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order to facilitate rotation, one or more bearings are usually disposed between the, slggye - apd the
shaft. [0005] Over the years, storage density has tended to increase, and the size of the storage
system has W@ aet 9 dderease. This trend has lead to greater precision ak§Tol08/ernde 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 111 AUGUST 2006 WO 2004/001742 PCTIUS2003/019621 typical bearing assembly comprises

ball bearings supp d(/ﬁl‘% i %f_. t@ﬁ\lﬁ mgc mm relative to
a fixed member. }—%\tﬁe , gﬁm Qﬁf&e m Eﬁ I rlogg as wear,
run-out and manufacturing difficulties. Moreover, resistance to operating shock and vibration is poor

because of low damgit;%;E 0007] One alternative bearing design is a fluid dynamic bearing. In a fluid

dynamic bearfﬁ@,(%tsl étﬁﬁﬁ E=J& ngﬁ‘-ﬁﬁﬁqﬁ% ﬂflﬁﬁi Qﬁlﬁearing surface between a fixed
member of thegapi43ing andrmiotasing: iem ettt tetitomy R DRUiShie S réiRifs 4fbricants

include gas, oll, or other fluids. Fluid dynamic bearlr;é;s spread the bearing surface over a large
oA i

surface area, ABPHERHRR NG SYIPBSE dilgssdis RAZ<Bimbaceangaulies ak (emitiedk rfaces.
This is desirabieaGCaNSRINRMEIRIFGORR WHISH T Re FEHURES ORI WY vBrePh e ween 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 motorHgEMBaneticAly |R@SR: | Opt 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 wherdd@Zhrust beHifd eIt d§HAIRE Japfiuidndwiamie bearing motors, and 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



the shaft. This eliminates the need to provide hydrodynamic grooves on one or more mator elements
in order to accomplish the same, which in turn reduces the power consumed by the motor. However,
this means W& 2HE/BMAhing holding the rotating portion of the motor in plBES/ISSAB3A M2 agnetic
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 spindle motor in which

axial movemenypichleHepIng HSiEaiBn SompPHEEY TaRUSEaNES 290H0REE BRWIH SR R3040621
SUMMARY OF THE INVEI}ITION 0010] The Invention,is a motor com%ising a rotgr, a stationary

sleeve disposSLESotiah&!iBmraaiayAaARtase ARl bidwetaieh EClBWY Al 218G BRMREmiter

for restricting apavev@rerpent beHithiptasselabliesonbestainmannsieavicdt RFobles CRIEA @8l OF
THE DRAWINGS [0011] So that the mapner in which the above recited embodiments of the invention

are attained arlt®8n BERITAAE JHAT dach ring, giHicutiRsaMAEeRYBlio P SISiRD Gav En RS TBHB Y

summarized akavekraay RibFRbRYS elese e doskerBwermpnig.thereof which are illustrated in the
appended drawi%s. Itis to he noted, however, that the appended drawings illustrate only typical

embodiments &8 #ALlinventidih G RINRRPETRA RESIPBIS s SHNERY O PRENBELpE! fFIHiR

invention may ggzikir obReirpe adyIeBaetua ¢ MorrigRINSad G2l dridigeid derioiges plarbegngf one
embodiment of a disk drive having a motor in accordance with the present invention%(l)[l%gié%éﬁg re 2

k
is a vertical seSHbIRIR REMIRS B ChIASMOREAR B BaysERRcha ftatinm de IR to
one embodimenief the gEREGOH BvaRtiapiCsl dbritaes Jicladertes! sactonatie idriRICtFLR

magnetically b?fﬁgmic bearings spread the bearing surface 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 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.



fluid dynamic spindle motor according to a second embodiment of the present inventipn<[Q015] Figure
4 is a vertical sectional view depicting a magnetically biased fluid dynamic spindle motor according to
a third embdh38M/HF1fHE present invention; and [0016] Figure 5 is a vertice§ EAEOAUI 1863 depicting
a magnetically biased fluid dynamic spindle motor according to a fourth embodiment of the present
invention. [0017] Figure 6 is a vertical sectional view of a motor embodying a further embodiment of
the present im@INIMARY OBGHETNOEBHN TWIN2004/001742 PCTIUS2003/019621 [00181 Figure 7 is

tical secti | f tati haft mot bodyi furth bodi .of the i tion.
10019] Figure 851 90a 5 arL oo/ POUR P < OV BB N BB BT T eve

embodiment ofifiediBiesbmedtivadiad sRfldiaanii0BeA fitgu e thisan ttxplotadandvsiley dimiter
useful in the embodiment of Figure 8A. [0021] Figures | O 10B are a partial vertical sectional
Views anctan oAU S, 1 SEEN A At RAETRD L8 5 UETETS G GSENABRof the
present inventgleelf#)22] Figure | 1A is a vertical sectional view of a limiter useful in a rotating shaft
motor such as shown in Figure 6; Figures 11 B and 11 D are plan views of the limiter shown in Figure

1 1A; and Figure 11 C is a cross-sectional view of the limiter of Figures 11 B and 11 D; [0023] And

Figures 12A agRIEZP BPESERIBTVONCOIRBTEIRMRAMWINGBernate 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 identical elements that are common to the

[0011] 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 of the inven\tion, 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.



figures. DETAILED DESCRIPTION [0025] FIG. 1 depicts a plan view of one embogdiment.ef a.disk
drive 10 for use with embodiments of the invention. Referring to FIG. 1, the disk drive 10 includes a
housing bas¥Q 20848047#3p cover 14. The housing base 12 is combined withGbyE98101%3b 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; howeogri 8ther arrfigeamanis ohtidulusiotioreinviencofahaiatifiteghefttmdteen used, and
aspects of the invention are not limited by the particular confiquration of the disk drive housing. Disk
fug SR et

drive 10 furthe?rllﬁ% H9% Qek™ ﬁ’{g{e‘r ?e'&‘é;‘?ﬁg b 202 (see FIG. 2) for rotation on a
spindle motor [0049Jhown) iguetisksricang BB Bislopetk Leritchlidestivrabyienorendf érdividual disks
that are mounted for, cq-rotatiop about a central axis h disk surface has an assogiated read/write
ond 20 that 1S TSRt ABE TR S TERI DT R LTSS ZoRARGOT A mOLor
PCTIUS2003/¢062@]L comnfeigigasigdsnain divpldisddsvidacef ilifmitexaseaile shiheremnbdtindentefl/write
heads 20 are %uéggortg by flexures 22 that are in turn attached to head mounting arms 24 of an

actuator 26. T EGtor shown in FIG. 1 is of the type known as a rotary moving coil actuator and

includes a voige@@ifjmotor (VigtpshowmrgenoBbyes 2irialivetighelcticial visteaadtaator 26 with
its attached read/wrjte heads 20 about a %,vq(t}asﬁaft ?O to gositio read/write heads 2%}%(\5/}%& dg[asired
data track alorﬁj(a'% ﬁ‘i‘é’f"tb@ %) A $ QL MG S Bha Bih® men
magnetically bifshd flvégeyniamvetibearing spindle motor 200 according to the present invention.
[0027] The m 0 includes a base, 12 and g.rotating.assembly 201 comprising a. hub 202. mounted
to a shaft 20 40¢§§££Jatably gﬁwﬁifée%hse%ygfg@ﬁase ional vie OP a limiter useﬁjﬁn a ropa%mg

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



disks 205. The rotating assembly 201 further comprises a magnet 206 affixed to hacgk irn 207. The
hub 202 comprises a disk-mounting flange 230 that supports one or more disks 205 and disk spacers
207, if nece¥4ARPOIIU2RBI2A stationary assembly 203 comprises a sleeve 20BGH¥SA0A8¢E862210

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 rotatigdafrifusRizaing OdtAnt chdisll edridusalt thetistannaiylsletivavA0B. AR diateadAvrite
comprises a pluralit "teeth" 215 formed of a m tic materigl where each of the teeth 215 is
ound. it SRR SR BUPEPTIORID ABUETT S ey DI TE AR aRSH o HERTI OO
rotational supgatisopthefshafkdhien@bubrielasinioe EhtersiatRiGry seelthddfpé kayvacyaamic

bearing on the rotating assembly - here shown as_ a,conical bearing 214 jntegrally, f d with the
ohaft 204 - tog RN TIPYESH 5 b AHHHBFe B (RS S R Sl BYE b fetbes 16 ing

Eurface. hAIterrg?éiv?milljptéﬂalsbbeavrogfewmﬁmmﬂn%omdtmwtac?afapezaij thnhs?wt aft4chutithe
ore of the journal sleeve 20 grooving the facing, surfaces. Fluid 216 suc oil, air,.or gas is
ntroduced be(BRIE FRErS. ReD O b NSO DR O R LT I G 2
Additionally, gesiest stataaesckafolitjuspatieganterplate (not shown in the figure) may provide
additional beaﬂéﬁgﬁrfac? %I | AUGUST 2006 WO 2004/001742 P TIUSZOOB%%}ijGZl éOO 01To
establish and in pr sg remn e ﬁui&%‘é?!ﬁn B3R theetbtat g%?seﬁm AUBERL Mt Bree
magnetic circuihigynediading pRBedsiigr oneanit 2Ga8dgpepiadientitedot2000:rssedily (betite

mounted on the hub %02), I?cated across a gap from a magnetically conducting steel ring 218
supported on ThESERLBNAN 255embly (here mounted on the base 12). Other magnetic circuits or

placements arpp0Rzpurse possinietsruedE aetlligueatiorbereogrizesthanyotstimntagesdywa®r, a

significant dis%%vrﬁg%qggt% 'ﬂﬁ‘g %}bc %I]Igutg?esg goﬂg iglhaft 204 for rotatably 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.



dynamic bearing motors of the prior art is that the axial magnetic force is the only forge olding the
rotating assembly in place in the motor. If other axial forces such as a shock should exceed the
magnetic fol¥€, 2HehE Yotating assembly will fall out of the motor, and th@ dIKKGAWEMAR2RIl. [00311
It is therefore the aim of the present invention to restrict the axial movement of the rotating assembly
by means other than the axial magnetic forces acting alone. One embodiment of the invention is

limiter pin 220 [0480] is MPunéRtablicRXamaPiAdiMtaeSSrEENg®iIeRRSYINEO2 BOhd0R I the
stationary sleeve 208. Limiter pin 22(‘)%§)rotruc§e§€t an angle substa\n_tiaj?'lﬁvJ Eerg,en icular to, the hub
IBFF¥

202, from apprEiRRIFTHE ofht SMAE R IRFES dBaENPH o Gl Wi 99FBHSIAG Fiter

surface of the shadired20BhsupipuiadrencsfeJatatingeliweinlye(Hersonrrmiarnnateis nibe2emft
surface and has a dergth of, for exangrple, one qua%g}e?rﬂ(ﬁf the shaf diametf%r._The vgdth of the recess

haft.
222 onthe shAC8HFFMAETAREAI3R ORLARPARRHTY SRARYON thIPRIJO&12157 WRATEh Rged

by the limiter pine?2eatlORA3R] isapaibEr GBkoaiBaTEtbptRTASe 32)a (Dier Arighetidtifsesewed
into a threaded bore 321 in the base_12. Alterna'%% , the_screw 320 could be epoxied or press fit into

the bore 321. IRTORIAERTIUFERE PeGRHIRS BO 0 FroER R CAURYFRIRRSEC P I ZReA B Yt
approximately 4§defsges; anovixiendsiniyaifieaassdidzdvaitageoyamiynéacaipoblassdt fhid

lower portion of the hub's outer surface. The recess 322 is cut at an.angle of approximately 45
degrees from SHBRBHT BSRAEPEGIAR! Hifb DU At b Abae Sl hagmelivaprce b4t oaly

parallel to an efoglcef isidintetha2fbiaite naibehbIthmspiase3e0 heuldstsiendfastherangial Sebséantially
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the depth of theviiefsisa R tedimestdheandigheadigr drivdnighl thagi hub 202 is free to move.
[0031] It is therefore the aim of the present invention to restrict the axial
movement of the 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



[0033] In yet another embodiment (shown in FIGS. 4A and B), a limiter block 420 js mouted, for
example by press fit or epoxy, into a bore 419 in the base 12 and extends at an angle substantially
perpendiculQA3EALI¥202. Limiter block 420 protrudes from a portion ofRGE BEAEIIMI6ThRted across
a gap 421 from a lower portion 423 of the hub 202. Limiter block 420 extends into an annular recess
422 defined in the lower portion 423 of the hub 202 by a decreased diameter on the outer hub

surface. Limitqiepfsuiddcifas tﬁ)tt@(@ﬁaﬂa@mpmidaﬂm shape aeptivoftie Fkeeds 30t dedinagmit to
other equally Ilfectl\(e eometr n FI%(%éﬁaf—sl 3, the width of the recess 422 defines the axial

range in whic ﬁ@ﬁ\% %'ﬂ eg 8;%’3&1& an alternate embodiment of a
limiter comprigip@3a] flangénbyet @rmcﬂﬂ%mmﬁbmiﬁr@nmhdvmswﬁﬁ%y@eand B)BaTineittardeck22
and sleeve 508 define a capillary sea reacentrlf aI capillary.sea 30 th e nto vent
fluid from escd Chd%ﬁ@%&%dS% el’f%eéﬁiﬁgtéyﬁfﬁ %51??&(51 B%)g QT té)ntﬁg ﬁgﬁ% and
extends inwarditbexesnastat aﬁuefag@mgtathﬂamgegm;fdmammmmbtzez‘langmt?a%mttgnds
over a lip 532 that extends a und thec CBEEE%C of th shaft 04 Thel 532 is %?fl ed b

decrease in thé a%%t@t St Ounf)paerpﬁ |sqgiﬁ)(:se b%tﬁ/%%rf1 TS 39 on
the shaft 504 oWehintien efze 684hef theb flaoRe Szﬁhdeﬂrtﬂsdheﬂ,a@uaéxmunnmah tharaiaft 504

is free to move. [0035] r alternative embodiment |s ow, moto ith a
rotating shaft ﬁ[@es?ﬁpffgé ré)eﬁr?ﬁﬂ) B4 ?ch?éﬁ’%ﬁt B %r}’n% %Piﬁ ﬁﬁ%fﬂfe e?a é\?je

the magnet 61digmndtdreciains 6lterthabnagriatdelimiepbivtkd20he, inbadkrrave, ttnarmamdmm
the base 620. An agmal electro efic ?I ta I| hed by an axial offset of the magn 4 from
the stator 6161 TREMAte?In ﬁH]ngPnHBd nfén §Tba¥te% 38f. 1%% gﬂug oef?fﬁg Sfart
closest to the lgasenedicer cAlerpl@s 62213 stﬂe@ aadimaf tive mitteaysint2gratefthedttitbeasiwdft 610
or be press fit thereon. Tné’%&f zjxﬁﬁrgb? é%hmited distance under the sleeve 640 which is
supported fronf P EA i thrf <8 'i? t tﬁg’ggumerplate 622. As shown, it may extend at

least [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



part way into the recirculation path 642 which is defined axially through the shaft 7.1} AUGHST 2006
WO 2004/001742 PCTIUS2003/019621 640; typically, there is grooving on one of the end of the shaft
610 or the fAhYPIMFEER of counterplate 622 to drive fluid toward the cent@CBASEHYGORE shaft
causing any air bubbles to move toward the outer edge of the shaft and step 630 and then into the
recirculation path; therefore this intrusion of the step into the recirculation path does not hinder the

wa:cessful opemoaypfitméms% endredingiioiP36h e cslihweat afatratnakohodimens faungn as
efore, a rotating _shaft 700 supports a h b 70 for r su rtln e or more disks. Th b
supports a ma ?%@gﬁ%ﬁ 6%9% EX@r W} %aﬁ%@ B%PF HEISe oBﬁrﬁ@ﬁt%@i‘iﬁly
gffset frogn a i@eﬁ%mgb%ldg mrstﬁmbleélrnﬁmovﬁﬁwmd Iméf?me[: @g@@d\eﬂw&cﬂmmsﬁé@ 6(3a disc

rive, and within elow a top cover 720 of t sing for the disc drive ording to thi
approach, a S@He&/ %96 1o éhegéﬁcﬂﬁ%@f?ﬂ@%&re%’%@goéﬁ IBBUYED QLE ﬁ% s%}?%ce
740 of the shaﬂacTﬁ@e|dl$éwp§thetmwndhmhaaﬂmesw@ces§m @béwemnavh i3 @m@cbh!@rmner

surface 740 of the shaft 7 sets he limit of travel under itions and the_like for the shaft.
Thus, in a verfW38dnt forfvGro/rSERYS # {féfé?ﬂ‘f@ §u"é REE AR 08LQks, @ rotating
disengagemengrifivisaligoppirtohthabsredt fmrrotbﬁcﬁieem&ﬁﬁgbﬁewemére @imtlanseqtmal
view of a stationar é shaft motor cof?§§ratln with a limiter su ported i:m tﬁe ngb% ve, and
Figure 813, isSHPEQPRAAdd0ehr Q4<dhJF IPtRE LafTAE g AC RELEINOA n 5 sets

of grooves 80%rB4dinmsadzaaialy cifeiey frenshafstatet7osm anflthis @ynbodmtmrmw(metmpwtmg
beteon the SANBORBOLFNTERID 21T S AL 8BS e S18 Al PRe el ) (8
grooves to forgaees R if ﬂﬁéhﬁdlmm@mlwwﬁéO@B\l'@nAmM@ dtskmémppm'arwh), arecwgwported
from an outer 3%6aigetﬁreaded through the cover 720, and just out of contact with a top surface
740 of the shaft. The distance between the bottom surface 750 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



the hub 810 and are held in place using a clamp 820 which is screwed or otherwise fasiepsgdito the
hub 810 by screw 824. Also not shown, magnetic biasing is established, preferably by axially
offsetting thW thaM&0EHAE stator which cause rotation of the hub similar to ®R§IY&S$28&EA496210039] 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 $rsioaigg BysEe tintiter B50AdeHES 248y w&a&w&&nwwea&ww&mm

sleeve 810. The limite nds axi eneath a shoul defin aft 800. The gap
842 between %% nﬁ%\% %éyé&’@(gw{?ﬁﬂe eoé éeg.{ﬁ ???%&(?%%2:89 KW ffhiter
850 and the fasingessiifdee L&ﬁﬂe@fstuheaabtaﬂg%f&ﬁ@ I'ﬁﬁleesl&?o@C@ScBﬁié Wr@\w@awaﬂw dhereby
forming a radlala illa sga etwe the fi siggga d the rotati Rﬁ&;oﬁ’ in the fdeadqéthe
gap 842 whict SGHIFSAL reldtR e HLAKEH. DRl RS o Ot Rerfelgn of
figures 8A anctﬁﬁu{ﬁ?%aﬁ Betheealthenfikizeg shifodidahiisstatng Hubigretdirieruid shokes a
variation on the e diment of Figure 8§ whe thelﬂ iter 910 is rted from the statio shaft
900 within heTBERHAL YOI SPERIS dRBBUF B 1S S OSIEH BHPRoNRHE S uider
930 of the shaiﬁ@ﬂhmdj@gtgndﬁ ﬂgilﬁdiy 8adgigesh the shoulder 930 and under a shoulder 940 of
sleeve 902. Atg Zi&],other gém@ |men rgportb gtlve r,?tatlore}of the shaft and sleeye, aflg
filled gap 945 V‘éw ded rff':[h% ﬂﬁ (. DMt é?o RYBn{ e Ythesur a'é’ég‘?h
define the 9aﬁsﬂéﬁlﬁreswnm@rtherﬂuh:btcerﬂlmfiméhe SMEmhr@tatlwhé‘réirthé) Iirsitetai@heidluid in
the gap 945. A reservca t950 |§ defined b %Pftpgﬁ LaII d|ve faces%éh e||m er 910
and the shaft §56P? % [RBL¢ QSSﬁE?HBH dW%F ugfa? %eygz h &r 910,
and an axially etvbogiingesi) fiee [Faitdaong tb%dmmmbfm t’rrr@ relsemdarr ABGBoPpensipATING also
provided oM nd dends radially underneath the shoulder 930 and 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 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



or more openings cut through the limiter in an axial direction to support the formatjop of the meniscus
958 which is the end of the fluid filled gap and maintains the fluid within the gap. In a further
modificationVi #hd/&B3diment a limiter shield 960 is provided supported RESHIR80AEIY 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 upgsyltsdtiieotlghvih8 Qi Hiatdhellyind iDdireantas Fimitesupnb thee Rtier etatian of
the limiter and the sleeve. The . 965 muyst extend around the limiter pa e radial and axially
facing surfacef® WOQ&%Q%A%E%%W @&@E@iﬁfﬁ‘ﬁﬁﬁw’gﬁ?tﬂ@mﬁ&gﬁ%gm 960 in order to
provide an appropriate termination for the fluid in the gap. The surfaces 966, 968 of the limiter and

hield ti ' , ided th il ir 970 ending in a menisgus 972. An
i openn GoLTHINA aich T HE BB GBS 1 BT S A ER T e

though the limig¢Figforéhe WWWWFi@.e1ll'mit@ﬁ@ﬁ@BﬁeﬁimitmﬁmﬁmméymmwwmIT@SD and
maintenance of the meniscyus 972. [0041] A further alternative empodiment and a variation on the
embodiment GRS Qo A1AHGS 155 102 T TOR LhekiE: e sRal D 1
surrounded bysyppiatiad fieevthdBRafASoNit) Figsils ehetfich dreitehdwisuppreemtiniedhdshalt
1010, details of which are shown in the enlarged view of Figyre 110B, The e diment of Fjgure 10B
shows a lmitel K58 S0Eport 06 FOMRORNTGIEL AR, S IRLER 1180 SRR eath o
shoulder 1025#idteeishafhgGadiany Ratantngasue0ienttpasboudeeHsHohtbRciRRME1 DOB0AS
with the preceding embaodiment, the fluid filled 1040 between th ft and the sleeve js extended
Facially i ot ST O SRS AR SR A TS0 ER el vy,
toward the cenlith akis isretsting ersianiicid thneio st gapenis Bofibare fosnedthemeh the
e 1020 0 e A oy B R BN TS oS ARG 1S Hia ond

of the limiter 1020 and 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



[0042] According to this embodiment, a secondary limiter 1060 extends radially inyardlyfrom the
sleeve 1012 and axially beneath the shaft supported limiter 1020. Both of these limiters are placed
above the bB4200¥ B hat the limiter 1020 intervenes between the slee\RAFIRRPBEIBGGRd 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 sbgsil/inritagedirgatiomesiodivsive the ficd4ghFivoepadés B Aodifnghassign
alternative approaches to capturing the axial location of th sEaft relative 1o the sleeve in a motor such
s shown in FIUIEN 65 SRATRGERSHER SHRNESISH R DF /SNGH QL HRied N8I T® & HRNaA 20

rotating W(isthin éhg@%?@f%ﬁmﬁ@y &mﬁkﬂ@rf]ﬁfn Hié@ré\’r¢d,rgg:d@lwgn@thl'hu e fﬁﬁr tbﬁ@\riﬂglsiw w%ribed
in Figure 6 provides for fluid recircylation within the system. Tg_hold the shaft axially in place under
shook conditiolSHORLAR FRLIGTEIR 44 40h80 i Beyoh # BURGIPR! gl RN DY a
Sﬁcti?nal \_/ieV\éa?l@Bﬂ dh@r&ff@eﬁﬂ@dh&f# ﬂi@shbﬂOF_ ) SN ﬂﬁej@ﬁiieﬁng@i@gd% ﬂg@hﬁ_c&allb(l)éin??l& é%rST
this function because as clearly appears, in Figures n ,Jtis a which i

2006 WO 200RTTIS PR B NIR T SRaY 2RI e el R FIERS 4140
compriﬁes adﬂmﬂmew@m sabiRthis aptm@crﬁ@alrils&qn%@ﬁ&ﬂ métc?chm@hhﬁﬁaﬂr Fétlk)bs'ﬁhﬂ@m ﬂﬁ)ﬁimply
an L shaped crgss section as appears in Figure , Is designed for the ring to both rest on the
counterpinto 190058 RIE. 3 B BRGNS LAATH RS o RED MBS B GRb0S ST HRe
shaft. Thus, thexsespistnaniptatendsTissiéby acalvtnlibgrasenzbirbyisiialadimy fiing HieysbabitibheO into
the bore 1125HOJI§ e sleeve | 110 with the two sections of the ring 1130 inserted into the shaft recess

1150 from eit de, 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 alternative

embodiment, ttbeoﬂﬂ? 113‘Efn(21i 'e:h%eP e gr%gggi(gﬁent, the ring 1135 (Fig. 11D) may be used,
Although the assembly sequence would be substantially 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



Although the assembly sequence would be substantially the same, this offers the hengfjt.of providing
the slot 1170 on one side which can be oriented to the return hole 1128. By using this approach, the
chance of aWOIRHBYEHEe with the free flow of the lubricating fluid from th@ Op&RAN311262between
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 121([0e#6pd by m@eﬂﬁelm@ preeeift igusptid? ActshigBhadlendlmsn i 268testikgS0 is
provided. The diff rence in th emb jments is th tthe n%? 125% Lrge 12A i)gacu ar in cross
section; the rmed( 8err?e ﬂgr@éﬁﬁﬁﬂﬁ A =Ci ﬂﬂae Yf IR YOHTHE seen
that there i Ii a lgeeoirey 1fémdnfthemeé§ua‘m@sﬁ tdstii sinatit 220dighiehas rem%heandfédm@w .
section to the outer surface o o that the rin e compressed into the groove while
the shaft_siae GG The SRVEoES AN ek et EEUMS GG G b8 730G ring. snaps i
place, being lodged partly in the locking groove 1272 and partly in the groove 1270 of the shaft
thereby holdin haft Vi ce. The design of men of Figu re 12B,js simijlar, with
the 1ing 1260 BN Lomp ALt B8 STRag A Rl SR Te i THem SRR PIRG e
l[olace in tEe slohd F8rdrseavedidhts| flieUinverO0A MY B@M&Mwmﬂﬂb&w&f@lﬂ@ﬁi
00461 Ther

re, the present inventio Ilshes the tas restrictin aI mov ment ft
rotating assontbly HPa i 8GHERCL SRhe B R DrRRRIC BRI S AEEI e raV AT AP
motor may expélitad. despite the presence of axial forces that may exceed magnetic forces in the
motor. [0047] While the foregoing is directed to embodiments of the invention, other and further
embodiments of the invention may be devised without departing from the basic scope thereof, and the
scope thereof is determined by the claims that follow. 12
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I  AUGUST 2006 CLAIMS What is claimed is: 1. A fluid dynamic bearing motor compgsing,,& into r,
a stationary sleeve disposed about a portion of the mtor and mounted to a base; a stator mounted to
the stationary sleeve; a fluid dynamic bearing between the rotorand stationary sleeve; and a limiter for
restricting axial movement of the rotor with respect to the stationary sleeve, 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 togia g de axial movement of the ro to r relative to the

stationary s{ﬁﬁv% %I I\I/In(;:‘ f(':IJiisd dynamic b e a ring motor of claim 1, where in the portion of the roto r
cooperating with thedimiter comprises a shaft rotating within the stationary sleeve. 3. Me fluid dynamic

bearing motorof claim 2,wherein the rotor further comprises: a hub rotatably supported by the shaft;

and a rotormagnetic eseminaibeditg tetbBubothpMaduid dynamic bearing motor of claim 3,
wherein the rotor is adaptaegoggr_support at least one disk 5. Me 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 adaptédtatisidesiBiRMm degARTIGYRO0E e PristBrob tRRE YRGS i the§@tionary
sleeve during instablati@agnd a second locked position in which the flexible element is adapted to

extend patrtially into the gro%g > in n;tggnrtot&{grtqu ep?r%%lrl%rmo the groove in the stationary sleeve to

impede axial movement ot the rotor refative to the statlgr?a?r'?/vgl’eeve. 6. Me fluid dynamic bearing
motor according to claim B,fWHéi'lé'ﬂﬁ“ﬁﬂé ieg|pkle between the rotor and stationary sleeve; and

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 a U-shaped ring. 13 | | AUGUST 2006 7. Me fluid dynamic bearing motor, acearging 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 rectangular in cross section. 9. Me fluid dynamic
bearing motor according to claim 5, wherein the flexible element is sub stantia fly ring -shaped. 10. Me
fluid dynamic bearing motor according to claim 5, wherein the flexible element is adapted to have an

outer surface substaatially sipnitanito BEAHEEMerBfaseHieyshattiwhes, the dexiblaelrmenrt is

disposed within theI mgvteisiréirgh?a§ha(f:trcggrsig iionnstallation. it. Me fluid dynamic bearing motor
according to claim% , Wherein the flaxioia efem@nt is neither attached to the mtor or the stationary

sleeve. 12. Me fluid dynamic bearing motoraccording to claim 5, wherein the groove in the shaft is

half-circulargn crosmeefitianaysarvie disidynanisr kassthainoter aasardingHe &laimel dexterein the

groove in the shaft Iies ngeerﬂr}e% Q%%ﬁ?airﬁﬁré rof g@gc%g%ft having a decreased diameter that a Do w s the
flexible element toD e p05|ﬁ ne y Within the groove in the shaft during installotion. 14. Me fluid

dynamic bearing motor according to claim 5, where in the shaft further incledes a recireulation path d

e fine d a xially thronghidike ShafintSoMeidlyicheymaadedandnt neeins aceardiag tthelaisrisiewherein

the groove in the sha ft ist re Glong 6Hk’;lﬂrri]n Cross, agction. 16. A fluid dynamic bearing

motorcomprising: ealesTgr{o r,rotor meansgdslssgsed proximate the stator, for rototing up o n the stato r
being eneigize d; 14
10. The fluid dynamic bearing motor according to claim 5, wherein the flexible
element is adapted to have an outer 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



| AUGUST 2006 bearing means, between said stator and rotor means, for enabling the.m o 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 hub. 18. Me fluid dynayaigiheafkshsnetaneeridingitadiaing Idonhrisin, e ipatngg limiter element

protrudes into or from a surface of th hub. 19. Me fluid dynamic bearing motor according to claim 18,
. . I’OEOF rpeanls 10 I’Otf’:\ e relative to fhe s ? or-’an . i S .
wherein the footing ™ limiter element comprises at least one of the following: a split ring having a

circular cross section or SRt MtRANAGERE RIFEE#h feddinerbivd Yerigore o ekhfis R ERGReEbAprising: a

hub for rotatably suppestiritdaast ane siskrashattfifiseskia ansl ispaseiiy au@h theasenter o f the
hub; a stationary sle[g\{e d s%%ot%eiﬂeaggygrthe shaft; a fluid dynamic bearing between the shalf and the
es

i
sleeve; a sta tor attixea o eeve; 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 mdaeadafingsibybdasansaavesrasicctaenliniteieosnpise soacs plibalematighat at least
partially encirles tt&e sherz}lfegnd extends into a g ro o ve in the sha ft, a nd where in the split element is
axially restrained by(fﬁnéo Sieeve. 21. A disc drive as claimed in claim 20 wherein the magnet assembly
is offset from the stator t& gé{kde 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 sleeve 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 dﬁ@g%%dclrlnrg e&dedlln%P tiahlgrlntqhe% Qove Eln trh]te %rrlrgft”ger% Ir|.%rth%r exte nding
partially radially into a groove or ope ning i ihe Ssleeve t LP aft doalns axial movement
relative to the sle éw@ﬁ%@rﬂhgﬁﬁ %ﬁ@t'gﬂﬁﬁ&'ﬁ%@qﬂ@ 'B@ﬁ@%ﬁﬁﬁéﬂgﬁm}’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 strfitedryriRe Sdnast itieleie, eIy Hls defineld et eenmpissshafinghd sleeve

for supporting rotaﬂgp@féhe@ﬁle\éetem@ Bwtmafuntmthadimbw swpipeostdarel kaa fhensle e ve and

extending beneath g shawgat o e sitianay LallJBLIMINAL QKRR LBl GRS R m a five
to the shatft, where in a surface o %’h ero e sha

against axial movement relatlve to the sleeve.

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

16



axially diverges from a surface of the limiter, the gap between the sleeve and the shaft cgmypunicating
with the gap between the shoulder and the limiter so 16 I | AUGUST 2006 that a reservoir maybe
defined between the limiter and the shoulder 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 resekveir intessHreRUREiNG &idgeanBheseIEe ididHyaaaia eadneumeidranslaimed in
claim 28 fruther incLugjtng a limiter shield axially displaced fin m the shoulder of the shaft and the

limiter supported finm the sha ft, the limiter shield b e iag sup p o Ae d fin m the sleeve and rotating
the ie with to further refiably se a | the fluid b e a ring fin m the outside atmosphere. 31. A fluid dynamic
bearing as clgimechimgtaisysénibeseiniibentivibe bshirlihdiciHdeasian axighstiaeranigieaxially
diverges from a surface, of the imjter. 1 Qrdel Rg35a0leh 3 fvid LespvaL puumURieatng,yth 2 gap
of the fluid be a rlng.el%

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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