of the shaft

and sleeve, a fluid filled gap 945 is provided between the shaft and sleeve, with

grooves on one of the surfaces that define the gap 945 pressurizing the fluid to

support the smooth rotation in order to maintain the fluid in the gap 945. A

reservoir 950 is defined by the facing and axially diverging surfaces of the limiter

910 and the shaft 900. This is most easily achieved by providing a flat axial

surface 952 on the limiter 910, and an axially diverging surface 954 facing the

limiter across the reservoir. An air opening 956 is also provided comprising one

or more openings cut through the limiter in an axial direction to support the

formation of the meniscus 958 which is the end of the fluid filed gap and

maintains the fluid within the gap. In a further modification, in this embodiment a

limiter shield 960 is provided supported from the rotating sleeve 902 and

extending generally radially toward the shaft, ending across a small air gap 962

from the shaft. This limiter shield is provided so that a fluid gap can extend

around the surface of the limiter 910 where it underlies the sleeve 902 so that the

fluid in this gap 965 will support relative rotation of the limiter and the sleeve. The

gap 965 must extend around the limiter past the radial and axially facing surfaces

of the sleeve and then between the limiter and the limiter shield 960 in order to

provide an appropriate termination for the fluid in the gap. The surfaces 966, 968

of the limiter and shield respectively diverge as shown, provided another oil

reservoir 970 ending in a meniscus 972. An air opening 980 should also be



shows a variation on the embodiment of Figure 8 wherein the limiter 910 is suppoyted framhe
stationary shaft 900 within the rotating sleeve 902. In this embodiment, the limiter 910 is supported
from the shdVRiZ098016+2he shaft 900 and extends radially underneath the?SAGRABI3002Nd under a
shoulder 940 of sleeve 902. As with other embodiments, to support relative rotation of the shaft and
sleeve, a fluid filled gap 945 is provided between the shaft and sleeve, with grooves on one of the

surfaces that deibwide thegd 3y epalsrirgoRd| gebibetwper titeelPteptriateiB rierdsitd
maintain the fluid in the gap, 945. A reservair 950.is define the facin axially diverging
surfaces of th %%BP%%%%%‘W@Q@@?W?@%%%P%E%&%NW@ a%]&providing a flat axial
surface 952 on the limiter 910, and an axially diverging surface 954 facing the limiter across the
reservoir. An aj ing 956.is also provided comprisjng one of more openings cut through the limiter
i o sl el sup ot (RS RN S ATERPEC 8 Ao b LA T
gap and maintsfifgie g s\thdWhthelEri]gmWﬁﬂ?@mﬂﬁlmAmﬁbw%%mwmﬁrﬁm}jﬁiW% ;
shield 960 is provided supported from the rotating e 902 and extending generally radially towar
the shatt, enciU/RHASER SHaf P EDECSIR o 2rartos MBI SiHel S dt
fluid gap can extepdreiefrshilihseHafe1ofhedenily SINMdIeErd stslerias the sitange803«0 8fat the
fluid in this gap.965 will support relative. rotation of the limiter and the sleeve. ap 965 must
extend aroundh IR AE o R Tl AR B I i G SRR SO L0408 S AP bR
the limiter and ghe xiterashéere Gayifrordehéobasevide ansprieetP liaticttwathod ehdardbe forg isfthe
gap. The surfaces 96 of the limiter. and shield respectively div as shown, proyided apother
o1 resorvoir 9P Al L0 ABH G G130 MRS AP DY o e 025 8 PrUR 2T Ab06
WO 2004/001 4ithRhd Ible2eaisg adbdirneisicdibdligh fledngity 10d0hbdapdetvecshite Amiter
and the limiter shield to support estaplishment and majntenance of the meniscus 972. [0041] A further
aernative emBUTRAN S S UEIRO AT Lo ERUER i S UAe ADAT S08 10B,
Fig. 10A showsfathiatliphitsy 0201834 to extend inwardly. toward the central axis to end in a

reservoir 1040. One or more openings 1050 are formed through the limiter 1020

to aid in the formation of the meniscus 1055 at the end of the reservoir 1040.

[0042] According to this embodiment, a secondary limiter 1060 extends
radially inwardly from the sleeve 1012 and axially beneath the shaft supported
limiter 1020. Both of these limiters are placed above the base 1075 so that the
limiter 1020 intervenes between the sleeve limiter 1060 and the shoulder 1030 of
the sleeve. In this way, the limiter 1020 is held securely below the rotating sleeve
1012 and above the sleeve supported limiter 1060 so that it is very difficult for the

sleeve to move axially under shock in either direction relative to the shaft.

[0043] Figures 11A, B, and C show alternative approaches to capturing the
axial location of the shaft relative to the sleeve in a motor such as shown in Figure
6. Specifically, referring to Figure 11A, we see a sleeve 1110 and a shaft 1120
rotating within the bore 1125 defined by the sleeve 1110. A recirculation path as
previously described in Figure 6 provides for fluid recirculation within the system.
To hold the shaft axially in place under shock conditions, a retaining ring such as
shown in Fig. 11B or 11D is provided, with 11D being a sectional view along the
line AA of the ring 1130 shown in Fig. 11B. The ring is especially useful for this
function because as clearly appears in Figures 11B and 11C, it is a part which is

10



surrounded by a rotating sleeve 1012. As with Figs. 8 and 9, a limiter is supported from) the shaft
1010, details of which are shown in the enlarged view of Figure 110B. The embodiment of Figure 10B
shows a limW? 2920WIphorted from and extending radially from the base 20T(/388¥BPedderneath a
shoulder 1025 of the shaft 1010 and extending underneath a shoulder 1030 of the sleeve 1012. As
with the preceding embodiment, the fluid filled gap 1040 between the shaft and the sleeve is extended

radially in bothedispgtiprsaliedodinGUiiexrperisiodardiafshirita1e tharindemiitizand foakiandissigidly,
toward the central axjs to end in a reservoir 1040, One or more openjng }1;1050 are for,meij through the
imiter 1020 (0 M0 RIeBDARGES I ERERREHS2OBE L Ghduhind DESERSHIS TP MY

According to thisfyelastinrenécatiate erdapp barsein PR AXtENGS isadidliyrieyFeatHeormiheoslgsite
1012 and axiall beneﬁgh the shaft su d limiter 1020. Both of these limiters are placed above the
I

por ,
base 1075 so [t Bt tfreHASBIRie A LR Lt h @ SHElRaRh iRl izb 6aRt thedrod d&ieLo30
of the sleeve.drslbtsowgyothve lImeerihGRe ishafld FTaoie el ritinihg rHgtieadiciys 10 2sanglabove

the sleeve supported limjter 1060 sq that. it is very difficult for the sleeve to move axially under shock
i eithor diroc T ARAN.Pio HURhGPHOUES 1RRaL 114088 T 0B HBEo SRRHBAChY to
capturing the witial desatinn sédhiesdat mlgtiieytad 130 Siesyieda mtoothe Liefarcshewn 150igwie 6.

Specifically, referring to Figure 11 A, we see a sleeve 1 110 and a shaft 1120 rotating within the bore
195 defined (R SHSvcATS oA ORI LA ABeH GRS Ao IR B SRR for

fluid recirculatigiteitbih theprysm THeropid taptaRiat akialiyharplagrmndeiing aple aonglitersions
retaining ring sucé1 as shown in Fig. 11 B or I | D is provided, with 11 D being a sectional view along
the line AA ofm Q'rng 1130 shown in Fig. I | B. The ring is especially useful for this function because
as clearly appears in Figures 11 B and 11 C, it is a part which is 10 I | AUGUST 2006 WO

foating desigriOfibh s ndf L AUSLHR LB HEBKAITFTle GRS o TheS: 1 R PP L Ehaped
cross section gddthppghreie Egaably Sedtidrsonedivbdeuingdati the same, this offers the
benefit of providing the slot 1170 on one side which can be oriented to the return
hole 1128. By using this approach, the chance of any interference with the free
flow of the lubricating fluid from the opening 1125 between the sleeve and the

shaft to the return hole 128 as known in the art is diminished.

[0045] Yet another alternative as shown in Figs. 12A and 12B. In both of
these figures, the shaft 1200 is shown inserted in a bore 1210 defined by a sleeve
1220. In both figures 12A and 123, a flexible ring 1250 or 1260 is provided. The
difference in the two embodiments is that the ring 1250 in Fig. 12A is circular in
cross section; the ring 1260 of Fig. 12B is generally rectangular.  Referring
specifically to 12A, it can be seen that there is a groove 1270 in the outer surface
of the shaft 1200 which is roughly similar in cross section to the outer surface of
the ring 1250 so that the ring may be compressed into the groove while the shaft
slides through the sleeve 1220. When it reaches a locking groove 1272, the ring
shaps in place, being lodged partly in the locking groove 1272 and partly in the
groove 1270 of the shaft thereby holding the shaft axially in place. The design of
the embodiment of Figure 12B is similar, with the ring 1260 being compressed
into the generally rectangular groove 1280, and then snhapping into place in the
slot 1282 of sleeve 1220.

11



rest on the counterplate 1140 and to be of a sufficient radial extent to extend into 3 glot Qr gypove
1150 in the shaft. Thus, the retaining ring ]Jends itself to a simple assembly by virtual of puffing the
shaft 1120 WO 29e4881#&42125 of the sleeve | 110 with the two sections of tREHAG2DIS01R9Sérted into
the shaft recess 1150 from either side, and the counterplate 1140 then being wedged, welded or
otherwise fastened in place. Thereby capturing the shaft axially using the ring sections 1130. [0044]
In an alternatiye@geipodim@hie tbforé)Aid Frdsemt idvahtivny Hecussslishd@aghtdiak assesstvting
sequence Would,bF substanti Iléfthe same, this offers tlhe, benefit of rovﬂdin??ge S;Jﬁ-hél 0 on one
side which cafB& ofEMESEI A %&%ﬁ?"ﬂB@ﬁ%’%‘?@%ém&tmé% REL K,q %ﬂ gﬁ}r,mc
interference witbahiadrenotonw of The lerieatingdiidifroneiihe apetinonidy ekplviteh thespiretreand
the shaft to the return hol 12{% s known jn the art is diminished. [0045] Yet another alternative as
shown in Figs PLERCRRE PoaXF RO THLHGIEECT SRR IS TS SHOMIE FSLRed i a bore 1210
defined by a sleeve 1220. In both figures 12A and 12B, a flexible ring 1250 or 1260 is provided. The
difference in t embadiments is_that the ring 1250 in Fig. 12A js circular. in cross section; the ring
1260 of Fig. 1000& Heneral NE RO PO mAY COe R A Ro BN h e TRt FlrEhs a
groove 1?-70 i@fﬂmemrtwérserfmmgéh% sﬁaﬁéﬂﬁfbnﬂmﬁb ' dﬁa@obghgeeigétﬁmmasa@ﬁﬁﬂﬂgtmﬂm
outer surface Qf the ring 1250 sp that the ring may be cgmpressed into the groove while the shaft
Sides througnif BRRG57330 TATER ATSLINES SO0RR EELFGLE S5V ARSI SHE LA being
lodged partly ifotlevocking groove 1272 and partly in the groove 1270 of the shaft thereby holding the
shaft axially in place. The design of the embodiment of Figure 12B is similar, with the ring 1260 being
compressed into the generally rectangular groove 1280, and then snapping into place in the slot 1282
of sleeve 1220. | | AUGUST 2006 WO 2004/001742 PCTIUS2003/019621 [00461 Therefore, the
present invention accomplishes the task of restricting axial movement of the rotating assembly in a

magnetically biased fluid dynamic bearing motor. The advantages of such a motor may exploited
despite the

12



presence of axial forces that may exceed magnetic forces in the motor. [0047] Whilg,the fpregoing 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. 12 | | AUGUST 2006 CLAIMS What is claimed is: 1. A fluid dynamic bearing motor
comprising: ain to r, a stationary sleeve disposed about a portion of the mtor and mounted to a base;
a stator mounted to the stationary sleeve; a fluidglypamic bearing between the rotorand stationary

sleeve; andv%liTiter for rgst_ricting axial movement of the rotor with respect to the stationary sleeve,
. at is claimed is: . . .. . .
wherein the limiter comprises a floating element extending paitially into a groove in the rotorand

further extending partially into a groove in the stationary sleeve to im pe de axial movement of the ro

to r relative 10 the gtaliarRghasiReENBadndladtaiceyamigb e a ring motor of claim 1, where in the
portion of the roto r cooperatticr)lrg with the limiter comprises a shatft rotating within the stationary

sleeve. 3. Me fluid dynam?cr%e_airlng motorof claim 2,wherein the rotor further comprises: a hub
rotatably supported by th& stfenandste eyt FHaagirstie krdempiytsm xddn®e ehard meustadid dynamic
bearing motor of claim Bas¢herein the rotor is adapted to support at least one disk 5. Me fluid dynamic

bearing motor according to ?é‘?ﬁ‘gmrﬁol%?eeé‘?intkhee {intwli(g%gris a él\(;exible element having a first installation

position in which the flexible elementis acPapte 0 reside within the gm ove of the motor or the groove
in the stationary sleeve dtfirif MEaMRGHSAMP L SREBRAT Tor K@ TISHRIAtPNAIEReME fedble

a limiter for restricting axial movement of the rotor with respect to the
stationary sleeve, wherein the limiter comprises a floating element extending
partially into a groove in the rotor and further extending partially into a groove
in the stationary sleeve to impede axial movement of the rotor relative to the

stationary sleeve.

2. The fluid dynamic bearing motor of claim 1, wherein the portion of the rotor
cooperating with the limiter comprises a shaft rotating within the stationary

sleeve.

3. The fluid dynamic bearing motor of claim 2, wherein the rotor further comprises:
a hub rotatably supported by the shaft; and

a rotor magnetic assembly affixed to the hub.

4. The fluid dynamic bearing motor of claim 3, wherein the rotor is adapted to

support at least one disk.

5. The fluid dynamic bearing motor according to claim 4, wherein the limiter is a
flexible element having a first installation position in which the flexible element is
adapted to reside within the groove of the rotor or the groove in the stationary
sleeve during installation and a second locked position in which the flexible
element is adapted to extend partially into the groove in the rotor and partially
into the groove in the stationary sleeve to impede axial movement of the rotor

relative to the stationary sleeve.

6. The fluid dynamic bearing motor according to claim 5, wherein the flexible

element is a U-shaped ring.
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element is adapted to extend partially into the groove in the rotorand parfially into the grapye in the
stationary sleeve to impede axial movement of the rotor relative to the stationary sleeve. 6. Me fluid
dynamic bearing motor according to claim 5, wherein the flexible element is a U-shaped ring. 13 | |
AUGUST 2006 7. Me fluid dynamic bearing motor according to claim 5, wherein the flexible element
is circular in crosssection. 8. Me fluid dynamic bearing motor according to claim 5, wherein the flexible

element is rectangtiar ANigrasaSarlidRAnllenthid draamisd earingmetonaseaiding R 6hdm 5,

wherein the flexible  element is spb.stantia fl\t/ rinng -shaped. 10. Me fluid dynamic bearing motor
. . emﬁnt IS.ClIrcu EH’ in .cross sectiort:, . .
according to clalm%, wherein the Tlexible™ élement is adapted to have an outer surface substantially

similar to an outer smface of the shaft when the flexible element is disposed within the groove in the

shaft duringginstallatienuiti MgnBuitbdysamig hrasna caetanacesrdine te, claigel® . mdaesinithe flexible

element is neither g]tt%%\ ollstro (t:igaenmt%r Prlrépcgasssstggtonr?ry sleeve. 12. Me fluid dynamic bearing
motoraccording to caim , W erein the groove In the shaft is half-circularin cross section. 13. Me fluid
dynamic bearing motor according to claim 12, wherein the groove in the shaft is defined by a po ifion

of the shaft favingradlacieaseaizgneigitbahad’avcoitadlesiliaisiesmenidein enpositipe d My

within the groove inléhe shafg g{rin i stallotri%n. 14. Me fluid dynamic bearing motor according to

claim 5, where in the shait Turt e?r}n%%arég'% ré)celfjéulation path d e fine d a xially through the shaft. 15.
Me fluid dynamic bearing motor according to claim 5, wherein the groove in the sha ftis re c to ng ula
rin cross section. TheAfldcdugyaaiaimeang nBapHecBRiiGido alaha & wHeler meamsidisposed

proximate the Stat%ﬁef%.’{???%%%ﬂ%B Potﬂ%vsetaé% rout(—:‘r surface substantially similar to an outer
surface of the shaft when the flexible element is disposed within the groove in

the shaft during installation.

11. The fluid dynamic bearing motor according to claim 10, wherein the flexible

element is neither attached to the rotor or the stationary sleeve.

12. The fluid dynamic bearing motor according to claim 5, wherein the groove in

the shaft is half-circular in cross section.

13. The fluid dynamic bearing motor according to claim 12, wherein the groove in
the shaft is defined by a portion of the shaft having a decreased diameter that
allows the flexible element to be positioned fully within the groove in the shaft

during installation.

14. The fluid dynamic bearing motor according to claim 5, wherein the shaft further

includes a recirculation path defined axially through the shatft.

15. The fluid dynamic bearing motor according to claim 5, wherein the groove in

the shaft is rectangular in cross section.

16. A fluid dynamic bearing motor comprising:
a stator;
rotor means disposed proximate the stator, for rotating upon the stator

being energized;

14



being eneigize d; 14 1 | AUGUST 2006 bearing means, between said stator and rqiqr mgans,for
enabling the m to r me ans to ro to te relative to the stator, and limiter means comprising a floating
limiter element neither attached to the rotor means or the statorforiesuictiag axial movement of the
rotormeans with respect to the stator. 17. Me fluid dynamic bearing motor of claim 16, where in the
rotor means further comprise s: a shaft; a hub rotatably supported by the shaft; and a rotor magnetic

assembly affixed to the hybalfy MR AdubiiricshRpsiA MATa8cHardiaes 0 iaiBiAgWherein the

footing limiter element protrudes ipto or from g §Hrf ce of th%| hub. 19. Me fluid dynamic bearing motor
. . I’T%)r #heans tC{ () ?te elatlY.e e stator, an . . .
according to claim 18, wherein the footing limiter €lemerit comprises at least one of the following: a

split ring having a circulaities§'eepaciPBPAsE]dliEr iRpHAYIHT e T etearRjil aethes a8aetied. 0. A disk

drive comprising: ariupier retarably siepperingaidaastanediskavdalia Hitad teranehdisrosed
through the center yoh trh%\ réut%;toat%asttio%?ry sleeve disposed about the shaft; a fluid dynamic bearing
between the shalf and the. s?eeve; a sta tor a ffixed to the sleeve; a magnet assembly affixed to the
hub; and a limiter for restricting axial movement of the hub with respect to the sleeve wherein the rotor

includes a styaft exteading dyaualt dbar g elited byctimsisewneand the lonitaneampiiaasma split

element that at Ieasg)%arrtléglly encirles the shalf and extends into a g ro o ve in the sha ft, a nd where
in the split element s gmaﬁ'y restrained bythe sleeve. 21. A disc drive as claimed in claim 20 wherein
the magnet assembly is c¥&&ffiom the stator to provide an axial bias to the shaft to aid in supporting

the axial a hub rotatably supported by the shaft; and

a rotor magnetic assembly affixed to the hub.

18. The fluid dynamic bearing motor according to claim 17, wherein the floating

limiter element protrudes into or from a surface of the hub.

19. The fluid dynamic bearing motor according to claim 18, wherein the floating
limiter element comprises at least one of the following: a split ring having a

circular cross section or a split ring having a rectangular cross section.

20. A disk drive comprising:

a hub for rotatably supporting at least one disk;

a shaft affixed to and disposed through the center of the hub;

a stationary sleeve disposed about the shatft;

a fluid dynamic bearing between the shaft and the sleeve;

a stator affixed to the sleeve;

a magnet assembly affixed to the hub; and

a limiter for restricting axial movement of the hub with respect to the
sleeve, wherein the rotor includes a shaft extending through a bore defined by
the sleeve, and the limiter comprises a split element that at least partially
encircles the shaft and extends into a groove in the shaft, and wherein the split

element is axially restrained by the sleeve.
21. A disc drive as claimed in claim 20 wherein the magnet assembly is offset from

the stator to provide an axial bias to the shaft to aid in supporting the axial

location of the shaft.
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location o f the sha ft. 151 | AUGUST 2006 22. A disk drive as claimed in claim 2Q where injhe shaft
is further axially restrained by a counterplate supported from the sleeve and having a surface facing an
end surface of the shaft. 23. A disk drive as claimed in claim 20 wherein the split element comprises
first and second sections, the sections being radially inserted into a g m o ve in the sle e ve and
restrained in place axially by the sleeve. 24. A disk drive as claimed in claim 20 wherein the split

element comprises\aiiR@irSERREIGF a0 @RT0N PRIEMIE Wh ZrasaanRdndhaishati-ameédarther
extending pa|t|afly radlall |nto %roove in th Ieev to ca\Z)ture shaft _ ag inst ?X|almovement

relative to the sleevé BES ,l&nde G, Su%) c alme n t(: glﬁ”le 1ereln the groovaecﬁ fhe sledVe is similar

in cross section toead exfarraPsUab@Bf the ring, the ring being compressible into the groove so that
the shaft may be inserted into the sleeve. 26. A disk drive as claimed in claim 20 wherein the split

element COIP?I’ISGS dLg ds.IOg%%dC éﬂﬂ %tedﬂnwﬁtl%lgrmtqhe% E |n the shaft”ger% Ir|.%rth%r exte nding
partially radially into a groove or ope nin R the Sleeve t against axial movement

relative to the sle é8oRdssPEIRGIA %ﬁ@t'gﬂﬁﬁ&'ﬁ%@qﬂ@ ib%ﬁﬁgchmﬁédgmm’a FeBIRCEIRAS path in

the sleeve. 27. A digkidesteame 8lnimaddngaivogdnaRrigis.the ring is cirr ularoriectangularin ¢ m ws
se c tio n. 28. A fluid dynamic bearing motor comprise a stationary shaft supported from a base, a

sleeve supporting a hub which in turn is adapted to support one or mom discs for rotation, grooves on
one of the faéing stirfitedryeiRe SRinest isleldle, AuhirrayHis definelgpetveemiiisestafinghd sleeve
for supporting rotaﬂgp@féhe@ﬁle\éetam@ Bwtmafuntmthadimbw wmﬁwsdafd Ha fhensle e ve and

extending beneath atghg% oh B/ rg@gﬁ Q[ fgrélmm{p% a%lmal Jravel ﬁtf }Qq Sleﬁﬁ ¥e m la five
he ero

to the shaft, where'in a surfate o1 e shaft axia y d’verg rom a surface of the
limiter, the gap beﬂ%ﬁ%l@é‘%l@é@‘@wtm@gﬁ@dﬁﬁlmﬁmlng with the gap between the shoulder
and the limiter so

25. A disk drive as claimed in claim 24 wherein the groove in the sleeve is similar in
cross section to an external surface of the ring, the ring being compressible into

the groove so that the shaft may be inserted into the sleeve.

26. A disk drive as claimed in claim 20 wherein the split element comprises a U-
shaped ring extending partially into a groove in the shaft and further extending
partially radially into a groove or opening in the sleeve to capture the shaft
against axial movement relative to the sleeve, an opening in the U-shaped ring

being aligned with a recirculation path in the sleeve.

27. A disk drive as claimed in claim 25 wherein the ring is circular or rectangular in

Cross section.

28. A fluid dynamic bearing motor comprise a stationary shaft supported from a
base, a sleeve supporting a hub which in turn is adapted to support one or
more discs for rotation, grooves on one of the facing surfaces of the shaft or
sleeve, fluid in a gap defined between the shaft and sleeve for supporting
rotation of the sleeve around the shaft, and a limiter supported from the sleeve
and extending beneath a shoulder of the stationary shaft for limiting axial travel
of the sleeve relative to the shaft, wherein a surface of the shoulder of the shaft
axially diverges from a surface of the limiter, the gap between the sleeve and

the shaft communicating with the gap between the shoulder and the limiter so
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16 I  AUGUST 2006 that a reservoir maybe defined between the limiter and the shquldes-of the shaft.
29. A fluid dynamic bearing motor as claimed in claim 28 wherein the limiter is closely adjacent a
surface of the base so that a seal is defined between the reservoir and the limiter and the sleeve and
the limite r to prevent any loss of fluid from the reservoir into surrounding atmosphere. 30. A fluid
dynamic bearing motor as claimed in claim 28 fruther including a limiter shield axially displaced fin m

the shoulder of thenshafl ardrhks iRzijersupramidadodverienshiritethanimierssbiaibb & idg sup p o Ae
d fin m the sleeve ; nqtrotating the ie with to further refiably se a | the fluid b e a ring fin m the outside

atmosphere. 31. A gid dynamic bearing as claimed in claim 30 wherein the limiter shield includes an
axial surface which axially diverges from a surface of the limiter in order to establish a fluid reservoir

communicating With agfRiphihedweaing MBeg- 45 claimed in claim 28 wherein the limiter is
closely adjacent a surface of the base so that a seal is defined between the
reservoir and the limiter and the sleeve and the limiter to prevent any loss of

fluid from the reservoir into surrounding atmosphere.

30. A fluid dynamic bearing motor as claimed in claim 28 further including a limiter
shield axially displaced from the shoulder of the shaft and the limiter supported
from the shaft, the limiter shield being supported from the sleeve and rotating

therewith to further reliably seal the fluid bearing from the outside atmosphere.

31. A fluid dynamic bearing as claimed in claim 30 wherein the limiter shield
includes an axial surface which axially diverges from a surface of the limiter in
order to establish a fluid reservoir communicating with a gap of the fluid

bearing.
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