;1Je3e ?r <, "N6Tr).12 MAY 2004 | SPINDLE MOTOR W TH AN AER(I)YNAIYI fr{Ag}D 0
- HYDRODYNAM C BEARI NG ASSEMBLY Field of the Invention The present % nventdosh
relates to a spindle notor and, in particular, to a bearing assenbly of
.such a nmotor. Background of the Invention A spindle notor in general
conprises a stator and a rotor, including a hub for supporting an optical
or magnetic disc or the like. A bearing assenbly is provided between the
stator and the rotor and consists of a journal bearing and a thrust
bearing. It is known to provide both the thrust and journal bearings as

hydr odynani ¢ bear SERINDHRBISTOR! WWITHMA NS %qwﬂmmdcan be

~somewhat difficult to seal and may cont am nate ium of the
di sc nmounted to the r ¥ DRODYN .‘?RIN ng occurs.
“Hydrodynam ¢ bearings al so have a vantage 0 Wﬁ%ti onal | osses
during operation. Aerodynam c beari ngs may be utili sed i nst ead of

hydr odyn ﬁ%l“ﬂ"(ys ,to reduce frictional |osses and allow for increased
operati ngfn ﬁ%g , aerodynam c bearings have relatively | ow bearing

stiffness. A spindle notor, as disclosed in US 4200344, aneliorates the
above di sadvantages by using a liquid lubricant for the journal bearing

only and pr ovi thepratneRreAIRRISe! 8 ol BEOTIRS: REATh IS ApIeYsT L the

thrust bearing is only adapted to functron in a uni

whi ch i s #emMPgfsugh @ mfasor.practical disc drives. US 5358339 al so di scl oses
a spindle notor with a Liquid journal. That notor includes two flat thrust
Pl at es at either end of the journal bearing to thereby provide for

“bi- di rectpguk Iﬁiog; ohngi di sadvant age of such a notor though is that
~the thrust plate nee 1 2rr;Y ~~~ 2 to be of a sufficient size
to generate sui tabl e aerodynam' Cc pressure to forma gas bearing, increase
the overall % ﬂl nmensi on and space requirenments of the notor. Summary
of the Inventi Eicégl'ellﬂ gERRralncoroprises ek staton amddr estsr eluaheve hﬁg%koned

di sadvantgg the. i entlon there is provided a
spi ndl e r?o or mégll-1 g ?%ggg&%ga%’gor scco(?‘FptBﬁ% %‘E‘érﬁsﬁfﬁgﬁﬁbﬁaﬁpwdcmbﬁadmg a

hub for dipgacct andthenetcdandesi SCSiouAll b e en the
conmponents, formed of a journal bearjlohlg an(%ar rus tzbaeflflﬂ% %Wﬁt‘i’ he

j our nal  BEAYidsBoth shaythress odljavare d:!ehu@smmgydmdyﬁahﬁc LT l}weveﬂ 1h I@a‘i&?pt ed

to functl di recti.onal nner._and i ncludes an annul ar
proj ect i ngéhr glgsu%}l %fa??gfrﬁa&r{:@ ‘%ﬁ’ét digfipdhtorneal aﬂdtfbaya@mmah@&cbﬁﬁ@@s
formed i mddienddthde @fkc tSuRARP M tStor if fluid migration from the bearing occurs.

Hydrodynamic bearings also have a disadvantage of high frictional losses during operation.

3 Aerodynamic bearings may be utilised instead of hydrodynamic bearings, to reduce

frictional losses and allow for mcreased operatmg speeds, however, aerodynamic bearmgs

have relatively low bearing stxffness

A spindle motor, as disclosed in US 4200344, ameliorates the above disadvantages
by using a liquid Iubricant for the Jjournal bearing only and providing an aerodynarmic for the

thrust bearing. However, the thrust bearing is only adapted to function in a uni-directional

manner, which is not desirable for practical disc drives.

US 5358339 also discloses a spindle motor with a liquid journal. That motor includes
two flat thrust plates at either end of the journal bearmg to thereby provide for bi-direction

axial support. A disadvantage of such a motor though is that the thrust plates, which need




Preferably, the journal bearing is fornmed between a shaft of onel & Méle 2004
- conponents and an associ ated sl eeve of the other one of the conponents and
the shaft is provided with a passage extendi ng therethrough for providing
~air flow through the notor to the aerodynam c beating, so as to allow air

to be entrained into the journal bearing during operation. -' Preferably)
t he annul ar nmenber has two opposed beapi ng faces arranged adj acent
correspondi ng bearing surfaces of the recess,. and a hydrodynam c bearing
is formed between the respective bearing faces and surfaces. Preferably,

the bear ithdesifia aifsient iz wegdnzs liableeibdiakiAtsRtY 88Rith § IR SARGE, SO

that |liquid between the annul ar menber and the recess is retal

t her ebet RERKISOYeralt dolusmpsiimension hnd space fequitetngntstdfehesimatar, i ncl udes a
t hrust bearing passageway whi ch includes a port opening adjacent the
annul ar nmenber, between the thrust bearing and the journal bearing for

equal i si rfan@harpsedeUn@edioi t her side of the journal bearing. ? ~ F?~Y
204 3 Preferably, the shaft is fixed relative to the stator and the sl eeve

forms part of the rotor. Brief Description of the Drawings Figure 1 is a
Cross-secti onall view of a ’si{f)i ndl e nmotor according to a preferred enbodi nment
of the present BCRIERS BCutENseks & address therabiove meptionsd dissdviniages. vi ew of
the spindle notor shown in Figure 1; Figure 3 shows two arrangenents of a
non-contact liquid seal for the liquid-filled thrust bearing of the spindle

mot or shown i din Eéogrdancd withitsin®ertions therd i PesvidRCs s m\éi&%&ﬁdﬂ ggﬁ{ §jed
spindle motor; and Figure 5 is a detailed cross-sectional view of “fhe
cgas-fil | EOPRRGES: 2 BUAF cAmpanant: insludingua dub ifod epppringnale demoiddisaf, ahhe,
spi ndl e gof Lo FLgure 4. Detail ed Description of a Preferred
Enbodi ment r,%\{gpar'%eé ert Egtwéaen‘g% GPRRPRHS, dprmsd- o adaermal Rearing and p ghrustdsacing,
Fi gure 1whéhein 00 jolroh® bearing is an aerodynamic bearing and the thrust bearing is adapted to
function in a bi-directional manner and includes an annular member projecting radially from

one of the components into an associated recess formed in the other of fhe components.

Preferably, the journal bearing is formed between a shaft of one of the components
and an associated sleeve of the other one of the components and the shaft is provided with a
passage extending therethrough for providing air flow through the motor to the aerodynamic

bearing, so as to allow air to be entrained into the Jjournal bearing during operation.

Preferably, the annular member has two opposed bearing faces arranged adjacent
oorresponding bearing surfaces of the recess, and 2 'hydrodynamié: bearing is formicd between

the respective bearing faces and surfaces.

Preferably, the bearing surfaces diverge from the bearing faces adjacent the shaft so

that liquid between the annular member and the recess is retained therebetween by surface

tension seals.

Preferably, the shaft includes a thrust bearing passageway which includes a port
opening adjacent the annular member, between the thrust bearing and the journal bearing for

equalising air pressure at either side of the journal bearing.




illustrated is of the brushless type but the present invention naﬂ.&H$@f@@H
-used with other types of notors. The spindle notor 10 conprises a stator
conponent 16 and a rotator conponent - 18. The stator conponent 16
~conprises a base assenbly 20, a cylindrical shaft 22, and a stator 24 which
conprises a lamnation core 26 and armature w ndings 28. An annul ar nenber
30 is coaxially mounted near a free end332 of the shaft 22. The rotor
conponent 18 conprises a cylindrical sleeve 34 which is rotatable about the
shaft 22, first and second thrust sleeve nenbers 36) 38, which are fitted
to the sleeve 3referablyf heeshaftris fixed rélative s gielkatdf add@eanavt of 82
and a rotq%%gle hub 14. The hub 14, preferably made of alum niumall oys
forms a housi'hg 12 for accommodating all the conponents of the notor. The
hub 14 houses the thrust sleeve nenbers 36, 38 and has a ~ 2 ~ 9r~;f
~irt?~0 4 cylindrical hole 40 at the top end to accommodate the shaft 22.
The statoaniefr@mei]itioqmmhes)Mﬁgst he rotor conponent such that a gap 42 is
fornmed between the outer surface of the lamnation core 26 and the inner
surface of a rotor 44 which is mounted to the hub 14. The rotor 44

conpri ses ringT§hq%§g nggnetic poles 46 and a rotor back iron 48 which is
bonded to the idReY SufrhEEPsgBettionahyisw of aTspindlotmotobactordingnodd ppefortedes
a magnet i enitbimdiRlor JBgR &%ﬁ;ﬂeld of the notor 10. Term nal |eads from
the armature m&gdings are te r'omthe notor housing 12 through a
termnal lead dfiguedrs aSOtwkd R6R-ROHGIAE VRS " Vin8m;8,,,I0f OF
cantr ol circuiI}ﬁ The ar mature w ndi ngs 28 ar%p%%éggggé%&ggg%ﬁb|¢iréi¥e ’
‘control |ogic WHPER ¢ ebAatves aypegaments ohe nonicontaditliquith el Fhethar matdiFifled

wi ndi ngs 28y gised,: | ect.romagneti c torque i s devel oped by the

interaction betweeR magnétic gH&dretic poles 46 and the
armature w ndi Rigur2 8, is aausisn@ctieiadviedNoof rolfieaub; eferred embodi ment
of the present jnvention provides a Iiquid-f?ilg@upﬁgﬁggﬁbégking 52 and a
gas-filled journ@iCpetd Agalad coossuppionsl vibe afthalgagnitled @t beagag aFl& th&'d
rotation. jEoi. - QUrpose, t shaft 22 further conprises a journa

beari ng pollﬁti{doﬁlwdlgp?nr#ﬁ%ﬂringa%eqlﬁﬁ%‘Pd@thaé@CS‘Gl wfFighee 4.our nal bearing 54.
A mating surface of the journal bearing 54 is formed on an inner surface of
the sleeve 34 and defines an outer surface 58 of the journal bearing 54

whi ch i s Pgtaiked Besepiation of moPreféreed Badiodimeh@ce 56 of the journal bearing
54 to foama journal bearing clearance 60. The journal bearing cl earance 60
is filled with a gas, preferably air, for lubrication. A gas passageway is

provided with an,epeRl : tially mdway along the | ength of the
j our nal bearingq%g forQ%ggﬁgg#ﬁg%?ﬁ n%FW%”&?Rﬁﬁési ﬁ@dﬁﬁmﬂﬁélngh®ﬂmmn'ﬂb

t he bear i HgsBatedischf thabmahteisaybeabut thdpre "dlﬁn%!; | the flow of
gas whi ch _can cause deficuI?%bin sta?tgﬁgﬁﬁgﬁgtlo %g§?%ggﬁaﬁbh%.e%@ﬁﬁqng
54. Aerod PrﬁOES'p%E% sRipde motefebemaibes a stabe dosiponedt 16e@HINGtfd: &j.llﬁﬂd;lgmt he
‘Q&erationlahereof and is used to support radial |oads of the shaft 2
Grooves 64, preferably in a herringbone pattern, are provided on the inner
surface 56 of the journal bearing 54 to enhance 5 performance, and, in
particul ar, bearing stiffness. Axial |oads of the shaft 22 are supported by

the thrust beafP®g2se qmnp@nequrmhnmishydrb@@byméﬂl&y%‘?ﬁ%gﬁﬁ%rﬁ’%g E% rr%gfango -

operatio f..The thrust hearing 52 conprisesS the
the for mn%%agorr%r ngc%bcggmrﬁas Bll3magen Gpiiccld ! arountre indiaxs 28 A ng@fuldhe

free end mémbbie3cRalduxaBy Ao §h, b 26l a fjrst thrust face 68 and a
second thrust face 70. F?rstnan séégﬁﬁ%%§§?#ﬁ§h§§wﬁé%%s 72, 74,
corresponding to the first and second thrust faces 68, 70, are fornmed on
interior surfages of first and second thrust sleeve nenmbers 36, 38

respectively, P FompRECRtHS compeisss argylinduical sleeiaB4 which RerobeMld ABuPhAL €
66. The r@e®9s [ ' ioned to be slightly |arger than the thrust
bearing plate B@%ﬁ%g&cﬁ@m% Sﬁjfi?éwmhﬁr 36,38 highaare fitteti o she dieneizdgo

cl ear ancealeliie asectaf ifbebceihh6f AT j | earance 78 is filled with a
li qui d Iubrficgg;, t he IubrEi cant *‘E%’.i‘%ﬁﬁ@é%’?%a&va , W?%tﬁ‘éleé%éf*arﬂ@m@w
non- cont d¢efesddy | maderefnduhimitrh ealfo9s Moshs T4l hsdsiNd2S€50 rhace tension
seal s 80b082. The formation of the surface tengggn S@gﬁgg@@#wggng%aﬁ &m
faci | i t at'SPBYCHA of G wakes. i Tha b thheuses Heahingsicteanantes 38, 30 fanﬁ%ba
sides of the thrust bearing plate 66, at a portion 84 thereof which iIs
substantially adjacent to the shaft 22. The increase in thrust bearing

cl earance 78 may be achieved by form ng tapered portions 86 in the bearing
surfaces 72, and/or by form ng annul ar grooves 88 in the thrust faces 68,
70. Annul ar grooves may al so be fornmed in the shaft 22 adjacent the thrust
bearing plate 66. The surface tension seals 80, 82 ensure that the --

o e oy r N o, o o - — o,




solely support the hub in at |east both axial directions. C?oovesfgﬂﬂgpeqm
- provided at the thrust faces 68, 70 and/or the bearing surfaces 72, 7 ‘tﬁﬁm
facilitate the formati on of hydrodynam c pressure. The thrust bearing plate
.66 may be radially outwardly tapered, in which case the thrust bearing S2
al so offers sone radial support to the sleeve 34 of the hub. In Figures 4
and S, the spindle notor 110 is providedtwith a gas-filled thrust bearing
152 and a liquid-filled journal bearing 154. During rotation of the hub,
support is provided at |east axially by aerodynam c pressure in the thrust
bearing 15¢ylindnigalkdé 40 lay theytopedd eslynafinsodate®s Yhgp24 N the journal bearing
1S4. Figure S shows an enl arged view of surface tension seals 180, 182

whi ch are provided at a first end 100 and at a second end 102 of the

journal bearingr [ ining the liquid lubricant in the journal
bearing 1S4. The or{cr)gtc? r%ﬁ&%e% f?.,l@?@gevglﬁgthpgggor ¢@oronsnt sieh that atgag 4Byis formed

i ncrease ibetivben (ho vt bulBRR Ik GhERk; t.both the first end 100 and
t he second, end 102 of the journal beé‘??%grcléiﬂaﬂgﬁiﬂﬁ%§%§§%0{%rqt% whichal

bearing clEanud to 18 hbyldeThe mtoneticdnprivet viag.dhaped ' r
surface 1§§acgfi thg l.qur.nal_bearing 1S4 and/ or %ylm?or ﬁaggédg r?u%ggtp%é?%or\9@§
194 in t he ShaF 18 3vhich 1shanded e e inger myifaca 00 therkitbat4. t Mae $6:0p BaLkeReh 492
of the jouwrdaldebqahi : I J nt .to the dynam c tension seals
180, 182 %y be p?g{l/él?%géiémmtﬁpg#agﬁg?e?%%&gﬁ@ﬁ IRQar g Teominableadsfrom the

t he pr everfringiure windiegsri8ytra faditodf the Hdtd : i Qu .bhearing 154, A
radially outward passageway 1060i S pirlg\k}jirglgg&?%%a?ﬂ%%%ﬁb{mgéﬁéﬁ e 50
'pljat e- r ec AN iTHGCURGHEY {01 DBOWer Supplyriia o mdierusineg! ditchit. TR ardshodt Wingilkyag d
passagev\/a)érégﬁe[gksle? oRoth circul ation of gas ::.flaw and prevents
stagnation of gas flow I net RECRRPEEICHEHSY gulats spred pfthe maotaph0.e Sighate
the above atiesmrd WRMiGeIBIRAHBASOhy | ad. t hr ust bearings al | ow for
t he advant ag;ous usgf‘%gf bot hdeaerod%%g%&%&gér%gﬁglﬁf%ﬁ%a?ﬁe@%gyﬁ?g@wmtlﬁ%t
provi di ng beBrecanmagretip fwlds off tht haagetio poReRBOREN. a&h&hk\/@:ﬂ&%&% HgLor
conponent rgﬁggﬁgtﬁ%ﬁwéo the orientation of the spindle notor or i ghe

|

shocks, and mni ‘space requirenents of the notor, as conpared to, for
exanpl e, the teachings of US 53S8339. Although the present invention has
been descri bed&Yg\gth ;ef erence to a preferred enbodinent, it will be
apparent to th mkickted cemirodimfentadit the Rgse ifj.cati be
made in bZ 2 ~é1§\Y 5304 form and detai :ﬁ%m ?ﬂgﬁ?ﬁ%oe% rtvliﬂr%ga’fbcg'fﬁ"tfﬁ@gstﬁft
and scope "6 15h2% i2A¢ éngasdiled joyrml bearig 061 suppgrt ok AkiBadd rallidt RbROGG DT O
i ncl udi ngr@agdft or conponent; s a rotor conponent including a hub for
supporting one or nore disc; and a bearing assenbly between the conponents,
conprising a journal bearing coupled to a thrust bearing; wherein the
journal beari n%Qi s an aerodynam ¢ bearing and the thrust bearing is adapted

to function i nFar Biat guvpsse,i theahafdh fiethearempBsdsnciow i i mber
: HAnelouias 20 B, SRIBE

" proj ecting. radi f.romone of the conponents into an assot
formed i ng‘% %@g%ﬂgga;ge 35 of e Jovrmabbearing 542 A magipp suitfecenfithe jousnal Ibahri®dsd R

.claim1l, fMiekeion ddBnan§ikR L.l i s opposed bearing faces
arranged adj acent corres pongiong g‘é"r?% %4%@8%%9“@56“@@@%‘?1’ tha dovanal

hydr ody nabaginge¥ whighiis ridialiyeshaoed WoantHeNBner surface 56 of the journal bearing 54 to

form a journal bearing clearance 60. The journal bearing clearance 60 is filled with a gas
preferably air, for Iubrication,

A gas passageway is provided with an opening 62
_Substantially midway along the length of the journal bearing 54 for assisting the flow of gas

through the motor 10 to the bearing 54 and, in particular, for preventing stagnation of the

flow of gas which can cause difficulty in starting rotation of the Journal bearing 54.

Aerodynamic pressure is generated in the journal bearing 54 during the operation thereof and

1s used to support radial loads of the shaft 22. Grooves 64, preferably in a herringbone

pattern, are provided on the inner surface 56 of the journal bearing 54 to enhance




[ ing indle notor as claj }g_'n
respective bearing faces and surfaces. 3. A spind ‘
- cl a!om 2, wherein the journal bearing is z o fornmed between a shaf ?Ed’ﬁg’cﬂm

. onents and an associ ated sl eeve of the other one of the
ggnégﬁeﬁ?gpand the shaft is provided with a passage extenQ|ng therethggugg
“for providing air flow through the notor to the aerodynam c bearln?_,On as
to allowair to be entrained into the jgurnal bearing during oper? | s'

4. A spindle notor as clainmed in pla|n13, wherei n the bearlng sgrbafe o
diverge fromthe bearing faces adjacent the shaft so that |iqui et we

i | | by surface
| grerfiventie, and] hhard@eas bedring @itRkhed t her ebet ween |
Egﬁs?ggusgl s. 30 5.311% sg}iandl e not or g;s claimed in claim3 or 4, wherein

[ [ assageway which includes a port
thgnisgaf; !ncleudesha thiu;trlbi?(rlzg&p_g_ gnnu%/ar nmenber, between the thrust
ggari ng a(r]‘!dga g"ng& ajdéu(ﬁng‘he Bhalt 2dgatcosunpgiad ity e HIF_FISth@;tElEréZ awl:]lgn gnea(l:lﬁ:;onlg

| | :SD| cl.ai ILh an .
oS, herE N e PR e 1 e R S
fornms par antlat iewbet 3l in the fobus pf #direst Boiriiz Fite GoaliES i Iﬂo&{tﬁ]g@ga&gal dicAd

shaft includes an annul ar groove to el 'de
E Eg :223: 315“' %O’f‘@c fhatt Heandywhich dnqlydes o firstithmist fate 68 end bséRnd (hRESHEH

Companen: PR ANk i 8, 32 ShoETER  oaon
assenbl y Baene8N70 e COMRANADIrSorid AL AREsIERM A e QR A, 5 e Bt 367
bearing; wherein the journal bearing is an aerodynam ¢
“t hr ust 38 respectively, which define the recess 76 for receipt of the bearing plate 66. The recess
76 is dimensioned to be slightly larger than the thrust bearing plate 66 which resides
therewithin, such that a thrust bearing clearance 78 is defined. The thrust bearing clearance
78 is filled with a liquid Iubricant, the lubricant being sealed within the clearance 78 by
non-contact sealing means in the form of first and second surface tension seals 80, 82. The
formation of the surface tension seals 80, 82 is facilitated by an increase in the thrust bearing
clearance 78, on both sides of the thrust bearing plate 66, at a portion 84 thereof which is
substantially adjacent to the shaft 22. The increase in thrust bearing clearance 78 may be
achieved by forming tapered portions 86 in the beariﬁg surfaces 72, and/or by forming
annular grooves 88 in the thrust faces 68, 70. Annular grooves may also be formed in the
shaft 22 adjacent the thrust bearing plate 66. The surface tension scals 80, 82 ensure that the
— liquid does not migrate from the thrust bearing clearance 78, whilst achieving relatively

minimal frictional losses when compared to typical coniact iype seals.

A thrust beasring gas passageway 90 is provided to reduce the effect that the
aerodynamics of the journal bearing 54 have on the surface tension seals 80, 82. In
particular, the thrust bearing gas passageway 90 maintains equilibrium between the first and
second surface tension seals 80, 82 so that the liquid remains within the thrust bearing
clearance 78. Preferably, the surfaces adjacent to the surface tension seals 80, 82 are
provided with an anti-migration coating 92 to assist in the prevention of nigration of liquid
from the thrust bearing clearance 78. When the hub is rotated, especially at high speeds,

hydrodynamic pressure is generated in the thrust bearing 52 and is preferably sufficient to




bearing is -adapt ed to function in a bi-directional manner and incl dd@sMan 2004
o b A B o A S
associ ated recess forned in the other o e roonent s and an
j i i bet ween a shaft of one of the conpo _
-l gurnal bearing 1s forned f the conponents and the shaft is
associ ated sl eeve of the other one of the rrpf , Ol e snaty 1s

i with a passage extending theret hrough for pro g .
ﬂl(r)\(;lugﬁdt he not oP to ?he as aerodynam c bearing, so as toAZIkI O\'IA\VVaI 'rb\@tl(é 22
entrained_into the journal bearing during operation. .A . — AV_. .
B. Ay| . A7. solely, support (uab igntyleast both axial directions. Grooves 94 are provided at the thrust

i cal.cal calca] calcalcalc .
) cal cal ooy oo feu R AT B PR FEERE T 20 Ll Bedets du fomnacn ontiRddpamicd_2)
el e coere:  he thrus: bearing plate 66 may be radially outycardly sapesed s pubigheepe e o
a] ca] ca] C@{%})em@ 52 alfo offers some radial support to the sleeve 3

of the hub.
'S 3C4444+5 mhc”Y] ca] ca] ca] cazﬁ caﬁ]lcgl']‘lcaLJ] caJ ca] ca] ca
i&fa]sc;i )cacir:g?gg]zg} gg]sggfca] caj (J:ra} \(/:\g] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! +5nb556G

VAP, . . . . ]
R e e e e
a] ca] ca] cipoationfqad Gabe fueadl bk £, CBhfifly FasH of tha 400, support s provided

7020t it aialty ta) catodpamaico pjesairs ahokbc akeal sala] o5 cae a3 0ol ©

?%);DC/ 81( g(a]( ;1%8%)%%&?? (r:% Crgé/glil }ife(a” ?%ig%%cgﬁ Iﬁ&&*’/é)%()&bw afb enlarged view of
109 () (- 10 () VORI POt st P oo asiopnd sna e
10%9x 100% B0IDRrBD bsar b LCHESoRL (i IORGHAORNE WDkicdrt in the journal bearing 154. The
1090x& ( )fbérafajt%%%)f%é ge_afsz 8%1 chéz));f‘ Ifagli-ta%c;{ by (;E\i{rlx\lccr:;ase in the journal bearing clearance
178 at both the first end 100 and the second end 102 of the journal bearing 154. The im;rcasel
in the journal bearing clearance 178 may be provided by outwardly tapering the outer surface
158 of the journal bearing 154 and/or by forming annular grooves 194 in the shaft 122, at
both the first end 100 and at the second end 102 of the journal bearing 154. Surfaces adjacent
to the dynamic tension seals 180, 182 may be provided \Qith an anti-migration coating 192
10 assist in the prevention of the migration of liquid from the journal bearing 154. A radially
outward passageway 106 is provided from the thrust bearing plate-receiving cavity 108 to the
motor housing 112. - The radially cutward passageway 106 allows smooth circulation of gas

~..flow and prevents stagnation of gas flow in the thrust bearing 152.

As may be appreciated, the above described combinations of journal and thrust bearings allow
for the advantageous use of both aerodynamic and hydrodynamic bearings whilst providing
reliable support of the rotor component relative to the stator component regardless to the
orientation of the spindle motor and/or to shocks, and minimising space requirements of the

motor, as compared to, for example, the teachings of US 5358339,

Although the present invention has been described with reference to a preferred embodiment,

it will be apparent to those skilled in the art that changes and modifications may be made in
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a bearing assembly between the components, comprising a journal
bearing coupled to a thrust bearing;
wherein the journal bearing is an aerodynamic bearing and the thrust
bearing is adapted to function in a bi-directional manner and
10 includes an annular member projecting radially from one of the
components into an associated recess formed in the other of the

components.

2. A spindle motor as claimed in claim 1, wherein the annular member has
15 two opposed bearing faces arranged adjacent corresponding bearing
surfaces of the recess, and a hydrodynamic bearing is formed between the

respective bearing faces and surfaces.

3. A spindle motor as claimed in claim 2, wherein the journal bearing is
20 formed between a shafi of one of the components and an associated
sleeve of the other one of the components and the shaft is provided with a
passage exiending therethrough for providing air flow through the motor to
the aerodynamic bearing, so as to altow air to be entrained info the journal
bearing during operation.
25
4. A spindle motor as claimed in claim 3, wherein the bearing surfaces
diverge from the bearing faces adjacent the shaft so that liquid between the
annular member and the recess is retained therebetween by surface
tension seals.
30
. A spindle motor as claimed in claim 3 or 4, wherein the shaft includes a

thrust bearing passageway which includes a port opening adjacent the
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6. A spindle motor as claimed in any one of claims 3 to 5, wherein the shaft is

7.
10

8.
15
20
25

fixed relative to the stator and the sleeve forms part of the rotor.

A spindle motor as claimed in claim 4, wherein the annular member or shaft
includes an annular groove to either side of the annular member to further

assist in formation of the surface tension seals.

A spindle motor including

a stator component;

a rotor component including a hub for supporting one or more disc; and

a bearing assembly between the components, formed a journal bearing
and a thrust bearing;

wherein the journal bearing is an aerodynamic bearing and the thrust
bearing is adapted to function in a bi-directional manner and
includes an annular member projecting radially from one of the
components into an associated recess formed in the other of the
components; and

wherein the journal bearing is formed between a shaft of one of the
components and an associated sleeve of the other one of the
components and the shaft is provided with a passage extending
therethrough for providing air flow through the motor to the
aerodynamic bearing, so as to allow air to be entrained into the

journal bearing during operation.




