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(57) Abstract: A fluid dynamic bearing design is provided featuring a rotating shaft with at least one conical bearing formed inte-
grally thereon. The shaft is disposed through a stationary sleeve, and a fluid separates the shaft and sleeve surfaces.
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spindl e notor generally includes a shaft nounted on a base pl at

to which the spindle is attached, having a sleeve into whi (F:)h tﬁeagﬂa?t h:Jg
inserted. Pernmanent magnets attached to the hub interact with & NOWt2905
winding on the base 20 plate to rotate the hub relative to the shaft. In
order to facilitate rotation, one or nore bearings are usually disposed

bet ween the hub and the shaft. [0004] Over d i
tended to increase, anBOTAZING §EAST éqwg%éﬁﬁaéwgéﬁéggf%ngggl Eg has
Elﬁgrrergse].c T{u S trenddhas | ead to greater precision and |ower tolerance in
nuf act uri ng and_operat | of magnetic storage di sks. 25 The bearin

assenmbl y that %E&B@Ftyﬁgﬁ\é\?é?ﬂggge disk is of critical inportance. One °
leg:: Qgt desi 9][[|00@1 a 1 uind igyonaon eeldiesitd disk diive motoruindyedgrah and padiearydo a

_ i ng u such as_air_ar ligui. i des a bearing surface bet
a fixed rrensoe_r"“tdf yf‘ﬁ_@"c%%ﬂgg%‘éseﬁﬁﬁdlgg%?ea@?{r%irrenber of thg di sk hub. l\r/]veen
addition to air, typical lubricants include gas, oil, or other fluids.

Fluid dynam CsméﬁgamE%ﬁEtngR?%mng surface 30 over a large surface

area, as oppo beari ng assenbly, which conpris i
poi nt interfade8o2]Thi s Disk dé\ﬁsr@rlgl@pﬁﬁéaﬁiﬁofirﬁéai%c?@%n@%lo Bgﬁ?'n%?élmefs’ag;

reduces wobbl ! - e . i ;
the use 1 2 }e%&%lggragﬁ‘&gg. ;Dl’fﬁfégwkggtcﬁ@in?&hﬁﬂorﬁﬂﬁ ohé ¥Erorerdeidihg redid, her
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_ and power c tl of . j ] §:
motors is decrdd&dar St%”\ﬁéﬁ“éﬂ’mﬁ}‘?fgln ﬁﬁm?'ﬁlg%gawg;‘ rlrs](c)\lﬂgh%} %&ﬁc{;}ﬁ% d fégf ﬁ%:ldelékg
reduci ng the sigig ehdivAg: Waude mduatidlomeastuarri arimsitisat arg moted frew tepglotoEads t o

reduci ng power consunption end | try of the feat i
such a way thaqcrosgd%wriaggs PH@?B'S‘:‘? bﬁ%’?ﬁ‘{r’@%mf Jr%’?%%ﬁ% X reduct i oﬁai grff}el "

di amet er ofs t ljeosdjafit fGerweallyathe didke tar@mauntadhen & seinge thakisgiugedcbyiapi ng
screw, or a reduc d ﬁ]% y &iqﬁv;%lgg thd L GHRES Dof itk bRRs LAJSMRE tresdviRUIREAABY Thee

screw. This cai 1es npromses in structural integrity. . For
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Permanent magnets attached to the hub interact with a stator winding on the base
20 plate to rotate the hub relative to the shaft. In order to facilitate rotation, one or more
bearings are usually disposed between the hub and the shaft.
[0004] Over the years, storage density has tended to increase, and the size of
the storage system has tended to decrease. This trend has lead to greater precision
and lower tolerance in the manufacturing and operating of magnetic storage disks.
25 The bearing assembly that supports the storage disk is of critical importance. One
bearing design is a fiuid dynamic bearing. In a fluid dynamic bearing, a lubricating
fluid such as air or liquid provides a bearing surface between a fixed member of the
housing and a rotating member of the disk hub. In addition to air, typical lubricants
include gas, oil, or other fluids. Fluid dynamic bearings spread the bearing surface
30 over a large surface area, as opposed to a ball bearing assembly, which comprises a
series of point interfaces. This is desirable because the increased bearing surface

reduces wobble or run-out between the rotating and fixed members. Further, the use
1



of the bearings. Also, the power consuned by the bearings, especially at
low tenperatures, |limts the power available to other notor conponents.

rotational 15 speed increases, this problemworsens. [0006] fh'érNﬁ\er&Uﬁ

need exists for a fluid dynam c bearing design that accommodates current
size, height, and power consunption denmands w thout conprom sing the

structural int 89{1&.& ¥h Pl ihtdAadd %ﬂ'lm&t@ﬁar’hbﬁﬁg loeacts g thealvechriag, h\&lmch’rbelps to

t 20
fcﬁm)gnggnaim c fﬁé’é‘P‘F rﬂj’“dg%:‘?%gg'ﬁ légi\'/ﬁrl HE 5&8 ‘%{%ﬂc 56%' néré %}h%\?a\ﬁ? one

g;)glt?:glnalr)ear: nge;i@fgr@(gjiemn]t fgrgl |y thereon. The shaft is disposed through a
sl eeve, . an
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abgve recited pedrngi mewtssisafectdased,iseverat prohlemsebegomai merd Rip@iInea b one,

e DL 00 e S Bingné 7B trpeantoLoqgé%Grege\?ﬁlEﬁﬁgh%feégd @bproBiéh toneandingN.

briefly sunmar erence nbod ts th
whi ch are il | ugpbwet @uhsumptidne t%{pipéﬁd’éﬁf @ﬁeﬁ@oﬁ@fﬂ of the @a{u@esb@ S‘#I?gfagﬂgy £ eof

however . thal LhfioARRRAYC: AN iRGSY.! IARbEGIR iR MHediknplep al renshamlinenis of

I'S invent f
i ting of 1t sdilgen enza sidhe Al GATPER Y. AUATUELTIOHEN TG § e
g;{)ggf Irr;ﬁt eig?oghﬁFEGr?ounEQQQ@d s&b@u rehisl c&teRisQk $n Borpramiseis énvstriictonakintegrity.

rive
enbodi nent of fRe aﬂﬁ‘?ﬂéhtgsoﬁ‘e 9B ‘g?m?‘%lﬁfr ge‘gp’}&%%’qg%rapcge,gﬁ,ange %E‘%' ét))
rotating shaft bgm@g@baﬂ‘dgwdinpdﬂmmameerebe@s“ infigimaigtheengolad bnepckiog stiftness

present in t 0011] Fi
ot ating Shaft obai LSRRy ALOyTRaR e earpr RS e TP BERREL EecRlly B tow

present invent igperdtOt2limits gler;mvlbrcwpliabﬂestoaothm matos comEPREMS. &6 ratafienakt ng
shaft coni C%l ];;l)eue'ddlnereases, this problem worsens.
[0006] | Therefore, a need exists for a fluid dynamic bearing design that
accommodates current size, height, and power consumption demands without
compromising the structural integrity or functionality of the bearings and other motor
components.
20
SUMMARY OF THE INVENTION
[0007] The invention provides a fluid dynamic bearing design featuring a
rotating shaft with at least one conical bearing formed integrally thereon. The shaft is
disposed through a stationary sleeve, and a fluid separates the shaft and sleeve

25 surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited embodiments of the

invention are attained and can be understood in detail, a more particular description
30 of the invention, briefly summarized above, may be had by reference t the

embodiments thereof which are illustrated in the appended drawings. It is to be

noted, however, that the appended drawings illustrate only typical embodiments of
2



10 dynami ¢ bearing notor according to the present invention; and [0013]
Figure 5 depicts a fourth enbodi ment of a rotating shaft conical fluid
dynam c bearing notor according to the present invention. 0
DESCRI PTI ON 15 [0014] FIG 1 depicts a plan vi ew of one errboz n@ﬁv gQE

disk drive 10 for use wth enbodi nents of the i ntion. Referri FI G
1, the di sk drthieinventioRcandders therefpse drhyp B%@”a@ef &c!!"&im@o?f 'I:%WPEE Eh%he

housi ng base 1zvbsichGRay aReht wdﬁbrbeﬁhny%ﬂwrve%bbemfe@rsm a seal ed environnent
to protect the_ internal _conpon

t t b
the seal ed envi9998hent . FEHE b%%oé"t%ﬁﬂ apa/be%wg.%%%gﬁ)egmgyﬁé'ﬁ? o‘ﬁ%‘oftnS'F?g
ﬁ is well knOWBoT;bhsIﬁb% m?tdusfabwr(lmmwmrqne@rﬁh@dumeml pithg @vention; of t he
ousi ng conpon ave_f requent
are not |i ggt e%él the pEHS 0%@ pé(ft ?’58%&% ?tooﬁgg?t%ﬁ'ptigﬁcf?ts‘%kgﬁf@gj Ih(r;\ljgln 'ﬁ]bon
[0015] Disk dr d)nmnih@béarmghmtonarwbndd\gstomeobrsiienpmkntm that is nounted on a

hub 204 (see Fd??“packf Efgu{ecg ?élﬁdée?gaggcd?wdse%%mn?e tétfhgtsh?ﬁgméal Byiga di sk

clanp 18. Disk I'nc S one or nore o di sks that are
mount ed for codynami¢ beatingahaon acgorgingtte Hie pigsent "’E&@I@"dl sk surface has an

associ ated r eagaf ‘Q’Ej te h?@ﬂ %ééu@é a'tiﬁrd Mrﬁ&tbpa Pch@tlr@' shisft @bhiv e fl&a@ for

conmuni catin the di s rface. he exanple shown in FIG 1,
read/wite lneadmamc bearinguppieracearding tPF'@(MP%"‘ pyeptioRianfte in turn attached

to head nounti fif¢3f ms 2#.9% Dot G chfbodithent L4 HAdtg shapeonita iitG. 1 30
is of the type known as rotary npving coil r@ct urgt or and includes a voice

coil notor (v@%am'%%%wgg"@?{%fr%ﬂcw'“&tm  PrERCEVEYIN not or 28 rotates
actuator 26 with its 3 2 4 NOV 2006 attached read/wite heads 20 about a

pi vot shaft 309%9{\8%%65{)&%&@;@8 wite heads 20 over a desired data track

along a path 3 s a sectional side view of a portion of
rotating shaft [ooas] cal Fid. didbpiotyyaatanwidyve at omgembedimenol aadigfodiienty foousshe

embodi ment  of tl?l‘i Fﬁ}bgé%r%ts' &Yﬁ@h\/%ﬂrogt)%é}@hrgé tozplei qomérdlsﬁ(eénv% 1rOQFné’lﬁde@§b

assenbly 205, nary assenb earlng assenb
[0017] The r ot bousing me‘naaa:yd 205p @gmjrwsegh@ heusing bage TAfT F%Hn%wah R’ 204

cover 14 to form a sealed environment to protect the internal components from
contamination by elements outside the sealed environment. The base and top cover
20 arrangement shown in FIG. 1 is well known in the industry; however, other
arrangements of the housing components have frequently been used, and aspects of
the invention are not limited by the particular configuration of the disk drive housing.
[0015] Disk drive 10 further includes a disk pack 16 that is mounted on a hub
204 (see FIG. 2) for rotation on a spindle motor (not shown) by a disk clamp 18. Disk
25 pack 16 includes one or more of individual disks that are mounted for co-rotation
about a central axis. Each disk surface has an associated read/write head 20 that is
mounted to the disk drive 10 for communicating with the disk surface. in the example
shown in FIG. 1, read/write heads 20 are supported by flexures 22 that are in turn
attached to head mounting arms 24 of an actuator 26. The actuator shown in FIG. 1
30 is of the type known as a rotary moving coil actuator and includes a voice coil motor
(VCM), shown generally at 28. Voice coil motor 28 rotates actuator 26 with its
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that supports at |east one disk 206 for rotation. Th
_ : _ : e shaft 202 may furth
conprises an opening 203 through which a screw or the like is drizen to °

clanp disks 206 in 10 place (for sinplicit ' i
y, the disk cla
A gap 240 between the shaft 202 and the and the base 12 gFI B;BP]EN&VS?W)-

rotation of the shaft. The shaft end or the facing surface of the base or

counterplate t i
otat i on and P e N R ace, The hub 204

houses a back ¢veon desitedgdathtrackaiensd PBF2af fi xed thereon. 15 [0018] The

stationary ass 203iC i ; - : . o
Sporonaty mu@ta’gé 03GCONPhI st8forRl SiHE ey AQBporionint exating shak coealdluit?. A

on the sleeye 208 cooperates. W : i
hub 204 to i nddMemiobearngMmer efka &'% 31?1%%‘%4"%’%%&@ eIi a%lbte%to%n%) ﬁ'e the
sleeve 2085 [QBk9loobherpessd agorsiag mbsemislp) 206 oastationsryaassPmBl 20Snred @
region 210 mtggral 20 W the shaft and a second cone 212 typically
affixed to t hePSHRPASHKIEY $%%a first cone 210 is formed integral vm't%)ra

uby 204

fe ;( ; ?r:) | gndprZQ:SLSp)‘foj‘ghe tsma‘ tot@2D, asabinbly 20Rcoswriseria shak 208 BHiXgH 0 Feh
, ont.o c . i~ h %

assenbl y. For nfhﬁ‘bs‘f%gﬂ? ﬁf‘gﬁé?gﬁ%g'sg%%ﬁﬁﬁﬁg%?gf- \\?\nmfsﬂ?ggthza?%?a %J gﬁgre t pﬂé?
ljar ger ~ di anet en openibi@08 ithrougewtlich (L sepwididha kg {s 9en g R gisgﬁgi@g} al |
becr egsed fgat éyé&‘e ffgr éh\éﬁc\;&/-ﬁﬂé Rk Ufnp R VW] A gipzRiodetwéen thbahaft 202 may
be reduced Tn cordanc t power reductiqn denmgn uﬁ &1 r ral
integrity of t hed tieend 1292_315%1%6i‘°w%§9ﬁfﬂt%tfﬂ”s‘?§dh%§rr‘2§t' ﬂﬁgﬁﬁ? 8@ ?h@%dgﬁrﬁ% a
:]‘E][ :W thread og el ek 1PeMG Rdteratentay P42 a jroovs pattermanateon tchenhance

ctive dianeter of the shaft 202 is Iar\ger L4 he end 2Q1  HRy nddhgofcr ew
thread 203, aneelative rRislipR 2R RNt fatact; it ?%gﬁﬂ{)e%% e i e e %%45
g‘;‘;gf;' veS?: ?Pﬁ&@sresfa]?dacd%mzm Rithg rxgner 200astxedfueredrer nore, bot h t he
ahaft - Lo- hu | WOIR) ace THR sialgrsy Asory 2Ry CoRBAIEE slus 208SRodiled B4 he
g:on:‘]I i gurat i ons pade £2.4A M@EWr200EnouhGOR0] thasiepyr 2082300peiaies W ‘g? Mageey209dy a5
s disposed belueel bP S lke AAGAY neRRS2024As SRR c0andlshiacionge silmces

of the sleeve e 1ntroduced. th .
i i : rough the fill
in shield 211; 2béwer surface 215 of shield 211 coopera?es hol e 209

[0019] The bearing assembly 207 comprises a first conical region 210 integral
20  with the shaft and a second cone 212 typically affixed to the shaft 202. The first cone
210 is formed integral with a first end 201 of the shaft 202, while the second cone
212 may be, for example, press fit onto a second end 205 of the shaft 202 for ease of
assembly. Forming the first cone 210 integral with shaft 202 creates a larger
diameter at the first end 201 of the shaft 202, despite an overall decreased feature
25  size. Therefore, the overall size of the shaft 202 may be reduced in accordance with
power reduction demands, but the structural integrity of the shaft 202 is not
compromised as a result of including a screw thread or other opening 203 in end
201. In other words, the effective diameter of the shaft 202 is larger at the end 201
for the screw thread 203, and the mounting interface for the hub 204, than is the
30 effective diameter for determining power loss. Furthermore, both the bending
stiffness of the shaft 202 and the angular stiffness of the shaft-to-hub interface are

greater in this design than in prior configurations.
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with facing surface 217 of sleeve 208 to define radial capillary seal 216.
This seal is 5 to maintain the fluid level in bearing 210, via reservoir
223 which stores fluid in the plenumdefined between seal surfaces 215,
217. A similar radial capillary seal 218 is provided at the 2ddNGV 2#6ond
cone 212. Vented plenum 220 separates first and second conical bearings
250, 252 and exits through the sleeve 208; it conprises a radial bore 220
teﬁte egfl Ie g\g/ef r on{c{dna] cenArﬂaid Z16g;uema9falrtdﬂeosd;msfl‘s dishosaairetvéen Hesbafe20&d10 t o
S outer s
252 further cEMFi 2§§ % ?ﬁ%'tg a(]‘,eg ﬁ) ?e\]%%%ndTﬁé)fuc;&\?Aegtbgg’iﬁdggé%dzngoo
]E lhe. ds gr faces ofroagmethemnemlezm mZSlﬁEId)QH adowaxgsmace@dé Qifshﬁldaevecmrat%e
ui ynam c oves s
vﬂﬁf iNgs épﬁg‘fp%”)o és%eglg Z‘t\?ﬁstt} ﬁgflrﬁ rragta%dp(ﬂﬁrﬁgeaq bes. Sﬂ% kead@? and

hub 204 rel ati eve rooves whi ch
are preferabl ytaspimen tHecuig lenpl in Defting 102 vip teéwaptﬂ Z?gr"‘g'!d‘aﬁa’%é'ét% the
capillary seal Eleﬁm deg%%%b%: é’érpséy c6s gf@@"{?SA %%r@@&él%aﬁﬁa@@éﬁ@dBw t he

surface of the eeve aci ng cones

the cones. Cappldvigley aidiag enP 06 SG@I‘Q ©pREPo nV%{'éeq Péf’ﬁmr?@é)e?‘\’})éﬁl%s ’8€a”d

coni cal bearin
cont gl bear! nggcc%\écbonéﬁlzbeatnhé’él 125(5 250N dxXne thretgH thalfledve zqaun cdomprisesfd UI d

romt I 216,
by the punpi ngratal e %203@‘(2?‘3%‘1'@5[‘1”? 5\%&%%% rgg'ﬁ'igg.ﬁ‘ftfgagqg @b‘ﬁ %H
3523 ; gdﬁlllocag tﬂﬁgsﬂyer\]/%%adh@er subdte Qoglve‘ﬁélfmaind(mpmd emryceﬁ@ahmgscﬂﬁDdZﬁé
a hei
descri bed abov&Ir@el FPRHRISS af‘h%”ﬁ%”“f 6%19'?%% ﬁ}%mlgegrog?érégﬁpg%}n;hh’énngiﬁliéll ﬁs
ggges 210, 212s(itaces ofittid ¢ands RadhakRys) facisg sutiate oftmieayeZ298of Theniid gynaedc 210,
may be r edéced%% elgggtsgpgp%(@@gtm %tg&me{)ffth& 'sﬁg'l?ﬁt)Z %ﬁd hd92bk ryﬁﬂl\}e' tBithe)

coni cal beari n§¥% esCr | j ournal spaci ng
and rocki ng st skbneses, w:melthecmurmlrhg/gnobvast@%&p@@saf%ﬂqu?fébw IaéY"ﬁmBSF'ﬁ W‘F

g1 ooves 302.ar fonal gl peRk LRPedBolB QB BoalIRsroNES FAID ayRddc ghabves

addi tion reaction rces 1 n conica earin uce a
restoring nmomed02 could fhe foresan @G?U”P%Wr‘lﬂﬁts!?ﬂ’?\go%'%‘W@&OB‘E& #gﬁg‘i’? 8"t he

cone 310, 212 f n
[0022] An alt e?hg*?eeéﬂ'fr;fg of e éb%eé Cag@ar&%@%'ml 2fectungtix dsofluld resanvaies toovver

beari ng not or 49@C¢'§9§Hg@§|1g§%nta5§dha§ s, )Qg"ep ﬁh‘? ﬂﬁ?{a&? ,g%g)lug%xj&; *r'rlé'gtﬂm

motor 400 5  eturned from the capillary seals 216, 218 to the volume occupied by the pumping

20 seals 302. Capillary seals 216, 218 are depicted in FIG. 2 as radial capillary seals,
but conventional capillary seals could be used as well, although a height penalty is
incurred. Pumping fluid 214 as described above eliminates the need for internal re-
circulation means in cones 210, 212 (i.e. drilled pathways), so that the size of the
cones 210, 212 may be reduced without compromising efficiency.

25 [0021] Utilizing conical bearings 250, 252 as described will maximize both
journal spacing and rocking stiffness, particularly if the apexes of the fluid dynamic
grooves 302 are located near the midpoints of the cones 210, 212. In addition, the
reaction forces in conical bearings 210, 212 will produce a restoring moment to the
shaft 202. Incorporating a crowned surface in the cone 310, 212 also is effective in

30 locating the apex to minimize power.

[0022] An alternate embodiment of the rotating shaft conical fluid dynamic

bearing motor 400 is shown in FIG. 3. Asin the previous embodiment, the motor 400
5



2 4 NOV 2006 conprises a shaft with a first conical bearing 410 forned
integrally on a first end 401 of the shaft 400, and a second coni cal
bearing 412 affixed to a second end 405. [0023] First conical bearing 410
is simlar to that described with reference to FIG 2, conpris) Qv 2006
asymretric punping grooves 302 that punp fluid 414 toward a 22 y
capillary seal 416. First conical bearing 410 is also filled with fl UI d 414

'%rlo ng ﬁc]g: Inlg ﬁclta 2%7mw1&fafulsubﬂwicgbléezggmgmmhﬁrmm!pnﬂebmﬂy03aairswmﬁ401
(o] 24 C 412
conpri ses an aﬁfﬂ?ﬁhﬁtéogra&g\?eseﬁaﬁ el %?é'ng]mg%ﬁgg‘?to %gé(%ﬁ!r’ ggggé 219 t he
gone. surface onodas¢i ng Fbteeonicat bedringed tliscsimiar tat tbat described with rafeganoeine t he
car i ng 412 Flihd 4146501 QU Aufd EHE Ml B0l A G346 YA it 427

(downward over ace o e and upward rou t he return
ci rcul at i on sholraedial4kp)ilagr srahd 16 heFitst apniea) bearng 61‘2)Lﬁ gleo dilled oithi e £t Y al

fluidfill, ﬁngeallné aﬁxeﬁ%ﬁ&ﬁnt BPRLE U 2ht®tn k&ﬁ)llﬁﬂl Sdal 496 HABGGHEANhEEU17

beari ng 412 is In sealing dis 4 "affixed to stationary
sl eeve 408. Thll@0®|egdm192@ has a surface 15 426 whi ch defines a narrow gap

425 with the b ur f
426, 427 profedodd h %%@orf’drz(z)%rgéeal &Jaéta{"t(‘agr ﬁ‘q’?ﬁgﬁ’?“ an laRgmiRAIcNGroows patss

center of the s'iQafOt” O”meéhijﬁmés Béi'leéioﬁe cH %‘?ee?rafB?'Qg ﬁﬁﬁ)éggﬁ"ﬁ?eqﬁlcpﬁm? n
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rotating shaft coni ynami ¢ bearin h Fl
As in the previfem t%"rﬁ?vdﬂﬂﬁ‘ié?nagy ay Wéb@ﬁ%ﬁ‘("%g?mng%rgﬁ? |4gg§eﬁtﬁ? F?? Itugﬁy efxl(lar st4
coni cal bearinghdifah. arid bedringnet HEpicdidf isniiddbyitrafiddorad by injecting a fixed

20 amount of fluid 414 into a vented plenum 420 that separates the first and second
conical bearings 410, 412, filling a capillary seal defined between the shaft and the
sleeve; when the bearing 412 spins up the fluid fills the bearing. When the bearing is
at rest, capillary attraction is rebid on to hold the fluid within the bearing. The sharp
corner 460 closest to the plenum region holds the fluid in the upper bearing 410

25 against the force of gravity; the lower bearing avoids loss of fluid by the presence of
capillary seal 415 defined by the relatively diverging walls of the shaft and sleeve.
[0025] A third embodiment of the rotating shaft conical fluid dynamic bearing
motor 500 is shown in FIG. 4. As in the previous embodiments, the shaft 502
comprises an integral first conical bearing 510 at a first end 501 defined by a cone

30 504 integral with the shaft, and a second conical bearing 512 defined between a
cone 511 affixed to a second end 505 of the shaft 502 and a surrounding sleeve 508.



30 504 integral with the shaft, and a second conical bearin [
between a cone 511 affixed to a second end 505 of the shaf? gég gﬁBIQEd
surrounding sl eeve 508. 6 2 4 NOV 2006 [0026] First conical bearing 510
conpri ses asymmetric grooves 300 on one of the facing surfadedN032006533 of
the cone and sl eeve respectively which define the fluid bearing. The
bearing is sealed, and supplied with fluid by a capillary seal 516
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nd re-circ I on. t.h i ndi i '
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re-circul ati on oat thenw-diotiatioreaath RS @xbinto Hippcapifagpseal 31§14y ?Peﬁﬁiﬁa"%e‘He

defined on the of shaft 502 or the 20 faci
of sealing di S@s%&%oﬁrﬁ%@%fsgfgge%ﬁ acing surface 572

: : . 524. Such t _ :
spiral) is defilb@dlto Seherct higaLPIAiB0 SR (e irS ARy piskBes Aida e,
ul o * t t . N A
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512. Also, a pattern may be defined on the bottom surface 570 of shaft 502 or the
20 facing surface 572 of sealing disc (counterplate) 524. Such groove pattern (typicalily
a spiral) is defined to pump toward the center of the shaft; air bubbles in the fluid will
tend to move toward the outside and then cancel away through external path 527,
526. In this design, neither the top bearing 510 nor the bottom bearing 512 nor the
bottom bearing 512 is isolated in terms of fluid circulation, so that air bubbles
25  entrained in the fluid may be carried away through recirculation path 526, 527.
[0028] A fourth embodiment of the rotating shaft conical fiuid dynamic bearing
motor 600 is shown in FIG. 5. As in the previous embodiments, the shaft 602
comprises an integral first conical bearing 610 at a first end 601, and a second
conical bearing 612 is affixed to a second end 605 of the shaft 602.
30 [0029] First conical bearing 610 is sealed and supplied with fluid by a capillary
seal 616 (depicted in FIG.5 as a radial capillary seal). Second conical bearing 612 is

sealed by a sealing disk 624 affixed to the stationary sleeve 608. Both first conical
7



nmotor 600 is shown in FIG 5. As in the previous enbodi

conprises an integral first conical bear!ong 610 at a fi ;n:'?tz;]dt gglshgaé 202
second conical bearing 612 is affixed to a second end 605 of 4t Ngv’s?[}ﬂﬁt
602. 30 [0029] First conical bearing 610 is sealed and supplied with fluid
by a capillary seal 616 (depicted in FIG5 as a radial capillary_ seal
Second coni cal pbamgie10 bd2etend ce@hkcbkding §18 eamprigp S YENNGDe IOV $S P Bl)the
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not ors. St ruct untathe gapdlgeiseq! 616 BWH@H@é’dm"b(/Srm PiOr" desi gns, while feature
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the screw t hr eafef Bhort fedighss whitd segpurecsideeremains small so that the motor consumes

20 substantially the same amount of power.
[0031] In summary, the reduction in feature size is accomplished by making the

top cone integral with the shaft. This allows the screw thread for the disc clamp to be
placed within the larger diameter of the top cone. The effective diameter of the shaft
is therefore larger for the disc clamp screw, and the mounting interface for the hub,

25  than is the effective diameter for determining power loss. As a herringbone grooving
pattern is often used in conical bearings, and the apex of the grooves is near the
midpoint of the cones, the effective diameter for determining power consumption is
the midpoint of the cone. Incorporating a crown in the conical bearing also helps to
insure the apex diameter is the effective diameter for delermining power.

30 [0032] Utilizing a conical structure with the apex of the grooving pattern near the
midpoint of the cones, maximizes journal spacing and maximizes rocking stiffness.

The thrustplate in a single plate motor utilizes space on one end of the shaft that is
8



placed within the |arger dianeter of the top cone. The effective di aneter
of the shaft 1is therefore larger for the disc clanp screw, and the
mounting interface for the hub, 25 than is the effective di adet &0V 3006
determ ning power | oss. As a herringbone grooving pattern is often used in
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and further enbodi nents of the invention may be devised w thout departing
fromthe 20 basic scope thereof, and the scope thereof is determ ned by
the clains that follow 9 2 4 NOV 2006 What is clainmed is: 1. Afluid
dynam c bearing for a disk drive notor conprising: a rotag;qg ggaﬁm havi ng
a nounting interface at a first end thereof; a first coni H r 8
including a conical region formed integral with the first end of the
shaft; a paeasicleonég®: bearing including a cone affixed to a second end of
the shaft; a stationary sl eeve disposed around the shaft; a counterplate
supported by the sleeve adjacent the second conical bearing to define a

gap between an Iﬁ% | rface of the
count er pl gte Aqﬁﬁq ﬁzﬁ%ﬂ%q?ég” ﬁ%rlﬁ?tl{r Sﬁvr%gﬁ:}tératfdrﬁggsfllﬁ and the
stationary shaftotatihg shaﬁchatwm@a)mommngeaheirfageahdftrhbem ﬁtereofary sl eeve,
and between the _end sur[)ace of

shaft .and the sur
counter pl at e. 3 IS GoniEADRgHAGHNG Juffing Arrgnicel I SodiPRacmad Begral WHB ur ¢ her

conpri si n@lefﬂép&Y@éfﬁﬁféW on a surface in each of the first and second
coni cal bearings, each "t he grooves being asynmmetric to punp the fluid

i n the beari ngaaeagnd toninakbbearing iatluding aconé affixeddhat secandeentd ah out er end
of the sh ft hag A fluid dynam c bearing as clainmed in claim1l further
conpri si n % oove pattern defined on the end surface of the shaft or the

facing surface; qfatichtey Slouns Bisploabe arexhdiald siedh Lo purp fluid tovard a

central axis of the shaft. : fluid dynam c bearing as claimed in claim
3 wherei n the gceunierplpia $lmnorte§l Ry ¥si sleeveyadigeentiaetsecandsonigaf | ui d

dynam c f r i i al
capill ar &%%Wg?e&@ga% Hgﬁ b&%%r?éﬂ]gjngféué‘fa'&% ﬁﬁﬁﬁbﬁlaﬂgtﬁaﬁg@econd
coni cal bsiafddegsf-the counterplate; and
fluid between the first conical bearing and the stationary shaft, the
second conical bearing and the stationary sleeve, and between the end

surface of the shaft and the surface of the counterplate.

2. A fluid dynamic bearing as claimed in claim 1 further comprising
grooves defined on a surface in each of the first and second conical bearings,
each of the grooves being asymmetric to pump the fluid in the bearing away
from a central region of the shaft toward an outer end of the shaft.

3. A fluid dynamic bearing as claimed in claim 1 further comprising a
groove pattern defined on the end surface of the shaft or the facing surface of
the counterplate and defined to pump fluid toward a central axis of the shaft.

4. A fluid dynamic bearing as claimed in claim 3 wherein the groove

pattern is a spiral groove pattern.
5. A fluid dynamic bearing as claimed in claim 1 further comprising a

radial capillary seal adjacent an outer end of each of the first and second

conical bearings.
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10 2 4 NOV 2006 6. A fluid dynamc bearing as clained in claim11 further
conprising a radial capillary seal adjacent an outer end of the first
conical bearing. 7. A fluid dynanic bearing as claimed in clafrh NOVugdgger
conprising a vent and fill hole defined internediate the first and second
conical bearings. 8. Afluid dynamc bearing as clained in claim7 wherein
the vent conprises a radial bore extending fromthe central region of the

shaft thrgugh Atthgd @}/ﬁﬁmﬁ: beariiy asitkimsedin slatmaf furher sbegvieinga A fluid
dynam c bearing as clained in claim1l wherein each of the first and second

coni cal begdiaiapilEsyseakadiacent A prdar end chthe firgt coRjcalPeaiNg:  surface of
the sleeve. 10. The fluid dynam c bearing according to claimb5, wherein the
capillary seal defines a fluid reservoir for the conical bearing which it
seal s. 117. A f Adluid dynamicbderang agclaimed & adniinfucthar copfisinghevemtonpri si ng

one or nore _fluid return paths interior to the cone t he second coni cal
beari ng f?B&nf'"e!{'O:'ﬁ Q%fﬂn%{]@t%f"“etﬁétec%ﬁ@rstté\ﬂgrﬁfcé’nﬁé%qn&ﬁ?gﬁar"&?s-t he cone and
the center region of the shaft. 12. A fluid dynam c bearing as clainmed in
claim1l further conprising a vent and fill hole defined internedi ate the

first and8secoAdluiddynamiclzearinggas claided m €laim d wipersin thepeanti ng as cl ai ned
inclaiml2 wherein the vent . c rises a radial bor xtendi.ng fromthe
central r8YTBHSSY atfﬁ%'aghaﬁ e’ﬁﬁ?@ﬁgﬁm"& ﬁ%e g?@‘é%eglgnﬁiéﬁ%aﬁa& ”(’J'%’éfﬂbt er of

t he sl eevge ddevdtd AN oBtehsidace P E slegvas clained in claim 11 further
conprising a capillary seal adjacent the narrow end of the second conical

bearing defined between a surface of the shaft and a surface of the
sleeve. 11 2 4 : fluid. LG I 0g. j L claim?2
further c Trpriéi dégrgsrggﬁ%ar@gt%éé{;l%wﬁ%@%élr@ﬁq&ﬁe b’?é?ﬁlég*e{l%%sré{r]f ace of
t he shaftaaddetdrtd Easicaldearings comprises a crowned surface facing an inner

surface of the sleeve.

10.  The fluid dynamic bearing according to claim 5, wherein the capillary

seal defines a fluid reservoir for the conical bearing which it seals.

11. A fluid dynamic bearing as claimed in claim 2 further comprising one or
more fluid return paths interior to the cone of the second conical bearing from
a wider end of the cone toward a narrow end of the cone and the center

region of the shaft.

12. A fluid dynamic bearing as claimed in claim 11 further comprising a

vent and fill hole defined intermediate the first and second conical bearings.

13. A fluid dynamic bearing as claimed in claim 12 wherein the vent
comprises a radial bore extending from the central region of the shaft through

the sleeve to the outer diameter of the sleeve.
14. A fluid dynamic bearing as claimed in claim 11 further comprising a

capillary seal adjacent the narrow end of the second conical bearing defined

between a surface of the shaft and a surface of the sleeve.

11



surface of the counterplate, the groove pattern being defined to punp fluid
toward a central axis of the shaft. 16. A fluid dynam c bearing as cl ai ned
in claim15 wherein the groove pattern is a spiral groove pa teNOy 205 A

fluid dynam c bearing as clained in claim1l further conprising an axrally
oriented fluid recirculation path extending froma radial vent to a radial

capillary seal adjacent a wider end of the first fluid dynam c coni cal

bearing. 1&8. Aﬂd.@l@néﬁ{@ﬁé@nr&{f@é bmmaa nﬁb@.rﬁ@funrheeb@nmn% fair t her
conprising a plug inserted inthe radial vent hole at an outer surface of

the sl eev@roaved pattarnidgfings anianesefdhe wipdsiirtacei atdlae shatt leadithe facing her
d d
contcal - baupreSt PRl nd GHbLE BRuP FA60 dtinbiTEo PLIBUIEE e T T U «

towar d ant®pglded cémteal axiwbfithadihattent t he second coni cal bearing. 20. A

fluid dynam c bearing as clained in claim19 further conprising a radial
capillary seal supported adjacent a wider end of the first conical bearing

distal fromthg fpun n%ﬁémkcaﬁgam?glaséqaﬁqga%epé Wscwﬁér%rﬁﬂ%gr%p%a' med in

claim20 further conprisin ore extendi ng rom I'enum adj acent
a wi der epdttei it zespirt grobvecpattaral bearing to a fluid reservoir region in
the radial capillary seal to allow for fluid recirculation over the first
and second conical bearings. 22. A fluid dynam c bearing as clainmed in

claimil9 gvrthﬁrfwapﬁmdwe@nnggé@eréﬁneam aanneiqunﬁer 86mp ﬂ@in?fant he end

surface of the s t“or the taclng surface of the counterplate and defined
to punp f haxialy poented fluid eetincalationi patb extertdingiamnt a radiabvent e radiaé  23. A
fluid dynamlﬁ?bearl n erein an .o ter surface of

achof 1 abifary S Aiaddnta VB end ot g b Rud BhaiT: By o

an inner surface of the sleeve surrounding the first and second bearings.

18. A fluid dynamic bearing as claimed in claim 17 further comprising a
plug inserted in the radial vent hole at an outer surface of the sleeve.

19.  Afluid dynamic bearing as claimed in claim 1 further comprising
grooves defined on a surface of each of the first and second conical bearings,
each of the grooves being asymmetric to pump the fluid toward an end of the

shaft adjacent the second conical bearing.

20. Afluid dynamic bearing as claimed in claim 19 further comprising a
radial capillary seal supported adjacent a wider end of the first conical bearing

distal from the counterplate.

21.  Afluid dynamic bearing as claimed in claim 20 further comprising an
axial bore extending from a plenum adjacent a wider end of the second
conical bearing to a fluid reservoir region in the radial capillary seal to allow
for fluid recirculation over the first and second conical bearings.

22. A fluid dynamic bearing as claimed in claim 19 further comprising a
groove pattern defined on one of the end surface of the shaft or the facing
surface of the counterplate and defined to pump fluid toward a central axis of
the shaft.

12



24. A disk drive notor conprising: supporting nmeans for rotatably
supporting at |east one disk, wherein said supporting neans includes a
rotating shaft having a nounting interface at a first end thereof, a first
coni cal bearing including a conical region forned integral? w,vi,q@vtzlpﬁq first
end of the shaft, and a second conical bearing including a cone afflxed to
a second end of the shaft; a stationary assenbly di sposed about the
rotating shaft and spaced- apart therefrom a counterplate supported by the

stationaré asserrblal adj acent the second conical bearing to define a gap
bet ween aR3endAdlwid dyramic kerringrg elaingad inclpiri19gvierefrnas ovfert he

count er pl X I S.%H%P | r Y | t he
supporti ngﬁrﬁaecaeﬁé‘fjeéﬁl%?t néq'é?ta | o%%éd%%ﬁ@%&on%gefhic@%%ddﬂ}@%emt or
accor di ngfdeingcairme2 4urfabe oethe sleeversansuhding thel firstrandrgecondbl e rel ati ve
rotation conprises: a fluid disposed between the supporting neans and the

st ati onarPeamiGsenbl y. 26. The disk drive notor according to claim 25,
wherein the bearing assenbly further conprises fluid dynam c grooves
circunscribing elenents of the bearing assenbly. 13

24. A disk drive motor comprising:

supporting means for rotatably supporting at least one disk, wherein
said supporting means includes a rotating shaft having a mounting interface at
a first end thereof, a first conical bearing including a conical region formed
integral with the first end of the shaft, and a second conical bearing including
a cone affixed to a second end of the shatft;

a stationary assembly disposed about the rotating shaft and spaced-
apart therefrom;

a counterplate supported by the stationary assembly adjacent the
second conical bearing to define a gap between an end surface of the shaft
and a facing surface of the counterplate; and

means for supporting stable relative rotation of the supporting means

and the stationary assembly.

25. The disk drive motor according to claim 24, wherein the means for

supporting stable relative rotation comprises:

a fluid disposed between the supporting means and the stationary

assembly.

26. The disk drive motor according to claim 25, wherein the bearing
assembly further comprises fluid dynamic grooves circumscribing elements of

the bearing assembly.
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