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[0001] This application relates to, and clains the

priority benefit of, US. Provisional Patent

Appl i cation Nunber 60/415, 152, titled "Orbital Ring
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s hereby i iENGEEIMEEY ROTORAND SRAGRUD o THE
INVENTION 1. Field of the Invention [0002] This
invention relates generally to fluid dynam c bearings
and nore specifically to a fluid dynam c bearing
assenbly configured wwth an orbital ring that rotates
at a fradiRQ¥aREEPRENCE T2 REMATEI ABBEIGHTIONE over al |
stiffness-to-power ratio of the assenbly. 2.

De E¥01 bt hie appifcatiduercBees kg aad oldindy the pAODS befdiBof, 17.6S an
expl oded perspective view illustrating a prior art

ProvisigiabPatent AbpticatibhiNignbk 80/415, 151 @i¥ed “ORSAER IS Filli® Bynamic
drive 100 may include, without Iimtation, a houSing

BearkfpOVlotor,S fdd ' ) ' '
= asseﬁblry 150?11]%%563932%326%%ﬁ%@@%ég&%ﬁat at is

applRht ARG b Pi (OMA-Tg] addi tion, a seal 120 may
PP be di spgsggﬁ?% %‘et v%érgfeﬁégg% 110 and cover 115. Discs
135, which have surfaces 140 covered with a magnetic
medi a configured to store information magnetically,
are coupl ed 5 US2003/ 031137 to shaft
130. During 2@%&%&%@@%&% Hosenbl y 150 is
1. ¢ Olgi];i dgol%rt}?edlntvgntisogs pend

[0002] This invention relates generally to fluid dynamic bearings and more
specifically to a fluid dynamic bearing assembly configured with an orbital ring that
rotates at a fractional speed, thereby increasing the overall stiffness-to-power ratio of the

assembly.

2. Description of the Backeround Art

[0003] FIG. 1 is an exploded perspective view illustrating a prior art magnetic
disc drive 100. As shown, magnetic disc drive 100 may include, without limitation, a
housing 105, a shaft 130, discs 135 and a suspension arm assembly 150. Housing 105
includes a base 110 that is attached to a cover 115. In addition, a seal 120 may be
disposed in between base 110 and cover 115. Discs 135, which have surfaces 140

covered with a magnetic media configured to store information magnetically, are coupled



read/ wite heads 145 above surfaces 140 as a fluid
dynam c bearing notor (not shown) rotates discs 135
w@bomuwn2®bnft 130 at hi gh speed. Suspensi on ar nPEEES2003/§31137
150 is further configured to nove read/wite heads
145 radially across surfaces 140 to position
read/ wite heads 145 above different radially spaced
tr @s not shown) dispgosed on surfaces 140 where
to saf 30 FhuEine pPEAK I SEFPPA Gy v AT S 6 Conguel wishsmend
the magnetic nedia. Once positioned, read/wite heads
readfwmite hggdsditt pheve wrfcesd dhat 4 Euididynamicbgaing metbomehstiosm)
fromor wite magnetically encoded information to the
rotaiga dises 135 abouli shafitl 30 stdlighcypeetl. | Susperstmsrm[28@awb]y FI0Gs fither
IS a cross-sectional viewillustrating a prior art
configumedtodymental/whtedicadsd 400ddiall yor 888 bhrfac2O 40 1Bpositiomn, a
central fixed shaft 250 has a thrust plate 252
readdiSte OSLT 195 abbe (ﬁﬂ&en@ﬁtﬂﬁﬂzys%ﬁged tPackdé #REsHoRMGHisH&sed Bn @

sl eeve 254. Thrust plate sits wthin a recess 256
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to sl eeve 254. its other end, aft 250 I nc
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. 66. A hub 274.i ted h t si ..
infol 3 En 3% of ity Sicaly SRR i Smafia baife BRidiefiusginat

1%” {he.outside surface of sleeve 254, is aligned with
seleciedloggtigns 78 which is supported from base 266.
El ectromagnetic interaction between nagnet 276 and
stator 278 causes hub 274 to rotate. Hub 274 is
configured to support one or nore discs (not shown) as
i t [(AOEYIES 2 ige gyosmepctional vigwiillpstetina p pATTarb Buideynaniihe
surfaces of shaft 250 and the surroundi ng sl eeve 254.
bearBgamotogaskémiblg 280.s4s flidvins a gapm] Y& shafl 238 hadrethvwaeplate 252
surfaces of thrust plate 252 and facing surfaces of
dispsded@vi@n bdd. SBMAFQAS0M Rxedptiafiee (328leehs 254 MRt plaRO9? Hite

persons skilled in the 2 WD 2004/ 029953
withitGl fekad 008 1OBed DY sleeve 254. A counterplate 258 is attached to sleeve 254.
At its other end, shaft 250 includes a shoulder 262, which rests on an upraised portion
264 of a base 266. A shaft extension 268 is attached to base 266. A hub 274 is supported
on the outside surface of sleeve 254, and a magnet 276, also disposed on the outside
surface of sleeve 254, is aligned with a stator 278, which is supported from base 266.
Electromagnetic interaction between magnet 276 and stator 278 causes hub 274 to rotate.
Hub 274 is configured to support one or more discs (not shown) as it rotates. Bearing
fluid fills gap 277 between the surfaces of shaft 250 and the surrounding sleeve 254.

Bearing fluid also fills gaps 279 and 281 between surfaces of thrust plate 252 and facing

surfaces of sleeve 254 and counter plate 258. As is well known to persons skilled in the



art, appropriate punping grooves (not shown) are
provi ded al ong one or nore surfaces of gaps 277, 279
w@pw4A3D53 0 mai ntain the fluid dynam c beari ngBCT/II81003/031137
support hub 274 and sleeve 254 as they rotate. [0005]
Fluid dynam c bearings tend to generate |ess vibration
and non-repetitive run-out in the rotating parts of
notors than ball bearings and other types of bearings.
art, appropriatlipympiEgsaspoves (neit dham areinEovided a1oRg erstas meore suyfages of
as fluid dynam c bearing notor assenbly 200 descri bed
gaps@liB)2y9iand €8 hjaumeiniadmtheiftutl dyin@nicheadmgs théttsapparinied 214 end
in precision-oriented electronic devices to achieve
sleeREISUQE iR hbtaterance. For exanple, using a fluid dynamic
bearing notor in a magnetic disc drive, such as
magneti c disc drive 100 descri bed above in
conjunction with FIG 1, results in nore precise
AP ERARR b LK Roiart REs vBILE0R s for Rfcitive
run-cgllltliﬁ) .r(%%.ér?%s I?later{r% é’lb? mo‘u?r?ﬁ{ag Bglgbé%nﬁngse %{del fle%rty];ers ?g?arings. For
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. incregasi the. storage capacity..of the . discs. [|0006
this 5830 OB A9 e BRSO Eh ¢ V8 LrnbPl b mgr ooty
challenge in fluid, dynam c bearing. notor design is,

200 deserlrdiahgve Fe oRrAEES WithEChéetie AEEHIMISeebrRIFddonspigented
power consunption. On the one hand, increasing the
electsqrii¢ deviass togchidye bettaripgrierprans. Forssamplagisingesiligd dypagic
| ess vibration in the notor's rotating parts and, ‘
beartngen@doine, mignetiedisedriveypich s pagudticiding daivd 1p@ désoribrirabeve
On the ot her hand, however, increasing bearing
in caifjunkfiore®ith FEG.Ul, rssulthinghaa pascisp aligmad hetwepd the ratiesad tise
of increased viscous |losses in the bearings.

discERIAIMBE FeBH Miarit SBGIIS aMoRIpredise Hi@HBEntC BNGHHBlOWdisds tb be
fluid dynam c bearings typically requires a

desiSitASHid kAl HRE HeRfes! RelbPAiNEnSithdIfP8RSs Aubr iN8AGRg the
decreased notor performnce. 3

storage capacity of the discs.

[0006] As persons skilled in the art are aware, an ongoing challenge in fluid
dynamic bearing motor design is balancing the tradeoff between motor performance and
power consumption. On the one hand, increasing the stiffness of the fluid dynamic
bearings results in less vibration in the motor’s rotating parts and, therefore, increased
motor precision and performance. On the other hand, however, increasing bearing
stiffness results in greater power consumption because of increased viscous losses in the
bearings. Conversely, decreasing the power consumption of the fluid dynamic bearings
typically requires a substantial decrease in bearing stiffness and, hence, decreased motor

performance.



WD 2004/ 029953 PCT/ US2003/ 031137 SUMMARY OF THE
I NVENTI ON [ 0007] One enbodi nent of a fluid dynamc
wheanizysassenbl y i ncludes an i nner nenber. TRET/US2003/031137

assenbly further includes an outer menber configured

to rotate about a rotational axis at a first angul ar

vel ocity. The assenbly also includes an orbital ring

di sposed between the inner nenber and the outer

nmenber. The or BUMMARNWOF BIEBRYENTIQN to rotate

about the rotational axis at a second angul ar

velocity, which is less than the first angul ar

vel ocity. [0008] The disclosed assenbly is especially

us gluY] Ont dnhbsidemely BagTlaidaBaIhRbeariiy scEnblPhehakdy aninage

of the disclosed assenbly is that a fluid dynamc
mentbef rTH%QtsiEHfbli)f fulrt‘l’i&l BBulEenbuss hReREr @MFeHRH Yo £416 HbTRS

substantiall’'y | ess power than a fluid dynam c bearing
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FIG 1 is an exploded perspective viewillustrating a
angharivglocly-t nmagnetic disc drive; FIG 2 is a
cross-sectional viewillustrating a prior art fluid
dy R THsadisclasgd assembly iaewpeeipily/usefl @ flydjdyngnic bearing
cross-sectional viewillustrating an orbital ring in a
motéib.uDde aeivantageof the distlogedrmssemblnisskatiifipid dywenrahearng grotor
one enbodi nent of the invention; FIG 4 is a
using HiRSHschRed 4soarably\cossvmieks kulstantiliyrigssgrower thah alfluid dypamic a
fluid dynam c
bearing motor not using the disclosed assembly. Further, if the gap sizes of the fluid

dynamic bearings included in the disclosed assembly are decreased appropriately, the

overall stiffness of the assembly does not decrease appreciably.



beari ng notor assenbly, according to an alternative
enbodi nrent of the invention; FIG 5 is a

wee@smeexti onal view illustrating an orbital PCTySion3/es1137

fluid dynam c bearing notor assenbly, according to
anot her alternative enbodi rent of the invention;, FIG
6 is a cross-sectional viewillustrating an orbital
ring in a fluid dynamic bearing notor assenbly,
hccor di ng t BRAFEDRSCRAP TG, QF THE BROSHINGR! of 1 he
invention; FIG 7 is a cross-sectional view
illustrating an orbital ring in a fluid dynamc
beari ng notor assenbly, according to another
al F8Gnhisiau expplodeddierspadtivefvidvhdlustiatiap tipdiot art hagfdtic disc drive;
2004/ 029953 PCT/ US2003/ 031137 FIG 8 is a
cross-sectional viewillustrating an orbital ring in a
fluid dynam c bearing notor assenbly, according to
' angy{Bef isal chRERakioN VR ARk AR aCHrioIr he ﬂhﬁvcﬁﬂﬁﬂn%eariﬁ:é G
9 is a cross-sectional view illustrating an orbital
| iin.a fluid dynamic bearing notor assenbly,
nuﬁggg%?ﬁlﬁg to anot her alternative enbodi ment of the
invention; and FIG 10 is a cr.oss-sectional view
illustrating an orbital ring in a fluid dynam c
bearing. notor assenbly,.according to yet angther .
al ﬁ%’gﬁaﬁwéﬁw&apﬁgﬁw BFSttine an gl figpin asf?%%%ynamlc
2004/ 029953 PCT/ US2003/ 031137 DETAI LED DESCRI PTI ON OF
bearmgentk ARy qooRrdue tepes emsbediment of Bigdueaiioional  vi ew
illustrating an orbital ring 308 in a fluid dynamc
beari ng notor assenbly 300, according to one
enbodi nent of the invention. As shown, fluid dynamc
be &G rdyisretos-sasiopatbiigw {Ilustraingahtoeitabtisginefied dgohniio
as "FDB
bearing motor assembly, according to an alternative embodiment of the invention;

FIG. 5 is a cross-sectional view illustrating an orbital ring in a fluid dynamic

bearing motor assembly, according to another alternative embodiment of the invention;

FIG. 6 is a cross-sectional view illustrating an orbital ring in a fluid dynamic

bearing motor assembly, according to another alternative embodiment of the invention;

FIG. 7 is a cross-sectional view illustrating an orbital ring in a fluid dynamic

bearing motor assembly, according to another alternative embodiment of the invention;



not or assenbly") 300 may include, without limtation,
a hub 306, orbital ring 308, a shaft 310, a stator
w@s®entoys 314 (partially shown), a nagnet 316, PEI/D8263/031137
320, a seal 322 and a displacenment |imter 326.
[0010] Shaft 310 is attached to base 320 and supports
FDB not or assenbly 300. In this enbodi nent, shaft 310
'sFﬁéﬁ%Jon r es cr|ﬁFd in further det aj | hel ow,
2 cageh a?ﬁt view URisirating pp opkilp! Fieg yacluig dymamc
rotational axis 311. Hub 306 is configured to rotate
beargiggnetor esemblaragrorgingdo auother shemptivecaabiogimanh ghile iBeations
attached to hub 306, and the electromagnetic
i nteraction between nagnet 316 and stator assenbly 314
causes hub 306 to rotate. As hub 306 rotates, fluid
dy BEBI Tisjaeusssatctibra viewglustlingnd oHRl fiadinal fluid Syppae t
hub 306, and fluid dynam c thrust bearings 364 and 366
bearfgi radtbY asSEAPION dccditiidg 30 Saothdr@Rdrhathve@nttoliRhent bife %Qz%ntlon
(which also may be called a "fractional shear ring")
and1S disposed between hub 306 and shaft 310 and is
configured to rotate about rotational axis 311. Mire
specifically, bearing fluid fills a bearing gap 340
between the inner radial surface of orbital ring 308

an fac n r f ft 31 bear i ap 342
otk i R RieRpnef e Fluifﬁ?lf’%e%O%fta@?% Pty gl
b and the facing surface of a bearing %ap 344
car e HRIET AEHEPIY s CHSng fo iapelbe Jerigiivy FbokTEN 0388 and
the facing surface of hub 306 and a bearing gap 346
inveplitipeen t he bottom axial surface of orbital ring 308
and the facing surface of shaft 310. As hub 306
rotates about rotational axis 311, the bearing 7 WO
2004/ 029953 PCT/ US2003/ 031137 fluid in bearing gaps
342 and 344 exerts shear forces on the outer radia
and top axial surfaces of orbital ring 308,
respectively. The torques resulting fromthese shear
forces cause orbital ring 308 to rotate about
rotational axis 311 in the sanme direction as hub 306.



In addition, the bearing fluid in bearing gaps 340 and
346 exerts shear forces on the inner radial and
whoeaotomsxi al surfaces of orbital ring 308, PCT/US2003/031137
respecti vely. Because shaft 310 is stationary, the
torques resulting fromthese shear forces resist the
rotation of orbital ring 308 about rotational axis

308 1 eacntt A EPAE AN RE b “ahout -

rotational axis 311 (in the same direction as hub

306) when the torques acting on the various surfaces

of orbital ring 308 are in balance wth one another.

As [#)0B] FI4). 3ris agroso&:cliotabview,illustfaling dn dypitaling J08un a fluid

bearing 360 radially supports orbital ring 308, and a
dynénhiv ibearthgnacnibrassémbly 800 eacardigg BSenceentaldingers upthe idvention. As

orbital ring 308. [0012] Persons skilled in the art
show, lfhii Udhafnsd Weading hdtor bEemBBNhe@iHaed DétSrefirell kdlasdFDB

dynan1c journal bearings 360 and 362 and fluid dynamc

motdriHsdtRib1 PG 30D BAS ikBfHeARRhoWP AmitatiflE b lhqb '396 [di6ital rln%I 3(:))’84 2

configurations of bearing gaps 340, 344 an

shatEIE Ta0E o1 ANGYLAFINELBGAL Y 0] e{ﬂ;g; fhask 300 308 122

relative to erson
erstand that the resulting angular

a“dadsg%f?Qﬂ%r%ﬁFﬁﬁgg ring 308 is less than that of hub
: g@@ﬂgh%ogé%gh?d; @asaggzloearﬁgj\é%)[%m &b%.[@gtfor gsrsgrlnﬁly 300.

conf urations of fluid dynam c journal_ bearings 3
In thiggm zm%mdshﬁft di@1s stfineary c A e e(b@a@lﬁh@fsde@é&emd b other

366. Persons skilled in the art will therefore
embpdimisyisi sheft 3l A mayirefetcahejiilagptatienad exis ¢ 1 bf Hob G iglconfigyged to
308 in no way limts the scope of the invention.
rotate @bdiB rotEB@tal afis B11ui Speciyinaly, magoeiBhalks diwelrddrigbul3B0H, ambithe
362 and fluid dynam c thrust bearings 364 and 366

electirtrahgi@es imddradtidadetv@be magadt 316 asdIsthtac Sssérabliy 304 aa@eabesdeo
8 WD 2004/ 029953 PCT/ US2003/ 031137 bearing pattern.

to rofifte.l As BRITBOY Wolatds AV diihnkiB fordhid] bedrliBS 86 @aRPIRdARHY | NY
patterns are
support hub 306, and fluid dynamic thrust bearings 364 and 366 axially support hub 306.
[0011] Orbital ring 308 (which also may be called a “fractional shear ring”) is
disposed between hub 306 and shaft 310 and is configured to rotate about rotational axis
311. More specifically, bearing fluid fills a bearing gap 340 between the inner radial
surface of orbital ring 308 and the facing surface of shaft 310, a bearing gap 342 between
the outer radial surface of orbital ring 308 and the facing surface of hub 306, a bearing
gap 344 between the top axial surface of orbital ring 308 and the facing surface of hub

306 and a bearing gap 346 between the bottom axial surface of orbital ring 308 and the

facing surface of shaft 310. As hub 306 rotates about rotational axis 311, the bearing



configured to generate a |ocalized high pressure
region within the bearing fluid when the surfaces of
wa@2dosrszlynamn ¢ bearing rotate relative to onkCT/US2003/031137
anot her. Thus, as orbital ring 308 rotates about
rotational axis 311 relative to shaft 310, the high
pressure region generated locally to fluid dynamc
..J.ournal bearing 36% provj des radial support between
Aluid df BFaiag ey 2308 S4h GRR SRET Brees ondheomeryBat e e aial
about rotational axis 311 and relative to orbital
surfapgsypd 080B! ring 30 irepheqiivelys dhe torqugs aesuliimgdram thdsd shearlfprges
to fluid dynam c journal bearing 362 provides radia
caussserpita ringl38 e srtath aboud GBatmel acidd 1tl ah thei sage dd8ctioAss hulh306.
306 rotates about rotational axis 311 and relative to
In additiohttht bedring fREBin Hehignd iagh 340 RSB xEROHRE foleNEHK Ak Seher
locally to fluid dynam c thrust bearing 364 provides
radiaPatdottS IR burPRIeVSL8tb M Ping 308, radctieh). tidcatide B B9 is
Li kew se, as orbital ring 508 rot at es "about rotationa
. . I . .
static¥ilyStha %&gués%ﬁflﬂlﬁﬁeﬂérﬁ ﬂfey thtgaxfsﬁl)%e% Hgﬁt e g&aﬁ?ﬁrxreifz)?&ﬁﬂ ring

regi on generated 1 ocall) | ynam c t ¢
s SRR PGPS U0 e
f flui 1.C_| ' .36
o st e o oA D O iR (RGE g eaons iy

i ncl yde any suitable type of grooved bearing pattern,
306) ek it‘PTQ?ZSvﬁ"PH% o thejvarieusspidpees ot prbitelaing 98 aspinbglance
.. grooves or a_ pattern of chevron grooves. Further, as
with pre-angther.cfp prbiigl sing 3Q8aotates, aflyifl dyraneigituresl bearingd60
shaft 310, orbital ring 308 or hub 306 may include one
radially suppeds pdbiel ning M8 irsleefiuit dynangc drugybewing® o6 @aiallngupports
pattern. Persons skilled in the art also wl|l
orbitalmagB388and that a fluid dynam c bearing may conprise
one or nore sets of grooves. [0015] The bearing fluid

ugeol 2] Pefsbls Killedrin @R Wil ind8QStah@ihabfe 300 duYRRNO6S fluid
suitable liquid or gas. For exanple, in one

dyna@(E)e6kn BB arin g H50R8@BENShd Al HyGRTD HrSE Beingl AL HYCh
as oil. In an alternative enbodi nent, the Dearing
incluglih}g' 1) c%ﬁﬁgﬁgﬁ@fsio% %ezﬁing gaps 340, 342, 344 and 346, determine the
angular velocity of orbital ring 308 relative to that of hub 306. Persons skilled in the art
also will understand that the resulting angular velocity of orbital ring 308 is less than that
of hub 306 and that different angular velocities of orbital ring 308 may be achieved by
adjusting the configurations of fluid dynamic journal bearings 360 and 362 and fluid
dynamic thrust bearings 364 and 366. Persons skilled in the art will therefore recognize
that the angular velocity of orbital ring 308 in no way limits the scope of the invention.

(0013] Each of fluid dynamic journal bearings 360 and 362 and fluid dynamic

thrust bearings 364 and 366 includes at least one bearing surface having a grooved



WD 2004/ 029953 PCT/ US2003/ 031137 ferromagnetic fluid.

I n anot her alternative enbodi nent, the bearing fluid
woreg402a9p3 i se air. In yet other alternative  PCT/US2003/031137

enbodi nents, the bearing fluid nmay conprise any ot her

suitable type of gas. [0016] In a preferred approach,

fluid dynam c journal bearings 360 and 362 are

configured asymmetrically such that each punps bearing

bearing RRIEFTR-o (8 ISFOTHNY Reawipdhett thege gioPke beaying patterns are
respectively. Likew se, fluid dynam c thrust bearings

confizgepd im gerveie alosalized highqueseere aegiomwithingbg bepring Shidt wieen the
each punps bearing fluid towards corner 371 and 370,

surfacessgfedtuid éynamid\benigg oothte relativierig sne arvitlser pThy, agorditilirmig
mai ntains the pressure of the bearing fluid in

308 wendabsutIsRtiend a:3¢ 31 Rhditve adbaf B0 Hhe BigH heeshab $dgion
referred to as "positive" pressure), thereby

geneﬁ%&iylgmliyrﬂ& fididr dyhARi® ;D@D R 0P+bviads hig] &9@?& Btgween
ul ul

- a phenonenon that is detrinmental to

tbi . . f by il relative
orbitdREB08 a?? E‘flﬂgtn?ls()p g[sll’Rﬁ)%@ ‘f’cﬁ?:t'e lﬁoﬁfﬁ? ti@giﬁg& ny’aﬂg r%nc(l: elativ

beari ng I qui d. Further,
o o RORSELR DR SRl BT o AR B B
flyid dynam g.journgl  bearin 62 towards rner 371
vearing Y5 W OE i SRR b5PorE YRR A B RG0S baRH o
%g@ towards corner 371. Sim]arly, fluid dynamc )
rotate PW&PtaB%%? Y 33bandirsiptive i LR} Aingi308, thehigh prasame Fegipn
366 are confjgured such that the punping action of
genefafed; lacally i finid dyremistthrupidspiing @asovidesaxdd seporidetvazo hub
is greater than that of fluid dynam c journal bearing
306 BE@rbitabring 3@8. clakenzise, 38 Orbitabriged tSonttaskbbltediaiional vds AT i
wi || understand, these inbal ances create a positive

relatige esshaft 810, rthahigh pre3&fie bgioneenerhiee 1dcally sulifia dgnadic Shad t
310 and the facing surface of hub 306. Again,

bearifif B 68 groMidBgaRSupporEbddk @B Db Hilg IePambPaRBReyeENt s the
formation of air bubbles in the %earing fluid in cases

VIO 0 g s o i o b
362 Jnﬁrfﬁ?cﬁd}gﬁﬁl%tﬂhﬁgb&ﬁngs 364 and 366 may include any suitable type of
grooved bearing pattern, including, without limitation, a pattern of spiral grooves or a
pattern of chevron grooves. Further, as persons skilled in the art will recognize, any of
shaft 310, orbital ring 308 or hub 306 may include one or more bearing surfaces having a
grooved bearing pattern. Persons skilled in the art also will understand that a fluid
dynamic bearing may comprise one or more sets of grooves.

[0015] The bearing fluid used in FDB motor assembly 300 may be any type of

suitable liquid or gas. For example, in one embodiment, the bearing fluid comprises a

liquid such as oil. In an alternative embodiment, the bearing fluid may comprise a



fluid dynam c thrust bearings 364 and 366. 10 WD
2004/ 029953 PCT/ US2003/ 031137 [0017] In alternative
weradayent s, each of fluid dynam c journal berCT/mg™03/031137
360 and 362 and fluid dynam c thrust bearings 364 and
366 may have any configuration and nmay punp bearing
fluid in any direction so long as orbital ring 308
functions as intended. . Further, each such hbearin Y
ferromyagnstie Poidedn anpt%ﬁii;alt@tw@w@qd%%n% capiag dyidn %)k?qgﬁlrgﬁ
in the art therefore will recognize that neither the
air. lnoef éthgrriitinatine endrodinhents, dhedtepungsled nfay soapries aemther
journal bearings 360 and 362 or fluid dynam c thrust
suitable @pe0@gas364 and 366 in any way linmts the scope of
the invention. [0018] Seal 322 is configured to sea

t ggohﬁ a b PR fdrtediagpiadH) ifRiDBRemB4BumatRariBeh660 add 86 2uad
3 'n ohe enbodi nent, seal 322 conprises a

himpd Beariah HeidNakhMe 370 and
conﬁgﬁfgh géﬁn@%cﬁgﬁh&ﬂ ﬁﬁﬁﬁ’ear%rg ?/ ngg A ralnsée L a ;?Jrr{[l;rl “ an

a corpg?ﬂ Olespe 15(%})9 tﬂ%ww% Y&d altfi g{rdsﬁﬁéé Q64 a?fd%G%?e a

ary seal’ or a capl ary seal. In
et other

nbod n
conf Bwsﬁfsg@n%tﬂsﬁl e e Gef FPAGL BRhE SuffiuaylS olfBart and
the bearing flui thin,.bearin a 2 34
570, Eige Gy g s i Be UG OTRRE SR ey, B RIS pf the
recogni ze that if the bearing fluid co rises a
bearigg éidsg cetngrs 37 apd 3Ehaboge EmbWBS/PfB%BW Sy i erE ?
[0019] Displacenent limter 326 is attached to hub 306
“postive” prsssumhftheyebeprevanting pigfiogebeingdrawn oyt ¢ifbebepsime dlyid —a
the extent that seal 322 conprises a capillary sea
phenBhepdratherieddtrientat ©rfB® Syriasii¢ bearing per@mfanwm@dswwmreathe
shoul der 328 and a lip 332. As shown, shoul der 328 is
bearﬂ%&mﬁﬁe d Higtidc mﬁﬁerpﬂmmdmdmcg@rmlfobangés 6308d fhidsdyafiic
0, and I'ip 332 is disposed agai nst the bottom

thrust BEdrBG 8 69 breiRSREd sdh 1R RHd iRl actibe bt it d§REniagéanal
bearing 362 towards corner 371 is greater than that of fluid dynamic thrust bearing 364
towards corner 371. Similarly, fluid dynamic journal bearing 360 and fluid dynamic
thrust bearing 366 are configured such that the pumping action of fluid dynamic thrust
bearing 366 towards corner 370 is greater than that of fluid dynamic journal bearing 360

. towards corner 370. As persons skilled in the art will understand, these imbalances create
a positive pressure in a gap 350 between the top surface of shaft 310 and the facing
surface of hub 306. Again, maintaining positive pressure in gap 350 prevents the
formétion of air bubbles in the bearing fluid in cases where the bearing fluid is a liquid.
In addition, the positive pressure in gap 350 supplements the axial forces generated by

fluid dynamic thrust bearings 364 and 366.
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tolimt the upward displ acenent of hub 306 when FDB
not or assenbly 300 experiences displacenent shocks in
W0 b@4ax9983 | y upward direction. 11 WO 2004/ 0299B3r1/US2003/031137
PCT/ US2003/ 031137 [0020] FDB notor assenbly 300 al so
may be configured such that a downward acting
prel oading force is exerted on hub 306. In one
enbodi nent, nmagnet 316 and stator assenbly 314 are
di 964da alierastiveteatbodiments sech of figidslypamistjewnelHearegst 60
of magnet 316 and the center of stator assenbly 314.
and 3fend Xual dyahmctthordgaahgc3 Giamd 866 eng hatecthy chefigwation and
magnet 316 and stator assenbly 314 acts to axially
may pling Bedrthg fReineny datctRAGH lomSs ety rind B8 MBStk ab ftended.
that an axially dowward net force is exerted on

FurtiSR A6 sudlk BedrRB Qnaytﬂéecﬁ%fo@é@mréﬁy satiBle 16H8bn. af’ér?émts&n]b?

reallgn the centérs of nmagnet” 316 and stator asse

the aﬁjcﬁerefgﬁe\mm gﬂfig ﬁla‘f’fl M%% Q:Bﬁ‘% QE%L ﬂgn«grcﬁlg ﬁ)c rg fog g{,ud

function of nong o I ngs; e Slze

L Qaﬁ'agf B} m% ﬁ@%éﬁw%ﬁ%é@?gﬁ%&@

ris ti.c netal such as a Series 400 stee
any%ﬁ;%%W§@%ﬁ%@?ggﬁwé?ﬁﬁpmlIn such a configuration, an
al |y downward magnetic force results that I's
AL S SRar eoneRR o el ety evalhinsopaatD. 385 346,
The magnitude of this preloading force is a function
348 a54 354 esnthedimant, nea 328 lsemptises 2 géntyjfngal3apillaiynsest. Her
al ternative enbodi nents, the preloading force nay be
altermatize tmbodimernts\sedt3Rd rma‘yeam'pbilsea gayve suagingseal f1ogome other
exanpl e, by applying a spring force or a
type dbeapillaroseal; tich@s praksuwapilhoresl o an atiblcapli@ry 40024 lyetAher
persons skilled in the art will recognize, the

alterrb@ve eRb6HiAGHtS, Rgal 30D %?afé gisd Sy hdr @RDIE C4RBR of seali
beari ng gaps 344 and h@As hub BOéﬁgnd orbﬂ?% ‘?fﬁgﬂg

the bté’té%gffﬁé&%ﬁlh%én@%ﬁé 840 \48h %91'4%& 84614Hd 539 3382 PakbR killed

he "hi gh pressuré€ Tegions In
in the art will recognize that if the bearing fluid comprises a gas such as air, then seal 322

may become unnecessary.

[0019] Displacement limiter 326 is attached to hub 306 and is configured to
provide a seal surface 324 to the extent that seal 322 comprises a capillary seal.
Displacement limiter 326 is further configured with a shoulder 328 and a lip 332. As
shown, shoulder 328 is disposed in close proximity to a flange 309 of shaft 310, and lip
332 is disposed against the bottom surface of hub 306. As configured, shoulder 328 acts
to limit the upward displacement of hub 306 when FDB motor assembly 300 experiences

displacement shocks in the axially upward direction.
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bearing fluid generated locally to fluid dynam c

thrust bearings 364 and 366 tend to open bearing gaps
wW@2eb4med5846. The size of each of beari ng gapsPGHUSHNE031137

346 therefore is a function of, anong other things,

t he angul ar velocities of hub 306 and orbital ring

308, 12 WD 2004/029953 PCT/ US2003/ 031137 the

conf | ions of flui nam ¢ thrust bearings, 364
anﬁ5@§{93{3ﬁ%&%@5ﬁ%y o %0 BB EFERred St atn dowrvane
.magnj tude of the downward acting preloading force.
actingyyolopding foresinexerted 98 hwa d 06y Inore epibadisnenh magneicd piang
is a function of, anmong other things, the square of
statqrigaserdilin ihaee dispased suchiheat we offsét 848 saparabesdbe eegter of magnet
surfaces. Because the notion of orbital ring 308
316 ned tieicomert of statdy a&RMmbintll 4s [Ektax Bl le@fodneghéticefoyce generated
decreases the relative velocity between the bearing
betwiidh hRQRS 306 ad stat6r shydrabty G 14 a¢ts talxidgalibh 6% c3h@rsiTdach
362 and fluid dynam c thrust bearings 364 and 366,

AIbly. e rEdultGs BRGnSHRIE A Wndat dndl BHEESR RS AR P4
a$ecoﬁéun§gign %f FDB nﬂ?g? §S§e§%ly 300. Féghg&an%ﬁg?6ﬁﬁm

ther&0fe hu%%@fjthﬁgamem {5 05d2h fhe%%r?/tgﬁl%lf}ﬁg Q 3i1 aﬁ@&%ﬁo%%&ﬁ%ly

such that” t angul ar veélocity of rtal rin
a ' I at ~of .hub 306, shaft 310 | .
314 ¢ ELIRUE LY Dol P a8 Ronis ot Fp B plogr e e size
ear,|i surfaces of fluid namj ¢ j,our nal_bearings 360
of o 3B Sl e s s e e ARG 18 pomssgod
b IS %ggrgxinately one half of the angular velocity of
Y agap S 3¢ 6Daspy 2R alse pay comprisey Hagnstic meﬁig sugheps pSergy 400 steel or
i ncluded in FDB notor assenbly 300, and assum ng that
a loywpEbap stesl Fswehsconzpuaticnesedatlly Jovamatbmagnstiy femeresults
fluid dynam c journal bearing and one fluid dynamc
that phltsusegriee3ti (Al theteéure hite3 Q) fidveardsioese B20. Theemagiitndé of this
of the bearing surfaces of the fluid dynam c bearings
preloalirg fopkys 4 faectivagyf] anonguehachihys, te strglof gA633(Bda ause
including orbital ring 308 reduces the difference in
alteri@idvel oibodisnentspee gl/@d)eﬁﬁigt o nitly HRReealtAlih anPambr RhsifIk Wad
dynam c journal bearings 360 and 362 and
such as, for example, by applying a spring force or a downward-acting pressure force on

hub 306.

[0021] As persons skilled in the art will recognize, the downward actin;g
preloading force tends to close bearing gaps 344 and 346. As hub 306 and orbital ring
308 reach their angular velocities during operation, the high pressure regions in the
bearing fluid generated locally to fluid dynamic thrust bearings 364 and 366 tend to open
bearing gaps 344 and 346. The size of each of bearing gaps 344 and 346 therefore is a

function of, among other things, the angular velocities of hub 306 and orbital ring 308,
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fluid dynam c thrust bearings 364 and 366 consunes
approxi mately one fourth the power that each of the
WO bwird2ynanm ¢ bearings consunes if orbital ripgr/88803/631137

not included in FDB notor assenbly 300. FDB notor
assenbly 300 with orbital ring 308 therefore consunes
substantially | ess power than FDB notor assenbly 300
wi t hout orbital ring 13 WD 2004/ 029953 ] '

the coufyguestionp of Hud dymemigdaust beasings 364 anddpt; thebgtvieriBidot or
assenbly 300 with orbital ring 308 includes tw ce the

pressprgibgep 650 indiheimdgmitnde of thealoivngstd 4c00g Bleldading dorse.
skilled in the art will recognize that, as configured,
t He022idiMelpowst ¢dnfuresisesa fifiid fdyharmlic g i€ a jfigietiobf, among
beari ngs 360 and 362 act in series as do the axia

otherhing$, MsGRSeQF tHelrélbly Lty Getuteh ik tASBIakiRg SurdRds. aB&bause

366. The effective stiffness of two springs acting in

the nﬁ)]?lbh S8 ofb¥iRl 1‘17@] 308 _ri:l§ti\}e_0c\’5@ﬁﬂ|3 l@b@@nl:(f dGshb Effé@@?ﬁgfecr%gsteg B

of the springs individually. For exanple,
_ . 2 . : .
relatifh PGSt bR hurk e S Bl i Rignings 360 ang
tif fness of ,either. of, the in i ndi,vi dya) | y... Thus,
362 i i i gre 8 aRE: G0 e e h SR =B i a
ri ng, 308 i ncl udes on ne fluid_ _dypam c journa
de“as%e&?‘%%“&eﬁaowglpf%?}dg%g APrastaRlE 2O S iergrplena opgins
the risk of substantially decreasing the effective
embqdirgenyy FIAR anoser aggembly 3404s senfiguptd supipthebihe engiayeaielsicity of
300 by including orbital ring 308. [0024] Persons
orbita] king| 389 i3 approxémately halfdlapt @f hib 306d ghssthafid 10 fsovativeary, thhat
the radial stiffness of fluid dynam c journa
diffetsaee inrtys vaouitids v thebieadingsdurfat esed Sluaf dyhbmicdoakynltbdatings 360
thrust bearings are a function of, anong other

and 36Diand Snid dypamhitvRiusbeafingsi364 ABABEO agpPx ity bid BRALS the
the third power. As the stiffness of fluid dynamc

anguREAEIbEAGSofihEb BOENBY c&RASH, iio¥Sital Bng BERISINBLingRReSIAHB motor
fluid dynam c journal bearings 3%0 and 362 and fluid
assent¥H 300, %nll BEMRing that FDB motor assembly 300 therefore includes only one
fluid dynamic journal bearing and one fluid dynamic thrust bearing, then the difference in
the velocities of the bearing surfaces of the fluid dynamic bearings is simply the angular
velocity of hub 306. Because including orbital ring 308 reduces the difference in bearing
surface velocities by one half, each of fluid dynamic journal bearings 360 and 362 and
fluid dynamic thrust bearings 364 and 366 consumes approximately one fourth the power
that each of the fluid dynamic bearings consumes if orbital ring 308 is not included in

FDB motor assembly 300. FDB motor assembly 300 with orbital ring 308 therefore

consumes substantially less power than FDB motor assembly 300 without orbital ring
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beari ngs 364 and 366 maybe configured with snal
beari ng gaps 340, 342, 344 and 346, respectively, to
weeperesi e for the | oss of effective stiffnesBCT/US2003/031137
resulting fromthe fact that the radial stiffnesses
of fluid dynam c journal bearings 360 and 362 and the
axial stiffnesses of fluid dynam c thrust bearings
364 and 366 act i\ series. ¢ ! \ r
508 3getpe co aen F PR AT, R By pUd i aBREHaE 08 M¥iles
. to the inverse of bearin gap size, and therefore not
twicehe aumberof Jluid dynamic in bearing gap size,
decreasing the 14 WD 2004/ 029953 PCT/ US2003/ 031137
si [P Perseny skillpdgn s asumill recpsmizg Abatpsgonigredathedadigly y
a disproportionately small increase in the anmount of
stiffnpsae ol wod dymmic foprebBearines p6haskeifB| apt BGeries[agdo Hle axipl
sum configuring fluid dynam c journal bearings 360
stiffnesrds 362uid dgndrhia ittatust Byaraugs 864 nd 346. Hdereifagiye 36Hnen df 866
with smaller bearing gaps 340, 342, 344 and 346,
Sprink @8RG i YeleY typidally [sdswtit thirthE DBFfHEst of cidsseftt ypr3ge
with orbital ring 308 consumng substantially |ess

indivRRMRY. FOakambR, 1R bREctRE SRMHsY oBRb rfnBOWith equal §tftnekdedy

308 W thout “any appreciable loss in radial, axial or
ind il hh AR S irth QR 26 kit 8¢ iR lshaNdsgki has Aty Bess,

Ewnn?%%%%%%“ﬁtee% enpo |nent§'§$ tLeSFﬁ@%ntfon. yIPersons

ski | 4 the art. .l - - ﬂ@. :
sssuihE b TT paff pRbotalb AL GhANGik 388 AL Bl nc uia

t hese ot her. enbodi nents. Far .this reason, the .
dynapri Joawaﬁgeaa@g P 9 DR DagBt L PR S g ik of

di fferences between each of theﬁg_gfher di nent s bl
subsapidalbyiecreand the wERtiva eaiialiapd 4 ghgimesshs OEqrgfsemoly

wth FIG 3. [0027] FIG 4 is a cross-sectional view
300 by ingedingtorbitpl sing d9bital ring 432 in a fluid dynamc

beari ng notor assenbly 400, according to an _

al [08RfRersoms ekiertinriierdrt afo wHbunderstemdt haoveverpnthat the wadial

FDB not or assenbly 400 may incl ude, w thout
stiffdekdft fdid dfnandic fpaseal bearings and the axial stiffness of fluid dynamic thrust
bearings are a function of, among other things, the inverse of the bearing gap size raised
to the third power. As the stiffness of fluid dynamic bearings is highly sensitive to
bearing gap size, fluid dynamic journal bearings 360 and 362 and fluid dynamic thrust
bearings 364 and 366 may be configured with small bearing gaps 340, 342, 344 and 346,
respectively, to compensate for the loss of effective stiffness resulting from the fact that
the radial stiffnesses of fluid dynamic journal bearings 360 and 362 and the axial
stiffnesses of fluid dynamic thrust bearings 364 and 366 act in series. Further, because

power consumption of fluid dynamic bearings is proportional to the inverse of bearing

gap size, and therefore not as sensitive to a change in bearing gap size, decreasing the
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402, a hub 404, a sleeve 406, a shaft 408, a seal 412,

a displacenent limter ring 414, a stator assenbly
wai®4/02098mgnet 418, a counter plate 430 and orbCT/EE2003/031137

ring 432. [0028] Sleeve 406 is attached to base 402

and supports FDB notor assenbly 400. As configured,

sl eeve 406 is stationary. Hub 404 is configured to

_ rotate about a rotational axis 4%1. Spegifically,
size ofrhegriag sapsd4P s34 1amd 446 srusemonina dispraportipgately small
el ectromagnetic interaction between nagnet 418 and
increasst intthy amews pbpywet tensvmed by FRNbmam asssmily 39604/ 029953
PCT/ US2003/ 031137 to rotate. Shaft 408 is attached to
hi0i02 810, subn cafiguendbdil dpmmic hehdl bédigs §6QanddiRend flvid
hub 404 by an interference fit or adhesive bond. As
dynanfi§ @frlist $O4Finigs 364 hraic3veavithosniiler Bding gagseli40, 323 34birait S,
about rotational axis 411 as well. Obital ring 432 is

respectivSIROREF TR WEETB midkd? QY¥RnbBE3 ANt bdkthl H{k3087Endusning
configured to rotate about rotational axis 411 at an

Vi .aF ;
substs ) B e B YDA iel Se B0 P LI B o8 without
rbital, rin 2.i.5 fur M. figured to include a
ony expihidtRtAcks Ponchin il of MBBFHERSR, 31t Ton. “FDB ot or
assenbly 400 al so may be configured such that a
downward acting preloading force is exerted on hub
404 as previously described herein.. [0029]. As FIG 4
al W36k Resnelows ps se¥erahehss emd}lﬁg%nt&rb@ége Y gRUgo-
dynam ¢ journal bearings 420 and 422 and fluid
Persoqpsivilleddn therariswillywderptardsthatihe sarae aoneral pringiples g6 foathj a@ove
journal bearing 420 is disposed between orbital ring
apply 48&achmd thebadtherdddodmentse Fos fhdereadony the ifollnwing deseriptions
channel 428, and fluid dynam c journal bearing 422 is
focus giifpeibash thb diffvesnesdiebidealeach ofghesd dtlen dmbddbmues 4@bthen
t he opposite side of recirculation channel 428. Fluid
embo@yRaNAdcAbEdUSbydiadbhjRektba 4vithSFId, sposed bet ween orbital -

ring 432 and displacenent |imter ring 414, and fluid
dynam c thrust bearing 426 is disposed between orbital
ring

[0027] FIG. 4 is a cross-sectional view illustrating an orbital ring 432 in a fluid
dynamic bearing motor assembly 400, according to an alternative embodiment of the
invention. As shown, FDB motor assembly 400 may include, without limitation, a base
402, a hub 404, a sleeve 406, a shaft 408, a seal 412, a displacement limiter ring 414, a
stator assembly 416, a magnet 418, a counter plate 430 and orbital ring 432.

[0028] Sleeve 406 is attached to base 402 and supports FDB motor assembly 400.
As configured, sleeve 406 is stationary. Hub 404 is configured to rotate about a
rotational axis 411. Specifically, magnet 418 is attached to hub 404, and the

electromagnetic interaction between magnet 418 and stator assembly 416 causes hub 404
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428 and counter plate 430. As previously described in
conjunction wwth FIG 3, each of fluid dynamc
wQ eannzdosheari ngs 420 and 424 and fluid dynanm BCT/i$2083/031137

bearings 424 and 426 includes at |east one bearing
surface having a grooved bearing pattern. Again, these
grooved bearing surfaces may include any suitable type
of grooved bearing pattern, includin wi t hout

o roraie. et i nchel B 401, Giamesmbg Grspbsheh J0F iatiachphto
of chevron grooves. Further, ersons skilled in

hub 44hley air intexferdnce &t oxpdhetive bong. o Shzrfgﬁ% i5@Hached s vl 404 ng
432, sleeve 406 or displacenent limter ring 414 may

shaft 408cdotatks abow rotational exib é b asngelk Wb ielesnglds 2\W0di2R34d BEGe&8
PCT/ US2003/ 031137 having a grooved bearing pattern.

sleevd6e@AShakidd ad ik Bordfig@rednd roddts Abotit kdtativrdessd 4ditbhat a
fluid dynam c bearing may conprise one or nore sets of

angulfRREAS thak RA8Qlthdth@addul EIb&iE, SHHRLABE Rs p1felviéh51y dYRABRE
journal bearings 420 and 422 are configured

herelrpsdmgltﬁﬂfc 2 Abliy ﬁﬁ*ﬁﬁ%; %&Je& ﬁ%ﬂclﬂﬁé@ ?ecﬁ@uﬁﬁﬁ(flgchfa %I?Jél QZS In

t owar orner respect Ive

addltlgl¥ rﬁfﬁ & notor a?ﬁehqbg/eﬁ{%)' ali]%h y4be csbnﬁ 3?&5&9& edtownward aﬁtmg

a§ynne rrca era
{ { 4 . th t
preloJFIo R 6:S1erPd of BHF Tt R B PTEA T uch Chat 11
punps_bearing fluid towards corner 471. Fur
FIPs Ay hiHi Talpothowss F%%amtq{gagse ‘é%ﬂnalzées;ﬁ*rag Ayngrde

_ dgnan1c thrust bearings 424 and 426 are configured to

journg) bperies 428210473 79 T EHamICHRRLbRHNES 14 2K 4260 B3
and through recircul ati on channel 428 as depicted by

dynanaic j@wsal hé@rirg2 044 Qispdsed B jve¢morhitalemgdBR wad shefictiiSeaons
each of fluid dynam c journal bearings 420 and 422

side ofiptirbhlutich chanaetie s tahd fisid dyaamicjgemdlbbanangd 2026 divpysetiave
any configuration and may punp bearing fluid in any

betwedh bfithl Bfg 512 drdREeAS40H dH thebppdsiigsidsS df febifdildtidn Thamel 428.
i ntended. Further, each sué% beari ng may be di sposed

Fluid dPnARY tiHihelif 42@9@&15}5&4% Fek e\ GbRM irnk@d2 bAd displacement

limiter ring 414, and fluid dynamic thrust bearing 426 is disposed between orbital ring
428 and counter plate 430. As previously described in conjunction with FIG. 3, each of
fluid dynamic joﬁrnal bearings 420 and 424 and fluid dynamic thrust bearings 424 and
426 includes at least one bearing surface having a grooved bearing pattern. Again, these
grooved bearing surfaces may include any suitable type of grooved bearing pattern,
including, without limitation, a pattern of spiral grooves or a pattern of chevron grooves.
Further, as persons skilled in the art will recognize, any of shaft 408, orbital ring 432,

sleeve 406 or displacement limiter ring 414 may include one or more bearing surfaces
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the art therefore will recognize that neither the
configurations nor the locations of fluid dynamc
W@ oantzdoshear i ngs 420 and 422 or fluid dynam cP€TUSED3/031137
bearings 424 and 426 in any way limts the scope of
the invention. [0032] Anong ot her things,
recircul ati on channel 428 accommobdates bearing fluid
flow induced by fluid dynam.c.journal. bearings 4 nd
havings iR eBiTEE B Sersobh e Bakt #hlse Hh a3 g
_enforces favorabl e pressure boundary conditions
fluidiskypqyais heping MHGIEPHSE OB& 8 TRt SP@Q?&WQ.V@SAS confi gur ed,
the pressure within and at each end of recirculation
c hEMBel In4zecfewedhanpsoash, g dmeitaiosmpl beasingh#2pand<Idd aee
Further, as no fluid dynam c bearing is di sposed
conflpatedasymmericaltysieh itlon cadhgumpk bézBgdhid toardsat coorer 470 MO
2004/ 029953 PCT/ US2003/ 031137 surface of shaft 408,
471, 56peddivelss Whed dimdnfie tHrodt bedringuint acenbifuet affmmeBicalysach
remai ns at approxi mately anbi ent pressure. As a

that A$BRIALs IRt liRard PRMBMB actidrB6 ivhdbodier aT0. CR@ I Bnathddhrust
y be configured inh any way that creates the desired

ma
' | ' fthPGoedaRs AR tbR&d
bearglgg ?{rs g% 0&%%%%% co%?ﬁb&%ﬁ%&?\%\genﬁ% ui dg dynatrri C S OOHE
aning, £ edi o N | A
R s e S
recirculation channel 428 in no way limts the. scope
beartges ¢ HEAHAS ATy e Ep OO Tt Brige Hpid Pab TGP ECRE,
to sl eeve 406. .The top surface of counte I 430
432 prd thepweh sy ation ﬁ}aamq 4as & %@&Fﬁ% RPYA90 2P r%%ew ui d
dynam c thrust bearing 426. [0034] D spl acenent,
| i FA08 & Inpaitarpaiveernkodiments isech afdluidgmamiqiouibibgasingy €9
about rotational axis 411 with shaft 408. D spl acenent
and #2anddluid dyrmgmid thrist beasinigs ¢4 and 426 mayrhave eley eondigpiiation and
surface 413 to the extent that seal 412 conprises a
mayGapiplbeaxing Bedlin anfhdirechiat todomgas drbit rinfy 432 $ipicticens mitended.
limter ring 414 is configured to provide a bearing
Further, each such bearing may be disposed in any suitable location. Persons skilled in

the art therefore will recognize that neither the configurations nor the locations of fluid
dynamic journal bearings 420 and 422 or fluid dynamic thrust bearings 424 and 426 in
any way limits the scope of the invention.

[0032] Among other things, recirculation channel 428 accommodates bearing
fluid flow induced by fluid dynamic journal bearings 420 and 422 and fluid dynamic
thrust bearings 424 and 426 and enforces favorable pressure boundary conditions
between fluid dynamic bearing regions. As configured, the pressure within and at each
end of recirculation channel 428 remains at approximately ambient pressure. Further, as

no fluid dynamic bearing is disposed between recirculation channel 428 and the bottom
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surface for fluid dynam c thrust bearing 424. In
addition, as displacenent limter ring 414 is
waele®pos®s i n cl ose proximty to an overhang 40FCD1S2003/031137
sl eeve 406, displacenent limter ring 414 is
configured to contact agai nst overhang 407 to limt
the upwar d di spl acenent of hub 404 and shaft 408 when
s.urfacq‘| Eﬁ%g Q@u}/ 3#993 ot gﬁxg&(é%? sEH B LA B Abins at

ax a Irection. [0035] Again,
ers in he art t
apprc@gnaéc’la@ﬂ@m Preswrﬁc%\f)f‘é?% Helr BRI R0RuloBh chtfict 28
in cqonjunction with FI G with forc .t
may bgeonEgHEd et Wae LRt téfb@%@ ‘?/ Peagigg Jfﬁﬂtﬁ?\%ﬁ ot P’fe?“a‘o
- FIG 4@;0036%9@6(5 5 1is a_cross-sectional view
ring 432) and thedeisined apyiconditionsigtversn fugl dynamig brarigg Fegipng:
beari ng notor assenbly 500, according to another
Perscas tskitlediin the ax whid thenaore r@bgml‘sthmhﬂ 00 QR recirculation
PCT/ US2003/ 031137 the invention. As shown, FDB notor
chan&d 928l no wRPlimity tHerscopead thevintendon. | i mitati on, a base
502, a hub 504, a sleeve 506, a shaft 508, a seal 512,
a %)b%] @oudfes BIAR] 43054 Bitached toBRERS 4061 S[hedos auficeof uatee
a displacenment limter ring 531 and orbital ring

QMR a WeBingSuhdeonabididmaareatid 426.
plategﬁgésoﬁ#ggﬁé]ét%?or aasserrbgss)L/1 500. As E:d?)nr:f i gured, e?Imekeve

50@0#@ SibAkdd Al Mmltgﬂﬁ-fg%lﬁ%a&aéhﬁ bariesod Maheites out

con ure rotate about a rotational axis
Sp cal Ly, 504,
ot e b %oﬁggﬁe' PRI pd LB CENEE chimiilo i
and st at y .5 S hub .504 to.rota
provEhdrealSigaaed 1 400 ket ot Je0g o Bne ¢ sy oPl b°
about rotational axis 511 as wel ﬁrbltal er 532
bottqr sutfasp e5diaplpermk AmEpEed 14 decoRfiguish 4 Proviisd b
configured to rotate about rotational axis 511 at an
surfeme furlfand dwlants thyust hearing $24.clndditienasidiwplasgygentdimiter ring
vel ocity of hub 504 as previously described herein.
414 @rdhnpb&ld in cloge M®Rinhiy to an overhang 407 of sleeve 406, displacement limiter

ting 414 1s conﬁgured to contact against overhang 407 to limit the upward displacement
of hub 404 and shaft 408 when FDB motor assembly 400 experiences displacement
shocks in the axially upward direction.

[0035] Again, persons skilled in the art will understand that the same general
principles and concepts described above in conjunction with FIG. 3 apply with equal

force to the embodiment described above in conjunction with FIG. 4.

[0036] FIG. 5 is a cross-sectional view illustrating an orbital ring 532 in a fluid

dynamic bearing motor assembly 500, according to another alternative embodiment of
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further configured to include a recirculation channe
528. In addition, FDB notor assenbly 500 al so may be
w@ooviogpesed such that a downward acting prel 0oaRCTysS2003/031137

force is exerted on hub 504 as previously described
herein. [0038] As FIG 5 also shows, FDB notor
assembl y 500 includes fluid dynamc journal bearings
520, 521 and 522 and fl ui am c_thrust bearln%s 524

the inygpiiogo &s skowm, D%W%aésefﬂéb’r%é?l mayeRlpG Sitiont lipgatonga
are di sposed between orbital ring 532 and shaft 508

base 3, & pplosI 8slesyeals, ashafcias: & edabd 2o siskAmsOB2BLG, B Ui d
dynam c journal bearing 522 is disposed between

magnet Hi8t atounian @lab323tandisplacanent S6iteonng i awrebisil dieg 682.
recircul ation channel 528 as fluid dynam c journa
bgar37M PlebO506Hk tidbheky etk 502 nd Stipfee’ IHDRImo i assembly 500.
di sposed between orbital ring 532 and hub 504, and

As cd‘nhgm’éd AWRAETEG6 1 REatiSharD CSRIANWETLBtidchied BIHRBSHEAyRIEH Ween
tal ring 532 and counter plate 530. 19 VO

conﬁ%tggcf'{oqgt%%%oﬁg {O%Q?%Q%]t 13 gpec %gﬁ? ] m%?l\'—lp% & is Rl gHhEd to

30 I's attached to sleeve 50 op surface o

hub St()!? r#ﬁ Eheoelfléac?r%méggﬁ c dnt%%nflérgl? rtxggentrgiélep ¥ Sda%g %@?0%%Fsen‘%ly

ace nam C r ust

ste c%%%%wget A Asaé”iiﬁ@% iy DY, SRR e

r|n 524. [0040 S Iac ment limter rin 531 i S
rotatlaﬁw? i fsowglL gfbl%b%n Smsgﬁbgt@aen %}ﬁ%é%éawé shaft
orb|tal ring 532. In addition, orbital ring 532 is
508 apb isrcogligused M retate ahaott wintiona) axs ahy abprangplas Velesity thods less
di sposed over part of orbital ring 532. As persons
than thk piguded velonity highulr 504wk previonsly glnczibed biérsipl &ubitad ming 532 is
l[imter ring 531 and overhang 507 are configured to
furthacbtnfignget théncltde d decirduldtioa chypnal $28dils pddita@n@mB mbtohub
504 and shaft 508 when FDB notor assenbly 500

ssenﬁl}?g:()t af!%iﬁﬁ&y Bt sqifiaGRABAh tBRACdeSniward Ntingptadddding oM il
exerted on hub 504 as previously described herein.

[0038] As FIG. 5 also shows, FDB motor assembly 500 includes fluid dynamic
journal bearings 520, 521 and 522 and fluid dynamic thrust bearings 524 and 526. Fluid
dynamic journal bearings 520 and 521 are disposed between orbital ring 532 and shaft
508 on opposites sides of recirculation channel 528. Fluid dynamic journal bearing 522
is disposed between orbital ring 532 and sleeve 506 on the same side of recirculation
channel 528 as fluid dynamic journal bearing 520. Fluid dynamic thrust bearing 524 is

disposed between orbital ring 532 and hub 504, and fluid dynamic thrust bearing 526 is

disposed between orbital ring 532 and counter plate 530.
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[0041 ] As persons skilled in the art will recognize,

the configuration of FDB notor assenbly 500 is
w@emwenzdosy simlar to that of FDB notor assenbP@r/U8mN3/031137

One difference, however, is that FDB notor assenbly

500 has two fluid dynam c journal bearings, fluid

dynam' c journal bearings 520 and 521, disposed between

¢ eHOBS Gl R i R had oy e ol B RS RE B

orbltal ring 532 and shaft 508 reat _
place f{kis conl layf%h tp Rrovidefgbesnns sHépce E@{ff}ul amict %&%Fma 526.
in FDB notor assenbly 400 of FIG 4. As persons
In adgiitiqn, the botiom igerfaperof Wb 04 igserfigiredia pr@fl@%@ boariag pwace jor
angul ar and radial stiffness is desirable to
fluidodympeivghitust Hearing §24e i ncr eased hei ghts. As confi gured,
the radial stiffnesses of fluid dynam c journal
be poouopBisplaeenesndlimdr wied 53 1ris picabd ®@lshaft He8 ablis disposed
i ncreasing the effective angular and radial stiffness
undet‘i#&@ f b1bital rifgazh. POKIdisI0 bivetl Mg $32rieb&ffigusedishel thal dh

is enbodi nent, fluid dynam c Journal bearing 520 is

ove % : ¢ sllaé‘xte"ﬁ)%'?s & SE&: Hl/é? bR Qf channgle 5328 Aandrdheskilled

om surface of shaft a result, positive
in th%é%%%a%ﬁa%?&s@ff%%&?&%@tﬁ%ﬂé9%15%@0m 246 2006 05RaR
oo R B R L P LR P g 30 R B
o T B b Byl fpoon
persons skilled in the art will understand that the

saff04gbneparons skillad infhe 3t vl reerien the asarriguoditte

in conjunction with FIGS. 3 and 4 apply with equal
motéraaseanbi 5 A0He geranalyi simier td ént pf HaB rediernassdmbl 609.uRBE | on

with FIG 5. [0043] FIG 6 is a cross-sectional view
différédcagtovetemniy tha FOEbmbal assemblyt®P hantveo fibididgnangly pamal

bearing notor assenbly 600, according to another
beartlgh STA@Ejnathi€jHaaRl BEming®$20 and 521, disposed between orbital ring 532
and shaft 508 as opposed to one. One reason for this configuration is that the heights of
orbital ring 532 and shaft 508 may be greater than those of orbital ring 432 and shaft 408
as depicted in FDB motor assembly 400 of FIG. 4. As persons skilled in the art will
understand, greater effective angular and radial stiffness is desirable to éompensate for
the increased heights. As configured, the radial stiffnesses of fluid dynamic journal
bearings 520 and 521 act in parallel, thereby increasing the effective angular and radial
stiffness supporting shaft 508. Another difference is that, in this embodiment, fluid

dynamic journal bearing 520 is disposed between recirculation channel 528 and the

bottom surface of shaft 508. As a result, positive pressure is maintained in a gap 550
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the invention. As shown, FDB notor assenbly 600 nay
include, without limtation, a base 602, a hub 604, a
WG b@enz09606, a shaft 608, a seal 612, a seal rpPeUSHA3/031137
a stator assenbly 616, a nagnet 618, a counter plate
630, a displacenent limter ring 631 and orbital ring
632. [0044] Sleeve 606 is attached to base 602 and

su rts FDB not |y 600. As configured,
ben BB St T deeh 37 e P of eoruptmer 530, Among
configuyred such that seal ring 614 may be di sposed
Oth%ﬂ%lﬂgspﬁ*@memwpprsmq ingap £ 5% supplemenyshedxial dpices suberated by
.Shaft 608 is attached to hub 604, which is configured
fluid dynagritheshbratingss HMomdt526nal axis 611. Specifically,
magnet 618 is attached to hub 604, and the
el ¢@442dhggngterons sitiledintthomnt wilbtmReRndagN ele SAR paRdtal
stator assenbly 616 causes hub 604 to rotate. As shaft
prin6ipRs asd cactpehseribed Mok HQUnushRiwiBPBIILE3LES BP9t
rotational axis 611 as well. Orbital ring 632 TS

equdlif5i@ ale BREVBABNIIEEIRd 0K 3R gon?l!ﬁﬁiifvn Wﬂ@gil S

configured to rotate about rotatfona axi's 1 at an
angul ar velocity that is |less than the angul ar
velocity of hub 604 as previously described herein.

O Bida | | s. further configured.to include g 21

VO ST B3 SRt TRty S el i ot o T

channel 628. 1n di.tion, EDB notor assenbly 600 al so
i SR ing orgresth EDLASORSIE 0 Tstshalb e ot of
the i reLoadin%Hforce is exerted on hub 604 as previously

© IHELEPPpR8 Shpate FRB ofonaysemblypsmay ingleds, withows linfipEon, a

notor assenbly 600 includes fluid dynam c journa
basei02: 2 itp604ppsleqye £06.6p5haf 68860821114, 4 $eal dngl§ W mistator

thrust bearings 624 and 626. Fluid dynam c journa
assepblyrGlfgeme@st GHY agRuntar datd 63 astisldemestdinict Bing @B 1 khd1g

632 and shaft 608 on opposites sides of recirculation
orbitghamg@2. 628. Fl ui d dynam c journal bearings

[0044] Sleeve 606 is attached to base 602 and supports FDB motor assembly 600.

As configured, sleeve 606 is stationary. Sleeve 606 is further configured such that seal
ring 614 may be disposed within the top portion of sleeve 606 as depicted. Shaft 608 is
attached to hub 604, which is configured to rotate about a rotational axis 611.
Specifically, magnet 618 is attached to hub 604, and the electromagnetic interaction
between magnet 618 and stator assembly 616 causes hub 604 to rotate. As shaft 608 is
attached to hub 604, shaft 608 rotates about rotational axis 611 as well. Orbital ring 632
is disposed between sleeve 606 and shaft 608 and is configured to rotate about rotational

axis 611 at an angular velocity that is less than the angular velocity of hub 604 as

previously described herein. Orbital ring 632 is further configured to include a
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622 and 623 are di sposed between orbital ring 632 and

sl eeve 606 on opposite sides of recirculation channe
WG2®4/089968 d dynam ¢ thrust bearing 624 is di sppGEUS2003/031137

between orbital ring 632 and an overhang 607 of

sl eeve 606, and fluid dynam c thrust bearing 626 is

di sposed between orbital ring 632 and counter plate

ok SRRRGE N R O S T IER o b o
nfi ured prOV|de a bearing surface for fluid

suc tﬁ n%egqlqﬂgigefg@e is iR RYLP4 SHEPRHom
surface of an over hang 607 of sleeve 606 is configured

describephsginde a bearing surface for fluid dynamc thrust
bearing 624. Seal ring 614 is attached to shaft 608
an@0(4$] Ao RIG. gualsecshpwys JfRY inddorasssehly 6lrificiodesélad dynanhie
extent that seal 612 conprises a capillary seal

jourhdl ®éating®b 3| l6at.es2e mind 62 3rbiicfluid idpgantd thris badrings 624 atid626.
shaft 608 and is disposed under part of orbital ring

Flulﬁa nantib jeuetl béadings OMRiIRI 28D disposedibtRMaFHIN ing 632 and
ital ring 63% As persons skilled in the art wll

shaft @W&f‘éﬁ)@sﬁeg LR GGBERMatioh ThirRE] 428N 9*11@@ dy:Biflc %d%l\ﬁ?dq BaRggs
607 are configured to act together to limt the upward

622 Qhé @iﬁj’gﬁ‘f‘tg H@g(%e@ f)etj{;vlépn gr%4tal r@&?&?%ﬁ& tslegv%%dén)% gE&%ergﬁfeQ bf

asse experiences acenent shock

B S BITAE BEFTE o5 YR 2000 3580 g
ring 338 8 4508 Bbé%%%%r%ﬁ@g bR rsChamBe A or

assenbly 400. One dlfference however, is that FDB
dlspﬁiﬁd&Ft“éF% erbipL T2 andicqwaer lgls 689-ui d dynani ¢

bearin fluid dynam c journal bearings 620 and 621,

di i%égﬂomrw@é«‘nﬁﬁ Isiattaghed ithg)ey8 806.a ek wh shfacg O coumer

two fluid dynam c bearings, fluid dynam c journa
platdéH is kgeighd taprbvide a bearing surface for fluid dynamic thrust bearing 626.

In addition, the bottom surface of an overhang 607 of sleéve 606 is configured to provide
a bearing surface for fluid dynamic thrust bearing 624. Seal ring 614 is attached to shaft
608 and is configured to provide a seal surface 613 to the extent that seal 612 comprises a
capillary seal.

[0047] Displacement limiter ring 631 is attached to shaft 608 and is disposed
under part of orbital ring 632. In addition, overhang 607 is disposed over orbital ring
632. As persons skilled in the art will recognize, displacement limiter ring 631 and
overhang 607 are configured to act together to limit‘ the upward displacement of hub 604
and shaft 608 when FDB motor assembly 600 experiences displacement shocks in the

axially upward direction.
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623, disposed between orbital ring 632 and sl eeve 606.
One reason for this configuration is that orbita

WO povg/o8R23 and shaft 608 may have hei ghts that BEBUS2003/031137
greater than those of orbital ring 432 and shaft 408
as depicted in FDB notor assenbly 400 of FIG 4. As
configured, the angular and radial stiffnesses of

fluid dynam c j.ournal . bearings 620 and 21 and

1 Bb o Sal R Rt o855, BRGonSatulh beR DB

paral |l el , thereby increasin the effecti ngul ar
motog ggserplyi G0 isgenerely sunilas i et ot FPR moter &Fsem\{’ﬁvg?%é é% d

shaft 608. As previously described herein, increasing
diffetemee, &b evsri iy that BRBanoter ass¢midly 00 siepidasaciduid dynanpe

i ncreased heights of orbital ring 632 and shaft 608.
beariAp it dyabffgpenalebehgngshR0,and 02 1, Wiisposedetychieneritital fihg63P

dynam ¢ journal bearings 620 and 622 and fluid dynam c
and dhBft 698 andie@ g dHdniabearthigs Fus@dydasticyeamal Baiingub22tandn

channel 628 and the bottom surface of shaft 608. As a
623, taﬁ;?yéeh belkReh bibYiSl HEFIUNE sleSvdBIN tGHEM0h Forahid @bnffation

between the bottom surface of shaft 608 and the top

is th%%éﬁi?? fn@b3 LTS 668 fi’itag h%gégleig‘ﬂ'@ﬂ& 228 BeStefl RN IDse &he

Itive pressure in ga suppl enents the axia

oo EFEBEARISHALFI Pic Ly ARG P Eees 21

cont{E}Rc it PGP A AD00R T 0] IRRI DR, eoRr 2040

t hrough 5 apply i th equal faqr tq the odj nent .
21 ke BTGV CIHPOHAR B O 64 FEPRSLG: g sbypeieasing
2004/ 029953 PCT/ US2003/ 031137 [0050] FIG 7 is a
the effeetivs-angelai andapdiel stiffnpssisurnariang er§ital 5ing 087 end shaftyS7 2
ina fluid dynam c bearing notor assenbly 700,
prevauslyrddsanied ereinoinbreasiag the effattive eadiatisttihess nempgnsatehor the
i nvention. As shown, FDB notor assenbly 700 nay
incrdaped hekhts ofickitaliting 633 4ml shafi 608 Abether difigdrenee ik that, Dthis a
sl eeve 706, a shaft 708, seals 712 and 750, a stator
emb@&EHRAD FiMid @Bamic journal bearings 620 and 622 and fluid dynamic thrust

bearing 626 are disposed between recirculation channel 628 and the bottom surface of
shaft 608. As a result, positive pressure is maintained in a gap 650 between the bottom
surface of shaft 608 and the top surface of counter plate 630. Among other things, the
positive pressure in gap 650 supplements the axial forces generated by fluid dynamic
* thrust bearings 624 and 626.

[0049] Again, persons skilled in the art will understand that the same general
principles and concepts described above in conjunction with FIGS. 3 through 5 apply

with equal force to the embodiment described above in conjunction with FIG. 6.
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a magnet 718, a displacenent |imter 731, orbital ring

732, a netal ring 760 and a top cover 770. [0051]
w@B2®e/07023 conpri ses a nonmagnetic materi al SuchCHEHES2003/031137

al um num Shaft 708 is attached to base 702 and

supports FDB notor assenbly 700. In this enbodi nent,

shaft 708 is stationary Top cover 770 is attached to

Zﬂ? %gé : 159 %:g%ﬁgi' hlus{r&iﬁlg%ﬁ‘éﬁﬁtal AKO73B1n a fluid

0 sha a screm1t hrough a t hreaded
710, b 70 f
o S R ooCR R Gl o S bgfnt o
ttached 704, d | ect
eSS 50T e W R A MRS i

716 causes hub 704 to_rotate. Slee & IS atta q 2
base 702, aitsb 704 ociiReve 806 bR BRYFeals B Gk SHPLAsHEDI L6,

well. Obital ring 732 is di sposed between s| eeve 706
2 magmad 7% afdisplaragentianites 73 b otbitsl Fing 73% amstal rwe 68 gpd a top

rotational axis 711 at an angular velocity that is
covet BB than the angul ar velocity of hub 704 as

previ ously described herein. Orbital ring 732 is

f U%)UB'E]VBa@@ nfd @uiRited Ondmcdguetic Mategaisncidsaiuninumh shag[708
[0052] FDB notor assembly 700 also is configured

is atBdeh & BAE 78 g@d&f& 518 nfdor aBdepibDATIONdn fids e@bbdiment, shaft
© exerted on hub 704. Specifically, netal ring 760

708 ﬁ%ﬁ%@g’s@; RY ik %ttmts@{o s‘ﬁHﬁ bo@SInam@%ﬁibe&nfe% 163 @Rkr
r on st

eel I'n such a configuration, a

770 éﬁ(ﬁ{%d %%%‘ggg vﬁ{tﬁ%@?%&fth{o%r G élgr@ai%gglgle% At I—Rlﬂl7b§ is
conf&%geﬁg}g g(%%g ?ﬂ]:c) gtlongf%gez ]Z egpggl ical gama%elii F}'(fg Oz{%a{ed to
2004/ 029953 PCT/ US2003/ 031

b o (PR RERelS ST POt orh BRRRG Y Pl %tawfg?ﬁls@y

journal bearings 720, 721, 722 and 723 and flu
716 cpmesrhivk 70 tapotate e&pw&;&@é W'maglpmi tg agb 704 and rotates about

* rotational axis 711 as well. Orbital ring 732 is disposed between sleeve 706 and shaft
708 and is configured to rotate about rotational axis 711 at an angular‘ velocity that is less
than the angular velocity of hub 704 as previously described herein. Orbital ring 732 is
further configured to include a recirculation channel 728.

[0052] FDB motor assembly 700 also is configured such that a downward acting
preloading force is exerted on hub 704. Specifically, metal ring 760 comprises a
magnetic metal such as a Series 400 steel or a low carbon steel. In such a configuration,
a downward acting magnetic force results that pulls magnet 718 (and hub 704) towards
base 702. The magnitude of such a magnetic force is a function of, among other things,

the size of a gap 761.

24



Fl uid dynam c journal bearings 720 and 721 are

di sposed between orbital ring 732 and shaft 708 on
wWoppes2ees sides of recircul ati on channel 728.PE/usz03/031137

dynam c journal bearings 722 and 723 are di sposed

between orbital ring 732 and sl eeve 706 on opposite

sides of recirculation channel 728. Fluid dynamc

t72r£ R@ %‘Ed? n7gal?z Zsﬁol:vgolgﬁﬁ ?ﬂ rdasgé%{%gdb ) él%sq{uld (ri:{m% ic

an over eeve

. dynam. [ dlsp sed betme
Joufs%@e%%gst7?%?§5;s§ 3179 FROMR oy Ot BATEH S A% P
placement limter 731 is attached to sl eeve 706 and
Flulfi §Y‘&361HF IQJimad Bearges prbanddid 1 arsdigpossd petwesn orbial iggi/3d and
extent that seal 750 conprises a capillary seal. As
shafs Fofwn oppiesites sidesefiteeinaulagion ghawehE8mdiiid dymamie joupsd beagings
di sposed under a flange 709 of shaft 708. As persons
722 ghd V2%kateidispoded betmeembibital it and sledvesiiioanapporite sides of
limter 731 and flange 709 are configured to act
recifcORdbi lianhel 728 NFluid dygabhpyshfht BhaSinp d2€1¥RKNposEd Hetiteeh Qfbital
when FDB notor assenmbly 700 experiences displ acenment
ringFNQGKS ark By FBT 8f d1¥eve OB fhd Huli E&fnaRib thhBPSRLng\926 is

persons skilled in the art wll recognize, the

dlspﬁé%‘afﬁe%eﬁto%?ﬁl &g @Bﬂnd@‘ﬁaﬂge 5% n%i?( 7680 is generally
simlar to that of FDB nptoOr asse ies 300. One

d' f ({)(%325‘1:5 lacgﬁ%ﬁ\ﬁ Ylgﬁtgr j7351 P Qﬁ& 'é?% ﬂ@efvg r7?(‘l§’jlg'ﬁc’dglgg&¥ﬁa%71[1]96% to

nam C ear

prodﬁ?enagse?gau 515 PR A A7 SRR SR i
722 7
oo 5 g TG s s e e

gp as _previously described herein, one reason for
708+ A gersersskiied i the artivgll prropmize.ahisplacement dititse 73 yend flange 709

stiffness supporting orbital ring 732 and sl eeve 706
are qopfigwiep énaratogethor totlingt the epwasletisiasegbutof bfib 70bwhen FDB

el enments. 25 WD 2004/ 029953 PCT/ US2003/ 031137 O her
motali ds$eantdn CeGexpatdnededitplecepreasdhiocles iafthe axddllyampivatd difection.

channel 728 and attachnent of

[0055] As persons skilled in the art will recognize, the configuration of FDB

motor assembly 700 is generally similar to that of FDB motor assemblies 300. One
difference, however, is that FDB motor assembly 700 includes two fluid dynamic
bearings, fluid dynamic journal bearings 720 and 721, disposed between orbital ring 732
and shaft 708 and two fluid dynamic bearings, fluid dynamic journal bearings 722 and
723, disposed between orbital ring 732 and sleeve 706. Again, as previously described

herein, one reason for this configuration is to increase the effective stiffness supporting

orbital ring 732 and sleeve 706 to compensate for the increased heights of those elements.
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shaft 708 to top cover 770. [0056] Again, persons
skilled in the art will understand that the sane
w@emwenzd9s3 princi pl es and concepts descri bed abP@BUSIW03/031137
conjunction with FIGS. 3 through 6 apply wth equa
force to the enbodi nent described above in conjunction
wth FIG 7. [0057] FIG 8 is a cross-sectional view
il lustrati an orbital ring 832 in a fluid dynamc
Othep guffefons 5 BeIBHe e BEREICS oS5 oueles) ey 145 Bthiment of
alternative enbodi nrent of the invention. As shown,
shaftef8 topgiovedBibl y 800 may i ncl ude, wi t hout
limtation, a base 802, a hub 804, a shaft 808, seals
810026A 850 persorstskilled ia dwamoiyl Bdestapditpi te syme gévovad)
a magnet 818, a displacenent |[imter 831, orbital ring
prin@@es amiccoaceptplesmibed aBRE.in O B@itiobahtFIGRS3 isouhtcaphbd
to base 802 and supports FDB notor assenbly 800. In
with g f@odRdha@ibodinbaidesd?8d kbovelidtdpiativn wha FIGOY.er
870 is attached to shaft 808. In one enbodi nent, top
cover 870 is attached to shaft 808 with a screw 810.
Hub 804 is configured to rotate about a rotationa

axfoPs P Gf F&%Ccirgé.sgs@&k&ﬁal %QQﬂsu‘tgélr?gae{éf?r@ﬁatl %%E\%g% 1%19 a f1{H40

804, an e el ectromagnetic In on be

. 818 t assenbl 816 uses hu 04 t
aynafFRO06LE AR B0, 155R0Rg ocplen S BRGile AP fedimenst
.and .shaft .808 d i,s conf.i d to rotate about .
the SR aaroR%: EOB otdh SSSamelR S Y ey st ¥tk nitaton,
|l ess than the_ angular velocity of hub 804 as i
base sﬁiﬂ }B’B%I% el ?P%é&alh 81 el 856y ppiatgr assprbly$30 (pastially
further configured to include a recirculation channe
showg,e magnehtidi & fisplacempmt Hovter 8Hs obital jngR30 and b dep eragr .
configured such that a downward acting prel oadi ng
f ol00&8]iShafs 863 isattachied hubaseB02 and syppens FDB nyototes ssmitihe 800.
herein. 26 WD 2004/ 029953 PCT/ US2003/ 031137 [0059] As
In thisle@bo8ingins ehafihRDASs strdifhampt Dop @ssEMoliy attRBed BGhARICSS. n
fluid dynam c
one embodiment, top cover 870 is attached to shaft 808 with a screw 810. Hub 804 is

configured to fotate about a rotational axis 811. Specifically, magnet 818 is attached to
hub 804, and the electromagnetic interaction between magnet 818 and stator assembly
816 causes hub 804 to rotate. Orbital ring 832 is disposed between hub 804 and shaft 808
and is configured to rotate about rotational axis 811 at an angular velocity that is less than
the angular velocity of hub 804 as previously described herein. Orbital ring 832 is further
configured to include a recirculation channel 828. In addition, FDB motor assembly 800
also may be configured such that a downward acting preloading force is exerted on hub

804 as previously described herein.
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journal bearings 820 and 822 and fluid dynam c thrust

bearings 824 and 826. Fluid dynam c journal bearing
W@2@4i0%9963 sposed between orbital ring 832 and BGEDS$2080&1137

on one side of recirculation channel 828, and fluid

dynam c journal bearing 822 is disposed between

orbital ring 832 and hub 804 on the opposite side of

R i R
Jouraﬁ%@s%“ U I o PGBl AR 1355 P

[ 0060] splacenment. limter 831 js attache b 804
dynagmig J?lgm? SFFTIg A ds {1161’055‘? b avid amg&’é? P‘é‘g %ha%s&P%toa one
the extent that seal 850 conprises capillary sea
side 8§ reciymafipn chaenel 828, s0d ﬂa@eiyaﬂmwugtpndd@mﬁ 822 igdispesed 31
i s disposed under a flange 809 of shaft 808 such that
betveties pitatebrimgnd 32| aindibire 804881 theiopposite tside ofipsercwation channel 828.
di spl acenent of hub 804 when- FDB notor assenbly 800
Flui@ Xpedanhie faess bekiriigl 82e endingossdibatisen dibita) @ing 882 bhd/hutp8ei shd
direction. [0061] As persons skilled in the art wll

fluid @EREHE Bfust bdafing 896 1s@pabddMetvaden biRal il 832 ARISAATREYS.
800 is generally simlar to that of FDB notor assenbly

30 006@]191s dedd &k BRGRr STONEUEhed toshlﬁorb@h aRf B Joﬁhgﬁﬂe&‘g)
|ncludes recircul ati on channel 828. Anot her

proxgalé d ?ervﬁ cé $1td Ph ALt B‘EP Qb 95]:0 %Hsesgao flﬁr}; &gl C&Q’ er

nay reqU|re the use o sea

under s I'NCI

508 ERRg g PSRBTy R b eGPy eSS e

descri bed above in conjunction with FIG 8. 27 WD
FDB poipr gssonbly S00pressiness/displapgment[shopss n the @xially ppward
_ cross-sectional viewillustrating an orbital ring 932
diregtipna f | ui d

shown he P gur ceR5 als{)llﬁ(éé) mltgrf] é‘jrl 4p Sls%(%sed unc?elr a ﬂtan%e éd9 of shaft

[0061] As persons skilled in the art will recognize, the configuration of FDB
motor assembly 800 is generally similar to that of FDB motor assembly 300. One
difference, however, is that orbital ring 832 includes recirculation channel 828. Another
difference is the attachment of shaft 808 to top cover 870, which may require the use of
two seals 812 and 850.

[0062] Again, persons skilled in the art will understand that the same general
principles and concepts described above in conjunction with FIGS. 3 through 7 apply

with equal force to the embodiment described above in conjunction with FIG. 8.

27



dynam ¢ bearing notor assenbly 900, according to
anot her alternative enbodi nent of the invention. As

WG bawi2995DB not or assenbly 900 may i ncl ude, w PEDUS2003/031137
limtation, a base 902, a hub 904, a shaft 908, seals
912 and 950, a stator assenbly 916 (partially shown),
a magnet 918, a displacenent limter 931, orbital ring

9320 RAYFR. 0P, g&gﬁgecg&pﬂ V{Fe%%ﬁﬂgtraﬁgggﬁ 012)% ﬂ;/r?gg%tlﬁﬁpﬁlgd

to base 902 and supports not or - ass
Y ' 8. s.stationary... Top.cqver

ayndti SR I ey BV 3hb, 4B 0ia8 R B PR Ry

cover 970 is a ched to shaft 908 wi.th a.screw 910.
the g A9 $hovet PP BE P PG R0 BB i B e 2

axis 911. Specifically, magnet 918 is attached to hub
basegy2, a AR W shaft0By %?ﬁ%g?ﬁ%tap‘% 950 p st epEAbBEY Mcpartially

magnet 918 and stator assenbly 916 causes hub 904 to
showryy 3 magneatd b, taalisplacargerg dimites 931, opeitab tingd 832w toplo B0 470.

and shaft 908 and is configured to rotate about

r o{QO6H bBIzft WSiisatBithiedap base WAgnt anppoetk DBt motoh adsernbly 900.

| ess than the angular velocity of hub 904 as

In this @vbaditaény, sties 008 zachtibrare] Mop vk DAY isfattiched 82sHaft 908. In
further configured to include a recirculation channe

one 83BodilBni@dichi @970 kB bmIas siFsRERlivh HQPew 8l ¢ IRy, R
configured such that a downward acti ng prel oadi ng

confi &0 ir&ftggggﬁt%%gﬁg?ﬁé}' Bxis 991 @RI, %%%L%D ﬁg?éza{tla@ﬁéa to

her ei n. ] 9 al so 'shows,” | _

hub 968§ joQuLNal. bearin

o SRR RIS OER- L T AT DELL NS
26. FLu dynam.c .j pur nal, bearing. 920 is .di spose

916 8Rtuly P 118 D685 G ™ BRie £ S R B st sos
dynapi c journal bearin 22 is di sposed between .

and TR ﬁOﬁ@ta%éO‘&ﬁataH%ru@? 861 01 R ARG SRRty tht dssless than
bearing 924 is di sposed between orbital ring 932 and

the amgplatyrloGtyy of heb 894ks previoysbideserihedthietsin. CPrbitalingd¥®, is Gumdher
fluid dynam c thrust bearing 926 is disposed between

configupsidi tg linglydeg redulatidn sheahel 92838 Inadditive, BPBasdtbeassémlely 600
recircul ati on channel 928. 28

also may be configured such that a downward acting preloading force is exerted on hub

904 as previously described herein.

[0065] As FIG. 9 also shows, FDB motor assembly 900 includes fluid dynamic
journal bearings 920 and 922 and fluid dynamic thrust bearings 924 and 926. Fluid
dynamic journal bearing 920 is disposed between orbital ring 932 and shaft 908, and fluid
dynamic journal bearing 922 is disposed between orbital ring 932 and hub 904. Fluid
dynamic thrust bearing 924 is disposed between orbital ring 932 and hub 904 on one side

of recirculation channel 928, and fluid dynamic thrust bearing 926 is disposed between

orbital ring 932 and shaft 908 on the opposite side of recirculation channel 928.
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WD 2004/ 029953 PCT/ US2003/ 031137 [0066] Di spl acenent

limter 931 is configured to provide a seal surface
wOab4nzr9she extent that seal 950 conprises a cBEI/UBANY031137

seal . Displacenment limter 931 is further configured

with a lip 933 and a shoul der 934. As shown, |ip 933

i s disposed under part of hub 904 and shoul der 934 is

oo BV B iselngn it Bl {15 s pBiRGA A1 o the

ether tolimt the upwar. d_di spl acenent of_ . hub 904
extewrfgﬁ e SR P1BPrisgs 3 é’ﬂ%ﬂ%fy gerd Bigplacrppntdignifr 23 15
shocks in the axially upward direction. [0067] As
confimiredowith 8 kip OB end msllohléela 34. vidy showacliyPi3zie dispered under part
configuration of FDB notor assenbly 900 is generally
of heh 904 aud shoulddr&B4 of dispoB:dnintchrse aasdmnity to Bilkhige IDeof shaft 908.
di fference, however, is that in this enbodi nent
As coffigured)1ipta3s and shnarder 9BP4kt toasthar todinkit thahipwardslipieesest of
to a horizontal, orientation. [0068] Again, persons
hub 964 WhedFDB rhdié: a§§ethMr bbo sAERadph&iAent R cIEANEhe axially
general principles and concepts descri bed above in
on with FIGS. 3 through 8 apply w th equa
o ?%gﬁﬁ%ithe enbodi ment descri bed above in conjunction

(51)6% EF PgrSorIs%Qﬁg%)l F&l?art :lxgll ré}agﬁl% NGOK co?iﬁ%&rgﬁ)& f P\ﬁ}?w

Fust an or ynam C

bear or as rdin n e

motch gy PUL S ERTTERLrgp T REFD AP TS 9@2 e
FDB not or assenbl 1000 may i ncl ude, )

ditFarege B o, 15Aa s PRSIt BRRFO g6 © n%q? et basposstical
shaft 1008, a seal 1012, a seal ring 1014, a stator

as opposedrisl ahorgamal, erigpégiioet 1018, a counter plate 1030, a
di spl acenent |imter ring 1031 and orbital ring 1032.
[ 00GBR] Skzeversbo0ills! iatheahwidl woletstend t0 02 same general
supports FDB notor assenbly 1000. As confi gured,

prinsibkee wsd ddh0épts desearitaetliaboa ivi.coffluadioa vHGOHGSS 3 throddhed apply
configured such

with equal force to the embodiment described above in conjunction with FIG. 9.

[0069] FIG. 10 is a cross-sectional view illustrating an orbital ring 1032 in a fluid
dynamic bearing motor assembly 1000, according to another alternative embodiment of
the invention. As shown, FDB motor assembly 1000 may include, without limitation, a
base 1002, a hub 1004, a sleeve 1006, a shaft 1008, a seal 1012, a seal ring 1014, a s;tator
assembly 1016, a maénet 1018, a counter plate 1030, a displacement limiter ring 1031
and orbital ring 1032.

[0070] Sleeve 1006 is attached to base 1002 and supports FDB motor assembly

1000. As configured, sleeve 1006 is stationary. Sleeve 1006 is further configured such
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29 WD 2004/ 029953 PCT/ US2003/ 031137 that seal ring

1014 may be di sposed within the top portion of sleeve
wao®é/oz®szlepi cted. Shaft 1008 is attached to hedr/uS®A3/031137

which is configured to rotate about a rotational axis

1011. Specifically, magnet 1018 is attached to hub

1004, and the el ectromagnetic interaction between

net 18 and. stator,_assenbly 1016 caus ub, 1004
that 53 fing; g.ma e%gsn withinihe dondartishepleeye Q'hg] afsignicted.
shaft 1008 rotates about rotational axis 1011 as wel|l.
Shafi09R dpatiaphedgo e 0045 which jpeendizhred ip ttate ploat @ rataigmiabaids
shaft 1008 and is configured to rotate about
1011y Spenifienllal magnet 1018 1g attachedhtodnly U084, aué Heeldoyromhgrtetic s
| ess than the angular velocity of hub 1004 as
intergetion betwskly mdgsc i 0 18ead kew@iassenibly dldichisesn hu-D4notraibte. As
assenbly 1000 al so may be configured such that a

shaftd 0US WaittdctRE td D 1002 Dafdi1008 FoditeLabott 1BHEbAR 8xi8N 01 Nidwell,
1004 as previously described herein. [0071] As FIG 10

Orbitd] §8 FIRUSdisFdol! Bl &in A&HE THHY ankOPs: 1 HSH éﬁQQ&%Jff%hféd to
dynam c journal bearings 1020, 1021, 1022 an 023

rotat & u 1d .tgnQ%Qgﬁbﬂg Légxgulgxe{?‘%%&%%%glggqgag&ﬂfég%éﬂar

uird dynam c journa arin

o SPRRE SO R e b 564050 Rl

di sposed between orbitagl ring 1032 d.sl eeve, 1006.
1000lSGiTER i PR VT 58 05 & B RS g Reeloging feerisisasiadenm

orgital ring 1032 and .an overhang 1007 of sl eeve 1006,
hub 1004 a3 preyigusiydessHbed hereilst bearing 1026 is di sposed

bet ween orbital ring 1032 and counter plate 1030.

[ OO AsdUift Et algst shows. 1138 masorasseatiie H040gnelndas\flnid dpemic

The top surface of counter plate 1030 is configured
journplobegrings 920,408 &ai0RA gnd Li0F3aemd ffuid dfdamicithdighiseiriogd H2dsind

bearing 1026. In addition, the bottom surface of an
1026 o0 ¥afihangnidjddmal beatingy 20006 1031 &0 dispered Bekween orbital ring

1032 and shaft 1008, and fluid dynamic journal bearings 1022 and 1023 are disposed
between orbital ring 1032 and sleeve 1006. Fluid dynamic thrust bearing 1024 is
disposed between orbital ring 1032 and an overhang 1007 of sleeve 1006, and fluid
dynamic thrust bearing 1026 is disposed between orbital ring 1032 and counter plate
1030.

[0072] Counter plate 1030 is attached to sleeve 1006. The top surface of counter
plate 1030 is configured to provide a bearing surface for fluid dynamic thrust bearing
1026. In addition, the bottom surface of an overhang 1007 of sleeve 1006 is configured

to provide a bearing surface for fluid dynamic thrust bearing 1024. Seal ring 1014 is
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to provide a bearing surface for fluid dynam c thrust

bearing 1024. Seal ring 1014 is 30 WO 2004/ 029953
weROnANSsReN3/ 031137 attached to shaft 1008 andP@€BHUS2003/031137

configured to provide a seal surface 1013 to the

extent that seal 1012 conprises a capillary seal

[0073] Displacenent limter ring 1031 is attached to

shaft 1008 and.is di sposed under . palt ptal rin
atachiyiio shaih 03 e BB Featg Yo so3 Sitbies SR LDy ot et i
orbital ring 1032. As persons skilled in the art wll
seal FH@sgnipziges agppifpyEgdent |inmiter ring 1031 and
over hang 1007 are configured to act together to |limt
t h@OoURMRisplactinepl liniseraing 1681 knastachied b shafidl 0B and isidigpesed
when FDB notor assenbly 1000 experiences di spl acenent
undes pare kforbita) rinp @03 i Ialadgitiopyeverthadg i @7tis dispoded 0¥er] orbigal ring
persons skilled in the art will recognize, the
10326 Q0 peioh A§ i iR EheFdoBwil IRt 6inizes dieptideyhed R Qitérgingei0d t ahd y
simlar to that of FDB notor assenbly 600. One
over%in%ﬁ@b? BERon e Blact togeth&lab LithEnERwdrd @iésgﬁ%}héht 006b

0€s not include recirculation channel 8 of FIG 6.

[/ i lehdbB1 000 ekPiicbds d¥pld t shock
1004{1‘% esrﬁ%c,ffm‘?ﬁgt t%gl%g)éﬁééegeﬁgr al © rlienci p}mgs cgrrrllgln SHOCKS
o thS QNC ts dg cQ%bed above in conjunction with FIGS. 3
in thE Rria g pPed A

e i t h equal force to the enbodi nent
descripbed above .in copjunction wi.th FIG_.10..[0 In
S U7 s S I & i, B oo B A AP AR o
notor assenbly configured with an orbital  ring.
ot @pieebls OO REEPEB ML 4308t K IR e e
~_or shaft that is configured either to remain | )
diffesanat,ihomarsy, i6 that EDBoneteeasspblyd§0G does gt delude FRsEFulpting
is configured to either to remain stationary or
channelt @Bef FIG 6sone enbodi nents, the outer nenber is a

sl eeve and, in other enbodinents, the outer menber
[0075] Again, persons skilled in the art will understand that the same general

principles and concepts described above in conjunction with FIGS. 3 through 9 apply

with equal force to the embodiment described above in conjunction with FIG. 10.

[0076] In sum, the above discloses several embodiments of an FDB motor
assembly configured with an orbital ring. As depicted, the FDB motor assembly has an
inner member or shaft that is configured either to remain stationary or to rotate and has an
outer member that is configured to either to remain stationary or rotate. In some
embodiments, the outer member is a sleeve and, in other embodiments, the outer member
is a hub. The orbital ring is disposed between the inner and outer members and is

configured to rotate at an angular velocity that is less than the angular velocity of the hub.
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is a hub. The orbital ring is disposed between the

i nner and outer nenbers and is configured to rotate
wa@eooam2esyul ar velocity that is |less than the BOUSAN3/031137

velocity of the hub. 31 WD 2004/ 029953

PCT/ US2003/ 031137 The FDB notor al so includes at

| east one fluid dynanic bearing di sposed between the

e or bi_t ring and at. | east one
The YD o AR netodse aF i 7 ShaLbhem B e i Se gt ron the
. ring and the quter menber. Each such fluid dynam c
inneryaerphei gndhths ophital Hagend aidesat ae fluiddynasa ksating disnessd
whi ch bearing fluid flows. As persons skilled in the
betwegntthe opbithl ringpad thezaterfrhemtrtr.dacisuch fwid diynaysic pearargias yn
are configured such that positive pressure is
assodi@edbeaaringckgion thﬂwglewhﬁ:hrbiem@ng fgd doss.bys pereonsuiilied ¢n the art
action of grooves. some enbodi nents, the orbital

will tetdpghidenhid d@Sandc baﬁinrgg gb@&a@rar@mﬁ@aled s 64y poBitive

configured to accommpdate bearing fluid flow induced

press@¥ ik BRidididlddn %@@%é%m@@@%lbﬁ&@b? tﬁ@éﬂrﬁﬁn SR QF grddhv S’IHr e

in the bearing regions e ad ant age of t

some' b odRh s E}é%%mh hﬁg 1&@ £ 5 pe%ﬂmﬁpt echlaffhei cﬁ %%énﬁg%}réd

consunme substantia power an s m
senbl hat do not Iude 0 bltaI
to acg;}n?{)] a?sbea%'m% Fl glldgceg bé’ h? ﬂlélgl fimn& ymgf enci Po%ontrol
eari.ngs |ncluded |n t he di scl osed FDB not or

,m3$3§§gﬂﬁ1e@?“ﬁ?%”ﬂ%creased sufficiently, the effective
radi al, angular and axial stiffnesses of those fluid

dynanic bearings do not decrease appreciably, vyet
resulting viscous torque |osses are substantially

| dR@¥7] Qreedeintagpeft moterasgsmbbesredaied iabext isboythey
wth reference to specific enbodi nents. Persons
all cogkirh¢ sdpstantialllydesapbwehtbavesimilar FDB Imaiordssesitdias tHahdd not
various nodifications and changes may be made thereto
incluté¢ dibiraltringe pPurtiendf fhe @ap tibe dItlafiled dgmintit bearm@slireRE@PE in
of the invention as set forth in the appended cl ai ns.
the disclosed FDB motor assemblies are decreased sufficiently, the effective radial,
angular and axial stiffnesses of those fluid dynamic bearings do not decrease appreciably,

yet resulting viscous torque losses are substantially lower.

[0078] The invention has been described above with reference to specific
embodiments. Persons skilled in the art, however, will understand that various
modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention as set forth in the appended claims.

[0079] For example, in each embodiment described herein, the orbital ring has a

rectangular cross-sectional configuration. In other embodiments, however, the orbital
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[0079] For exanple, in each enbodi nent descri bed
herein, the orbital ring has a rectangul ar

wee@ws®®exti onal configuration. In other enbodP@EHSNN3/031137
however, the orbital 32 WO 2004/029953
PCT/ US2003/ 031137 ring may have any type of
cross-sectional configuration that allows the orbital

ring to function as.intended. .Fo I [ .
ring Y SR 40 Ve ShBOUTHEHvR) Congian bt AR R el e g
triangul ar cross-sectional confj urati?n. Qs per son
functig as irsended  Forcexamplewin altepnsfiygembasiments. dhe et} ripg may have
configuration, the orbital ring may have three or nore
a triabgudari aneps-sentioaalesnfigiration. s pezwss slobed Bdhewyt Wilkise®izcon
each side of the orbital ring. In other alternative
with eidhadionfairstiont the otbsital tiag nayy hgvathiee lvawwrabearing sirfaces with
oval - shaped cross-sectional configuration. Wth such
at leat &RMHeing Wispbéedrvn dablesiE bi thabrbitaNghg ey othay eltdrnagiver mor e
beari ng surfaces so long as each stretches over an
. i d¥ BaSt 2 0Ef1B4r Rl ALsRAldd\eoss-sectional
emb%ﬁ@%ggﬁgﬁ%gfﬁgﬁg éﬁbss-section of th?sorbital ring my
faur _ . : . -
conﬁ%ﬁrraglgrgi {ggtg .sﬁgnef‘éog‘;i:igxga&%ff,Qh@&_bltﬁ%rﬁégﬁ’eﬂ/ 1Y tdorf AR bfélﬁrlmg

led in the art therefore w
[ t hat h - ' I ' j f
surfop R 4t Yl P 06 SADP PR ey FERE SRR e
e st g Be m e S & VTR o

the surfaces of the orbital ring., A so, variqus .
polygachaving| fiye iob MoEhEdFe |Pefse%%lﬁ‘ﬂ&&r“gfhe@ﬁ%tg?fﬁéf%‘éﬁﬁl?‘?ﬁ?%%dhﬂ
to achieve various fluid flow and pressure bound rg
the aresardéctionsl cerfigveationpf thi erbisal gag Byne way Umits e sqers %ﬁ e
requi renents. [0081] Further, any enbodi nent of the
inveRtidB. not or assenbly may be included in any type of
el ectronic device that may use a precision notor. Such
el poBUjaRiadditley,iag Suitablechuntber offluit dytanhit bedraigs ory bany
type of magnetic disc drive or optical disc drive or
disp&43Y along any of the surfaces of the orbital ring. Also, various recirculation channel

configurations may be employed to achieve various fluid flow and pressure boundary
condition effects as dictated by individual design requirements.

[0081] Further, any embodiment of the FDB motor assembly may be included in
any type of electronic device that may use a precision motor. Such electronic devices
include, without limitation, any type of magnetic disc drive or optical disc drive or any
type of optical disc player such as a compact disc player or a digital versatile disc
(“DVD?”) player. | |

[0082] Finally, the fluid dynamic bearing assembly disclosed herein has been

described in the cdntext of various embodiments of an FDB motor assembly. The fluid
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type of optical disc player such as a conpact disc
pl ayer or a digital versatile disc ("DVD') player.

WO 0®3Ma29953 nal |y, the fluid dynanm ¢ beari ng asseemiUg2003/031137
di scl osed herein has been described in the context of
various enbodi nents of an FDB notor assenbly. The
fluid 33 WD 2004/029953 PCT/ US2003/ 031137 dynamni c

cmagiep iy Ao AT o e ey oo sEBHURT R BE Syl BFpparaus

person ordinarily skilled in the art. FEor exanple,.

o5 ey rpOPTiie 14 Regesd, oSN SBHER PPt aFot RRP e A B8,
outer race and an orbital ring with flujd between,
cartriggesokash SEEPTIBRE ANHMEFASE, 3 OYREAC IR ) P8 bl
could be used to support a shaft and a sl eeve for
betweanl aggroave secitcatand wachy eftheaiohergnd opigt races coyad be Beedrtp pypport
as previously wused. The cartridges wul d be spaced
a shaftlagd g slebee fohadidtivametatian kepldomgpr mirad el beayings evprdwiousine

requi site axial and radial support. [0083] As the
used| PhEERIHAGeSPONS be kfRedlf66F hp shaFnundanshldibapichgded®tprovide
forth herein should be regarded in an illustrative

ﬂwr%%%?ggm£n93r9&5ﬁ§$ﬁ&ﬁtive sense. 34 WO 2004/029953

U52003/031137 VWHAT IS CLAIMED IS: 1. Afluid
CIRBF GRS s SR B SSSAIELY ot v

shouffRapefiin R i GAR At ESABHLOM B8 8 5 e
bet ween the i nner nenbe} and the outer menber, the
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orbital ring configured to rotate about the rotationa
axis at a second angular velocity, the second angul ar
WO 2008029993 bei ng | ess than the first angul ar vECDUR1093/031137
2. The assenbly of claim1l, further conprising a first
fluid dynam c bearing, defining a first bearing
regi on, disposed between the inner nmenber and the
i tal, .and a second fluid dynam c beari ng,
Vﬂi@t?$§ﬁﬁgﬂ§ﬁg§%ond beari ng region, disposed between
the orbital ring and the outer nenber. 3. The assenbly
of claim2, wherein the first fluid dynam c bearing
and the second fluid dynam c bearing are configured
L sue fluiddnapisshearipe motwg8gmely, Siemasontbly pruprising: he fir st
bearing region and the second bearing region. 4. The
as&eindrynesiber] ai m 1, wherein the orbital ring is
configured with a rectangul ar cross-section. 35 WO
2 0l H9mh P Ea Al gHP4AA3 ridit 2Bout a Dotathorfal bitiel aclyMdtarGular
bearing nmotor assenbly, the assembly conprising: an
i nner m%ﬁbayﬂman outer nmenber configured to rotate
about a rotational axis at a first angular velocity;
ang, it &ia?td@pogadrww@eeﬁ RRSEEL: %‘iﬁ’M%PEh& {ie oheapﬁ%mmgr
and the ou nber, the orbital ring having a
recirc g%ﬂg t
the r otLHa{?l:idcl) %gtg% ? d tgg&%tgggéld %r%%ln%ﬁal aSZ]tsaJt § Feac%&r

ar ve

d | a8 han, th
angul ar EFb 5 bkl Solifr(oRy bEPaId Bon M,

conpr|§&£%mﬂw$&g} fluid dynan1c beari ng,
2. The assembly of claim 1, further comprising a first fluid dynamic bearing,

defining a first bearing region, disposed between the inner member and the orbital ring
and a second fluid dynamic bearing, defining a second bearing region, disposed between

the orbital ring and the outer member.
3. The assembly of claim 2, wherein the first fluid dynamic bearing and the second
fluid dynamic bearing are configured such that positive pressure is maintained in the first

bearing region and the second bearing region.

4. The assembly of claim 1, wherein the orbital ring is configured with a rectangular

cross-section.
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defining a first bearing region, disposed between the

i nner nenber and the orbital ring and a second fluid
walyvanewesheari ng, defining a second bearing repCDOS2003/031137

di sposed between the orbital ring and the outer

menber. 7. The assenbly of claim®6, wherein the first

fluid dynam c bearing and the second fluid dynamc

bear gare.c nfl at i.tive pressure is
> gfiw g by %rtassegg’gf’h}w eé"a?léﬂﬁo‘g S$e second

bearin e 8 The assenbl y of claim6, wherein
th@1WB%i @%%%ilon channel is configured to

accommodat e bearing fluid flow induced by the first

f 1 & entefyReRbe corBigyredjiogpigtetahent agetatipnl fakagiatia Gyshamgutar
bearing and to control pressure in the first bearing

r egi on alerityhand second bearing region. 36 WO

2004/ 029953 PCT/ US2003/ 031137 9. The assenbly of

cl ai orbfal rilyetigiosed Yeew@nhd idherthdigbdr and thefou b hRehbwt, i a
rectangul ar cross-section. 10. A fluid dynamc

bear i ngorbRAlemgapsRER IYoirchRBorRSRaN lajd MYt B Yotai@ Iabout
i nner menber configured to rotate about a rotatlona

axi s atmardthiicnhl HROM 2A6cond S éﬁ%locﬁ? EQEQ%BH
and an orbital ring disposed between’the inner

and t heveg t?rbeﬁ;grfpsg tha, ttll;]eeﬁrlspe[n%{ﬂtag l’?lOCl yg conf i gur ed t 0

rotate a Fotati ona Second angul ar
vel ocity, the second angul ar velocity being | ess than
the first angular velocity. 11. The assenbly of claim

furt LS a first fl uid nam ¢ bearin
6. he assemq:ﬁy of 81an tlurtger compnsslng a first flu dy dynamic bearing, g
defining a first bearing region, disposed between the inner member and the orbital ring
and a second fluid dynamic bearing, defining a second bearing region, disposed between

the orbital ring and the outer member.

7. The assembly of claim 6, wherein the first fluid dynamic bearing and the second
fluid dynamic bearing are configured such that positive pressure is maintained in the first

bearing region and the second bearing region.

8. The assembly of claim 6, wherein the recirculation channel is configured to
accommodate bearing fluid flow induced by the first fluid dynamic bearing and the
second fluid dynamic bearing and to control pressure in the first bearing region and the

second bearing region.
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defining a first bearing region, disposed between the

i nner nenber and the orbital ring and a second fluid
walyvanewesheari ng, defining a second bearing repCDOS2003/031137

di sposed between the orbital ring and the outer

menber. 12. The assenbly of claim1l, wherein the

first fluid dynam c bearing and the second fluid

an1c r e.conf | ured such that posjtive
9. e BE oL T G e PR ALK conRBrRRgt & fispeular
and the second bearing region. 13. The assenbly of
crossee@iomh 10, wherein the orbital ring is configured with
a rectangul ar cross-section. 37 WO 2004/ 029953
PCT/ US2003/ 031137 14. A fluid dynam c bearing notor
assenbly, the assenbly conprising: an inner nenber
10. canfluidulyeginichenigimetonimethbly, the skmblyadongxisgat a
first angular velocity; an outer nenber; and an

Ohhiidrak mehibgr éinigaeeto Redyarint i RfationBEdxiIBATRE aafdart he
outer nenber, the orbital ring having a recirculation
channewe@agyconflgured to rotate about the rotationa
axis at a second angul ar velocity, the second angul ar

v%hg%L}ngﬁkpg gess than the first angular velocity.

& assenbl y of claim 14, further conprising a
firs UId d earin a first be |ng
: ahRlnite! HhE gRNARERERERR: e b el dpSr e e
or bi t al cond f|l ui a bearin
def i ni ﬁ@bl%%%a?ﬁ%lgwﬁ? o e fhe E?ﬂ:?ié B S
the orbital rlnq and t he outer menber

assembRYEBI elogitin thesecopdangiiar yelacity ‘?%ltg Hefsl}hfal g Heshi ¢

beari ng and the second
angular velocity.

i
11.  The assembly of claim 10, further comprising a first fluid dynamic bearing,
defining a first bearing region, disposed between the inner member and the orbital ring
and a second fluid dynamic bearing, defining a second bearing region, disposed between

the orbital ring and the outer member.
12.  The assembly of claim 11, wherein the first fluid dynamic bearing and the second
fluid dynamic bearing are configured such that positive pressure is maintained in the first

bearing region and the second bearing region.

13.  The assembly of claim 10, wherein the orbital ring is configured with a

rectangular cross-section.
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fluid dynam c bearing are configured such that
positive pressure is maintained in the first bearing

w0 e@itoerdshd t he second bearing region. 17. TheP@BE82903/§31137

of claim 15, wherein the recircul ation channel is
configured to accommodate bearing fluid flow induced
by the first fluid dynam c bearing and the second

flyigd.dynam.c, beari ng and ontrol .pressure in the
14 ¢ R GAPILE bR obn A AR eGP g on
38 WD 2004/ 029953 PCT/ US2003/ 031137 18. The_assenbly
of anpiraeTmember gaplieured tp gtats 2oyt rotaiapal pxis abmfiishunealer
with a rectangul ar cross-section. 19. A fluid dynamc
beari ng"e44®ibl y, the assenbly conprising: an inner
menber; an outer nenber configured to rotate about a
r otreQutema¢mberi andat a first angular velocity; and an
orbital ring disposed between the inner nenber and the

o udresrbite ningrdispoled betwdah el intiér mgensten b dthe ©dtet MefmBEalR
about the rotational axis at a second angular

vel oci tofbitdl irg9@6i0p 8 rneuhien HRhAG iahd cOffigltbahs fotatt BEGHt
the first angular velocity. 20. A fluid dynamc
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menber; an outer nenber configured t0 rotate about a

rotati analci@X| [ I vel ocity; and an
orbi tal rFﬁg‘gﬁﬁg%%gﬁﬁE%?k@%ﬁgﬁﬁggﬁ%%§4 menber and the
out er nenber, the

15. The assembly of claim 14, further comprising a first fluid dynamic bearing,
defining a first bearing region, disposed between the inner member and the orbital ring
and a second fluid dynamic bearing, defining a second bearing region, disposed between

the orbital ring and the outer member.

16. The assembly of claim 15, wherein the first fluid dynamic bearing and the second
fluid dynamic bearing are configured such that positive pressure is maintained in the first

bearing region and the second bearing region.

17.  The assembly of claim 15, wherein the recirculation channel is configured to
accommodate bearing fluid flow induced by the first fluid dynamic bearing and the

second fluid dynamic bearing and to control pressure in the first bearing region and the

second bearing region.
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orbital ring having a recircul ati on channel and
configured to rotate about the rotational axis at a

wa@ewanekoshgul ar vel ocity, the second angul ar PRE€l/U81003031137
being less than the first angul ar velocity. 39

18.  The assembly of claim 14, wherein the orbital ring is configured with a

rectangular cross-section.

19. A fluid dynamic bearing assembly, the assembly comprising:
an inner member;
an outer member configured to rotate about a rotational axis at a first angular
velocity; and
an orbital ring disposed between the inner member and the outer member, the
orbital ring configured to rotate about the rotationai axis at a second

angular velocity, the second angular velocity being less than the first

angular velocity.

20. A fluid dynamic bearing assembly, the assembly comprising:
an inner member;
an outer member configured to rotate about a rotational axis at a first angular
velocity; and
an orbital ring disposed between the inner member and the outer member, the
orbital ring having a recirculation channel and configured to rotate about
the rotational axis at a second angular velocity, the second angular

velocity being less than the first angular velocity.
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