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(57) Abstract: A fluid dynamic bearing assembly is described. In one embodiment, the assembly includes an inner member. The
assembly further includes an onter member configured to rotate about a rotational axis at a first angular velocity. The assembly also
includes an orbital ring disposed between the inner member and the outer member. The orbital ring is configured to rotate about the
rotational axis at a second angular velocity, which is less than the first angular velocity.



Abstract: A fluid dynam c bearing assenbly is

descri bed. In one enbodi nent, the assenbly inclgu

i nner menber. The assenbly further includes aA gﬁ@@f?UMi
weEnbgseoeaNnf i gured to rotate about a rotati ongbr@%iossedi137
a first angular velocity. The assenbly al so includes

an orbital ring disposed between the inner nenber and
the outer nmenmber. The orbital ring is configured to

e

PCTI US2003/ 031137 A FLU D BEARI NG CONFI GURED W TH A
ROTATI NG ORBI TAL RI NG BETWEEN ROTOR AND STATOR
CROSS- REFERENCE TO RELATED APPLI CATI ON  [0001] This

applicati and clains the priority

benefi t %@@%ﬁ%?ﬁ%@ﬁtﬁ TION i on Nunber

60/ 4 2, titled "Orbital Ring Fluid Dynamc

Be&?qloﬁy}%ﬁ RRlicatiopjrelatgs fenméé&l'@hgvérpnsotyb@mmpﬁth%

subject matter of the related application is hereby
Pf°‘r*ﬂe%$ %@Pf&mlww @P@P@rﬁo&wsﬂ@mﬁ@tmuammluﬁmmm

.. Field of the Inventi on [0002] This invention
Bearing %@@g’d didademaieptymber 30; 2003 e subiest mettarofiths redated nor e
specifically to a fluid dynam c bearing assenbly
applicaiien i§ diereby iperporated by sifereficer i ng that rotates at a
fractional speed, thereby increasing the overal
stiffness-to-power ratio of the assenbly. 2.
Descri ption of the Background Art [0003] FIG 1 is an
expl oded per FHHHKGROUNIEQF THERNVENTION a prior art
magnetic . disc drive 100. As shown, magnetic disc
L dr of tt@ In¥gptiomc| ude, without linitation, a

[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 Background 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 atta__ched 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



housi ng 105, a shaft 130, discs 135 and a suspension

arm assenbly 150. Housing 105 includes a bas

110/that is attached to a cover 115. In addit?bﬁ MAY 2006
waERb4/hgsssmaybe di sposed in between base 110P@ﬁ,@5@@3¢@,&137

115. Discs 135, which have surfaces 140 covered with

a magnetic nedia configured to store information

magnetically, are coupled 1 6 MAY 2006 WO 2004/ 029953

03/031137 to shaft 130. During operation,
o Si‘)% gﬁ e APRiRHL SyipFRyoR am pserBlySY m@aﬁg%e%ﬁegpm@

ads 145 above surfaces 140 as a fluid
feaé( Vﬁ‘gﬁﬁ ‘5%43 raie’%e SR 140nse hiddmpmic bredpgwoter Getshows)
yt shaft 130 at hlgh speed. Suspension arm assenbly
“"ai%“%c% 13 abepieshatt d dhatihighispeed: Suspsnsion armssomblie] Haafisther
145 radially across surfaces 140 to position
configyred tarmeve rerdawete hemis dpipdially adressemfacen i Gib lpgsisgaced
tracks(énot shomn; di sposed on surfaces 140 where
readigiedieadsdif pbavieiiffuent radfadly spacedtracka ynobshostnd dispbsed drhi n
the magnetic nedia. Once positioned, read/wite heads
ﬂ"@ﬂ%lﬁ%yh@?nh@nﬂmébdmnugdeﬁbmmhbynmmbedm&dwmhmahﬂmmpmﬁc
fromor wite magnetically encoded information to the
medita dPreeipositierdil aread/ writs dleagis 1 ¢85 map eialicr esad mapfiiod]y dnbéded 2
is a cross-sectional viewillustrating a prior art
infofrhatiod fbymenwrite niagrutically encdded irfameuibh 1 tROMagdsc fladinar  a
central fixed shaft 250 has a thrust plate 252
seleciedlooatvds.on one end., Shaft 250 is fixed relative to a
sl eeve 254. Thrust plate 252 sits wthin a recess 256
defined by sleeve 254. A counterplate 258 is attached
to sleeve 254. At its other end, shaft 250 includes a
sh{0I0HFIG2B % a asbesGhctiond viewOllu@ftingh pHerask M &yrafic 264
of a base 266. A shaft extension 268 is attached to
bearihg 3ot GtiSsemd1200. 2&4hdven, 3PN FREH shef 2smﬁasauﬁra£tg>ﬁte 252
surface of sleeve 254, and a nmagnet 276, al so di sposed
dispesad bi eneeds iSHER 250k firrelafiveto QQ%RVEDH, Thﬁlsﬁblhte neglsiigi t h
a stator 278, which is supported from base 266
withfrl £1@tdsOPFONBLETHY Mefs 254, | VBoRBIMBE RS PRAREeRHAIRN 54,
stator 278 causes hub 274 to rotate.

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



Hub 274 is configured to support one or nore discs
(not shown) as it rotates. Bearing fluid fili% %ﬁ@ 2006
277 between the surfaces of shaft 250 and the
wowossuimas ng sl eeve 254. Bearing fluid al SO p¢d/i$065%38137
279 and 281 between surfaces of thrust plate 252 and
facing surfaces of sleeve 254 and counter plate 258.
As is well known to persons skilled in the 2 1 6 MAY
2006 WO 2004/ 029953 PCTI US2003/ 031137 art, appropriate
art, FPRINIAL PYMBIBE RV ALMOLshewIm)areprevidedalprienesr oivee wrfaces pf
nore surfaces of gaps 277, 279 and 281 to maintain
gaps g, #19uind 28/ ieamdinta flyig dynamin besripgsdhat skpportny 2%hahd
sl eeve 254 as they rotate. [0005] Fluid dynamc
sleeyeeitiantjoy radatd t 0 generate | ess vibration and
non-repetitive run-out in the rotating parts of
notors than ball bearings and ot her types of bearings.
For this reason, fluid dynam c bearing notors, such
as [00D$]i Fluid dpmentiic béxeiaps teg] togemrataksevibtayion &ihotlaggtitibed
above in conjunction wwth FIG 2, are oftentines used
run-but ipthe eotatingpans bfandted tiah dall beings £4:Q\0tHee SypeOofehrigy.CFor
better performance. For exanple, using a fluid dynam c
this Re<vh] Mgd BR1afic beariag MBHRGEUcE a¢lf16ia dghidnvie bediing ndAér assembly
magnetic disc drive 100 descri bed above in conjunction

200 Wéstribelf bbove tn corfsietibS with FITD 2Eard bR&GIHR:s abddgn PROfioR VRN
the tracks of the discs and the read/wite heads.

electiicRdeRicerto 26hiddd tEREEIR Hornalcd. UWoR ex&_iﬂlé,’\ﬁ@inﬁ h 9168 dyRarkie
designed with greater track densities, thereby .

bearfp fdWr ida AP k6 GisH U ¢S siRR Y4 MhgrielE BRA&HNO1 00 Rscribt 4R
capacity of the discs. [0006] As persons skilled in

in confiBctntwiti FIGRYAERits B InG8 BREBIaIERRehORBFech ihd trddkdhof the
ynam ¢ bearing notor design is balancing the tradeoff

discs il RS Ea AR he BT M?ﬂé&?r@&& a?ﬁQﬁine RAWBIn, GRABHY BRRLd 9Be  ON
the one hand, increasing the stiffness of the fluid

desigh¥Rith greatgl.e@a[dk%ﬁsitﬁeﬁsdiérﬁlﬁ' llekxgr%gnaWnkHi&ts b Poq iﬂcr%#gﬁ‘lg the

d
not or rotating parts and, th fore, 1ncrease
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.



not or precision and performance. On the other hand,
however, increasing bearing stiffness result
greater power consunption because of increasé@ﬁvﬂé%dqgﬁ
wo0s66Rdsy the bearings. Conversely, decreasp@gutdifsosiizr
power consunption of the fluid dynam c beari ngs
typically requires a substantial decrease in bearing
stiffness and, hence, decreased notor perfornmance. 3
16 MAY 2006 WO 2004/ 029953 PCTI US2003/ 031137 SUMVARY
OF THE | NVENTI SNMMABY) OEREEINYEWNTR®Nt of a fl uid
dynam c bearing assenbly includes an inner nenber.
The assenbly further includes an outer nenber
configured to rotate about a rotational axis at a
f i (007 eglentbiodinennef d fuid dyramisieaiy assahtd pincludbd bdgnean
orbital ring disposed between the inner nenber and
menitRe THétaedembBNaRker indieled ibbitélmdnibRconfigired td @tatedboutta0
rotate about the rotational axis at a second angul ar

rotaléHaD&id af a fidd hiidular FelbEiss The askeibl afso idludeamgorbail ring
vel ocity. [0008] The disclosed assenbly is especially

dispbe@ bettvedr thé Innbtn B2 BhEthe 88kl MEMbADTRY SrbitdDiRgdFoangase
of the disclosed assenbly is that a fluid dynamc

to rdRR4UoBOth SR AHonal Uis Aa §debnding SihOREHRitR SAREH Yes BiAS tHEE®st
substantially |l ess power than a fluid dynam c bearing

angfRWRlociBPt Using the disclosed assembly. Further, if
the gap sizes of the fluid dynam c bearings included

it Eg"’b@ e Acb05RGsRADH R edheRhfy tRA1 RARRE g%‘é@ﬁﬂﬁaﬁ@é ely,

overall stiffness of the assenbly

mot%?c%)%gagga% ro?ﬁje@clﬁsedd'asgenﬁ)l%\&ag 9 ﬁﬁld\@@nm %@m%or

31137
using the disclosed assembly consumes substantially less power than a fluid dynamic

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.



BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is an
expl oded perspective view illustrating a prior art

magnetic disc drive; FIG 2 is a cross-sectidnfl MAY €806
wiol Joaigd26938i ng a prior art fluid dynam c beariperu§Rbisi137

assenbly; FIG 3 is a cross-sectional view
illustrating an orbital ring in a fluid dynamc
beari ng notor assenbly, according to one enbodi ment of
the invention; FIG 4 is a cross-sectional view
i || ust r at i nGREFF BEBCREITION/QF THE PRAWINGSly nani ¢
bearing notor assenbly, according to an alternative
enbodi nent of the invention; FIG 5 is a
cross-sectional viewillustrating an orbital ring in a
f | JiIQ. bigammxrdodsd aeisprgtinoviow ilissamglayprionart magtietig disodrive;
anot her alternative enbodi nent of the invention; FIG
6 is a cross-sectional view illustrating an orbital
ring in a fluid dynam c bearing notor assenbly,
ac ¢6.dl isg ctoss-sentidrhbviewlilestratiig aeioe adp Adiddynimio bedring
invention; FIG 7 is a cross-sectional view

motbt dsgemiblygt i ng an orbital ring in a fluid dynam c
beari ng notor assenbly, according to another
alternative enbodi nent of the invention; 5 1 6 MAY
2906 WD 20041029953 PCT/ US20031031137 FIG 8 is a
CI ORG.-3588 tiogsisdbtiotaByiew lilludGitinglah Bbialir iRlattRld dynRdici N a
fluid dynam c bearing notor assenbly, according to

bearigQhdi61 assbnibBy, Bctotdiiy 181580 thbadther bf thbehvemtigant i on; FI G
9 is a cross-sectional viewillustrating an orbital
ring in a fluid dynamic bearing notor assenbly,
according to another alternative enbodi nent of the
| NPRNUI9DérossAsestidnbFrievt HiukPatig 8h SRl Riplih QAR MhEhc
illustrating an orbital ring in a fluid dynam'c

bearg? DR, aRSRBIHD ¥ al}?&:}aﬁigg EfGodifert OF the AVeREdn;

ternati ve "enbodi ment o

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;



invention. 6 1 6 MAY 2006 WD 2004/ 029953
PCTI US2003/ 031137 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [0009] FIG 3 is a cross-sectional vileWfAY 2006
wol2b0ambdoas i ng an orbital ring 308 in a fluid pEyieddsfsiiz7
beari ng notor assenbly 300, according to one
enbodi nent of the invention. As shown, fluid dynamc
beari ng notor assenbly (hereinafter also referred to
as nEQF nmot or gssenbl y') 300 may .i ncl ude, wthout
| FRPat 15 @RTossseppakigw 1ikisgating anorbits! nugin afluid gypmica 10,
b a stator assenbly 314 (partially shown), a magnet 316,
earingRatar agseynbly, ageoxdingsto anotherpltgmaiismbodiment ofl theinyention;
326. [0010] Shaft 310 is attached to base 320 and
supports FDB notor assenbly 300. In this enbodi nent,
shaft 310 is stationary. As described in further
det'H7-° parrogs-seciional view 1lustasingiamerttits] ringhin & fluBlidynamic
rotate about a rotational axis 311. Hub 306 is
bearingmqtep aseamblyy acqorsting te andshertalterpatimeieahadiment of tiilifivention;
Specifically, magnet 316 is attached to hub 306, and
andt he el ectromagnetic interaction between nmagnet 316
and stator assenbly 314 causes hub 306 to rotate. As
hub 306 rotates, fluid dynam c journal bearings 360
and 362 radially support hub 306, and fluid dynamc
t hFIGs 110 eesaarossgectidfial viemdllBfatiag arnbrbifal Sidg o fluill dPna346 .
[0011] Orbital ring 308 (which also may be called a
hearth rmatdriagseablys ixeardingite) gét another alterapaeehbbéimeresT thalb 306
and shaft 310 and is configured to rotate about
invemtiohat i onal axis 311. More specifically, bearing fluid
fills a bearing gap 340 between the inner radia
surface of orbital ring 308 and the facing surface of
shaft 310, a bearing gap 342 between the outer radia
surface of orbital ring 308 and the facing surface of
hub 306, a bearing gap 344 between the top axi al
surface of orbital ring 308 and the facing surface of
hub



306 and a bearing gap 346 between the bottom axi a
surface of orbital ring 308 and the facing s rgaﬁngﬁﬂﬁ
shaft 310. As hub 306 rotates about rotational’ ax

wWolg4/i2bes3bearing 7 1 6 MAY 2006 WO 2004/ 0299p31/US2003/031137
PCT/ US2003/ 031137 fluid in bearing gaps 342 and 344
exerts shear forces on the outer radial and top axia
surfaces of orbital ring 308, respectively. The

torques respyiy h 2 cause
orbital ring %ggt%éﬁlgfﬁgguﬁ%ﬁgﬁy axis 311
in the sane direction as hub 306. In addition, the
bearing fluid in bearing gaps 340 and 346 exerts shear

for he inner .radial.and bottom axial surfaces
of 165081 Fll- 505 3 froakcmctiopd i 1R spamialuasniime B4g

d I S, stationany%ﬂéye torques resulting fromthese shear

Ynirgie DeumegRq R Astambly H0pacceringtto enesmgherimqnt of thoigention s
rotatjonal axis 311 caused by the rotation of hub 306.

shoys, Bla“tda‘ﬁ)ynﬂnw eaug Rtercasembly(hstepgfior altogeferradhigus SFDB
vel ocity about rotational axis 311 (in the sane

motef; JeesEttilioh 3¢k mpy includs Bthoy dimitetien, p dnb 366 optel Ting 98, 4 he
various surfaces of orbital ring 308 are in bal ance

shafy3 k0na sfater asserniple 814 (martighshown), rimagng($4 6, 20hase 329, a seal 322 d
dynam c journal bearing 360 radially supports orbital

and g flisplagynt imider326.| ui d dynamic thrust bearing 366
axially supports orbital ring 308. [0012] Persons
sklqon @ﬁsh'aﬁ 31 Oiis atinchediiol Hase J20and suppdrts KRB nidter assembly 300.
configurations of fluid dynam c journal bearings 360

In thigreant@ditneat ghafl 31i0ds datioasry c As desgabedde frthrgdetdbkelamdn Shér,
i ncludi ng the configurations of bearing gaps 340, 342,

emb@ihentsn shd 510 miat retate abeuttahretatiatjadi? 1 Iv dlubcios ys @hfigured to
orbital ring 308 relative to that of hub 306. Persons

rotatg kbdul extationaltakis 34t .t SpeaifisailywinhgnetiBitkeis attavheld tothab 306)@nd the
resulting angular velocity of orbital ring 308 is |ess

electtdnaagnétivanteracfionhebwesn tagmet 31 6raid sehitdriasemidly HAGHNS3S hub 306
velocities of orbital ring 308 may be achi eved by

to romat. Usstliub§06 roeatesn flfild gytamiic jonmabbeafihgs 360D 360 @djalyir nal
beari ngs 360 and 362 and fluid

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



dynam ¢ thrust bearings 364 and 366. Persons skilled
inthe art will therefore recognize that the | ar
velocity of orbital ring 308 in no way Iinits'ﬁﬂgﬂw 2006
weeop@2akist he i nvention. [0013] Each of fl ui dp@iyiie0d3%031137
journal bearings 360 and 362 and fluid dynam c thrust

bearings 364 and 366 includes at | east one bearing
surface having a grooved 8 1 6 MAY 2006 WD 2004/ 029953

. PCT/ US2003/.0311 ' ttern. As i |
G BERTE AR 4 4 RS e g aea psil

confiqured to generate a |ocalized high pressure
S“rfar"%sgqf8ﬂ°lkﬂ}e’iﬂrﬁ 108 repasiwsly. nireftorgnes remkingdivm thesgshess foscesf
a fluid dynam c bearing rotate relative to one
cause, orgia ging 3%% tRsrotaiaabgptgpiatignal 4xing3 1 130 therseme tivectiab e itub 306.
rotatjonal axis 311 relative to shaft 310, the high
In adgjtign.<he kearing fluid in heaniag sans 340 anla46exerts shearifatcehyonalm ioner
_Journal bearing 360 provides radial support between
radiabgngibogpm rarcwbsuztgaeesaxﬁ drbithlatng 3688,0espactivialyb BeCditse Sf3edis
_about rotational axis 311 and relative to orbital
stationpmpjgthg ques resulting froprthxse sheer forgs mrisgthamitaion df brbita iny
to fluid dynam c journal bearing 362 provides radia
308 aboys werationabaniedll dauded BY GreaotaticnrdfihithaB06. | OxitAGhg 306 rdatHes
306 rotates about rotational axis 311 and relative to
a steady-sfateaingulamepl 3G abdun eotdtiondl apis 83 5 (ih ehelsa@e diectige Btudt ed
locally to fluid dynam c thrust bearing 364 provides
306) whénethe ®upes adtingeh WeenribusBurfaRS ofoibitd Hag Bod are idlghlants .
Li kewi se, as orbital ring 308 rotates about rotationa
with @neiagotBdrl Asrogbital iing 308xomteafatfludd @ynatriesjoliinglbepigsIHor
regi on generated locally to fluid dynam c thrust
radiallyesapporty oBfifal fin® Vo8] el Hikii@iyrabRP@Rdst RAHHE 965 KLl bdports
ring 308 and shaft 310. [0014] The grooved bearing
orbitabtitig 308es of fluid dynam c journal bearings 360 and
362 and fluid dynam c thrust bearings 364 and 366 may

i o0l persdRY siildd ia ileurttwil @ndirstard tRA VIR BB Arh s BAALIET N,

including, without limtation, a pattern of spira
dynangjt ROVIRS b&ﬁn?sl 3G0%Hnl 86NarRfflusd BMAAR (HRuSIDEEIngs BHA Maes;as, as

persons skilled in the art will recognize, any o
including the configurations of bearing 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



shaft 310, orbital ring 308 or hub 306 may include one

or nore bearing surfaces having a grooved beaBng
pattern. Persons skilled in the art also wi I 11 Y 2006
wombes/@besad that a fluid dynam c bearing maypepiRichH61137

one or nore sets of grooves. [0015] The bearing fluid
used in FDB notor assenbly 300 naybe any type of
suitable liquid or gas. For exanple, in one
enbodi nent,. the b ing fluid conprises a  |iquid such

beafE R A e GoTnarR B S A GRRGRoved brscing patcmy are
%%#%6 ng%gfongﬁise a 9 1 6 MAY 2006 WO 20041029953

con R EBTEI0 3 pralized Bish prrsyvrieBion mithindthe besring Gtridovhen the
alte{n tive enbodi nent, the bearing fluid may conprise

surfages of 4 flpid dynagy,braring rotatprslativetosmp enlithesn Thys, ahebitdang ng
fluid may conprise any other suitable type of gas.

308 rosgesgpoytiotationabps 3 darelatiysrto shaf 310) the Highpreasire rigour nal
bearings 360 and 362 are configured asymretrically

8611%%4110@4%15@0 Buid ypamip ioubwhbdanng 36Qprdvitewadialsuppatitieteden
370 and a coner 371, respectively. Likew se, fluid

orbitgl#ingA08 andhshaft3 18 As huly30636ttenanbuifatiana axizonf aglieRtve
asymetrical ly such that each punps bearing fluid

to orpigalaing 30&; dherhigh Besburzmeiorigterated dpalty io\fRiid/dynAnRyjgurilher
things, this punping action maintains the pressure of

bearinp 362 previdésradifil suppbrt beteembnls 3G7ddaistaBAdg 3030 e aphoent
pressure (also referred to as "positive" pressure),

rotatespbowivytagimel/axit 3 Flgind irelative eorbiedl figg d08) W HagH prédsuteRrion
bearing fluid - a phenonenon that is detrinental to

genefatedilobatly toefiviid djpmatid thepspieafing T6aRevide atRFRHpIBHPednhEb
bearing fluid is a liquid. Further, fluid dynamc

306 4nd orbital ripeR0Bi NikeBH2, Anebifal tigB0BMBRRE Sbout PtidhalkRBBINY
364 are configured such that the punping action of

relatif¢ toistaftiyr0q thebighQuésewert regaichdfteBoallyWAIL AR ya AR ihrad 1

is greater than that of fluid dynamc thrust bearing

bearifh366 provides axial support between orbital ring 308 and shaft 310.

[0014] The grooved bearing surfaces of fluid dynamic journal bearings 360 and
362 and fluid dynamic thrust bearings 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 beari_ﬁg 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



towards coner 371. Simlarly, fluid dynam c journa
bearing 360 and fluid dynam c thrust bearing, 36 r
configured such that the punping action of fl Ll%d?dA? fUBB
woY:0Rheyss hrust  bearing 366 towards corner 3@ 41$003/031137
greater than that of fluid dynam c journal bearing 360
towards corner 370. As persons skilled in the art w |
under st and, these inbal ances create a positive
pressure in a gap 350 between the top surface of shaft
ferrogmgnetin Juidh &n naBtienglterative eodiment, he Bragng Apidinpry comprise
mai ntai ni ng positive pressure in gap 350 prevents the
air. Ingrehethérelerndtivaiembpditmehteghe ‘Pﬁatlhxaﬂ@ig aay sgmpriseiany ofeE ases
where the bearing fluid is a liquid. In addition, the
suitaplo$ypeiofgaspr essure i n gap 350 suppl enents the axi al
forces generated by fluid dynam c thrust bearings 364
and0R% fn a fréfeired apoacR06d yDaidudadesdgs 360 and 362 are
PCTI US20031031137 [0017] In alternative enbodi nents,
configaed asyinniecrivially shychalmit eachumpsbeating fliid gewB60n cogmet 323G 2nd
and fluid dynam c thrust bearings 364 and 366 nay have
a corféh)37¢C,Q8pkdivElg! Likwasegfluiddynapticihruselsnaiings FoH andi36Garany
direction so long as orbital ring 308 functions as
confiighte@ Ry Rthetridally bithRthat esvhipumps beatingfliid goweaygs doencd 33pasied
I'n any suitable location. Persons skilled in the art
370, t3Fdc B <Py, CAMbAS oth&(ﬂ‘iiﬁ%d, #fs pubingetisimaintahts the pressure of the
configurations nor the locations of fluid dynamc
bearih @GR cRAE 3700 36D alitid adbilntYreskird (dsokyfeaed & dshr ust
bearings 364 and 366 in any way limts the scope of
“positile Prit @By ieftby B%&ﬁﬁnﬁ_@ﬁ@onﬂ?&lg EawiO\tiof the ®dariny fhkdht} a
the bearing fluid wthin gaps 340, 342, 346, 348 and
phendmbhon ikt RRBREARH L TRAE dyRAA bedrrg 4rfe@$h @ses where the
centrifugal capillary seal. In alternative
beariﬁgﬁﬁq'i . Re@br, 32 dRMniE YHRial SQrifg I6DLMASRUSRIRE
seéal or sone other type of capillary seal, such as a

b ' (1! 13 acteaRif] " SRAburnd
thrusgl ge%hg% %@?a?é Jg#{ﬁ red iith R 1RPufinglacticiidfiflufl (%’33!5@@ urnd1N

rnative enbodi nents, seal 3 may
bearifi® T8 thw G dPPnQ 137 e s gréiG 1t (RR 8F NGARFRAInRC Hust Bébkinp 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 comer 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
forrna‘tion 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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the bearing fluid within bearing gaps 340, 342, 344
and 346 and gap 350. Persons skilled in the rﬁ .?lﬂmﬁ
recogni ze that if the bearing fluid conprises’'a d&é
woLeby/@59s53i I, then seal 322 may becone unnec §2663/031137
[0019] Displacenment |imter 326 is attached to hub 30%
and is configured to provide a seal surface 324 to
the extent that seal 322 conprises a capillary seal
Di splacenment |imter 326 is further configured with a
shd@fl1dbin afiergatiyn ¢mbodimenig3ach ¢ffluiddymamnic jeiroallbdeings 380 i S
di sposed in close proximty to a flange 309 of shaft
and 3Gandfwil dyingmic3BRstitsaritigs 64l 3G aiag dhveldng cbRfigu@dtion and
surface of hub 306. As configured, shoul der 328 acts
maytpyrripibearingtflvid inpupditectivs g laagaesbitabfing1308 BAGionk eNinfeRited.
not or assenbly 300 experiences displacenent shocks in
Furthdngeaalx sugh byarinpway de dispeed irtany slifable 16catiby RR8as W8led in
20041029953 PCTI US20031031137 [ 0020] FDB not or
the aatstherafoteywil @€togdizthateithe HersdhfigiitRes Sitdhe lobondof fluid
downward acting preloading force is exerted on hu
dynadfiGjoutnal txagngs 350 8hd ¥ 2tor FRRIHYRAm 3 Hiud Behringt 86L4nd 366 in
assenbly 314 are disposed such that an orfset 318

any Wiahids 86 scopCofiBin@éntRh. Magnet 316 and the center of
stator assenbly 314. The axial el ectromagnetic force

gefoersised 3208t S0 R6d R a3 dluid PRk ﬁé'p%%%:"i | 3;’4]64

acts to axially align the centers of eac asse

348 aHA850 EmWnt emBodifatt @8l m'cainb%fsr?gg\é\%h\g@égﬂ Eﬁﬁ’%%g 6§ 1S

exerted on magnet 316 (and ) that

alten@tiv@ SRb Rkt &A1 3D M) @npeRl LESoR &)éﬂ%?{éfstﬁ?lgb} gorg?%g%ri ng

stator assembly ~314." Thé maghi tu r

 $ a6l j i ial bl e il &
e 3 PR AT 8 805

g ERSREBaTt y SSAREA iy 0808 e g

20 al'so may conpri suc
oS8R ORISRl e o) 0 SEPA Bl B
in thd mltrgcognize 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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that pulls magnet 316 (and therefore hub 306) towards

base 320. The magnitude of this preloading force IS &]

function of, anong other things, the size of Mo 2006
wboRlob®ss al ternative enbodi nents, the prelqgﬁmmgmnm3n37

force maybe created in any other feasible way such

as, for exanple, by applying a spring force or a

downwar d- acti ng pressure force on hub 306. [0021] As

r illed in e art will recognize, the
@’%@f Eﬁgmf%gsseﬁ&béﬂ ¥941sA gﬂ%ﬁ configuitd sughishat agiogmward
bear gg ps .344 and 346. hub 306 and orbital ring
act%%feifoé‘g% OFq5d§ FXeERen hyd 3\9éi Hroneicgbodimenta magiss 8 18 4ndn,
h pressure regions in the bearing fluid
Stat‘i:féﬁ-‘@ﬂ’&’? |at¢cdaqpp§ﬁdtsegf thetiag offyet 348 eepatates dre cortar ¢fmepen@64
and 366 tend to open bearing gaps 344 and 346. The
3 16§n<% the genter o€ pater asperably B i gﬂmx@gdemmasma@ic tforee pdneratedi s
a function of, anong other things, the angul ar

betwesn giegnst 3L aofl statsly a88Bblyrid4 estbict axfally ialign BE Bentar® ofleagh NAY
2006 WD 2004/ 029953 PCT/ US2003/ 031137 the

assembhyt i e result srilsat e aXialiy dbwaywastnet forderisistertod an magiset 365(and
and 366, the bearing fluid pressure in gap 350 and

therefbrs hrrb §06) tthati ettendpts toecadigmthaaentera of inaghep3 ke and diang afsemblg.
[ 0022] The power consuned by a fluid dynam c bearing

314.i Theamignitudel afthiopreloading fhreedt b Eumctidti sfp@noniglthes eivgspthekize
the relative velocity between its two bearing

of offset 3 HC ds an Beanatiseembdidémem;tiacs820fand agricd B 16 mBPbsS&Barated
relative to hub 306 and shaft 310 effectively

by a @@ 33 Base 120alsomelyabmpase/thamietiymbel soelesk 4 Hieb @y dtexlior

- surfaces of fluid dynam c journal bearihgs 360 and

a lovd Gazbastkef. | Inisbhdyooafigiation] atSixidlg @b wigsrd 2egneitto26 Gosults
orbital ring 308 substantially decreases the power

that RIS Sagdt B 06)(a8d tHetdorB BLIDB06) Svidd bise300. The faBKAIE bethisi N
one enbodi ment, FDB notor assenbly 300 is configured

preloadiap forbeib aﬁbﬁtl@ﬂéﬂlﬁrﬁéng\/&ﬁ@ Qhﬁ% 8¢ siz6Hab 380.M InFhed08 i s
approximately half that of hub 306. As shaft 310 is
altenSdtiaé exibdlin{entd, B preloading force may be created in any other feasible way
_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 acting
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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difference in the velocities of the bearing surfaces

of fluid dynam c journal bearings 360 and 36 n

fluid dynam c thrust bearings 364 and 366 is \25 aM& 2006
jogpt ely one half of the angular vel og
‘wgggﬁﬁgyggontrast, if orbital ring 308 is no?k%%% ﬁgggh37

in FDB notor assenbly 300, and assumi ng that FDB
not or assenbly 300 therefore includes only one fluid
dynam c journal bearing and one fluid dynam c thrust

the cpefiguratigns efHiuid dymemiti thiustbeadngsi364 andd66ytbk bedring dsidof t he
bearing surfaces of the fluid dynam c bearings is

pressyfaiplggp 8 Hand tigpuhagnitudesif dlei doymehrdragtingfit€loadieg forse
including orbital ring 308 reduces the difference in
bel@p22] G he powéraomsumed by i tfluidsiyhamio bearinglis 3 fuaetdn off anfdngi d
dynam c journal bearings 360 and 362 and fluid

otherdltingsyitte stimreisf thbrtutivergelociybenten BS oSS aces. Because
approximately one fourth the power that each of the

the nfotith 6f eitd Ring 30RIHINGD Hub BO6IARshift 300 &itdcibely B62e:aQ%hd S
not included in FDB notor assenbly 300. 1FDB not or

relatis eedodilly beiHden e bbarg Rindaks 6 Med SRH8mid16HBAIYeSrifR B80! RS
substantially | ess power than FDB notor assenbly 300

362 andl flEuynahiitkradt bedrigs 364 MP326QWiR295Fssubst My 2006
PCT/ US2003/ 031137 308 consunes, even though F not or

decreases EH¥Poye B suMptidn 8F PHB Motdra8EmBBA 00N FhrbGsiplel Midne t he
nunber of fluid dynam c 6%5ringsgﬁ10023] Pet sons

embo@ifhdnt, DB RotoPRséibly Y00 & c()rﬁ’fg‘alﬁbﬁ!sﬁ& thiate an@ﬁlmc%%itg ¢ged,

the radial stiffnesses of fluid dynam c journa

orbitd? AR BOWAS apiOxiRRdiyIRT Bt bt nfd F08! A8 ShetS3 1895 gtaﬁ)n%?aﬁlg -

stiffnesses of fluid dynam c thrust bearings

difforéiRB in RS eBEiti B EDeRind RS oPfuil WhaniPIduiBPL AL Mol 1

series typically is |ower than t ness o

and 363 add Wi @Haﬂ%@%ég 4k ha 3deQ8 appkfs g!uglal?g?ﬁalf of the

effective stifin two springs wt

angulét\je;d;cﬁﬁ SBkid 30@._05% géhtf.g A i %fﬂitglsririgf]’j& @sencg ?Aciué%&; ﬁ Fy I?B rlnﬁbog ’

stiffness of elt the sprithgs 1 ndi vi
assembly 300, and assuming 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 suﬁaces 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. jFDB motor assembly 300 with orbital ring 308 therefore

consumes substantially less power than FDB motor assembly 300 without orbital ring

13



assum ng that FDB notor assenbly 300 wi thout orbital

ring 308 includes only one fluid dynam c journal

beari ng and one fluid dynam c thrust bearing, \cfneMArYumuB
wbhoafohsdls of substantially decreasing the efﬁc‘%‘%ﬁ'zlﬁﬁ/osnw

radi al and axial stiffnesses of FDB notor asse y

300 by including orbital ring 308. [0024] Persons

skilled in the art also will understand, however, that

the radial & stiffness of f|uid dynani.c, j.ournal
308 %@mqﬁgfsve%ﬂ’au@h@%m%ra mpbe BT L fice f astees
. thrust. bearings are a function of, anong other
twicg the pyraber offuid djpamiebedfngshe bearing gap size raised to
the third power. As the_stiffnpess of fluid,d nagji:
bed8P33 Fersous shillghinthe@hyilkeeagnizg ﬂwbéé??qfﬁgu@éﬁfyl%ﬁa B,
__fluid dynam c_journal bearings 360 and 362 and fl uid
stiffngssasnef fhild dynamic jowragl brarges 36Yand 362 3eian peilps pedodBaittiglur ed
with smal|l bearing gaps 340, 342, 344 and 346,
stiffnessepeffivid &mpmictthrustdagrangs 364andsi66t Ahe pifesivettiffspsof e e
stiffness resulting fromthe fact that the radial
springs 4ctihg nswres tppicdllyus ldwelsthamihe stiffnpshef eitheraf thegeims0 and
362 and the axial stiffnesses of fluid dynam c thrust
indivisizally. nitys eSfupla He: cEB@iva stiffitess sismiospringswithiegpal silfessiese
power consunption of fluid dynam c bearings is
actinginofedes is omelalfithe stiffpessof eithee ofthe bprings individyally. sSThve, and
therefore not as sensitive to a change in bearing gap
assurBing éhat FIRB hexeriassgmblyes 00 4vithent206itel 629 9E3ndudes bily opo @aid
PCTI US2003/ 031137 si ze of bearing gaps 340, 342, 344
dynamitgoB44 bearitgand ond fuiddghasye thpst béadng toet yuns thelrisk of
i ncrease in the amount of power consuned by FDB not or
substagiiitoreasig the[eMRADE rddinl andaxid ctiffnagsasiofBDBImdtel adsentbly C
journal bearings 360 and 362 and fluid dynam c thrust
300 BygadladigsorBital riapd0866 Wi th smal | er bearing gaps 340,

342, 344 and 346, respectively, may result in FDB

MyOEY4] BesaRkilleBRAAhaMrt discowilliuindérstand) §oB68r, titun themadia]
stiffness of fluid dynamic journal beaﬁngs 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 dMic 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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substantially | ess power than FDB notor assenbly 300
W thout orbital ring 308 without any appreciable |Ioss
in radial, axial or angular stiffness. [0026]1 ShHAY 2006

wiodbdshgdg describes several other enbodi mentsc-9fislbs1137
i nventi on. Persons skilled in the art will understand

that the sane general principles set forth above
apply to each of these other enbodi nents. For this
_ reason, the follow ng descriptions focus primarily on
size of hrarigg BARSIAACHS, He NP et oply adifprporiondely small
enbodi nents and the enbodi nent descri bed above in
increage i1 theameunt ofpavrer Fangrmel by KB motor pesemhlyj3§0.5
cross-sectional view illustrating an orbital ring 432
i (0025F Iusih, canjiganngdluisedymamis jmdrgbem A6/ 3nd 60 and fluid
according to an alternative enbodi nent of the
dynanhip Wendt bearing?\364s4nd\in¢ wiDBnatier beariag gepstd4(), 3403 4dmpd 346,
include, without limtation, a base 402, a hub 404, a
respeciivelgymaylf2Sylt in FiBuhotod438smidy 3@awithl djtalaingi36P basemingt
limter ring 414, a stator assenbly 416, a magnet
substahfiflly lassgowet thin PDBh®tot 3embly 300 withaht orbitadriddI08 W}ilodns]
Sl eeve 406 is attached to base 402 and supports FDB
any apppdciiblelsssanbddyal ARMA1 or Agulackffhgur ed, sl eeve 406 i S
stationary. Hub 404 is configured to rotate about a
rotational axis 411. Specifically, nagnet 418 is
attached to hub 404, and the electromagnetic
| [dog6Ertel fBlovidRE WRETbeSBGBA! otdr&nddinfehBloDthe ap&aHGN. y 416
causes hub 404 15 1 6 MAY 2006 WO 2004/ 029953

PersomdGkile®Z0M8 AR 3411 Indetstind BHatihe sanih\@htratithciptes détifaihfsdve O
hub 404. I n one enbodi nent, shaft 408 is attached to

apply BHOCH BFthBs oter ERbSRAh &S HoP thid feasdh, tﬁé‘jﬂ}ﬂﬁivmg dbRAgtiondS
shaft 408 is attached to hub 404, shaft 408 rotates

focus PRy LA 1R diFG8lcedBdtPect bachosT tNBE bther@nkHolientsiaf@ttd32 i s

di spoSed between sleeve 406 and shaft 408 and is

embo&iRBht BBED ke B RhBndeAWithMEGas i onal axis 411 at an
angul ar velocity that is |ess than the angul ar

vel ocity of hub 404 as previously described

[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 i$ 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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herein. Obital ring 432 is further configured to
include a recircul ati on channel 428. In addlttOﬂ iﬁ%
nmot or assenbly 400 al so may be configured such §¥
woQusyiaseds acti ng prel oading force i s exertedp@Rudrdds/ziiz7
404 as previously described herein. [0029] As FIG 4
al so shows, FDB notor assenbly 400 includes fluid
dynanic journal bearings 420 and 422 and quid
am c thrust bearings 424 and 426. Fl
t rotftsum 40835 tiakpddo bug g l%mos@%éwm i atracm%
and shaft 408 on one de of recirculatio

hub 481'1 h}ﬁ ﬁ@nth@senceaﬁfcprfaﬁlaﬁs’de learﬁsCshf%ﬁQ&ﬂaPﬁ%%é inrbgb 498 s
di sposed. between orbital ring 432 and sl eeve 406 on

shaft fQRarotstRs @byt sotational axfs 41bes well| GbitehTing 3R icdisnepsl betvrmen d
dynam c thrust bearing 424 is disposed between orbital

sleeve 4Q6cand siraftd§ anil iyrontigymesito rotate pbaué rotationgf azis411 atan f | ui d
dynam c thrust bearing 426 is di sposed between orbital

angulan vetpcityl 18t iaess theu Heangybdratlociti3er hubd 04 pswredomslydescribed
described in conjunction with FIG 3, each of fluid

hereird \Qrhifalgingd32 iscfiirthee aorifiggeed 4APdcladela kRicdatibnicharing 42$ndmi
t hrust bearings 424 and 426 includes at |east one

additibyg FDBwowUassenidy HoW alstgmay lgr oofigdedsrh ihaga fatrveard acting
Agai n, these grooved bearing surfaces may include any

preloagingtfatot & dxyipel @f huf 40dasgrebantyi degeribad heeia, i ncl udi ng,
without Iimtation, a pattern of spiral grooves or a

p EH0REY As PIG. ¢ Al showsgFIDB wiegor asdethibly 0, inchglep Atid@ysamic
skilled in the art will recognize, any of shaft 408,

journad bkirings 420 g 443 2nd fhdd épamicifitustieatings 4 aad @26 Ruiidi t er
ring 414 may include one or nore bearing surfaces 16

dynamiE oMb EZAR 830 ik Aishiv¥d BEREen drkild] g 8984A304BF08vaineg a
grooved bearing pattern. Persons skilled in the art

side ofdeBidculvtioh chahelr 438 adnd flitdadynanicjbuthdl betihg AT iskipotedg May
conpri se one or nore sets of grooves. [0030] In a

betwel &bRAITRG 43P RN e 40d d4 tHe EPPAiFT sidd Féciohlatiedhhm@b42820
and 422 are

Fluid dynamic thrust bearing 424 is disposed between orbital ring 432 and 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 joﬁmal bearings 420 and 424 and fluid dynamic thrust bearings 424 and

426 includes at least one bearing surface having a grooved bearing pattemn. Again, these

grooved bearing surfaces may include any suitable type of grooved bearing pattern,

including, without limitation, a pattemn 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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configured asymetrically such that each punps bearing
fluid towards a corner 470 and 471, respectigehy
Fluid dynam c thrust bearing 424 is confi gurb AY 2006

wosyambdss cal |y such that it generates a netpé 65/031137
punpi ng action toward conmer 470. Fluid dynamc I ni st

bearing 426 is configured asyrnnetrically such that it
punps bearing fluid towards comer 471. Further, fluid
dynam c j.ournal bearjngs 420 and 422 and. fluid nam c
havipl g ved R T RAC o PRt S it o g Tkt gL farnt o
.a_bearing fluid fl ow about orbital ring 432 and
fluiq Wgwew‘ét&mwoat%w&%ﬁm selg PR B Vefepi ct ed by
arrows 440 and 442. [0031] Erkalternative enbodinents,
eal93QkInp praferredyaraiond), Huiddynanye iurmadBeazings 429gd 42%arg n g
fluid dynam c thrust bearings 424 and 426 may have any
confggyredj agymmetrieilyueh thatsachpnmps bearing Alyid topprds p sompsA70 and
direction so long as orbital ring 432 functions as
471 irespegtirelst. Fluihdymiamic thesichearingcd24 heconfigyyedrasynimeetiidalip snshd
in any suitable location. Persons skilled in the art
that {tigewesdtesrametinlard muapimg action towardreeineh€70. tHheid dynamic thrust
configurations nor the locations of fluid dynamc
bearjng 426 & coldfigur ¢draggpmrh2 Gicaliydsudip thaiot pdrhpsi betamihyefandl towtatds geiner
bearings 424 and 426 in any way-limts the scope of
471.t Fiethen) fleidtdyoamic j@O32 peatimgs ¥ 0ané d22 arfdi fhgd dynamic thrust
recircul ati on channel 428 acconmodates bearing fluid
bearfnigo424i and 2@ dre bynfigunsddo gereratd bgadng fiwild flowaabbutgsbithPingnd
422 and fluid dynam c thrust bearings 424 and 426 and

432 anifthioagisretisontatiah tkanpeleias ug depletadivgarrywe 4@larntd 440s
between fluid dynam c bearing regions. As configured,
t hPOPI] &S sitereative Efabodimels, @ichad €lnid dynsmisfjouredl bearingad20on
channel 428 remains at approxi mately anbi ent pressure.

and 432/ @0id dgBamid Ghrhidt bestingy #ndand 4DE AR Y Aave sty dorEipRREoh and

bet ween recircul ati on channel 428 and the bottom 17 WO

may pRRF b&sEAP Bidlin anPMiivecBOWS 16%glds \deA0BA OB fdrictions as intended.
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.

[6032] 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 of shaft 408, the pressure at the bottom
surface of shaft 408 al so renmains at approxi tﬁN/ 6
anbi ent pressure. As a general natter, howevdr® 200

wbH96d4fogdakat i on channel 428 may be confi gur eGdpu3h/os1137
way that creates the desired bearing fluid flow about
orbital ring 432 and the desired boundary conditions
bet ween fluid dynam c bearing regions. Persons

ski in,the art wil.l therefaor C [ hat .t he
st et alths borb R E e AR Wbl ey
limts the scope of, the invention. [0033 ung er
R e e A T S S SRR
f cqunter | ate 430 is, configured to..provid .
may B oo PR S Rt OPHER U G REE 1 Eorh PO oBaRP R it
. 003 Di spl.acenent limter ring 414 is attached to
ring %ﬁ%&flﬁ' 1“&6‘851%?14&011@& coudiipns detvyese ﬂﬂﬁclﬁara?mﬁ%rﬂ@n&ﬁglwst h
shaft 408. Displacement limter ring 414 is configured
Persong, skillgd theartwill dhgrefergrecqgrizethat the,cqnigurationsefireqiiqulationy 5
412 conprises a capillary seal. The bottom surface of
changgl 429} ig@e esprdlimits e sspperqf fg IvPALiens confi gured to provi de
a bearing surface for fluid dynam c thrust bearing
470033] Goupderiplate 30 ig attagheddp slewiesdlp. Therdopsnrijce gfcounter | s
di sposed in close proximty to an overhang 407 of
plate 4B@isgenfigyesd to pryyidgadeering shifaee ferfluid¢ dyngmic thrustbearing 426.
configured to contact a%;ai_ nst overhang 407 to limt
t He03dpisplacetnend limitenringtd 14 isfattehsd oshafi 488 aniptateg gouhhen
FDB notor assenbly 400 experiences displ acenent
rotatigimd axis 41 Inwitiheha)d08/ Displagsmeentllinditer singiddh is copfigzed tagai n,
persons skilled in the art will understand that the
provideumealymirfacead13 tp therestept thas seahdl 2oeompzisesse: @edlenissdd Thbove
in conjunction with FIG 3 apply with equal force to
bottomiserfaeivd displecementbmitériving 4 ibis wenfiguresian jpravideiadeamigt h
FIG 4. [0036] FIG 5 is a cross-sectional view
surfadel forfid dynangc tirusdbdaking 24 ilmgddid, andisplédemient limiteneng c
bearing notor assenbly 500, according to another
414 igdisppsabinhiclose prokimityrte at oxethati§407 & shdkve 200 Gisplacement limiter
’

ring 414 is 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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WD 2004/ 029953 PCT/1JS2003/ 031137 the invention. As
shown, FDB notor assenbly 500 may i ncl ude, mﬁggonh 2006
limtation, a base 502, a hub 504, a sl eeve 6, g
wohaldo2598, a seal 512, a stator assenbly 516pc1Bus2003/031137

magnet 518, a counter plate 530, a displacenent
l[imter ring 531 and orbital ring 532. [0037] Sleeve
506 is attached to base 502 and supports FDB notor
.assenbly 500. _ As configured, sleeve 506 is

the imstepiicn dushoW R motgassambly $0Amstnelids, Fithggdimiftinl | s
configured to rotate about a rotational axis 511.

base §pyp @ hith 804, p yleevesi9hca shaft §08, g sepl f s agtor gssembly 64 and
the el ectronagnetic interaction between nmagnet 518 and

magnst 3t8pp caustes matey53051 dsplecamen limiter Bud 3l nd ortatebringni32.
shaft 508 is attached to hub 504, shaft 508 rotates
at{60A7] Sleotei0b dyrttackedite bde J02andwsuprorts BPB metor assengblH $00.
i s di sposed between sleeve 506 and shaft 508 and is

As canfighriedjsteet 306 is statidineryaiSbaft 548as attacherlab hak 564, 5vhichds an
angul ar velocity that is less than the angul ar

configrbdwoirbpteabodtarotafichabaxipfldy Specificglly esagnettfd d idwtactied to
Obital ring 532 is further configured to include a

hub 30¢,cind ch¢l ebdctromagriatic) ingdrach2Bbetieenantgneti SAR and- R ormssembly
assenbly 500 al so may be configured such that a

516 cdares\ubr 504 actdtalg s sHaf 308 BGtidhed®D Hub 504 shift 608 wetd3ubout
504 as previously described herein. [0038] As FIG 5

rotatioha$ 8xis MV .weliDBrbied] eihg 5ESie dishaseSBIwtdnsldede S0 dndisHaft
dynam c journal bearings 520, 521 and 522 and fluid

508 adly RRGhfgukddrtt sétat abdut R@tiodad 4xia 501 2@ anflat vdlocHy itk Cess
journal bearings 520 and 521 are di sposed between

than 18¢ RiguRt vélbdi§ o3 Bdb 80asphaidusly d643ribell PR SOFHRE] Sig3g idf

recircul ati on channel 528. Fluid dynam c journa

furthd? @aHfighfbd % ficludé a EHcHPRRRH chAhveRs, & ddditdh, FDB&how2 and
sl eeve 506 on the sane side of recirculation channe

assemdBP500%1sb by be QYRBATEG shthatal doRBRhidStimZstelobdibi fhree is

dynam c thfust bearing 524 is disposed between
exert@RILLB 504 Adifleviddlyadideribednafd, and fluid dynam c thrust

bearing 526 is i sposed between orbital ring 532 and

CRIBBEAs PR 58158 3bws! BDB 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 %32 and hub 504, and fluid dynamic thrust bearing 526 is

disposed between orbital ring 532 and counter plate 530.
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1 6 MAY 2006 WD 2004/ 029953 PCTI US2003/ 031137 [ 0039]
Counter plate 530 is attached to sl eeve 506. Egﬁ@%ozUB
surface of thrust place 530 is configured td [ %
' surface for fluid dynam c thrust j
‘Vg§§$%&¥%gaddition, t he bottom surface of hugﬁg@%ﬁ?gm3u37

configured to provide a bearing surface for fluid
dynam c thrust bearing 524. [0040] D spl acenent
limter ring 531 is attached to shaft 508 and |is
di E}98%1epunispplate 538 istatigghed foyilgexe SOG. niredapsuriage ofdbfust on,
orbital ring 532 is configured such that an overhan

place §30 ig ponfiguis¢ &o prowide 8 bepring swéage &y duidrdymamisrthiystieprng 520.
ring 532. As persons skilled in the art wll

In agditinngth bettorgisusfaceaefdivb 704 Isicehfigiwedtp pepvEls R beprngwehteday
507 are configured to act together to limt the

fluid gymemid thiist beamgi¥@ht of hub 504 and shaft 508 when FDB
not or assenbly 500 experiences displacenment shocks in
t hEp04XiRisHlacempntdintted ring 531 is attach@itd shafiri8pad sohisposed
skilled in the art will recognize, the configuration

unded park-GiRrbimbting 535 Jea atdition Oitakrimgeii2 issdohfigwedsuch that an
that of FDB notor assenbly 400. One difference,

overhangS0OP bf sléese 506k dispidedotapan sf@bitdl ying 082.hAspdrsuns Skillédd
dynam c journal bearings, fluid dynam c journa

in thb e miln@sodn2R, disidaceint lihiep Anesh lhat weaharpr 307 tasd configiged
532 and shaft 508 as opposed to one. One reason for

to act Rigsth&an film@ Wicipward displidamentiolf Buth$04gint Shaff 508ov1zn FRB
ring 532 and shaft 508 may be greater than those of

motd2akkeinBly 500 Bfpefidteadigpladtaicht sAOGks irbthe BapllEhparhrd dirdcBbh.
notor assenbly 400 of FIG 4. As persons skilled in

t h@o#ar]tAsWedsbns sl irStha el wildfeedingde, 1t tafiguration BLEDRI
and radial stiffness is desirable to conpensate for

motdr ARembPIG 566 En 18l T ar t6\Shat HHDBIMORE asstiibly48d] Bhe

stiffnesses of fluid dynam c journal bearings 520 and

differspde, B6Wevef) iPREHD P otok RREMABY S00EL:QR6 Al dynemrfjbesdli ve
angul ar and radial stiffness supporting shaft 508.

beartiBO BRIdyRirkiE FIuiie Sedrinigd $0Bland 51, ikpSse® BRREENEBital rink 92

dynam c”journal bearing 520 is disposed between
and $h&ft 564 BpdLI 1FHRNORL readsh BPMisicBRfiguration 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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bottom surface of shaft 508. As a result, positive
pressure is nmaintained in a gap 550 20 WO 2004/ 029953

1 6 MAY 2006 PCT/1JS2003/ 031137 between the bbbt MAY 2006
woubdsmedsoHf shaft 508 and the top surface of wOWN2663/031137
pl ate 530. Anmong other things, the positive pressure

in gap 550 supplenents the axial forces generated by

fluid dynam c thrust bearings 524 and 526. [0042]
under st and t hat

Agai erso skilled in the art_wl|
beeP R B oSSR Rario SatheioRe 1S o Al pHRdEn e 0 Aimons
he gl.ve *hg con‘%unction with FIGS. 3 and 4 apply wth
O iaes: Pg PREIYCPTEEe ShEw P fatplanests tharxipl Syesseenated by
.cqnjunction with FIG 5. [0043] FIG 6 is a
ﬂmgﬁ -%%Wﬁll?ﬁ’é’llgs\ﬁizé\ﬁﬁqﬁ%strati ng an orbital ring 632
ina fluid dynam c bearing notor assenbly 600,
ac d8Wd] Agem peiprsskilled i the b wili understand thathetsaroé genehab
_invention. As shown, FDB notor assenbly 600 may
principles gfecongipisistsearibpd povain eonjunetiontyetheFI6823 amd hapipl0ith a
sl eeve 606, a shaft 608, a seal 612, a seal ring 614,
equy] faregioghe emhodimant Jeserited ahoveriy petjursdd) with EIG IRt er pl at e
630, a displacenent limter ring 631 and orbital ring
632. [0044] Sleeve 606 is attached to base 602 and
sugg)(;rts FDB not or assenbly 600. As configured,
sl & 066 isa cxesaiseatinnal yiewSllesnmtngS@torbial fing 6BEh a fluid
configured such that seal ring 614 maybe di sposed
dynaghic héaming metor egserpblyt600,reedrding ecanetheNAtenmtide gnbddatent of
Shaft 608 is attached to hub 604, which is configured
the inventiont. AAsshabwnHDBimowt atskmblgl60aumiag i lulle, Wit filnkalohya
magnet 618 is attached to hub 604, and the

based0@,cithub 84y melekbve 6061 £siARIG0BM scil Sl NRaBalTRGRY, Hitfoand
stator assenbly 616 causes hub 604 to rotate. As shaft

asserBbIy 616 a neghetdh 8,ch dotntetiflate 630, aslisplaterfS lifndtbdigse3a At
rotational axis 611 as well. Obital ring 632

orbital ring 632.

[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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i s di sposed between sl eeve 606land shaft 608 and is
configured to rotate about rotational axis
angul ar velocity that is |ess than the angul Slﬁl ﬁAY %05

woShRGdegs of hub 604 as previously describe
Obital ring 632 is further configured to Iﬁuﬂﬁ%ﬁ&ﬁm3?37

1 6 MAY 2006 1 WD 2004/ 029953 PCT/ US2003/ 031137
reci rcul ati on channel 628. |In addition, FDB notor

.assenbly 600 al so nmay be configured such that a
feCIEaim& FRanngd 62§, dn ghdibiem FDRmeter Eséefﬁ@)' 69021s0maxobr senfised

a revious|y  described herein. [0045] As FIG 6 also
sucly %595 dowmmard AGting preloading fajoeg e exertad PO O |ag previeyslnni ¢
ournal beari ngs 620, 621, 622 and 623 and fluid
e“ﬁ?ﬁ%hﬂ@“thrust bearings 624 and 626. Fluid dynamc
journal bearings 620 and 621 are di sposed between
or hPQ44l As FIeg 6 6180 skaves, FERafatoree8mbly @)0pndudes Suiidyesmiof
~recirculation channel 628. Fluid dynam c journa
Jourhd pearings 6206621, 4221ar8423 ané fldid siyamswic thest beeing 0624 and 1626.
ring 632 and sl eeve 606 on opposite sides of
Fluid dgnami¢|joatmbldaningz 620 kndeA. ard-dispodedchehvasth orttital tirgg 632 and
bearing 624 is di sposed between orbital ring 632 and
shafh608onaphasites Gd¥¢ obfecstdaion chfifiecl @8 dFluid.dydasiicrjamnal bearings
thrust bearing 626 is disposed between orbital ring
622 6iBP623rutke digosdddietwrdenbebitaBiing 4346 1edv0 606 61 opositecside3dOf i S
attached to sl eeve 606. The top surface of counter

reciplilatiéh dhafhel 628c Ghfid Gyradtc theusPbearhgle24ds Bigpdsedbeteednf kil
for fluid dynam c thrust bearing 626. |In addition,

ring B2 arinintoverhag 60d O slodve @06 Qe faignftié thst SLLREG266 | S
configured to provide a bearing surface for fluid

disp6ked detiveen dibithd Hind 630 AndG obtér plade6do. ri ng 614 is attached
to shaft 608 and is configured to provide a sea

su [dO@S_IQZoﬁﬂt@r plee 6B@isaxh@RE 1d Madve 6@ THE lop EHRY IfrT6ntd
capil lary seal .
plate 630 is configured to provide a bearing surface for fluid dynamic thrust bearing 626.
In addition, the bottom surface of an overhang 607 of slee.ve 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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[0047] Displacenment |limter ring 631 is attached to
shaft 608 and is disposed under part of or bbtﬁalMN 2006
632. In addition, overhang 607 is disposed over
wOlbiqioddess i Ng 632. As persons skilled in the@sWsloziiz7
recogni ze, displacenment limter ring 631 and overhang
607 are configured to act together to limt the upward
di spl acenent of hub 604 and shaft 608 when FDB not or
assenbly 600 exper.iences djsplacenent shocks in e
ax|0Qf $hAspsteapsskyiedde the g wib zecmzem?cmrw oFFbB
2004/ 029953 PCTI US2003/ 031137 _[0048] As persaons
motagjagiembly G0 i graerally siglpy to that B{;Wi[’}% aotqr gesemBiyr40§uPag i on
~_of FDB notor assenbly 600 is generally simlar _to
differenge, howevenis et 9B mots awsegpbly$gU includes tyioffhuid dmemic
however, is that FDB notor assenbly 600 includes two
bearings, flgiddiynamic journad hedrings 620fand 641, dljspoged betwsen eraital ring 632
beari ngs 620 and 621, disposed between orbital ring
and #1832 60%ardl twh dluid B@8miwhdarings, fluididyhaujajawiel boarings g3 and
fluid dynam c journal bearings 622 and 623, disposed
623, dispoged hetoredn drbiltal ring 3587 skaevke &l6e One 168G foOthis qoafigusation
for this configuration is that orbital ring 632 and
is that logtfitil B 30wyd aftc0B eay haw teights that eregrenddrdrantthess of hose
of orbital ring 432 and shaft 408 as depicted in FDB
orbitalaingr432 asdshbit Y08l 0depicted|ificFDB . moksr asseotbly 410rof FIG.t1h As
angul ar and radi al stiffnesses of fluid dynam c
configOtedtad ardpaiar amigadibiMiffaesdes off Ahidadydamik jéurnsl Heatinpn6d0cand
journal bearings 622 and 623 act in parallel, thereby
621 dndof gaididygamit el beeingy/622and 62 hact angrallal] tieteby inckdasiag s
supporting orbital ring 632 and shaft 608. As
the efE@WvE Qhifilay aftbBaial HFfheRuFofting dibitabAifg 682 dndehaff 408CtAsve
radi al stiffness conpensates for the increased
previd@il P Bdserikfl herel, indteasihthe €Fectias ehdfh stiffneSB mpéiatel €t the
difference is that, in this enbodinment, fluid dynamc
increh¥d hBizhts BEEbitd) i 83D artt What® 808, aMsbiidr diffdrenyei3 Mhat, ik thidISt
bearing 626 are di sposed between recircul ati on channe

embd¥ferd Hhid HPahRljb@ihiVehrims §204nd 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 éonjunctiqn with FIGS. 3 through 5 apply

with equal force to the embodiment described above in conjunction with FIG. 6.
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shaft 608. As a result, positive pressure is

mai ntained in a gap 650 between the bottom sukf

shaft 608 and the top surface of counter plat€%6§®& ﬂmﬁ
woOBEGh28Ysher things, the positive pressure ig-gado31137

suppl enents the axial forces generated by fluid

dynam c thrust bearings 624 and 626. [0049] Agai n,

persons skilled in the art will understand that the

SRSATAE, T R AR Bl oo o
o B S0 T 530 BB
PCTI,US2003/ 031137 [ 0050 I 7 i - [
e RS P30k o g AR

dynan ¢ bearjng notor nbl.y_700, cordi ng t

vaseglibrateb 70 eeleik et SBIRPERt 7GenarRE A reahy e
shown, FDB notor_assenbly. 7QO0. i ncl yde i t hout

a magefi/d s pmlacements igierriy3, Orhit) aipe T 2 metal i 780 945s ton
shaft 708, seals 712 and 750, a stator assenbly 716,

cove 7Hagnet 718, a displacenent linmiter 731, orbital ring
732, a nmetal ring 760 and a _top _cover 770. [0031]
Baf95 Base YiRsoiupases 4 napmnpang e mAlerizhsncyas glumignm, Jhft 708
alum num Shaft 708 is attached to base 702 and

is attachsp v base FA3Rndwurporta EBBatgr asermbly 700; fn thisssrhadimpsoh shaft
shaft 708 is stationary. Top cover 770 is_attached to

708 istsationard SToplcaves @0 ésrattactiedimehalt 7% laone pmbodimgentstop cover
attached to shaft 708 with a screw through a threaded

770 tsaitachgd ©.shaftiT087ith 4 screve tdugh atirarded holo 7 54 eHeth Hifis a
rotational axis 711. Specifically, magnet 718 is

configited ddvethte aboutanotatige axiaddl .t $pscifirally; magnet Al is attached to
i nteracti on between magnet 718 and stator assenbl

hub, 7046 akitis elsctivuiagifdli¢ interactipmdbebveesmagnes 7 1@d; S@tcataﬁsa@%b'd
to hub 704 and rotates about

716 causes hub 704 to rotate. Sleeve 706 is attached to hub 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 angulaf 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. Insucha 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.
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rotational axis 711 as well. Obital ring 732 is

di sposed between sl eeve 706 and shaft 708 and.i

configured to rotate about rotational axis 7118aﬂm5¥mm
wongulnagesyel ocity that is less than the anguwamus2003/031137

vel ocity of hub 704 as previously described herein.

Obital ring 732 is further configured to include a

recirculation channel 728. [0052] FDB notor assenbly

o083 oI ity SR 3
jou@tb%hnﬁézggo ;? anJ 4/2%ea§1d Fuid r@g n%tclt}(x:ru 'éq'!ng ﬁanaslzg

OW car oon Stee n S C
Pt Fite St Besrip ﬁﬂgane g ahb A FRORSLLSiel BREP
Sha$ 2@85?*1 /GO 33??”?9% et hrmeL R, TRAT Gnafic U pesrivks
7122 b g ik gt Do 00%&@%3@% PR SREEd1 SE ORI S9501
fe°‘%‘iﬂ’glt1$‘g§“ﬁ?f°bj ot 10 e b Piog e Angesed DS AP

ElLui d, dynanic j urnal bearln s. 720 and 721 are
nngo?r”% prtatovsEene & Afpisrieqi0oranddluiddmaris thrastbearing g6 &
pposites sides of recircul ation channel 728. Fluid
d‘SPﬂifﬁé’ﬁﬁ“t?elj‘ et aine Béapndgflaney 299 gty 2. ar e di sposed
between orbital ring 732 and sl eeve 706 on opposite
ot 54 LpisPlacsEIen Ry 7 5his shedhblo ez 7081201 & capgwrrdto
thrust bearing 724 is disposed between orbital ring
Providsa s uEipe 0 It AN gRIen Frophea] e s ety peslghs
dynam c thrust bearing 726 is disposed between
shovay, Biertep surfapryofdisplageraent limjtemigd ivdisposed widerfa flangg 709 ofizhaf}
Di splacenent limter 731 is attached to sl eeve 706 and
708.i As peserims it eddn thy artpyigvecgeniae, displacamant bimiter 731 andflarige 709
extent that seal 750 conprises a capillary seal. As
are oghibgyred tolaet togsthes terlimait the opward sigsplacemanh of Hub 74 mhe7 DB s
di sposed under a flange 709 of shaft
motor assembly 700 experiences displacement shocks in the axially upward direction.

[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 ’;he effective stiffness supporting

orbital ring 732 and sleeve 706 to compensate for the increased heights of those elements.
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708. As persons skilled in the art wll recognize,
di spl acenent |imter 731 and flange 709 are 06
configured to act together to limt the upvvar‘dﬁ MAY n

ngﬁdglﬂﬁgggyent of hub 704 when FDB notor asseﬁ;@,ﬁ%zg&% 1137

experi ences di spl acenent shocks in the axially upwar
direction. [0055] As persons skilled in the art w |l
recogni ze, the configuration of FDB nptor assenbly
700 is generally simlar to that of FDB notor
Otherdlifisrencruigelndrphe piseenceipfirpeircalation chisongd 72§ andjagfaghiment ¢DB
not or assenbly 700 includes two fluid dynam c
shafZ0%rtp ﬁ@s%o"ﬁfflm{v’-d dynani c journal bearings 720 and 721,
di sposed between orbital ring 732 and shaft 708 and
t WEO0P 6L ghing persamis skiblechini theyet will unidekstdydhthat the jamergeatral
_bearings 722 and 723, disposed between orbital ring
pringiglgs anddondepts descib@l abbgainrconjasction ewithdliGS .3 iemmgh 6 bpysly
herein, one reason for this configuration is to
withieneal éasetottiesndbofiment decsticd abaneds canjymptior witlgFIG7bi t al
ring 732 and sl eeve 706 to conpensate for the
i ncreased heights of those elenments. 25 1 6 MAY 2006

WO 2004/ 029953 PCTI US2003/ 031137 Ot her differences

| NEO0STMEFIG i prrRsssetom vieedilistuting in@ibihannI2 4 38wand
attachnment of shaft 708 to top cover 770. [0056]

dynafga@baarinpRooasenidy 180G dcididih® AbtheMilfematititaitplianat dhat
the same general principles and concepts descri bed

the imleAN@. | Ab shéwh, FDE m60r ¥sédiblly 80Pmayinc i) waihotk 18Rk Yn, a
with equal force to the enbodi nent descri bed above in

base 802)jathilb BO4) A shift 08 defds 872 ald$50/d sthtbassnbll$ 8 B5 (partially
cross-sectional viewillustrating an orbital ring 832

showin})) adndghetislls, aCliisp@tthed Bititens8 1MHHA41 rRE 38T Y. BF Qover 870.
according to another alternative enbodi nent of the

| IToesH) SBAR 808Ss SAGNEY to BRI S0P LAY suﬁ@oz;&'ﬁﬁﬂ/ mggpaégﬁﬁblg 820 .

include, without limtation, a e 802, a hub

In this BAbbdiReR, sha®80SisBhdomf B boova 90X RhciRE $CIRR%0S 1R
(partially shown), a nagnet 818, a displ acenent
one eribBliRht, 83 Love? B {sakttadteB % $3R 868 'Witka EQBY 8 RV, SutPedd-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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[ 0058] Shaft 808 is attached to base 802 and supports
FDB notor assenbly 800. 1In this enbodi nent, g ph%Sgﬁﬁ
is stationary. Top cover 870 is attached to shar
nbodi nent, top cover 870 is attach
‘wgggmmn jsa screm1810 Hub 804 is configureﬁq%g%?§P%%h37
about a rotational axis 811. Specifically, nagnet 818
is attached to hub 804, and the electronagnetic

14T AL B, BlaGho PR e ety &0 ey agggf‘:fygxmic

] posed_bet h 04 and _shaft 808 an
10“”8%}2’%%? &8) 40 825 oai fgmg BuReris Brust begrings SadieR iy R, Htidan
angular veIOC|t that iis less than the angul ar
dyngraic goyraa) besing %X Bdispassd heipeoerbital ring 834 tdeliath 89&omone
., Obital ring 832 is further pqnfiqureq to include a
side;of gqcireniationichannelfaR rand thuddynpmicienmal bearing 8RR isdispeped
assenbly 800 also may be configured such that a
betweepahiiplding 882 pryl IbB068 aa ithepppenite sidp of rexirquiatian ehanhel($28.
804 as previously described herein. 26 I 6 MAY 2006 WO
Flui¢ dynamio@osthepdTy $2370 digp@ed had7edn@an] ring 832 agd hgb 804 end
shows, FDB notor assenbly 800 includes fluid dynam c
fluid dymemigl thrbg deiring$26 X0lisposkdd R Bvean drbithluring 833 aedshaftt8a8.ust
bearings 824 and 826. Fluid dynam c journal bearing
82[P0re] Rispement linsten82his attdwhedio hub B¢ 88Us eondigstedita 808
on one side of recirculation channel 828, and fluid
provitiensml cuifae BHilato theautém thaB231 §50 coinpyies e dapiley veabnAs
orbital ring 832 and hub 804 on the opposite side of
show thentopduathéeat dishhvenadnt B@8er 83Flisudighoshdnaiderca fldnpei 809 of shaft
bearing 824 is di sposed between orbital ring 832 and
808 $ugh tia0displaenhentflimited 83l liraits the tipward Hisplecdnientofhitib 804 when:
di sposed between orbital ring 832 and shaft 808.
FDB[ & 66)dssei by (e perithcdsidisplae¢méhB shocks ia thieaaxbdigl up@adub 804
and is configured to provide a seal surface 851 to
directib® extent that seal 850 conprises a capillary seal
As shown, the top surface of displacenent limter 831
| s[0dé 5 Papetonsniflitled i the a g6l FOGnie, b adrifiguration 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.
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808 such that displacenent |[imter 831 limts the
upwar d di spl acenent of hub 804 when FDB not of § Mﬁy 2006
assenbly 800 experiences displacenent shocks in e
woaxaldkyssipward direction. [0061] As personspSKisheths1iz7
in the art will recognize, the configuration of FDB
not or assenbly 800 is generally simlar to that of FDB
not or assenbly 300. One difference, however, is that
or ypaeal| FIG. 9Ys S&8ss et Rew Rfst itk ah bdfat i B A8
Amotheg differeﬁ%e 'S th% at?achgent o? slra ?1%%§§90
dynhiBRe RRHRmAS hssefbi PG00 R ofdR U iV SG3! S
g R ot sy OV Bkl ﬁ%é?é%’rﬁ@?ﬁ#ﬁ%é’ embbdtheit

hbdtioHN n t i nci.pl.es and
e S R Ay ey R o, RO o]
i al rce.to th di t
base SURRN B She2E Bl o0tishels #0000 oo iy BeeriBo i To ety oy
0 / PCTI LS2003/ 137.1.0063] FI G is
sho RO s el i S L G e o 0
932, lgHbL 9 . dynam.c b [ not o ssenbl 0
o 0558) Shaby o8 5 fhlf o SR and Jusbaies B o asfernobdon.
. nvent.i on 0 .FDB npotor assenbly 900 mm
In e R BT TR Tariop b dhp Sl BAER Sesped e fbowsodn
shaft 9 seal 5,912 and 950, stator assenbly 916
one ERmeop ST Aisehiagh ateree il ae Si0e Hsho0 i
imter 93 orbital ring 932 and a top cover 970.
contltgaffgéf? r%aﬁ%%qou%@tqt@nﬂﬁl“ég% PRegtIE Y magEt Qs atigshest tos
hub?@B rzg‘ﬁ]or assenbly .900., In this enbodi ment, shaft 908
» 8adthe elpciramaghetic interaetiondptyaen magnel 8 Heandisiptasaasembbog
916|n ﬁ? &gbodi ment,. tqQp cover 970 is attached to shaft
GEEs b RO4todotats, Oghits! rng 32ge dispesed besvieandisb 904 ausl shakt 90%
aboyt a rotatiognal axis 911. Specifically, nagnet 918
and i Gonfiepced {RAPARAbORL iotaBomE! kA1 } #lan epgiar vohigBet s less than
I nteraction _between magnet 918 and stator assenbly
the angular velocity of hub 904 as previously described herein. Orbital ring 932 is further

configured to include a recirculation channel 928. In addition, FDB motor assembly 900
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 channe] 928.
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916 causes hub 904 to rotate. Orbital ring 932 is
di sposed between hub 904 and shaft 908 and-
configured to rotate about rotational axis 9&? gyw ﬂmﬁ
wangiladesyel ocity that is less than the angy@ius2003031137
vel ocity of hub 904 as previously described herein.
Obital ring 932 is further configured to include a
recircul ati on channel 928. In addition, FDB notor
assenp 900 als nfi gured. such _t hat
d oix’R}éé5 ﬁlsale?qnwat 1m@”§§b}sr@ Biredgo P@P"&?érst”é Fiitae Robto the
as previously described_herein. h As FIG. 9
extea? %t seH G commmpes st arysegniblisplagerent fogther
dynam ¢ journal bearings 920 and 922 and f|UId
confém%ﬂwh 4 hp 9rand @ shouldgs 94 Anshawolp 3Ry disposes e rart
journal bearing 920 is_disposed between orbital rin
of hui3904znd shavider 908 dispesad i dlosq praxymisinto @ fanga 3410f Beady 908 g
922 is disposed between orbital ring 932 and hub 904.
As depfiguted, dy Adhand showldes O3hack tagathetp Ainiitsthelipyyaod digplpcemsnterf
orbital ring 932 and hub 904 on one side of
hub P4 WhenUFRB motor adsembl 900 26perienves dibplacdmentishorks int the apgally
bearing 926 is di sposed between orbital ring 932 and
upweildaliect®®8 on t he opposite side of recircul ation
channel 928. 28 1 6 MAY 2006 WO 2004/ 029953
PCIU0UERAO 310851 ki 1ed D the 61t wiil sqebgriznthe tonfiguiatien oBBDBI s
configured to provide a seal surface 951 to the
mot@abeeniblyt $08tis geaehllPHMilaantiat s£ED R moay atskmbly 86@aDne
Di splacenent limter 931 is further configured with a
differénpe, hd@eands thatsh diid eaoddneht rebiroditivmehannelP28 33s a gertical,
di sposed underpart of hub 904 and shoul der 934 is
as opifosqdas @ totizontal, ofientgiionxi Mty to a flange 909 of shaft
908. As configured, lip 933 and shoul der 934 act
t oRbSIA gainD pdréciis killdtkin /st willdind@rbtanthitilic afme gbrdal 904
when FDB notor assenbly 900 experiences displ acenent
prin@ipleCaed coiitepts Besdzibed| dbyve it PGttt Wah FIGE 3 thO0EYS apddy
persons skilled in the art will recognize, the
with GGl f@td 18 ihedmbelinfebRlescribed 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 étator
assembly 1016, a magnet 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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not or assenbly 900 is generally simlar to that of FDB
not or assenbly 800. One difference, however, is th%h o
in this enmbodi nent recircul ati on channel 928‘h§sM§{ 0o
| as opposed to a horizontal, orie oTaN
Wi[égg&é}gij@gsgai n, persons skilled in the art w lrlfé’}t/ﬂ}é}ﬁ‘oyosuw
understand that the sane general principles and
concepts descri bed above in conjunction with FIGS. 3
through 8 apply with equal force to the enbodi nent
that S&é’sl?ﬂ&g't?éﬂi mak g@ésmﬁedcmla thertpporipn of sfeevs 1096 ap dedad.
FIG 10 is a cross-sectional viewillustrating an
Shafio|09B iscattaphed dp mihI P04, rwhicks is gonfiguepdiieirptate thout 4 rotptional exis
assenbly 1000, according to another alternative
1011¢ Sperdficatipimagnet 10 hisiattachad todrub 1884, ahdtim eleptBBnapnetir
assenbly 1000 may include, without limtation, a base
interacGomR betwednurhaghet( ] 8 andsitatenasseh®iB] 014 calsed hubll008 o mtate s
1012, a seal ring 1014, a stator assenbly 1016, a
shaft 1figfhie attddbédio hab ¢04nstaft 10D taatd DOyt ratatidrapddc HTe as well.
limter ring 1031 and orbital ring 1032. [0070]
Orbit8 rém1932 @0lspbsed ttvaahsiebve A 00Gad shATDR08RAd Buppigiral tbDB
not or assenbly 1000. As configured, sleeve 1006 is
rotatestbati rotational ax3 HAV et dddgulasvdlovityliek isdess thag thieastgslach 29
1 6 MAY 2006 WO 2004/ 029953 PCTI US2003/ 031137 t hat
velocite af hub Y094 A0préviomyy descritied pasid Ikddition, FIDB nicbgt aﬁ@fﬂbgo n
of sleeve 1006 as depicted. Shaft 1008 is attached to

1000 h13b mh§ B4 configined such tid Bldbghwad abthgpdladdagdBRY is eXerted on
rotational axis 1011. Specifically, nmagnet 1018 is

hub 1804 s&ggiedousty desthibddRMeinand t he el ect romagnetic
i nteraction between nagnet 1018 and stator assenbly

1906y 1T ALBES 104180 SHWA, FOB it taBsemPEy 1080 alcfuddOPEd dPnamic
attached to hub 1004, shaft 1008 rotates about

journd] Qkaririge medo, 209151020 4dd 8623Vl Hluid dPhkthic hrudt bBFink B4 8d
di sposed between sl eeve 1006 and shaft 1008 and is

1026.CHIA{d dyH#RD ﬂ'&ﬂ_lal bétiagL1020Qhd 1001 LR R¥heen Dbk Alg an
angul ar velocity that is |ess than the angul ar

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.

[0972] 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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vel ocity of hub 1004 as previously described herein.
In addition, FDB notor assenbly 1000 al so n§§ WY 2006
configured such that a downward acti ng prel oadi ng
wé 960%/820053 exerted on hub 1004 as previously p¢aashsdeshisy
herein. [0071) As FIG 10 al so shows, FDB notor
assenbly 1000 includes fluid dynamc journal bearings
1020, 1021, 1022 and 1023 and fluid dynam c thrust
bearings ' 1024 and 1026. Fluid,dypanc journa
atacidp FHISIOPD 2 e 1PVl £SO BAEBE i s piepa
ring 1032 and shaft 1008, and fluid dynam c journal
seal YU 2 cpmprses » oapillerseth23 are di sposed between orbit al
ring 1032 and sl eeve 1006. Fluid dynamc thr us&_
belAP73 &isplppement limiferring: kA | peatiqeher tihait { 498 gndiiydisrpsed
and an over han% 1007 of sleeve 1006, and fluid |
undeipartefiotbitahringst03Be by addigionopwsrhiang Hi0d prdisneserbq¥re eiital ring
orbital ring 1032 and counter plate 1030. [0072]
1032Caspesonspkiedintbaat will recognizsedisplasempnt digniten gg 103ti9ad t op
surface of counter plate 1030 is configured to
overlpng I D@fearacdnigured tp astitoizetber th Limitfthe tipovart,dismiacementrof iyb
bearing .1026. In addition, the bottom surface of an
1004aué slindri§08 @béh DB slogeassed)6l 0108 expsritricgudisplacemgnishesks de
a bearing surface for fluid dynam c thrust bearing
in thd £241y upeald directipn1014 is 30 1 6 MAY 2006 WO 2004/ 029953
PCTI US2003/ 031137 attached to shaft 1008 and is
c qub749 Ws eksérs skitled indthe art silbtecapnizk Abecobfig@ration ¢f DB
extent that seal 1012 conprises a capillary seal.
motof 843&3bly D0k gareratlytsinhilarid tat of FDH i@Bdasseantdy 6@t t o
shaft 1008 and is disposed under part of orbital ring
differkB&7 how éveR thathdt IFDB motoe adsanigy 10@7doesnat irsyheis ectirovlation
orbital ring 1032. As persons skilled in the art wll
chanh? 6286¢ B1G, 6.di spl acenent limter ring 1031 and
over hang 1007 are configured to act together to limt
t heo s Wakid, tisoRd SeIesaEn theaft willinderstand 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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1004 and shaft 1008 when FDB notor assenbly 1000

experiences displacenent shocks in the axi a lgy MﬂYW?ﬂUG
direction. [0074] As persons skilled in the art W |

wba6RgRéEe, the configuration of FDB notor assgiddhes/031137
1000 is generally simlar to that of FDB notor
assenbly 600. One difference, however, is that FDB
not or assenbly 1000 does not include recircul ation

nnel f Fl per sons skllled
The?ﬂ e P 080105 o enst Snecl pan s eaing oG e igen the
) and concepts descri bed above i.n onjunctlon
inne ?rﬁbqrna e Sroutaiggmd ot lapihpe fluidl dynagén bepripgisRosed t he
di ment . descri bed above in con unction wth FI G
betwm "hf otyitgringand thoutenmenbery Eaefi @eﬁx fuid dysagie begring has an
enbodi ments_of an FDB notor assenbly configured with
assogigfedpasripgiregion iyoughsvhjelpbeariegifluid HewrDis peassaps skilledbinitheart
has an inner nenber or shaft that is configured
will wpegnige, fuid damicbesringsi gsnerelly ase candignrsd such that gositiee an
outer nmenber that is configured to either to remain
pressyteds mgintained dn thoset beating tegiosOpethe puriywing antion of giobreesolit er
menber is a sleeve and, in other enbodinents, the
somepamtwdinmestshtbe orbital ringhindluded h eecorcidationl channely wihichds emfigeed
bet ween the inner and outer nenbers and is configured
to actammadatetbearittg fand fong indacedis] the fltig dideatic baarihgsadtth eontiohe
angul ar velocity of the hub. 31 1 6 MAY 2006 WO
pressgfeQid {18208y réYicslUS2003/ 031137 The FDB notor al so
i ncludes at | east one fluid dynam c bearing di sposed
between the inner nmenber and the orbital ring and at
| east one fluid dynam c bearing di sposed between the
or[bd7aDné advgntagecofttheFDB iidtor AR MBles desttibed atvhe fslthit they
dynam c bearing has an associ ated bearing region

all conbungeybstasttialtylebmisen thah bidiildr FDB witor AssepBlissah4t dolabd | ed

inthe art wll recognize, fluid dynam c bearings
inclu@eedibita kihys. FuetherPiff tieqidp eidessofakt fluiddynaMsd BeaN ks included in
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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pressure is maintained in those bearing regions by the

punpi ng action of grooves. In sone enbodi nents,  th

orbital ring includes a recirculation channeﬂ,ﬁs\k}w&cjlmﬁ
wb30eosgured to accommopdat e bearing fl ui d gdrayd2003/031137

i nduced by the fluid dynam c bearings and to control

pressure in the bearing regions. [0077] One advantage

of the FDB notor assenblies described above is that

) h | I b L al | .
ring SRV AHORS TSP SReaBtT e Hm R ol et

orbital rings. Further, if the ga i zes af ,t.he fluid
functypprpg tendeh 1o FEADRALG A7 eltpmmptive b Rlne eé’é‘?é{?l BEmRR PP
t he iﬁffect.i ve

_assenbl i es are decreased sufficientl,
a triapgae 7055 S SAMDRHUD SR A PEStoR Fsdat thert ill seegsirsy g
__dynam c_bearings do not decrease appreciably, _yet
with gaek g lcenfiggragips, ¢ arbal rige ey bakedires P@mgﬁﬁ’gﬁrg}gﬁu&’me& with
| ower. [0078] The invention has been described above
at leag) qniq being dispasedon esich pide pf the orbitalgingi Feethe altp@ativens
skilled in the art, however, wll understand_ that
embogiméntsuthe orbitel irigomay haivs 2 sirenlarienavp-shapad croes-selipmat her et o
W t hout departing fromthe broader spirit and scope of
configiatidnn Wéith such a aenfigartatipmtherorbitel ring map bavedwe oe marehgaring
[0079] For exanple, in each enbodi nent descri bed
surfabmsrse long a¢ ¢aeh etrdichesibvar ian gpriversiate are. dotyainafbsr alternative
cross-sectional configuration. In other enbodi nents,
embddometsethe ctobeseotidyi ¢fihe @BitaMBng 003 b6 2Odiz8red aganylypeef06
PCTI US2003/ 031137 ring nmay have any type of
polygonhseng vt dramad sidesn Peggomsaskilled irt theart tetedons wilhrecognigetthat
ring to function as intended. For exanple, in '
the cbd-ettivml coafiguritinaiofehetsbhital Heg mrroiwayllinkitsithe svage ¢fdhee  a
triangul ar cross-sectional configuration. As persons
invertiléh) 1 ed in the art will recognize, wth such a
configuration, the orbital ring my have three or nore
bgaosonth sdditibAcas suitsblemumber of fluid dynamic bearings may be

disposed 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 coﬁtext of various embodiments of an FDB motor assembly. The fluid
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at | east one being disposed on each side of the

orbital ring. In other alternative enbodinentg,

orbital ring may have a circular or oval -sha e@ MAW%UB
woheRmsrest i onal configuration. Wth such a pcr/us2003/031137

configuration, the orbital ring my have two or nore

bearing surfaces so |ong as each stretches over an

appropriate arc. In yet other alternative

di. t t f
dynag-g;blgeaﬁgge %ﬁ%@&y,g-g)wg}rzésx?x y)b e e&boﬁleg Im gng'%ﬂ'%;' %ste% ?rr a gagatg?y
ss PR R P e CeR)| Earh@f %on?rf%ﬁf?ﬁe%?.ﬁw
the orbital ring.in no mayllrnts ﬁ
cactridgse e 6T FAPYGRIIOY 1 PRI oy AT R0 B8 LR of

fluid dynam c bearings nay be disposed on n

betwegne gopvesediongnd gach obibgil |ntn§f and; qufer Tages; 8°“1€JB? ﬁ‘%ﬁg" 9{’1’?"“
recircul ati on channel conflguratl may be e ed

a shaficand e Isteevecfor zetatine otation, TEPIRGIRER RAYLP Eﬁli ??ﬁ%&s BIR t?
condition effects as dictated by individual desig

usedr Ehesarmidgestveould bropaqed plnng thershathnd veepbbbs prelqedegio leélde
FDB notor assenbly nmay be included in any type of

the reduiste mapliand gasdidl seppoftat nmy use a preci sion notor. Such
el ectronic devices include, without |imtation, any
t y[0683 Asrisivesgping dhosts, heidossriptions grd drawings st forth heesiny
any type of optical disc player such as a conpact

shoutii teaegakdey én aroillustratiiveyrather thae p sestrictive ¥nsge (" DVD")
pl ayer. [0082] Finally, the fluid dynam c bearing
assenbly di scl osed herein has been described in the
context of various enbodi nents of an FDB not or
assenbly. The fluid 33 1 6 MAY 2006 WO 2004/ 029953
PCT/ US2003/ 031137 dynam ¢ beari ng assenbly, however,
maybe enbodi ed in any other system or apparatus

34



as deened appropriate by a person ordinarily skilled

in the art. For exanple, a pair of «cartri dgiﬁ’ mp?‘)qﬁ
iTa

conprising an inner race, an outer race and-+

wohiGootn fluid between a groove section angraashhsRkiiz7

the inner and outer races, could be used to support
shaft and a sleeve for relative rotation, replacing a
pair of ball bearings as previously used. The
' ul d be spaced along the shaft and woul d
VniégEéﬁtggggQggto provide the requisite axial and
radi al support. [0083] As the foregoing shows, the
descriptions and drawi ngs set forth herein should be
regarded in an illustrative rather than a restrictive
1. s endlaid dypang branpeier afgsbho 1e@ssronly qomprsisg003/ 03113
WHAT IS CLAIMED IS: 1. A fluid dynam c bearing notor
asEidpsT nembple assenbl y conprising: an inner nenber,
an outer nmenber configured to rotate about a
r cndutep mgmbendosfigureditofrptats ebeut g motationalaxlisoas i fiyst anguthr an
orbital ring disposed between the inner nenber and th
outer nelntitk and he orbital ring configured to rotate

about the rotational axis at a second angular
v @in@dhitelring disposeshetiveen thypuituzar meaiberdind yhdmitargndngss thehan

a

7

e

the first angular velocity. 2. The assenbly of claim

1, f ur pihital ingmonfigiredtoaothte mbdut fHeutdtichahauis at alseanid ng,
defining a first bearing region, disposed between the
i nner pmgubeevelacity, theaend adgnlar velogty taitg less skt ui d
dynam c bearing, defining a second bearing region,
di sposengubsetveleety. the orbital ring and the outer
menber.
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 regioﬁ.

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

cross-section.
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3. The assenbly of claim2, wherein the first fluid
dynam c bearing and the second fluid dynam Cﬁbﬁﬂimnﬁ
are configured such that positive pressure ils
wiBbdloddoged in the first bearing region and gd@usesasfiz7
bearing region. 4. The assenbly of claim1, wherein
the orbital ring is configured with a rectangul ar
cross-section. 35 A 6 MAY 2006 WO 2004/ 029953
PCT/ MJS2003/ 031137 5. A flujd nam ¢ bearing notor
> as ‘#Bﬁggéf“al’w’e&?&&%m“\} ABHRAYY tg%/??é‘?mﬁ&ﬁoml’ﬂﬁé‘?gf nmenber ;

an_outer nber configured to rotate about a
ro?‘éwgﬁﬁ%ﬁ?ﬁ s at a first angular velocity; and an
orbital ri di sposed between the inner nmenber and the
ou?’é?“t?féﬂ%’g?g‘e,r Corigured ipyiofats aboptapotasional gxis af afenstangplar | on
channel and configured to rotate about the rotational
axi s atvelpc#¥c®Ad angul ar vel ocity, the second angul ar
vel oci tybeing |l ess than the first angular velocity. 6.
Then 4bEa 7B flispesed betwssrothe inperthemnber evrbthe sittarmembery the
fluid dynam c bearing, defining a first bearing
r egi on,orejtal fog bevinga wweicoylatibe clianna andreanifignred trorotaleeabout
orbital ring and a second fluid dynam c bearing,
def i ni ribe wtationd ayisbbasecony angyaror]ocity, sowechdaagwlaen
the orbital ring and the outer nenber. 7. The assenbly
of cl aivelogity bging lebstharthe fiist agulat weletigy nanmi ¢ beari ng
and the second fluid dynam c bearing are configured
such that positive pressure is maintained in the first
bearing regi on and the second bearing region.

6. The assembly of claim 5, 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.

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 contro] pressure in the first bearing region and the

second bearing region.
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8. The assenbly of claim®6, wherein the recircul ation

channel is configured to accommobdate bearin fWﬁNdﬂmﬁ

flow i nduced by the first fluid dynam c bearing and
woheaoeesond fluid dynam c bearing and to corddibs2003/031137

pressure in the first bearing region and the second

bearing region. 36 1 6 MAY 2006 WO 2004/ 029953

PCTI US2003/ 031137 9. The assenbly of claimb5, wherein

t orbital rjng_is caqnfigured wth rect angul ar
5. o beasebBioshli 5, Vet thedh i s CHRIEHIA Mok Toangular
assenbly, the assenbly conprising: an inner nenber
crosssSgHPgured to rotate about a rotational axis at a
first angular velocity; an outer nmenber; and an
orbital ring disposed between the inner nmenber and the
outer menber, the orbital ring configured to rotate
10.  aioiluid dyrantie bearing mefor assprbly the assembly¢omprising: ar
vel ocity, the second angul ar velocity being | ess than
t e ifney wembexisoufiguredye rabae ahput 4 motatiphal azisstabisyangfilac| ai m
10, further conprising a first fluid dynam c bearing,
def i ni vedocityf i r st bearing region, disposed between the
i nner menber and the orbital ring and a second fluid
dymewterongrakariand, defining a second bearing region
di sposed between the orbital ring and the outer
membbital ring. dispheed bsiweabihy inpfr membenaid thewhter membérfthe
first fluid dynam c bearing and the second fluid
dy nam abita aing ronfuedtorvtdteaboatiths wotdtionhlaixispos sdconde
pressure is nmaintained in the first bearing region
and t hengslacwdictitgethe saagnd angulanvelocity being less than the first

angular velocity.

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.

37



13. The assenbly of claim 10, wherein the orbital ring

is configured with a rectangul ar cross-sect L(ﬁn @72[% 6

MAY 2006 WO 2004/ 029953 PCT/ US2003/ 031137 14. M | Ul

woyonaRkgspearing motor assenbly, the assembl Yecr/us2003/031137

conprising: an inner nenber configured to rotate about

a rotational axis at a first angular velocity; an

outer menber; and an or bital ri ng di sposed between the
the orbital ring

i nney . menber .and t he ou

t4. ot B ?esm%wtsﬁasemm R RTRREY t o
rot at e about @&@Hﬁ tation axi s at .a second angul ar
veT’b‘Ef’?rJnen? ¢ ‘o IRBHA Put 3 fgfagenal 9’“6@%@“@@ a% han
the firs angul ar velocity. 15. The assenbly of claim
14, furt&Yconprising a first fluid dynanic bearing,
deflnlng a_first bearing region, disposed between the
i neUtSTERATRIeAAd the orbital ring and a second fluid
dynani ¢ bearing, defining a second bearing region,
di %@éﬁé rigg figadsad battieensheinperimenitieg anthile ower mamber, the
menber. 16. The assenbly of claim 15, wherein the
first forkitarioghainee reriznlation charnal hed ennbigwrd tofrbtatecibout
dynam c beari n? are configured such that positive
pr essurtke rotatingdl axiaatracdoond angrdarfvielosity, thresaeand gngudayi on
and the second bearing region. 17. The assenbly of
cl ai m wslocifhlsieg lessithpa theefirstangilat vadorityhannel is
configured to accommodate bearing fluid flow induced
by the first fluid dynam c bearing and the second
fluid dynam c bearing and to control pressure in the

15, f iThstasigwhlyi of glaime ¢ #,Fartheen corprisingsefronitiid dyamitgheareg, on.

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 ﬁressure 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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18.

38 WD 2004/029953 1 6 MAY 2006 PCTfUS2003/031137 18.
The assenbly of claim 14, wherein the orbital rhng\iﬁ
configured with a rectangul ar cross-section.! BgMA 006
OhdtsfrBynan ¢ bearing assenbly, the assembl Ypcr/us2003/031137
conprising: an inner nmenber; an outer nenber

configured to rotate about a rotational axis at a
firstangular velocity; and an orbital ring disposed

be en _the Lnner. mepber and, t he outer_nenper, the

o B ERerbils ot QB Rt SHa aE RIS LA ot | onal

s at a second angular velocity, the second angul ar

axi
rectAPRYIATSTPSi- 6%y | ess than the first angular velocity.

20.

20. A fluid dynam c bearing assenbly, the assenbly
conprising: an inner menber; an outer nenber

congkgured tqQ rotate about a rotational axis at a
i dhgamgbeanng aseembly, theqeseablofomprisings i ng di sposed
bet ween the inner nenber and the outer nenber, the
or 31 4T gt havi ng a nci rcul ati on channel and
configured to rotate about the rotational axis at a
s RTOTERT Arsgibengonfigurertiotrgtatetaheut aaetatichabardndt afirst aegubari t y
being Il ess than the first angular velocity. 39
velocity; and

an orbital ring disposed between the inner member and the outer member, the
orbital ring configured to rotate about the rotational axis at a second
angular velocity, the second angular velocity being less than the first

angular velocity.

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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A FLU D DYNAM C BEARI NG CONFI GURED W TH AN ORBI TAL
RI NG FOR HI GHER EFFI Cl ENCY ABSTRACT dC]: TH_EbDljSC:_OSURE
A fluid dynam c bearing assenbly is described. In
enbodi nen%/, the assenbly includes an inner man‘oer‘.osmi'“‘Y 2006
The assenbly further includes an outer nmenber
configured to rotate about a rotational axis at a
- first angular velocity. The assenbly al so includes an

. . . : b 4 th
outer member. The BRaPea E R bPEBhT T gﬂﬁsgfi o rotate
Vel ool BURRPERHALRY SRiP s Enfo RO uBR I ey

vel ocity.

ABSTRACT OF THE DISCLOSURE

A fluid dynamic bearing assembly is described. In one embodiment, the assembly
includes an inner member. The assembly further includes an outer member configured to
rotate about a rotational axis at a first angular velocity. The assembly also includes an
orbital ring disposed between the inner member and the outer member. The orbital ring

is configured to rotate about the rotational axis at a second angular velocity, which is less

than the first angular velocity.
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