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REPRUOHRPPBN [ 0001] This application relates tBCTERH03/031137
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BACKGROUND OF THE INVENTION 1. Field of the Invention

[0002] This invention relates generally to fluid
dynam c bearings and nore specifically toa fluid
dynam ¢ bearing assenbly configured with an orbital

ring that CROSS{REFERENECETARELATED SRASCEATION' €by
i ncreasing the overall stiffness-to-power ratio of the

ass efoob ). Thés apPB&G6n RlakddBo, @hd &lﬂﬁas@ﬁé‘ﬁ‘r%Wﬁeﬁirotﬁg.gp 03]

FIG 1 is an exploded perspective view'i|llustrating a
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disc drive 1 may i nclude, w thout I1mtation,
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At 15. In addition, a seal
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0 may be °di spose en base 110 and cover
115. Discs 135, which have surfaces 140 covered with
a magnetic nedia configured to store information

magnetically, @ EMBURD OF THE INVENTION
1. Field of the Invention
[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 attached to a cover 115, In addition, a seal 120 may be
disposed in between base 110 and cover 115. Discs 135, which have surfaces 140

covered with a magnetic media configured to store information magnetically, are coupled
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*ACTI ON* WO 2004/ 029953 PCT/ US2003/ 031137 to shaft
130. During operation, suspension arm assenbly 150 is
configured to suspend read/wite heads 145 above
AR PUVBYIB40 as a fluid dynanic bearing not or PCRES2003/031137
shown) rotates discs 135 about shaft 130 at high
speed. Suspension arm assenbly 150 is further
configured to nove read/ wite heads 145 radially
taHiafisI30'S Dififg Giseratidh), sushedsil drin®BschidAA 50 {RAPERER s)&éb’énd
above different radially spaced tracks (not shown
retdBpats hehdo 45 SHoVE AGREes 140 RIS dYBENSLAL hu}bto?%@gﬁ%)
nmedi a.

i nformati on may be stored within the nagnetic
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shou rests on an uprals

£ 66. A shaft extension 268 is attached to
s@aggdlggagﬁni hub 274 is supported on the outside

surface of sleeve 254, and a nagnet 276, al so di sposed
on the outside surface of sleeve 254, is aligned with
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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 slecve 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



surfaces of sleeve 254 and counter plate 258. As is

well known to persons skilled in the 2 WD 2004/ 029953
PCT/ US2003/ 031137 art, appropriate punpi ng grooves
MBRV4AE) are provided al ong one or nore suPEEEIS03631137
gaps 277, 279 and 281 to maintain the fluid dynamc
bearings that support hub 274 and sl eeve 254 as they
rotate. [0005] Fluid dynam c bearings tend to generate
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are o ntines used in precision-oriented
el ectronic devices to achieve better perfornmance. For
exanple, using a fluid dynanmic bearing notor in a
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alignment,, .in turn, allows djscs tq be designed with
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per formance and . power, consunption. On_the one hand, -
bearing Mplorirya pregneticidise frvs sish 28 Magretietigc dRjyealpP described above
_bearings results in less vibration in the notor's
in gpngnptinn with KIS Arrgsults omere pregise pligamentdstivecndhedracks of the
preci sion and performance. On the other hand, however,
disprcand Ak reayl/ Weighiesds. Mare pregieespdisnraeny|in furp,rpllgvedisesito power
consunption because of increased viscous |osses in the
dpdgnedl wifh greaton treagkgiensitiesgberclspalloming smalleralites andiorsngensing the
of the fluid dynam c beari ngs
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.



typically requires a substantial decrease in bearing
stiffness and, hence, decreased notor performance. 3

WD 2004/ 029953 PCT/ US2003/ 031137 SUMVARY OF THE
WRENTPBREY 0007] One enbodi ment of a fluid dyREEUS2003/031137
beari ng assenbly includes an inner nenber. The

assenbly further includes an outer nenber configured

to rotate about a rotational axis at a first angul ar

vel ocity. The aﬁmk% IO%or' gwlﬁ@ﬁ orbital ring
di sposed bet ween e |ﬁger %@Q er-an he outer

menber. The orbital ring is configured to rotate
about the rotational axis at a second angul ar
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FIG _ | is an exploded perspectjve viewillustrating a
pr i ok008g]iThedigplased @ssgmbly igpspecally usefid inlujddygamic bearing
cross-sectional viewillustrati ngl? ﬁ)ri or art fluid

ata

mpjara e adrantags gf thediselosedaswerblyis uid dynamic bearing motor

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.



FIG 3 is a cross-sectional viewillustrating an
orbital ring in a fluid dynam c bearing notor
assenbly, according to one enbodi ment of the
iW\Q/é‘I‘?("P{V?ﬂsP FIG 4 is a cross-sectional view PCT/US2003/031137
illustrating an orbital ring in a fluid dynam c
bearing notor assenbly, according to an alternative
enbodi nent of the invention; FIG 5 is a

cross- sect | ONGRIBHIBNARIPYEIN BF IS BRAYIRIGEY Ting in a
fluid dynam c bearing notor asse y, according to
anot her alternative enbodi nent of the invention; FIG
6 is a cross-sectional view illustrating an orbital
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invention; FIG 7 is a cross-sectional view
illustrating an orbital ring in a fluid dynam c

bear | cording.to ot her . .
ol of R0 Ban DR RARRt v ISR A Pultn R & beaing
ﬂ%%%ﬂéé%% 53 PCT[ US2003/ 031137 FIG 8 is a

Crodegeet i onal viewillustrating an orbital ring in a
fluid dynam c bearing notor assenbly, according to
anot her alternative enbodi nent of the invention; FIG
9is r.oss-sectional. vi L) lustrating. an_orhbital,

ri ng 0 24" F PO SRmAieY THEmtPR SR rbiig roR G2 6 A ymamic
according to.another alternative e dj ment of the
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illustrating an orbital ring in a fluid dynamc
beari ng notor assenbly, according to yet another
alteﬁggthve enbod| nent of the invention, 6 WO )
2004F 2 95 BCTPEEEEISRR I BinqtEernpem b i mng it s fyesior

THE | NVENTI ON , . . .
bearing motor assembly, according to an alternative embodiment of the invention;

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

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

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

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

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

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



[0009] FIG 3 is a cross-sectional viewillustrating
an orbital ring 308 in a fluid dynam c bearing notor
assenbly 300, according to one enbodi ment of the
iWR/%‘Fh"P{Y?FW As shown, fluid dynam c bearing nBEHUS2003/031137
assenbly (hereinafter also referred to as. "FDB notor
assenbly") 300 may include, without limtation, a hub
306, orbital ring 308, a shaft 310, a stator assenbly
314 FI@mtib & bloys-sebipnmD vievr il BEHHR ital 3 j i
seal 322 and a displécenent IFﬁgﬁgfﬂgggi§f8g§g?n@ﬁgft
béakfhginSotért dsataibBe a arkhe i jon:
asségrrbl y 300. ’I%cgidﬁgerrboé?@?&ggﬁg(%ctﬁmg‘?gffﬁngenuon’
stationary. As described in further detail below, in
ot her enbodi nents, shaft 310 may rotate about a
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about rotational axis 311. Spe Icall'y; magnet
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PR S RLP st ing 0t g A ERUREREL oF e fvgmion
ag@uses hub 306 to rotate. As hub 306 rotates, fluid
ynam ¢ journal bearings 360 and 362 radially support
hub 306, and fluid dynam c thrust bearings 364 and 366
axially support hub 306. [0011 ] Orbital ring 308
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wRekpgen the inner radial surface of orbital ring 308
and t'he 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
bet ween 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 7 WD
2004/ 029953 PCT/ US2003/ 031137




fluid in bearing gaps 342 and 344 exerts shear forces
on the outer radial and top axial surfaces of orbital
ring 308, respectively. The torques resulting from
WRAB/MBEr forces cause orbital ring 308 toP€HUSR083/031137
about rotational axis 311 in the same direction as hub
306. In addition, the bearing fluid in bearing gaps
340 and 346 exerts shear forces on the inner radia
and bot t om PETAILEDPESCRPTION OHIHR INVERZIRPS,
respectively. Because shaft 310 is stationary, the
torques resulting fromthese shear forces resist the
rotation of orbital ring 308 about rotational axi s
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m.c |0 "a rings 360 and 362 and fluid dynam c
a’ﬁ:ﬁ‘?afgffl c,ngxg erg 4 and 366, including the
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recognj ze_  that the angul ar velocity of orbital ring
togtets: rﬁﬂalbvm 1qtatps, laid dimemic inymalpeatings 3169\?%%§2dﬁd1a11y
Each of fluid d¥nanlc journal  bearings 360
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i ncl udes at. | east one bearing surface having a grooved
[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



8 WO 2004/ 029953 PCT/ US2003/ 031137 bearing pattern. As

is commonly known in the art, these grooved bearing
atterns are configured to generate a localized hi
S\“é%"é’ﬂﬂ”@ 9%Begion within the bearing fluid whenPEFES20 3/031137
surfaces of a fluid dynam c bearing rotate relative to
one another. Thus, as orbital ring 308 rotates about
rotational axis 311 relative to shaft 3 10, the high
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W@ g%% orbital ring 308 or hub 306 nmay include
ol rigg 0% r & bearing surfaces having a grooved beari ng
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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



suitable liquid or gas. For exanple, in one

enbodi nent, the bearing fluid conprises a |iquid such
as oil. In an alternative enbodi nent, the bearing
WQ2084/928953conpri se a 9 WD 2004/ 029953 PCT/US2003/031137

PCT/ US2003/ 031137 ferromagnetic fluid. In another
al ternative enbodi nent, the bearing fluid may conprise
air. In yet other aI ternative enbodi ments, the bearing
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[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 bearing fluid used in FDB motor assembly 300 may be any type of
suitable liquid or gas. For example, in one embodiment, the bearing fluid comprises a

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



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
WQR2PE492998he formation of air bubbles in t hePGEHSAPHP31137
fluid in cases where the bearing fluid is a liquid.

In addition, the positive pressure in gap 350

suppl enents the axial forces generated by fluid
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0 uration and may punp bearing fluid in any
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and 346 and gap_350. Persons skil art. wll
beazing id it vt IT“Fth%ﬂ‘HSé‘ém“H@JOPFﬁ{ *efaE%qu agd fluid dynamic

such as air, then seal 322 nmay becope gﬁ cessar %0
thnGObeTing} G4sreecabisvred pychithat the 3’2@1’1118 achiop ok flwd dypamig JPusmsg
and is configured to
bearing 362 towards corner 371 is greater than that of fluid dynamic thrust bearing 364

towards corner 371. Similarly, fluid dynamic journal bearing 360 and fluid dynamic
thrust bearing 366 are configured such that the pumping action of fluid dynamic thrust
bearing 366 towards 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
formaltion 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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provi de a seal surface 324 to the extent that seal 322
conprises a capillary seal. Displacenent limter 326

is further configured with a shoulder 328 and a lip
JP200482998hown, shoul der 328 is disposed in cPEBES2003/031137
proximty to a flange 309 of shaft 310, and lip 332

i s di sposed against the bottom surface of hub 306. As
configured, shoulder 328 acts to limt the upward

dis .. Ny 06 en, FDB .nqt or .assenpl y .300
excp AP DA T Berlivd tibodionl ity o B i A bepriiicp o
i Fan. 2004/ 0299 P S20Q03/ 03113 0020 _
ot 45350 Bfte gbbmiCinpieb s it ang mitine's s batrghion sha
hat a. downward acfi pr el oadi for i,.S exerted an
sy RO R o ariirarithaie Toreas etalaie 30 oS fiended
assenbl 4 are di sed such that an offset 318
FERRE Ptk seaRdnen 0¥ Sioonestinany suiaic RRuionn Bosenmabiliopin
stator assenbly 314 The axial el ectromagnetic force
thg arf thexgforg Wl‘gb@%&? that grither the gonfipyraiensingr %a&cemswf Suid
acts to %ﬁjally align the centers of each assenbly.
dypamicigunplibesringy 30} and 362 o Avid dynpsiitheustbearnesiiéh end 366 in
exerted on nmagnet 316 %and t herefore hub 306) that
any YAy Hmits thescoRelithgintmEoRent ers of magnet 316 and
stator assenbly 314. The nagnitude of this preloading
f or J80%84 Sgal fEAie condiguesd to saebig bearing fluidntithinsgaps Be0, 312846,
of offset 318. In an alternative enbodi nent, base 320
34¢rfad faf nisongembadimentseal S8 eererises Heenifugapeapiry Rak dn
320 also may conprise a magnetic nmetal such as a
alisEativacrpdingnisetealot22 may comptsr gpovepumbing Iseal ousshnezpther
configuration, an axially downward nmagnetic force
typeef papillaryspahtsugh as|agadialpapillary peal pranckxiah eapilfaoy seah Ub y88er
towards base 320. The magnitude of this preloading
aliegative ¢mebodintentscierloi22@iiay camprise 2oy lother type ofgsal copublegif zerling
of gap 330. In other alternative enbodi nents, the
the bearing dpidgvithin heeringigaph 84Q; 3¢ 34 andB46ayd gapt8s0. Peasisiskitled
way such as, for exanple, by applying a spring force
indhe aat Withresvgnide thettif thg bearmgSwidecoinpriess a@as 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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hub 306. [0021] As persons skilled in the art wll
recogni ze, the downward acting preloading force tends

to cl ose bearing gaps 344 and 346. As hub 306 and
H¥HrW4P29PI3ng 308 reach their angul ar vel oci t PEEUS2003/031137
during operation, the high pressure regions in the
bearing fluid generated locally to fluid dynamc

thrust bearings 364 and 366 tend to open bearing gaps
344 a00d0PFER mbtieadibBly 300 El@&ﬂla?f)e RRARIBIsUSR Bt B dGwRnEd

346 therefore is a function anong ot her things,
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and 366, ‘the bearing ft pressure I n gap

318 gnd'l?g_l_ Lk L5t Rbr Jsgla?nbgfmv‘@f"hg a gtélé}g 1& ﬁeﬁ@%&%&g&%&%g

€ power cons d by a

b'teﬁvg 0 I(:ﬁu E 3l%rlm9 %tato?gggagbly%tlb%ts l{o%&{aggalgé%e SRR §¢ eggh

trve ve OCIty ween
§sléfnfo§'° G5 {@lﬁﬁ ‘ﬂ?ag 6%{1 d%bﬁ)){c? ];st e%{ertéde?rgm gnet 316 (and
eSSy atfeﬁpsstthg%ﬁh RS R 0

flu ust b 364
33T eantle b Bkt o o Rt éfgon@ﬁﬁwb@w the size
ion r a F i.n
o ﬁ@gewﬁ%&a P i b Bt FEECIA e St 1R gt
such ar vel.ocity of orbital
o] o s et {?Oﬁﬂﬁ%ﬁnﬁngwpsfe %a%@"ﬁ%metﬂsﬂuglh%sﬁ SfeAtsteelor
tat| nar%= % dif%erence in. 1 % vel ogities, of t he
it R cesh A ompETRPTy A AR dP WY A ragRstci thige roses
62 a ui rust  hear 364 a 3
teg P%}fma&}z? a6 Loy BsfelOtR R 30 t%%ds%aﬁgi%ﬂaﬁﬁma@wﬁ@o s
b ,30 ras i f orbital 308 not
Pfﬁlﬂ%aflw& bros o e gl o Rt st BB 330 AR
r % ssembly 300, therefore includes only one
a ematlve odiments, the 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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fluid dynam c journal bearing and one fluid dynam c
thrust bearing, then the difference in the velocities

of the bearing surfaces of the fluid dynam c beari ngs

MO 20049953t he angul ar vel ocity of hub 306. BBEHY803/031137
including orbital ring 308 reduces the difference in
bearing surface velocities by one half, each of fluid
dynam ¢ journal bearings 360 and 362 and fluid

thd ¥R EufatibiN dﬁltuldh:gﬁ thid ?ﬁ'Hs’% @ﬁarﬁg.% é&aa%d% 6‘ §M§ﬂn%¥ui? he

appr oxi nat el y on ower at eac
prbietn A0 Bﬁ%&ﬁ@ e 5911 WOFfwint o %&‘gﬁk’g% g0 'S
b0 THP ool bbbl b il AP "éa?gé ey
°tﬁ465r§‘8§42 H%@ ﬁﬁ%ﬁfégié %ggvec‘éen 5 Jﬁggt@/‘sg\zf sgt%f% RS e et Bespuse
R FRERY O groal i Sk Ry S i Mg SRt D eR et et the
et veitbetviafy B hratog surbp Sttt paisatiie Gririae? 360 and
SRR SRR AEy g%ingiﬁ#awﬁ?% Pﬁ%ﬁaﬁ%‘@gﬁ? ﬁ@%ta%éél?yand
acgspios B¥Gpfer Eipipot phuioR TR poemEDs10DF Frieamale ?’%ﬁlep

BbASE T eSS Sl AT sy o

tiffn acting in series is one half th
°TE‘E‘%1 firg gé@saf’m@w%gf hait that of k308 & ishdh %}Pewmoyarymas
ssum ng that FDB notor assenbly 300 without orbital
g?fﬁgcese g’e vitoriereef tesrhegringuriages pgﬂuléylmw@op@@} beatings 360
ring_and one fluid dynam c thrust bearing, one runs
32 P?‘gﬂmefiyn%@wm%msS;}% ard 36§45 prpraxiraately Pae halfef the

radi al and axial stiffnesses of FDB notor assenbl

angplgr Yﬁ]pclltﬁ@r b 30§ By sputeept, ifjopRitabrireg 308 is not included in FDB motor

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 surfaces of the fluid dynamic bearings is simply the angular
velocity of hub 306. Because including orbital ring 308 reduces the difference in bearing
surface velocities by one half, each of fluid dynamic journal bearings 360 and 362 and
fluid dynamic thrust bearings 364 and 366 consumes approximately one fourth the power
that each of the fluid dynamic bearings consumes if orbital ring 308 is not included in
FDB motor assembly 300. FDB motor assembly 300 with orbital ring 308 therefore

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

13



[0024] Persons skilled in the art also w |
under st and, however, that the radial stiffness of
fluid dynam c journal bearings and the axial stiffness
YO P Fynami ¢ thrust bearings are a funct PERU§F003/031137
anong ot her things, the inverse of the bearing gap
size raised to the third power. As the stiffness of
fluid dynam c bearings is highly sensitive to bearing
308a0nsiins, evér thowghDBumbor assetnbiaB0bwith bridysl ridigC0& itatludeD
and fluid dynam c thrust bearings 364 and 366 may be
twicuthe gumted oMldib dammlid béaeddsi Nng gaps 340, 342, 344 and
346, respectively, to conpensate for the | oss of
ef f g00137 Bersérisiskilleds theamikillira@ghize that, Becdnfigired, fiatraditlhe
radi al stiffnesses of fluid dynam c journal bearings
stizfessad ¢t ffuﬁ?dﬁﬁﬁlictj&&pﬁbbﬁings $60 dnti63 8@ sn @tied dsldodhe axial

dynam c thrust bearings 364 and 366 act in series.

sFBEASBESE FURESAHIBR thiR@Wekrings D64 4HAt 360N TRE effectivebtiehierd BT fvo
bearings is proportional to the inverse of bearing

o S 1 DRI g8 sompslfcoug setnage
L B
R D R T
R PO 5B PR 0
ot P B LSRRI o b 8 58
SRSl o P s oo i
O S N L R
e AT B b pdrand

stﬁgglg%qﬁ fﬁl{(ﬁ%%?l&}ﬁ)lf‘] %%Mtx]aﬁ ggaaiggg Hd ¢ e”?x‘%ﬁ isgﬂgsss of fEﬁ)cf d}Ingllnﬁu thrust

I ptions

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 dynarﬁic 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 prbportional 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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focus primarily on the differences between each of

t hese ot her enbodi nents and the enbodi nent descri bed
above in conjunction with FIG 3. [0027] FIG 4 is a
WHAE4/R8¥B| onal view illustrating an orbital PEHYES2AEN31137
ina fluid dynam c bearing notor assenbly 400,

according to an alternative enbodi nent of the

i nvention. As shown, FDB notor assenbly 400 nay

smé Dealt! zﬁ%ﬁg 54@0%2 ?Mﬂnﬁ@ht‘i %ses%nﬁaascﬁsprgﬁ?)@tmnﬁte@%ﬁlaﬂ04 a

t 408, a seal 412 di spl acenent

e L
S
e o afﬂgﬁbﬁﬂﬁ%zsyz 110 6P

PP O R i, e
4
BT e i ﬁ?%age%dssgcgwm

s L

enbod;j IS hed to hub 404 by an
any P PR T PR e g e AR Rs chart 408 i o

attached to hub 404, shaft 408 rotates about

rotational axis 411 as well. Obital ring 432 is

di s eve 406 and ft 408, and
conbbiiree el e By e B hmefglpnan
angul ar .vel oci t s t han t he an

Perseip glieq inghe mwﬁmﬂera@mﬁﬁh PP B ROLE 5 Spiishove
Orbital ring 432 is furth onfi gur ed o.|n8Iude a

applE g qaelw%fb?ssﬁﬂ@h%{m?@m%?s o {his 1334 tﬂ?eofﬂ opgdeRGHRsons
assenbly 400 al so may be confi gured. such élhat a

focy® pARAITY OB dhei dr‘r@efefﬁﬁ%‘?%wp gRphraf Hieae otherembpdimgnts gnd the,
404 as previously described herein. [0029] As FIG 4

embpdigeriiisegsibed-R Ve coRUBRICB MNI40D i ncl udes I uid

dynam c journal bearings 420 and 422 and fluid
dynam c thrust bearings 424 and 426. Fluid

[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, 2
stator assembly 416, a magnet 418, a counter plate 430 and orbital ring 432.

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

electromagnetic interaction between magnet 418 and stator assembly 416 causes hub 404
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dynam c journal bearing 420 is di sposed between
orbital ring 432 and shaft 408 on one side of
recircul ati on channel 428, and fluid dynam c journa

PORW4GIN32 i s di sposed between orbital ringPCBYS28¢3@31137

sl eeve 406 on the opposite side of recircul ation
channel 428. Fluid dynam c thrust bearing 424 is
di sposed between orbital ring 432 and di spl acenment
. . : € : 5
o b 50 1000 b 1 Kl ol R B3P bR
h . . _ . o . ti i th
R S S
sha?c%? flj"o %g@'%t%u{ rlof&i?nacli YH8M 1%s mﬁyabipggﬁeé ﬂ%\s’is & %s@@getwéé%6

east one bearing sur I ng a grooved

b ' t . Agai |
3RS APABEL BRBOF o 0t BB POYBoBP R0 0
SR PG S Rupr P o BERH A i e
herblg Qe e S Gt con e nglifeeaFet Rondatid 4, gy
s DB Tl LU AT e Tyt o g o Mg
PCT/ US2003/ 031137 hayj d. I n tt .
Prasa OB RGOS RERTE ook J Bete PS8 TP ot and that a
fluid dynami c bearin conpr i .0 .nore.sets. of
o ok0eD Aq kst pise ot weiechessmily ATineluart e i
] |l b [ 420 and 422 fi d )
jouia) ey 9 ong 144K RO T Is 421 g 4P Flyid
towards a corner 470 and 471, respectively. FI%id
dyepprigieuenal braring 43bis disprpedibaiween asbjief 1ipg F32pnd shaft 408 on one
asymmetrically such that it generates a net, inward
side ahyseineplation channeldad rand duiddypamay fournal beaging ¢ Aai0PesRe ust
bearing 426 is configured asymetrically such that it
bepwepmperbiidlaing g2 pnd slesve Skandhe erppsitersideof 1ecirpyiptionghannel 428.
fluid dynam c journal bearings 420 and 422 and f]luid
Fluig dynaivdc thinstlasaring,#24ris digposerbboetugen ombitel Bret 2 Sad digplreimeno

generate a bearing fluid flow about orbital ring |
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 pattern. Again, these
grooved bearing surfaces may include any suitable type of grooved bearing pattern,
including, without limitation, a pattern of spiral grooves or a pattern of chevron grooves.
Further, as persons skilled in the art will recognize, any of shaft 408, orbital ring 432,

sleeve 406 or displacement limiter ring 414 may include one or more bearing surfaces

16




432 and through recircul ati on channel 428 as depicted

by arrows 440 and 442. [0031] In alternative

enbodi ments, each of fluid dynam c journal bearings
WO2004492895822 and fluid dynamic thrust beari ng%cﬂﬁ%"%“”
426 may have any configuration and may punp bearing
fluid in any direction so long as orbital ring 432
functions as intended. Further, each such bearing may

bifng %m%@gea'nﬂ g Piltort? Updr ill @GR1He QR ol SBYVIT ORFerswdsid baed
e art therefore wll recognize that neither the

ﬂﬁlﬁ 'apﬁaﬂfi& géahﬂg ?nag Qélr%% oh©6ahd:0 8&s f{f grédved, d dynam c

ear 422 or fluld dynam c thrust

{3 ﬁ : r [Ib%i i 42}% ef%ﬁ‘?% g%:g?dcﬂ ﬂu?rf‘ \é\ﬁ% jot BﬁrH&l%%arH%@ 436 8R2bre

hi ngs,

m%r?g{ure& i aﬁl&ﬁ gﬁ%ﬁp ?\lwﬂ%crtg gaﬁl‘g‘m{ij@ﬁﬁa t&@fi‘(ﬁé Mrnef' )] zﬁild

W n Jjournhal bearings 420 and

e AR e O s e
t}}aﬁ \é\%%ggeg a%letdin\g um%m%%@tronqgw e %rﬁ%SWPAf‘lu?&)cﬂIn ﬁg{értﬁqst

eac recirculation

bFAE ALk is SO o i i@t R %Lrgg, ag%g BhidE G e

425&“%8?9@@% 'dr : “' a‘ ' °”gﬁ%§€%§4?°§ﬁ 2o %géfﬁ%éﬁ "
t he ?D #4?%%% rct gﬁﬁeﬂ é? §engrr%'” fbaeggn&oﬁuldc' Hg&/tabcihg %rbﬂLlSi'glg

I
E»Z”%B o %lgc{sfalaan Y’ﬁ*ﬂfz b bt 3y Py ‘f*’"aﬁﬁ'%es. red
earjn [
e 1908 15p sty Eohefibengh enihof fuid VPl Bomiph oo 420
bear i ngiﬂr €egi ons, Per sons

o P B U gaRneE W 0B AP Y h%veéﬁy pyeliguraon and

recir cuI ation channel 428 in no wa
ey PERR beasing fujdjp any direction so long as orbita rmg L{EZti%ncttlggs & 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.

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

no fluid dynamic bearing is disposed between recirculation channel 428 and the bottom
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[0033] Counter plate 430 is attached to sl eeve 406.
The top surface of counter plate 430 is configured to
provi de a bearing surface for fluid dynam c thrust
VORN4MGIWI6. [ 0034] Displacenent limter ri mfHYYSLOG3431137
attached to shaft 408 and rotates about rotationa
axis 411 wth shaft 408. Displacenent limter ring 414
is configured to provide a seal surface 413 to the
suffade @0 §hattl48, thepiessdict the bpttdns msface ofashaft HOF lscsnempins the
bottom surface of displacenent limter ring 414 is
apPioRimaglly Abitm pRsssure.ds agdneml matpr, Iowetacecifalatibh ciagnel 428
dynam c thrust bearing 424. In addition, as
m&) BERbAGRIEITh ahy Why @bt dréag thedlbdred deatirprinsdtlow abant arbital
proximty to an overhang 407 of sleeve 406,
rirfg! 43P bAF @EBired bHrdeHy conditithhs BétiedrSd® diragtic Edrit@regions.
contact agai nst overhang 407 to limt the upward

PR PARATE (e artQfill ekefdi fecatzeh fite cbRBguninim of EBircuddtion

assenbly 400 experiences displacenent shocks in the

ch%EdthiSXn HG%g‘ﬁnﬁ’ﬂs ERGESgRS the @R3MlonAgai n, persons
skill

ed in the art will understand that the sane

gen %@IB] COUtI Pldpd £ i@ RhclRANS SBSVE 406.SThd 1 SurdleyR:olniter
conjunction with FIG 3 apply with equal force to the

pl?gg%(gﬂs %&g%g gmﬁé 2BRRME shfacE BRITNTIyneRioshult edrfag 426,

a cross-sectional viewillustrating

o0 G50 Bl b ) W ot DA DB R

according to another alternative

ro?a%gaq 'faﬂ? Hi 1 \Rfsth %lﬁgﬁ .2 g%éfa%%ﬁﬁﬁnfﬁﬁg?w Q%@%@@ﬁo the

nventi on not or asse y 5

prié)Pi% ) ge%gﬂjgf;'ag§mtto kﬂergé%g{’ ti'nﬂ eal @}2 'sé%apﬁ‘la}}l-k@aﬁ s a

eeve a shaft a seal 512, a stator assenbly
o e A U o g howy
SR SR B s R e
4 ?4{ i%‘%k&%%& i clossg %iotxixg@yStoi af o@érﬁa%ﬁ 167 of Hedt! QO@ gﬁplaé!@ﬂ&eﬁﬂiﬂﬁer
ring 414 is ccl)nﬁgured 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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configured to rotate about a rotational axis 511.
Specifically, magnet 518 is attached to hub 504, and
the el ectromagnetic interaction between magnet 518 and
W0s3084/028%8enbl y 516 causes hub 504 to rot at ePCTAES2003/031137
shaft 508 is attached to hub 504, shaft 508 rotates

about rotational axis 511 as well. Obital ring 532

i s di sposed between sleeve 506 and shaft 508 and is

th&ﬁ{?é‘nh&vf&éﬂshbﬁnrm@h%t@la&eﬁxbmwmw n@iuda,wh&oﬁﬂi%nﬁéuoﬁra
angul ar velocity that is |leSs than the angul ar

baé’cejoﬁfd 1qu5 504, afkll’éévé% 2 3hat 08 | 441l 9 2 desfisr REFhRRS &I -

32 1s  further conflgured to I nclude a
sét'éﬁfﬁ‘*'ﬁ%gﬂaﬁ‘*ggwng'&@@%eh Y b DL iR LG 5%
50408 a5k 0 PURERI AL fR arEnPorS 38&% e g0
A%f’ﬁfi%hm" X’?egaéﬁﬁrsr%‘é'%.fﬁés B *S?ﬂ%%“e@?ﬁ HEAHT S o
co ALl My R R bR 1 "rarniily el
b %&hsf?%fﬁm “d piddBin vepitn HgRERFY caﬁdosﬁa}%g‘é’s%%b@f
sig ?é‘l%%f@ﬁegé‘?afofaﬁe '@ﬁﬁeﬁ SRR F*?bcé%f g0 Rl
ro@éwsﬁa e oD AR SRR 0‘8%‘% il sha
st %'@ﬂf%ageg-f%ro%?é%gﬁéiﬁnm R 's?' sl TR Al s
g o A
e
asssobly @%elfﬂmagw ety U ot A SONBHFH AGE A spdinE fore i

fluid dynam c thrust bearing 524.
exerted on hub 504 as previously described herein.

[0038] As FIG. 5 also shows, FDB motor assembly S00 includes fluid dynamic
journal bearings 520, 521 and 522 and fluid dynamic thrust bearings 524 and 526. Fluid
dynamic journal bearings 520 and 521 are disposed between orbital ring 532 and shaft
508 on opposites sides of recirculation channel 528. Fluid dynamic journal bearing 522
is disposed between orbital ring 532 and sleeve 506 on the same side of recirculation
channel 528 as fluid dynamic journal bearing 520. Fluid dynamic thrust bearing 524 is
disposed between orbital ring 532 and hub 504, and fluid dynamic thrust bearing 526 is

disposed between orbital ring 532 and counter plate 530.

19




[0040] Displacenment |limter ring 531 is attached to

shaft 508 and is disposed under part of orbital ring
532. In addition, orbital ring 532 is configured such
WO‘MW”‘éverhang 507 of sleeve 506 is di spos¥dl/Eyap3/031137
part of orbital ring 532. As persons skilled in the

art will recognize, displacenent Iimter ring 531 and
over hang 507 are configured to act together to limt

t he 100993 CurilérpitS3DTE RitacBEd t6 Wleeve(b46 aMhe top adirface @Bthwizen
FDB = notor assenbly 500 experiences displ acenent

pROCH6Ss doﬂﬁéﬂ?@d RprideVa beaMES ﬁrﬂw 8@ Gynanfi®dhl]st Béaring 526.

persons skilled'in the art will recognl ze, the

dprotide  Beadiap Surdlct
AR W E s amEstianenl sognaenakt

afd Bnse bAWRYSss. IS that FDB notor assenmbly 500
f asgnt%v\o lfltd dy%am c journal bearings, fluid dynamc

j our [62430% B‘?%ia'cé}ﬂélt Reftedith 532 s atdbIRASS SR 308 WREB dRpbYed 2l

ring nd shaft 508 "as opposed to one. One reason

mtl&;‘ B&Q@rﬁﬁpﬁﬁ%@t thggcghﬁo?l bRk rfng 830 R &l suciPihbt ahal

and be gréater than those of

errr ) ?%lﬁ b g\%dg@ }?o%’g__t?é'}er ﬁ&?of RGitaf R 53220k ¢ ﬂ@rs%&eﬁkﬂled

asse As persons skil

1rhtﬁe ar?l (i W‘Fggg{ ,Pcﬁ% Jc%&[%% 1tg{ %ﬁ%ﬁ aﬁ(ﬁ B@e‘fﬁdné%ﬁ&g%ﬁfgured

€SS IS es r 0 Co nsate
d qc‘?%o#%é%‘?gfm%fﬁ‘eﬁip b G Bl on,
SR P IR S Ml
é\;g;&%@]%f fFrr%rgli?sn Igjri I‘?’nﬂ%h%&lﬂ c%ql;lnz% tﬁgp qgig@%mé% oflC Illjﬁ d
it prsenbly S0R%: SRRt e%g% BRfbdss ek AR5 466 C6nd !

ve pressure

e a'@%%%vﬁ%gﬁg%ﬁm@é pee ¢ s RS DR v i

bggl%gsa, uid chnamlc Jousrrlljarl Léaa%%gso .I>20 anH % 1e dlsgosea getgvggn orbl ngg 532

and shaft 508 as opposed to one. One reason for this configuration is that the heights of
orbital ring 532 and shaft 508 may be greater than those of orbital ring 432 and shaft 408
as depicted in FDB motor assembly 400 of FIG. 4. As persons skilled in the art will
understand, greater effective angular and radial stiffness is desirable to 6ompensate 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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ot her things, the positive pressure in gap 550

suppl enents the axial forces generated by fluid

dynam c thrust bearings 524 and 526. [0042] Again

P WBH9%Ri | 1ed in the art will understand ¢ HERT/P$78031031137
same general principles and concepts descri bed above

in conjunction with FIGS. 3 and 4 apply with equa

force to the enbodi nent described above in conjunction

beivicbn the Gottdm surfAOsH] shirtt §08 fditke 1Bp GUrRESoSBEALIPIAL 5%0, SNnong
illustrating an orbital ring 63% ina fluid dynamc

ofiathin}e, thpdeftive pRei i g@@@SO pFiahsidge EﬂalafﬂﬂEésqgég\eAﬁted by

alternati ve enmbodi nent the i nvention

fifRyRRhR thias S8Rk ysﬁ%a@@&. i nclude, without

limtation, a base 602, a hub 604, a sl eeve 606, a

shaf [00@9]%&6%{\% ﬁ&?dns @ﬂlﬁed l‘g f@cea% wfllI 1@19 g;nA& t ﬁ tﬁé %&’% general

assefbl Yy magnet coun ate

ARt ieeil &‘W%g?é iR,
egmfd@étgﬁheaeﬁﬁggim&ﬁ o%g bed urt er ﬁxHEt?o w1§1ﬁ VS 606 | S

stationary. Sleeve con |gure "Such that
seal ring 614 may be dlsposed within the top portion
of sleeve 606 as depicted. Shaft 608 is attached to

ot alt43] 16, €1 o\oRor SRk Ea‘ﬁ'“qgaatﬁ??@ma% g 832 g o luid
el B8find ol Bty Gﬁ%ﬁé@%@aﬁ ShiERE Sasoripepe of
o PR ‘?%S%W%%%@% By 07 B ko8 ot limitation, o
iRt ol hiskvechns attBisgs gﬁaﬁéﬁiﬁ%ﬂéaﬁggi‘ﬁ 3 dor

aﬁﬁ@ﬁiy%ﬂgff‘gﬁggf&@%f 3 capreehlris 20, iR oment fghorgine &) o

é? fCIH% of hub 604 as previously descrlbed her ei n.
fing 632 is further configured to include a 21

VO 2&844{]%%&%5 gOGF;grt/taLc{EZdoo és%%%% gr?d 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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recircul ati on channel 628. In addition, FDB notor
assembly 600 al so may be configured such that a
downward acting preloading force is exerted on hub

WO 2004020%8sl y descri bed herein. [0045] As FI@T/%SZQQ:’%””
shows, FDB notor assenbly 600 includes fluid dynam c
journal bearings 620, 621, 622 and 623 and fluid

dynam c thrust bearings 624 and 626. Fluid dynamc
redcRé14iRh changlieng.sintkdditian FIHR hotok essethislp G6@alsdmbyeetonfigured
orbital ring 632 and shaft 608 on opposites sides of
siicB Ghalt & Ubiw R actin@ prefladiig Sorcé s eketted v Bl 604 48 prdvitiusly
bearings 622 and 623 are di sposed between orbital
désecfgdo32iand sl eeve 606 on opposite sides of
recircul ati on channel 628. Fluid dynam c thrust

bear g1 asF1d; S AicSIREWS, dwﬂ}?ﬁmmsaﬁ@ 560 mcmaaggluﬁﬁ@mam |
an overhang 607 of sleeve 606, and dynami c

SR B ERANRLR 6%%%““@%“?&&“‘3??(5’?5’31%?%4 R

Flgl?cf @ﬁg@% dBIﬁnaﬁ lb%f@g%&nd@? ate QR F@é&& b RerXrbitd? ving 852 and

'S con to provide a bearing surface

s]ia#‘ 60% lg%{lt g%q@%é}%@g&m italatiBe R ahﬁ@ 652 6a1uia iPnAHE| dubRMbearings

surface o an overhang 607 of "sleeve 606 1s

6%? Md &g " Feﬁdlsrpgicﬁ %Wegr?orbg%liﬁn@ g dssﬁge('@@(% dnUppbditdisfdes of

rust bearin ring 614 is attached

réc?rc Q?Jntcgirggl%ﬁn ﬁluﬁds Qﬁ[é tﬁﬁgttq)@aﬁr% di% ?s\zldlg)%se% b%ﬁ@éen orbital

ace tot rirses a
nng%%? Rk gh??fﬁ%edg%@' s‘;:‘gaﬁgﬁgbag{ég% fbd hﬂggégsr%t}

d}%{)%sgégl t gtlen orblpagngg’ 632| anla c%ﬂéré:gagyﬁ over hang 607 s

over or persons skilled in

7 et B8P ag%%fﬁgous?e;eg 8 i
oSSR L BSERT A B o

In ac? t&o%(,:t%ngcr)]ttoms su(r) acl:<eso arxl otver:]rleiangag& %;" élgeve %? is con 1gure%tt6 gr%wde

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 limitl 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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22 WD 2004/ 029953 PCT/ US2003/ 031137 [0048] As persons
skilled in the art will recognize, the configuration

of FDB notor assenbly 600 is generally simlar to
We20046299BB not or assenbly 400. One di f f er enRE&I/US2003/031137
however, is that FDB notor assenbly 600 includes two
fluid dynam c bearings, fluid dynam c journal

beari ngs 620 and 621, disposed between orbital ring

632.[0@@?&??%; Q0 feBiA thd abOwll redodnicdy) AR BoRfi RRAIn PG SDB
flui'd dynam c journal bearings 622 and 623, disposed

mpcgir XB?%%I? k&Y ift, génefajn?gin‘ﬁﬁ? 1AL oF FOBURtERsenfBE400S THRN

I's” configuration 1s that orbital ring 632 and

aifipRhds @%ﬁ %ﬁ%@@?@f‘%ﬁ‘?ﬁ%@?@%@%&ﬁ B i o o
begﬁ}é%"f{ g3 3% damri%’lj&ﬁ%ﬁl & fi@rs%zo Fna €5 dig;fyééd Wh&f ortifdfring 632

: _ nésses of fluid dynamc |
i 8 R0 B3 R85 RrindS uf Wil luitat b BHAR2 apa
L3 FRTe R ] 0 4B BEN 08, R e ot S b5
gt g oo R L ng S LT bl vpR ARER O rchafufth B8 4/
onp e Q3L end b R s deR e IR mroBetAnemby 0 PG A%
oot g eenlar Shar G SORteRa PG LR i il Pafintab g
i Qe e omel beingn 22 and S ek ing Ao ey fi¥iafns
o iR P BB GRG0 o et 608 s
RIS SR A A e
Tl boigh 2%3;3%&?%2'63%@6%55’&gq?sdfkﬁdtﬁe?%fée?enéehﬁ o2l o 84 !
embodiment, fiuid dynamic journal bearings 620 and 622 and fluid dynamic thrust

—

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

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

with equal force to the embodiment described above in conjunction with FIG. 6.
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principles and concepts descri bed above in conjunction
wth FIG. 3 through 5 apply wth equal force to the
enbodi ment descri bed above in conjunction with FIG 6.
WO 2¢3/20053/ 029953 PCT/ US2003/ 031137 [ 0050] FIRGT/G52p03/031137
cross-sectional viewillustrating an orbital ring 732
ina fluid dynam c bearing notor assenbly 700,
according to another alternative enbodi nent of the,
i NV EOUSOTFIG. Pl asharsvscctibim viewt ifnstatinganiryitay gog i /in a fluid
include, without limtation, a base 702, a hub 704, a
dyfiArBie bearifg fnotat assenibly 700 accardinp o dbihenalttrirBs erabogitagnt pf
assenbly 716, a magnet 718, a displacenent limter
thd Bdentioh.0AL sHowhn] FIIB fidor assefiblyal00 miay dnchdd, withpublimisgsion, a
cover 770. [0051 ] Base 702 conprises a nonmagnetic
bag@m[ 1 Rib AMCHsl@ve ab6) dishifTT08Shealk 1717 &l 7505 sidtoreesbeatbly L6,
ase 702 and supports FDB notor assenbly 700. In this
aﬁ&@ﬁ%ﬁ?@&m&%@ﬁt 1imhRB73 1S ofbitall fir@732 Yo mAAling 6@ Bnd A Opi S
attached to shaft 708. In one enbodi nent, top cover
coz%roﬁb.s attached to shaft 708 with a screw through a
t hreaded hole 710. Hub 704 is configured to rotate
abo ' 15854 SonfrhgnetiSR@drihi suah hyalurmin@ne Shafl B8
S g??ﬁiﬁ%%qP%aﬁﬁﬁg 704, a%% the el ectromagnetic

is i?_ﬂi%pﬁéc?ﬁtbia% W) %ﬁ&;%?ﬁorfmﬁ? tnot6? Ssseriisly 0@ Rrthia smbadimynt, shaft

causes hub to rotate. Sleeve 706 is attached

7085 Rl ZJ&A' ’I@P GoveP VR i€ artRRQHD shdfP108! HOAR] endbstinent, lopasver
Wel PO

rtal ring 732 is di sposed between sleeve 706

7’@31? gﬁlﬁé& tp 812{%8730% %t{ll aZstcfé%ﬁfoggH £hrda@ed 1N A110, ERBTLS is

ona an angul ar velocity that is

| { i . a is attached to
coa%%@xieghosﬁ%{%tet Oalg)glg%:}gfggﬁﬁl %&! P4l gﬁﬁc@ﬁcam‘,% 6Hé 748 is attached t

y erein. rtal"ring 732 is-

A1 ORI AR Bt Budeftot o BRIEON 5 3hd OoF haaRGY

assenbly 700 al so is configured

7Ic'éJ é:aﬁsés Egtt) 7@4 tg 9(‘)%’%%1@6\%%.5 Shttached 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 angular'velocity that is less
than the angular velocity of hub 704 as previously described herein, Orbital ring 732 is
further configured to include a recirculation channel 728.

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

the size of a gap 761.
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prel oading force is exerted on hub 704. Specifically,
metal ring 760 conprises a magnetic netal such as a
Series 400 steel or a |low carbon steel. In such a
PORPNIPMBi on, a downward acting nmagnetic f dfciEUS2003/031137
results that pulls magnet 718 (and hub 704) towards
base 702. The magni tude of such a magnetic force is a
function of, anmong other things, the size of a gap
761. [0R83]\AB F2G074182h6% 8 FRBIinbiS? 8&n 3 70BTclp@83Bid dmamic
FIG 7 also shows, FDB notor assenbly 700 includes
jdulrial Beadiyget20L721] T22rand 72 0adrfliddyndni, thrig bearftig? 72dhehd7/28.
and fluid dynami c thrust bearings 724 and 726. Fluid
Fhiydéyiaiid jouthdl dearhg@v20n@d 7Z L Grealinposéa betdveén atbisad eing 32 and
between orbital ring 732 and shaft 708 on opposites
sIRIfidA8 ofloppdRitéssides afrearvutiamnéiRhnel 288, Fhididgnaaie foui@] bearings
j our nal Bearlngs 722 and 723 are disposed between

722 $d72B afd digposed Detdeh SbRA R 70D a sIRPPTIH dnpposite Sided of
recircul ati on channel 728. I%I uid dynam c thrust

rdRBANATE chathel 280 FRRPGRIMRAANSIRarf 12k & dispobddbetfrbén Bibital

an overhang 707 of sl'eeve 706, and fl uid dynam c

nh% Vﬁﬁnd*%ﬁ%%rﬂﬁlgﬁaﬁ of Sleevel 7660 28€ il ‘ﬁwﬁﬁ@thﬁfspbéaﬁhg 136%9
and a flange 709 of shaft 708. [0054] Di spl acenment

dishOBel B&twéahlorbital Bhd 2RNRd atﬂan@ RO\ sta@Gognd i s
configured to provide a seal surface 751 to the

ext ewbsA]*mspm%ﬁlam Ylﬁﬁtemms at%a%ﬁed% 91@9&@7'0@ hYd 1§ SAdS Jfgu&a to

t'he top surface di splacenent [imter 731 is

?FQ%QH sHRRETS latoftlllea&l@j%t t?lgtgseﬁfﬁﬁ @5}{115 ises ap%gllﬁﬁl el 2@NS

l'ed in the art recogni ze, enent

A R Ao AR o
M‘% Egﬁns &lin ﬁé% )r}mlkfeczgrgme ﬁ eﬁﬁﬁﬁﬁ?lg%zgﬁ SRPE 709

e axl al upwa I on

SRR S B SR
msoltorpaLs%rrnbfyomb I?:J%;gengncef 8‘53’ 1Rkt ASAE rq)t!hé gﬁal%Wag]cﬁrectlon.
[0055] As persons skilled in the art will recognize, the configuration of FDB
motor assembly 700 is generally similar to that of FDB motor assemblies 300. One
difference, however, is that FDB motor assembly 700 includes two fluid dynamic
bearings, fluid dynamic journal bearings 720 and 721, disposed between orbital ring 732
and shaft 708 and two fluid dynamic bearings, fluid dynamic journal bearings 722 and
723, disposed between orbital ring 732 and sleeve 706. Again, as previously described
herein, one reason for this configuration is to increase the effective stiffness supporting

orbital ring 732 and sleeve 706 to compensate for the increased heights of those elements.
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di fference, however, is that FDB notor assenbly 700

includes two fluid dynamc bearings, fluid dynamc

%purnal bearlngs 720 and 721, disposed between orbital
07048953 and shaft 708 and two fluid dynani cPCT’U520°3/°3”37

bearings, fluid dynam c journal bearings 722 and 723,

di sposed between orbital ring 732 and sl eeve 706.

Again, as previously described herein, one reason for

Ofthit differendek Gidfudé the Prosénck Of febigduRASH chaflfiel ob8 @t ditdehment of
stiffness supporting orbital ring 732 and sl eeve 706

shf) 709 tREpecEE7H0r the increased heights of those
el ements. 25 WO 2004/ 029953 PCT/ US2003/ 031137 O her

di f fieas) gﬁin J pRfbARilfeB th e R wm Gnd%1 Fstang Rat fhe bathd Seral
channel 8 and attachnment of shaft 708 to top cover

priné les[ag@aﬁﬂcepﬁg@éséhbe@%@@ﬂ?coﬁh‘hul&gvﬂt}f‘l?mﬁ% fMrdugeldpply

understand that the sane general ©principles an

&gﬁpfo&ecé@&e EfnP&ﬁ‘mérR‘a\é&nbEH @aw m‘aﬁ butioMky rrE G, 3

gh 6 apply wth equal force £d the embodi nent
descrl bed above in conjunction with FIG 7. [0057]
FIG 8 is a cross-sectional viewillustrating an

L i
d@g@e%%%& askeifbl r?lé fbﬁg Qéc'oWI' o O?IFEQ\A‘Hima n@@eﬁ%cﬁﬁlgnt of
£ 20 A e A 0 4
bag%s%zﬁ%%waggasﬁghs% B Skl Ty
B SRR st plahtor DRREION R ok aelgvae?P GRS

S%B"’f?@ﬁi?%%c@@?%ﬁs%ﬁa? bl 8l GreHiPg g?ﬁ@&;’l@t&%ﬁsﬁw 5093
e R R XU I S
on%?:ﬁ'tbgilh%%tgé g)%gvx %17& is agac%rec? to slhgig 86J8 wi &le Srérergva%e tHu%]B%4 gnd

configured to rotate 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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816 causes hub 804 to rotate. Orbital ring 832 is
di sposed between hub 804 and shaft 808 and is
configured to rotate about rotational axis 811 at
‘é’ﬁ’g’@?‘g}”%él ocity that is less than the anguIPé?T/U52003/°31137
vel ocity of hub 804 as previously described herein.
Obital ring 832 is further configured to include a
recircul ati on channel 828. In addition, FDB notor
ass ejobsg] ABTIG. Sadlscshowy, FB motof asgenitdyl 860 iatludds fluidadynamic
downward acting preloading force is exerted on hub
joRtkh] Bearipgsd20 ants822 alé floid dyesibo direst bearidgs 338 220 826.02161d53
PCT/ US2003/ 031137 [0059] As FIG 8 also shows, FDB
dyfabid joasakbehing 8200s disppkediesvdeh oftdtaldjng832 and $hafir80ébn one
bearings 820 and 822 and fluid dynam c thrust bearings

side 8f rRéicbufhiibn chiahib] 628, diyd Al Ayjaii¢ jdamaltanng 80282 Qisposed
di sposed bet ween or bi t al ring 832 and shaft 808 on one

b&tweéh dtbitd] BAE 82Unahiud BOLERIAS BppoSitssideTecirtulhtibnlhaiaizl 828.

journal bearing 822 is disposed between orbital ring

F&%ﬁaﬁhchh&fast%m 121824 Edi R RAetvibe biiiRalaingB8E b ChiibBOk Qid
channel 828. uid dynam c thrust bearing 824 is

ﬂdid&@ﬁéﬁ‘l@ ek w&?iﬂg 85 0is libodel Bawea orsitdl rifg B3 BLMA, shanghs.

flud dynam c thrust bearing 826 is disposed between

or bi tO@BO D& cBRént BittesSMAI ik athleRed tb BEOSU4 dah Sonfi
limter 831 1s attached to hub 804 and is configured

pI;oQ%)de e 'sﬁi’?ac@Sﬁ%ltheséﬂécn@ﬁﬁt s‘%§385© %rﬁﬂlﬁe@%&a%mant fat F.ffse al

conprises a capillary seal shown, the t

§it g%;P{gggé PR Iy il Hirte8 T iBboicd ufliAIBASD S04 Ehatt

808 such th t di spl acenent

8 % mch ?}(a't:%%s]laéehgﬁttlﬁm{ep ?{% ul‘ﬂ'Yl‘%s Dtg gé( %%gﬂff hib' BoBRten

-

| t or asse perle ces |splacenent
e B 65 0 B

4 eEg‘lguratlon of FDB notor assenbly 800 is generally
EF%Par to that of FDB notor assenbly 300. One

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

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

with equal force to the embodiment described above in conjunction with FIG. 8.
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di fference, however, is that orbital ring 832 includes
recircul ati on channel 828. Another difference is t he
attachnment of shaft 808 to top cover 870, which

WO/ RIBAe use of two seals 812 and 850. [dt%‘"i‘]‘sz 03/031137
Again, persons skilled in the art wll understand that
the sane general principles and concepts descri bed
above in conjunction with FIGS. 3 through 7 apply

wi t h[086R] XTG.f%is @ erosmsertianakbyitw diuseating de shitalorimy R dv 2 fliid
conjunction wwth FIG 8. 27 WO 2004/ 029953

dREHid EEAA0BMOMB1 dsSetnthl Y O6E hedotding t8 ahsther alternaibreetbbdiment of
view illustrating an orbital ring 932 in a fluid

the yinentian. esahowy FDE aotonassemntly 900OM0y inclads withow linttation, a
anot her alternative enbodi nent of the invention. As
bash 002) a HaDB04TRishiaft S8 sseale0y2 AHIM S0Py stitorClsseehdly o6t (Partislly
limtation, a base 902, a hub 904, a shaft 908, seals
shdba), el ot®18,a disphicerhern Sisteid ), Sbfal (g vsl ald dtop SHRVO.
a magnet 918, a displacenent |[imter 931, orbital ring

932 [@064]ZhifPP08GE¥ieiché A0 bade®OH 4dd sapFdris FIEBmMb®Br sl 900.
to base 902 and supports FDB notor assenbly 900. n

Iri thisenOBaRht8Hak 908 RatatioP Tép covatd70 ivditiched aPsHaRYES. In
970 is attached to shaft 908. In one embodi ment, top

o od B, th RYErBTD hithched Rrdhhf 908 with b eréw 964 eI s

Hub 904 is "configured to rotate about a rotational

céfighred Hrota@%@htfa' roflibnal afifone tSp@éﬁcall? | 1Adgh8d186k dtfiched v

90 and the el ectromagnetic interaction between

hmeﬁndgcﬂ@elédﬁ@nﬁéﬁlg Ent&ﬁi%ﬂ”@é&ec%@gn@@i% @5d Stbidr %Qénﬁ]?

rotate. Orbital Fing 932 is disposed between hub 9

9 P8 \ChusiBhb 9B8 rotaB. dokb‘}taﬁ‘ﬁ{g 93844 ﬁ%o&&l He%ééh ﬁu@@(w&nd shaft 908

rotational axis at an angu ar vel ocli ty th IS
o 82000 8 541 o B 8 e

s YbIR ve EAM AN 565 Be ARG Red LG CHbAR] £ 53R hor

c@gﬁ;gfga t R {J%g%?a‘uﬁﬁ‘%}%}ﬂ‘ﬁ‘é% dm%‘&&h@& FWBeJrl&%{jﬁs'gcgnbly 900

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

904 as previously described herein.

[0065] As FIG. 9 also shows, FDB motor assembly 900 includes fluid dynamic
journal bearings 920 and 922 and fluid dynamic thrust bearings 924 and 926. Fluid
dynamic journal bearing 920 is disposed between orbital ring 932 and shaft 908, and fluid
dynamic journal bearing 922 is disposed between orbital ring 932 and hub 904. Fluid
dynamic thrust bearing 924 is disposed between orbital ring 932 and hub 904 on one side
of recirculation channel 928, and fluid dynamic thrust bearing 926 is disposed between

orbital ring 932 and shaft 908 on the opposite side of recirculation channel 928.
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904 as previously described herein. [0065] As FIG 9

al so shows, FDB notor assenbly 900 includes fluid

dynami c Journal beari ngs 920 and 922 and fluid

WO B99Shr ust bearings 924 and 926. Fluid RGTAR2003/031137
journal bearing 920 is disposed between orbital -ring

932 and shaft 908, and fluid dynam c journal bearing
922 is disposed between orbital ring 932 and hub 904.

Fl uidog ﬁﬁ"ﬂ?ﬁc&néﬂf‘ﬁﬂﬁ&r 9383 donfigiedHol providatRARHTRIOBE & the
orbital g 932 and hub 904 on one side of

){E&ﬁ ltl'fa@ é’éa 50‘?:6 13@5]5] @4 seaP NBlisplhdehfdntHRRFDT] i Mirthes

earl [ spo etween orbital ring 932 and
980 5 OB 3, A L g i
oi 191%@%]1 o ﬁBllﬁ?rQﬂE W did 85%%5 Elogezfgrﬂhﬁut‘g & 4 ﬂ%‘é& géb $f°shaﬂ 908.

Fovi de a seal ‘surfa Xt ent at seal

Aéé‘l“fc R K9 ot %%ﬁ?f%%‘i%f 5 S ik AESHRAN hplibbitnt of
hlgbp Idher d%% m%torS 38 n?ogg% %(ﬁer?e%ge :dz %‘géﬁ&?%@gffmg e RANY

E §|n1té to a flange 909 of shaft 908.
u H l'ip 933 and shoul der 934 act together to

'm'ﬁ{n oﬁo"é@ oGk 8¢ ?‘ﬁ%%ﬁ%ﬁ“‘ﬁf‘ﬁ%§°§#§ﬁwﬁ‘ cks
mi%%ﬂ?s)éwglyr?\éf’ Ff'eé%ﬁ'f‘r?lgwnf“}la&%glgg%f[z@ iﬁ’éé%% gur T%on

[ FDB 9Q0 | .
B BB ey i

however, is thai i.n this enbodi nent recircul ation
ag PRDGPRS) t @ harizeniel gricniatione o) | as opposed to a

hori zontal , .orient 0068; rsons skill,ed
in t [A96%)ALaiy, persqes g‘ehe{] laﬁ%’ '1“ %ﬂﬁ é‘&féﬁnﬁﬁ eneral
p%élglg%%n%gg ﬁggggqeﬁlp%g\éeggﬁz&ﬁr?c%gn %ﬂ‘ﬁf(}é g tﬁr%géhug applly

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

[0069] FIG. 10 is a cross-sectional view illustrating an orbital ring 1032 in a fluid
dynamic bearing motor assembly 1000, according to another alternative embodiment of
the invention. As shown, FDB motor assembly 1000 may include, without limitation, a
base 1002, a hub 1004, a sleeve 1006, a shaft 1008, a seal 1012, a seal ring 1014, 2 etator
assembly 1016, a maénet 1018, a counter plate 1030, a displacement limiter ring 1031
and obital 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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with equal force to the enbodi nent descri bed above in
conjunction with FIG 9. [0069] FIG 10 is a
cross-sectional viewillustrating an orbital ring 1032
WP 2804/020954 dynani ¢ bearing notor assenbly 100E/US2003/031137
according to another alternative enbodi nent of the

i nvention. As shown, FDB notor assenbly 1000 nay

include, without Iimtation, a base 1002, a hub 1004,

tha'i s§e!l BRY $014ARE beRispHRA 5v1t3191%§c1 top poftidh offldede 1@;)65.3@ @lsp:f:t‘e&‘ g

014, a stator assenbly a magnet 10

S“QRS% S.a?%@a“fﬁ°ﬁ8€’?%°§?"”9‘f%o7oﬁﬁ%f*ée“etséétﬁ%%%“ fé“ﬁ?%"i’g‘h%i%f
1048, AR ek Bl CRE R RO R RO, ol WRER Y mag B0 | £
ints IR sl 561 R Moo podemn A1 rdsis By 1004 10 rotate s
shﬁﬁﬁsqi%%gh%dge?g gdgﬁ e’@ Qﬁoqjé BEYS 6%0%9%&%@%%%??% well,
OrHl e 1055 s Yool RicFedioighe PodsDpd el 8ps A5 corbiita e, 4
rolgpogi S eI RLRRDL ot Pe i Yeloby BB A BT iE P fheyll * o
- velbgi bt T et BB DEentPed ieifiof waatp e ot AgeRHSS
10 e RY B S Emp fiap eS8 vt aqtam 0335?% Of?%ffxz{fedgﬁ
n a0 A ettt o evi ous )y descri bed her i n.

A S e
jowrahldesings §0sbn| st P et Jep3and gu&#&&% o gt Pgtiges 1024 ana

assenbl y 1000 |ncludes fluid d m ¢ journal bearln S

10260 Bluididypamic jeypme] bepaingvh030 apg 1 %lmeodlwﬁﬁsrhewm prhip! ring

bearings 1024 and
1032 and shaft 1008, and fluid dynamic journal bearings 1022 and 1023 are disposed

between orbital ring 1032 and sleeve 1006. Fluid dynamic thrust bearing 1024 is
disposed between orbital ring 1032 and an overhang 1007 of sleeve 1006, and fluid
dynamic thrust bearing 1026 is disposed between orbital ring 1032 and counter plate
1030.

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

to provide a bearing surface for fluid dynamic thrust bearing 1024, Seal ring 1014 is
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1026. Fluid dynam c journal bearings 1020 and 1021 are

di sposed between orbital ring 1032 and shaft 1008,

and fluid dynanm c journal bearings 1022 and 1023 are

WOHeRe0S3 het ween orbital ring 1032 and sl eeREHEEE3/031137

Fluid dynam c thrust bearing 1024 is disposed between

orbital ring 1032 and an overhang 1007 of sl eeve 1006,

and fluid dynamc thrust bearing 1026 is di sposed
aﬂb&fe&@?ﬂlaﬁ NGo8 aal ig doRBgukEBid padvalieCudiltsarfacp 1101 Fto tHéSdent that

0072] Counter plate 1030 is attached to sl eeve 1006.

se;l[hglj&gn LS AGpilRly sequnter  plate 1030 is configured
to provide a bearing surface for fluid dynam c thrust

bear bDijsglO&rnehﬂnﬁﬁéii rini @031 i Rachéd th SRAASIO0B ak®is @lspaded

ove 7 of sleeve 1006 is configured to prOV|de

r far SOl ri
o P 4350 i 0 g oo

18%T/ f\yg /Slgﬁéd]'lﬁ el V@fflﬁ@&)gtnge il ?fa&eﬂe@%ﬂ&%ﬂg& 031 and

con to provide a seal surface 10%3 to the
°"fﬁ’6§§§°d&w Bk Ao pitog R gionaelong
w@g snaﬁqw e T

[ r‘lwgrgdr 32 Aspersons skilled in the art w ||
m Y78 i“CR1"aCenent |initer ring 1031 and

0 Kir 1308 A8 9%?%% SEnEPR MR it el HORERARLIOFEDE |
miiiE feeoly E%@gass Vﬁ“‘*{# By %ﬁf‘?fék‘?"?&%§sef“8§?‘*4‘?p?§€”t‘
aiteRsen hoie i e FRBiotof fsbontéit 10d0R6 00 Bab Reiroutation,

chsallrltrlre]:l|6§1§ottﬁG.g.at of FDB not or asserrbly 600. One

[0075] Again, persons skilled in the art will understand that the same general
principles and concepts described above in conjunction with FIGS. 3 through 9 apply

with equal force to the embodiment described above in conj unction 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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di fference, however, is that FDB notor assenbly 1000
does not include recirculation channel 628 of FIG 6.
[0075] Again, persons skilled in the art wll

WL t hat the same general princi pl es HduS2003/031137
concepts descri bed above in conjunction with FIGS. 3
through 9 apply wth equal force to the enbodi nent
descri bed above in conjunction with FIG 10. [0076] In

THWDB hber A8 HEudts SCleft 6 MEY BymnicuEangl dRiokéd tetwean tHeDB
notor assenbly configured with an orbital ring. As

init8 Rlefib8iChnd teQrBilaPrifP4rd ot RES SHPHYd BASinAd beating 8fspd¥BdTDET

or shaft that is configured either’to renain

befitedh 'tﬂérb%ﬁél l%cF dng theulkdr SneRiber. H8%h &idh ﬂgfdtc%%anqﬁ Bo&ngthaSin

I'S conlgure to either to remain stati ary or

asgogﬁ%{i%eatl &[Pthroﬁg? ngﬁ%htrﬁlé ﬂ'ilnﬁlo%t 2\ B%m%fnl]'e& mqhe art

sl eeve an nts, the o menber

wifl 1 gwgm? ?lﬁld antu@begaggyéénaaﬁkgle%gagggpeﬂtswaﬁmm%auwner

ers an to rotate at an

pr@s alé(tﬁ b&fih@{%sé E@a%gg ?%%g 36%&@@5@2 2819 Yrlooves. In
oF% énygagg LA B R i D5 A 1, B

one dynam ¢ s osed

to rTct:ecom?r odgtg gea.rﬁg A% | otwallnd eH g% %%glélﬁlt c%yﬁarfan%tbsglﬁngf fallcho%ontr é

ynam earl Sp OSG e or rrng

t he tix E nber . Each such fluid dynam c bearing has
Progiure LG RFALRR PBI08S i ng regi on t hrough whi ch beari ng

fluid flows. As persons skilled in the art wl|

recogni ze, fluid dynam c bearings generally are

0B St g n LB oléy ?Fégfﬁ‘ﬁ T
all?cﬁﬁé’ué%égbs&np@iv"l?%gﬁ%?? B SR gy B Hﬁ?ﬁi‘b‘ﬂﬂted
oS TRR R i i 5
the 1gglcl>s2g F]r)]%%no(%or 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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[0077] One advantage of the FDB notor assenblies

degcri bed ialbove is that they all consune

substanti a | ess power than simlar FDB noto

RO 2983 t%at do got include orbital ri ngs‘?éT/U52003/031137
Further, if the gap sizes of the fluid dynamc

bearings included in the disclosed FDB notor

assenblies are decreased sufficiently, the effective

ridg@ftiyHave ang Rl o broddlsbcnlaPéonSifyirhtichans alovad the bibal ringe d
ynam ¢ béarings do not decrease appreciably, yet

fub@RH S inftEdddl FEPMImbRY Silkftein B Rembodithefitd B¢ Gbitaldink may have
ower. [0078] The invention has been descri bed above

a éﬂhﬁ%ﬁfa'i ;)Es‘ts%&ftﬁaf QniRR&idn. As peRbRdkiNed inSthe ki€ wHDREognize,
skiTled 1n the_ art, however, w |l understand that
) . t .
o EABL g S i fnease e o
o BB S gl R TS

em) eog,gli%e_rr]lts {h? 8rbﬂ£1q.in%gllwr).r HaVGa g?c%la‘? oF dvak E}ﬁg&wr&rs-sectional

- mevefec |gnaL i nfiguration. 1 n other enbodi ments,
cqf%fir?_?fg %ngg%llg %nigﬁ%ﬁﬁﬁé@eﬁog@@ gﬁé’&?@%age 6\?0 or more .bearing
o585 % S AR bbbt 3 0t Wil

as |1 n

| ternatjve enbodi S . ' i a
eﬁngp@% b Srof GRSt Bih Syatel Bof bl b topfpfita TN

illed ip the art. . wlJ) rec ' ' .
oSbimee sk ) oo S R AL s e

earing.surfaces, Wt at. least on [ |.SRO on
e R R e L
_enbodi nents, the orbital ring may have a circular or
1“6’9’51°n?hapedt cr oss-ts]ecti gnal I configuration. Wth such
a configuratjon, the, it rijna, have.two nor e
bear ﬁﬂ%ﬁ h‘s%ilfl’ft‘éﬁ’e:eaé‘y%“q%iﬁ‘fﬁm%gr g& " @?‘)F(r@{c?ﬁ%%ngg Ve Ii)gm
appropri at . [
disgfsed arlJl(r)rllgaang oia {h(e: surlfarg:esy oe theo ct)rgi?a[l ri%lg.t E{sg,aJahgl?s 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 context of various embodiments of an FDB motor assembly. The fluid
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enbodi nents, the cross-section of the orbital ring may
be configured as any type of polygon having five or
nore sides. Persons skilled in the art therefore wll
MREWEHIZE3t hat  the cross-sectional confi gur aP¢HHSZ893/031137
the orbital ring in no way limts the scope of the
invention. [0080] In addition, any suitable nunber of
fluid dynam c bearings nmay be disposed al ong any of
dyhkiic bedring @ssembly, hdveever, hiay 8t embdiged iM\bigogther aystemi er apparatus
recircul ati on channel configurations my be enpl oyed
asld@erA@bropriateby Opsisdnl didibar{ly skilledrifl theragts For exahplenalpaityof
condition effects as dictated by individual design
caftﬁD%éb,reﬁ&Pd%hfpﬁsiﬁx QB heifHéd, Afduteradty afdROSHbiIR Ring Sfithifued
F notor assenbly may be included in any type of
bedb & b BRIV sl £ hélPSf thERYndd 8Rd Sutdtradel, Tb@lA bBREdrto suppsib
el ectronic devices include, without limtation, any
a SR EncPd 10RO RELLIGWIrStaticH, tepRcik a QR bOGl behrfifps €f prédloddly
any type of optical disc player such as a conpact
. ol ftlafid Hb®8 be prelddBEd to provide
“Sg?'z&é %%ﬁ%{%%g]%u@ibg gﬁciﬂl?yhgghfﬁiﬂd dynami c b beari ng P

th@?eﬁﬁigi‘?éa}ki hElh@sedpp ei n has been described in the
¢o

text of various enbodi nents of an FDB notor

ass : : ;
poTiDRsbhs Re Syl dnite e ERABREAR dnwings oot o berein
may; . be [ [ . pparatus as

Sh&&‘ér?%?gg‘gg‘?g‘pﬁ’ﬁ%‘?ﬁ”@“&%ﬁ?@éﬁ%&ﬁ% génis?.y skilled in
the art. For exanple, a pair of cartridges, each
conprising an inner race, an outer race and an orbital
ring wwth fluid between a groove section and each of
the inner and outer races, could be used to support a
shaft and a sleeve for relative rotation, replacing a
pair of ball bearings as previously
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used. The cartridges woul d be spaced al ong the shaft
and woul d be prel oaded to provide the requisite axia
and radi al support. [0083] As the foregoing shows, the
MEEYPH0P8ns and drawi ngs set forth herein SHET/PSROR31137
regarded in an illustrative rather than a restrictive
sense. 34 WD 2004/ 029953 PCT/ US2003/ 031137 WHAT I S
CLAIMED IS: 1. Afluid dynam c bearing notor assenbly,
WIHXT BBSCleaiMBD tinpri sing:  an i nner nenber; an outer
menber configured to rotate about a rotational axis at
a first angular velocity; and an orbital ring
di sposed between the inner nenber and the outer

L.memtye fluiddhfami® b&iring nofdrAse RPN/ 4 t'hél hs&Ably Qompi@ige about
the rotational axis at a second angular velocity, the

SeCQRGnmRPfemBér; Vel ocity being less than the first
angul ar velocity. 2. The assenbly of claim1, further

COMhiohieP BheMbdr configulrdd-th %tﬂygu%g} ﬁm?a‘%i%ﬁél Whs ot ?ﬁ%{e é}igﬁ'lgr a

first bearing region, dispose et ween
menber apgtiRe, Pital ring and a second fluid
dynan1c bea#ﬁﬁ%, defining a second bearing region,

di spQSas ﬁﬁ"sedt é%ﬁ h#etnﬁ*er fn‘ar‘ﬁ r3H mﬁtﬂe%ﬁte?tﬂ%ﬁxﬁ?r the

menber . e asse

fluid dy Bﬁ)ﬂbﬁqr%f | g Bgoté]'cgﬁlho%?&g chat nbibék a‘?XQ&B’M

bear i ng are co SUC IV€ pressure

mai nt ai ng%gu!larl] vglggtyf %%Ecou gr%{apgelé ?tg:bgﬂﬁ?é%gthtah%eﬁ&ond

bearing r Wher el
t he or bi gﬁéularrklagcll‘}g configured with a rectangul ar

2. The assembly of claim 1, further comprising a first fluid dynamic bearing,
defining a first bearing region, disposed between the inner member and the orbital ring
and a second fluid dynamic bearing, defining a second bearing region, disposed between

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

bearing region and the second bearing region.

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

cross-section.
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cross-section. 35 WO 2004/ 029953 PCT/ US2003/ 031137 5.

A fluid dynam c bearing notor assenbly, the assenbly
conprising: an inner menber; | an outer nenber
WOANHIPBE to rotate about a rotational axis BET/ES2003/031137
first angular velocity; and an orbital ring disposed

bet ween the inner nenber and the outer nenber, the
orbital ring having a recirculation channel and

5confA guideiinimic bedritl Mo aWembly@e bAEAbIyRBAbridXS:S at a
second angul ar velocity, the second angular Vvelocity

bei ng s mekBa®n the first angular velocity. 6. The
assenbly of claimb5, further conprising a first fluid

dy naiioGtePRdfub&%bonfiglRéd Birdiste @bdut & Rtath Qra.hﬁgtt b Egt lar
di sposed between the inner nenber and the orbital® ring
and a seqgBénk had d dynam ¢ bearing, defining a second
bearing regi 6n, di sposed between the orbital ring and
t he Y I f [ rgin
the TrorER! TP Gogsthent o pRIBRERENLE anf 48 S oS B
dynam c W ] tePOSILI Y

o oasur o a2t Ak e § S0 ARG bk B RAR o wffi ou
and the | Fon. . 8. .Th ssenb 0

clai m'6, HACAdorRE L A Bt Sl st I, B3 SRR lr
confi gur : ac 0 luid flow i nduced
by the f ?%%%1 fqelu gf]g%@%gﬁe?rggg@‘ﬁe&ﬁ‘ ‘the second
fluid dynam c bearing and to control pressure in the
first bearing region and the second bearing region.

6.36 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 control pressure in the first bearing region and the

second bearing region.
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WD 2004/ 029953 PCT[ US2003/ 031137 9. The assenbly of
claimb, wherein the orbital ring is configured with a
rectan ular cross-section. 10. A fluid dynanlc bear i
P Y1y, the assembly conprising: an i gypszoos/ 1137
menber configured to rotate about a rotational axis at
a first angular velocity; an outer nenber; and an
orbital ring disposed between the inner nenber and the
9.out &he asseriely of tlbin 5,avHsicibthe s1bitg Qs doptif@ed with h edcBhgular
about the rotational axis at a second angul ar
croses&tioh.y, the second angul ar velocity being | ess than
the first angular velocity. | 11. The assenbly of
claim 10, further conprising a first fluid dynam c
bearing, defining a first bearing region, disposed

10bet Wemiid Biifmdid BRakingRIOIRE Sss@HMly, tREasQitl) Bdmprisg: and a

second fluid dynani ¢ bearing, defining a second

beags gler BEHIONR cortt g%&@%ﬁé;ta*?eegb\li@led}otah&%l Qflpbttaaﬂirst ahfdarand

the outer nenber. "12. The assenbly of clarm11,
wherein $digeidyi rst fluid dynamc bearing and the second
fluid dynam ¢ bearing are confi gured such that

POSki biver RERSS WG |S maintained in the first bearing
region and the second bearing region. 13. The assenbly

of gk Sivithl 64c8bBiwellFih® [ kit Akl S
with ar egzr?lgng 'ar cross-secti onm éﬁ% 3@%%2%
PCT/ US20Q81i 4 q‘ﬂé %Znﬁgured to rotate about the rotational axis at a second
angular velocity, the second angular velocity 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.
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14. A fluid dynam c bearing notor assenbly, the
assenbly conprising: an i nner nmenber configured to
rotate about a rotational axis at a first angul ar

VO 84929953 an out er menmber:; and an orbital rinfCT/US2003/031137
di sposed between the inner nenber and the outer

menber, the orbital ring having a recircul ation
channel and configured to rotate about the rotational
ldaxi A fitidaysanio behriap giotor bsswablgCthé ¥ssetblg csMpPMeE: angul ar
velocity being less than the first angular velocity.
15. ahlnepmembe] cynfdurddl t@iomtd dbout alfdtdiRhal GRIFRE d fisHhgRar
first fluid dynam c bearing, defining a first bearing
regi on, eelsginsed between the inner nmenber and the
orbital ring and a second fluid dynam c beari ng,

def iaplof@r MesB&OMMA bearing region, disposed between

the orbital ring and the outer nmenber. 16. The

as s @filotbitaPlingdisiosed betwedi Bk Girfdr hBfAbér ahd theloltdk HleA¥GAHLE C

beari ng and the second fIU|drdynan1c bearing are

conf i gur gaisGH }Iab‘iﬁ% a RRAGTAH6E cﬂﬁﬁﬁﬁﬁﬁ%oﬁ%g D B Bt

in the first Dearihg region an e sec beari ng

region. fnkroklishaPEAGTRbboR arshilh iddhy, WOSKEh i

recircul ati on channel iIs conﬁlgure acco

bear i ng. (L) dohi@isl BN BE R AR Kiok), 1 i d dynari c
beari ng andlﬁhgrﬁsgcond ?IS?%H yng%k% yearing and to
control pressure in the first bearing region and the
second bearing region. 38 WD 2004/ 029953

15P°CT/ ’IH§%§Q?3{>19’%1’ %1%1}%1 ﬂzﬁ? fur&gleco?rﬁ%lgﬁg |a¥'1r§% fﬂgﬁil d@i‘x{]ﬂxié %Earing,

wherel n the orbi rong Is Irgured w

deﬁﬁﬁ% AU Ilbgarrin%rrggiéf, ﬁﬁgotsjscplne‘tween the inner member and the orbital ring

and a second fluid dynamic bearing, defining a second bearing region, disposed between

the orbital ring and the outer member.

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

bearing region and the second bearing region.

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

second bearing region.
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19. A fluid dynam c bearing assenbly, the assenbly
conprising: an inner nenber; an outer nenber

configured to rotate about a rotational axis at a
WiOr2894/208381 ar vel ocity; and an orbital ring REPBLEH31137
between the inner nenber and the outer nenber, the
orbital ring configured to rotate about the rotationa
axis at a second angular velocity, the second angul ar

18/el OtietayseR®iyd claf$ 54, Whekkid e ofbithiSing ifQAEEREd WRh RCI LY.
20. A fluid dynam c bearing assenbly, the assenbly

re fdr Stodfsecti®) | nner nenber; an outer nmenber
configured to rotate about a rotational axis at a
first angular velocity; and an orbital ring disposed
between the inner nenber and the outer nenber, the

bif ol sring. hads . . | and
197 bi4 Bliddyimib 8 aﬁgx&%ﬁ{ﬁgﬁghﬂ;]g Bofh

configured to rotale tation axis at a

SeCQRGnRPRIBL: vel ocity, the second angular velocity
being I ess thah the first angular velocity, 39

an outer member configured to rotate about a rotational axis at a first angular
velocity; and

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

angular velocity.

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

velocity being less than the first angular velocity.
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