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PCT/ US96/ 18620 HYDRODYNAM C BEARI NG W TH REDUCED TEMPERATURE SENSI Tl VI TY
BACKGROUND OF THE I NVENTION This invention relates generally to

hydr odynam c_bearings, and nore particularly 5 to hydrodyngmn | .Ngs
havi ng a con?gﬁﬁ&ﬁggign and reduced tenperature sensitivit?&higg%g##)of t he
conti nui ng advances-in conputer technol ogy, greater and greater anounts of
data are sought to be stored in higher and hi gher densities on constantly
rotating nmagnetic discs. Magnetic disc drives typically include one or nore
spi nning magnetic di scs supported on a common precision spindle bearing
assenbly for constant 10 high speed rotation. At |east one magnetic

read/ wite head which flies in close proximty to each disc is provided at
a selected location relative to each one of the discs. The head reads or
wites streans of data fromor to tracks which are in prescribed | ocations
on the surface of the disc. The wdth of the tracks determ nes the nunber
of tracks that can be defined on a given disc. The greater the nunber of
given 15 tracks, the greater the storage density. A magnetic disc drive
assenbly whose spindle bearing has | ow run out can accommodat e hi gher track
densities, and this results in in- creased storage density per disc. A

mccommdat e hi gher track JDIRROPYNAMICREARNBWAFHIEIEHT 00 20" (1o age
density per 20 disc. HydrodynafgMERRATURESENSIIDATY € known in which the

shaft part and the housing part have respective, facing bearing surfaces
whi ch support relative rotary noti on between the surfaces. By neans of

these bearing sy{EREROUNIS ORCHHEE INVERITION des on filmof liquid |ubricant
(e.g. oil) against the other part. Such bearings are well WO 97/ 20149

PCT/ US96/ 18620 knownThisinyention eslates seresaily 10 hydsedyasmis bearingscandimgre prrticularlyy

| ow run-out, dYfidmi ESHGY Ssign SMCBdUREP chpaBtufbsitivity 2

cont i nuousl ysgr?g atrng ?%ﬁ%g‘?fo asuppl.y.s@l‘t I's this lubrication issue

which is of great inpsparhofibe dontinuing adsaricesin computer technology, greater and greater
amounts of data are sought 1o be stored in higher and higher densities on constantly

rotating magnetic discs. Magnetic disc drives typically include one or more spinning

magnetic discs supported on a common precision spindle bearing assembly for constant
10  high speed rotation. At least one magnetic read/write head which flies in close
proximity to each disc is provided at a selected location relative to each one of the
discs. The head reads or writes streams of data from or to tracks which are in
prescribed locations on the surface of the disc. The width of the tracks determines the
number of tracks that can be defined on a given disc. The greater the number of given
15  tracks, the greater the storage density. A magnetic disc drive assembly whose spindle
bearing has low run out can accommodate higher track densities, and this results in in-
creased storage density per disc.
A magnetic disc drive assembly whose spindle bearing has low run out can
accommodate higher track densities, and this results in increased storage density per
20 disc.
Hydrodynamic spindle bearings are known in which the shaft part and the
housing part have respective, facing bearing surfaces which support relative rotary
motion between the surfaces. By means of these bearing surfaces, one bearing part

rides on film of liquid lubricant (e.g. oil) against the other part. Such bearings are well



successful hydrodynam c bearing, whether it be for use in a disc drive or
in any other 5 environnment. Wth the devel opnent of the self-contained

| ubrication type hydrodynam c spindle bearing, the main problemto be

sol ved is prgy, jong | ubricant | eakage out of the bearing. In any

envi ronnent , t‘ﬁ% o%s of such lubricant woul d degrade the PREFEYVHEERE Of

the bearing, shortening its life and reducing the stiffness or resistance

to 10 tilting ﬂ{ov&.%h@%ﬁﬁdgggtaﬁ%ng& RarAtFiz&PI A6 W Merl-dut Sriting ofHar

magnetic disc drives I ncorp such hydrodynam’'c bearings, as these
| osses can degradvantages However spabibesringereguite a-continuopely girgulating-lubmqations

Furt her, | eaka ' . n%ﬁ.rﬂﬁﬁ ' . gnetic

di sc surface, g% P’nglﬂr}%‘s un%:?flagr%s‘%)ef t e‘Qre wite éeﬁgzzﬂees%ggl rfrex\?en

cat ast rophi ¢ f asubcessful dydrodymamic\bearipg|whethes it be fisluge in@udiss dilveser injanyotherar e 15
Subj ect ed toswi e. ‘\)/‘?,;eipgt ions in operating conditions, especially in
operating tenpefa- tures. Wthout careful design, such changes in

t enperatures or chaitisthi development ofthe sélficonteined fubrivatiovn type dpdrodynathicui d | osses

fromthe bearings. spite other efforts to,solve .thjs.problemsuch as the
capillary trap ‘gﬁ‘dlege "@FP\?‘& %w&&ﬁ?}mm%ﬁﬂ%ﬁ%&%fem

5]; 246, f2]94, t he thebéhrihg rIn&nﬂwaWdﬁﬁdxmais@fmﬂdﬁﬁﬁadﬁ%hl&@p@adﬁhé gble | evel

of sti ness over_a ran of qQperating envlro nts e ns to .be
catisfied.  SUVNMHRresacedlihe hewring: shoryert M‘JBF'&J]'Q“"?@'&’%%‘FSWMPEEP of the
i nvention t g Pritngtst thbehrfif}l The Probléms aréespdially RO ih Migndit Gibc drives €l ati vel y

I nsensitive to tenperatures. 25 is a further objective of this

. It
i nvention to priseerersatingsych hydsednamic bearings. a3 thess lossehean desipdecdepting st i f f ness

even across w d&@ﬁ%@émfmm%we&&gmﬁﬁw&k@%m&m%nﬁw her
objective of the invention is to provide hydrodynam c beati ng I ch does

not consume unchestamination iadhamagnetisdissisurfargeomusing matfungtion of ther ¢ at e
PCT] SO0/ 13620 TIOTS) FIe0E SR eshie faucy of he ing beadpsemtly. Such i g s
hydr odynani t5 beubjested totwid¢variations in operating conditions, especially in operating tempera-
tures. Without careful design, such changes in temperatures or changes in pressures
can result in substantial fluid losses from the bearings.
Despite other efforts to solve this problem such as the capiliary trap and
restrictive valve combinations shown in U.S. Patent 5,246,294, the need fora
20 hydrodynamic bearing having a reliable level of stiffness over a range of operating
environments remains to be satisfied.

SUMMARY OF THE INVENTION
Therefore it is a general object of the invention to provide an improved
hydrodynamic bearing which is relatively insensitive to temperatures.

25 It is a further objective of this invention to provide a hydrodynamic bearing
which maintains its stiffness even across wide ranges of operating temperature
environment.

Another objective of the invention is to provide hydrodynamic bearing which

does not consume undue power even under stringent or difficult to operate conditions.



Is highly stable and stabilized against tilting or wobble so that it is
especially useful in disc drives or the |ike. These and ot her objectives of
the present invention are achieved in a 5 hydrodynam c bearing of a

coni cal desi gwo¥@éi®g a fixed shaft and a conical sleeve ”mﬁsg‘?f ce
facing the shaft flairs inwardly toward a center region, the ed coni cal

sections facing inwardly tapered regions of the shaft. The sleeve and
shaft define at the Afirther 6tfdetis oftiRcifr@afionds foprovidd 4 ydrodgmindcbeatingwhicts

concave in shape . an referably faces a . flap surface of the shaft to
define a concav@%ﬂﬁ&ﬁ’i'ﬂﬁ%ﬂﬁ@%%?ﬂ%wgq?’g\‘é°flﬁb isfgpecia y'ﬁffg‘e'f’ded in
t he concave regyigdives sithe Mtd. apses under increased pressures as the
operating environment changes. Coll|apse of the tupe causes w thdrawal of

some of the | ubri catThese andother pbiestivesof thepresent anvention 4¢r &CliEYed R of ( he
coni cal bearkn s 4 ' : arings.
5 ghy&@d}Hﬁthang &W&Hﬂ%ﬁg&?ﬂbﬂhﬂﬁﬁw&ﬂmﬁw 9

As a result, even wt S I n opera

oer enperatures, the stiffness
of t he bearing rwﬁmm@tmw@wm@ww%wmwm, the figsed somicelh e
bearing does no oSS : | ¥nd&hift GdsRe bt chEQr | NY
which is highl y£°u&s{éei{’ut‘?°ﬁ¢nw@§| &slg?’h%('u‘?/e o otﬂ{aie R glhér]nél ar

operating
envi ronnent s i saxal kemerdberedfRicaimeRion EgicHTWIH iOFonTaE imsbapy sadPreferablnfactse and

ot her features apd h sen i%ﬁgﬁl 0 re
fully underst ooﬁ%@é‘?@%ﬁgie s?%ﬂ E%%ﬁg%ﬁ%\ﬁn;vﬁg e églnlq’ deé%@ﬁ%%b?%ﬁbgﬁ
conj uncti on 104 t is prdvided trf the bondav@ regiomwhich ¢ollapsesinden ikareasad pressureeasitheer al s
refer to like elenents and i n which: iqure.1A.is a ta | Vi ew a disc
i ve wiih whi CRPTRe SPanineet chtbesy Gollemht ot e Saues'sAlaRmil oot bithe 5 15
cut-away si de Viubieatihig fluid fgmbeinweeniths facihg isiifacasseftinddoyicalibedring/vedutingliee pr esent
invention is useful, and Figure 2 is . a partial side crqss, sect,ion of an
enbodi ment of -t NEedsudare regioh hetiyeen the bearings. Affsesst sYRdth changes in
PCT/ US96/ 18620 operating temperatures, the stiffness of the bearing remains stable while the
15 consumption of power in the bearing does not vary excessively. As a result, a highly
efficient bearing which is highly useful in disc drives and other similar operating
environments is achieved. '

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other features and advantages of the present invention will be
20  more fully understood by reference to the following detailed description in conjunction
with the attached drawings in which like reference numerals refer to like elements and
in which :
Figure 1A is a top plan view of a disc drive with which the present invention is
useful;
25 Figure 1B is a cut-away side view of a magnetic disc drive assembly with which
the present invention is useful; and
Figure 2 is a partial side cross section of an embodiment of the present

invention.



DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT An illustrative disc drive
assenbly 10 is shown in Figure 1 where a shaft 11 is fixedly nounted in a
housing 13 for the disc drive assenbly. A hub 18 supports at |east one and
typically a pwyahbisy Of magnetic discs 14 which are nounted concentrically
to 5 the spindle staft and supported by a rotating spindl e RCEHSOHIP6W

sl eeve 15. A notor 16, the details of which are not relevant to this

i nvention, is almﬂq‘}»ﬁ Bﬁsmﬁrﬁgﬁng%{%ﬂ D EMBOSIMEeN®t | ng housing 15

and cause the discs o rotate. S tor accessing the data were
shown schenatical |y Anillustative dis@driveiasyemblydg issshown inFigure | avhere ashafollris i ng one

ofthe discs 14. é@ug ' L Seiedol ' I t o 10
the data is obtalne E‘E@’%@?&g‘k’%ﬂ“}c&%mn% %Wr‘%ﬁ%ﬁ‘gbgﬁk%sguﬁ%? Zﬁ&ton an
actuat or arm 27,onesd typicilly a plvedityof magoaticaiscs 14 whicknare mo8itedéongentriqally e |
known in this teghnol,n- LR | 1 known .t the | gn i fe a

usef ul ness o?s tﬁﬁ%‘pﬁ'ggisﬁﬁ‘gﬂm(@%ﬁ‘éws%%“%gﬁ %*itlﬁg\ogo ilﬁ’dl e
not or to suppor tthe deexile bwhick sre nataeletaanto thipiwehtion,ds slic mountsido shelfanfed8 M speed
Varyi ng envi r on HRURIBR EHIPE POHE}S AT syt fecs i 19 Fus, TRRIIRBEE uhi ch ray
be present near Ricessiiytic dea ke showtl ScReMBBHR lin Figifie @ BAlHIchQlse Rdwsitheshag! | od of
operation, and rnust further have the abilit {hito w t hstand significant

shocks. It is tdlmoynungongpfthe disesid; iAsseqnin thisfigus, asthe discs fptateqacsessitie type
to be descrifed dardatiis BRBinkI se 8 Hlad@fidht of P iiidickr235p5HHel On adibuidpodi Ment

of the bearing assenbly 20 "19 shown in Figure 1A has housing or hub 15
surroundi ng shafam 217, and pesitionediby-ajvaicesail motar 38 ofin type welk kmgwngn thérechgolowi t h

coni cal " por t1 ondai i YePHRAA a8 i g TR and i 6/ el plad? ity b O1C,
are separated t hrabifityoofithyspindiemioter tgaypportahe disks f spestant spstd; rot@iom agd sle  of
38, 40 are g i ipedd a4\ iSole B0 oS mB! ALA PR ity & B! ! ©
shown, but ofS avaryipg ematonmintalennditions heauseat theahany hoat saivers swhich arlay be over
L Dt 19, >R T il BBy L SRl o e SBd PHEL
the housing wal landmuodtifiether ke thé@bilityato evithstadsignificam alioclis.y from transverse
en el 15,200 2. Aol S SRRl B S RSP ESR ™ Y
i nwardly taperi begowhias been desizhed. IBeneiatly speiking, an tmbdiliménk sfitle béaring assénibily S
O o e A 1a Pt 2 Bt 1P ning & 1814 ot shak 11 Yond 3 A
of conical bearings 30, 32 with their apexes directed toward each other. Specifically,
shaft 11 includes conical portions 34, 36 which mate with inclined wall portions 38, 40
but are separated therefrom by bearing gaps 42, 44 respectively. One side of the
housing walls that define the bearing gaps, preferably the outer walls 38, 40 are
25  grooved such as with inward pumping spiral grooves (not shown, but of a type well
known in this technology) substantially over their bearing surfaces.
Referring further to Figure 1A and to the more detailed drawing of a preferred
embodiment of Figure 2, it can be seen that the housing wall portions 38, 40 flare
radially inwardly from transverse end walls 50, 52. As previously described, these
30 surfaces face inwardly tapering wall sections 36, 34 to define the gaps of the bearing.
The inwardly tapering surfaces 34, 36 are a part of the fixed shaft of this design. The

wall portions 38 and 40, which flair outwardly toward the center of the bearing, end in
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PCT/ US96/ 18620 short substantially vertical wall sections 60, 62 shaft

whi ch cooperate with a vertical surface 64 of the shaft to define a

connecti on onyd 9dsdet | on zone 66. The short vertical faces pidwséenssto t he

ends of the flared cones of the sleeve define the openings 68 and 70 which

| ead to the connection zone 64; the nmjor regLi!gn _ of t he cgnnecti pn zone
shaft wi

70 is defined byhortsubstantialiyoverice! vl seationy 6o §2shall icgoperae-yith a e ircles
and rotates aroungd t ationa . ﬁﬂgmﬁ sheeged cones which are
a part thereof.%ﬁ%@ﬁ?%ﬁ%%gpgégeénl nt ‘gs%%ncave regi on and
surrounds the stati CTtershors herfi¢al fages 40hd2sat thetradodf thesflanedronesiof thesleget ¢

mat eri al which is. nqt per.nmeghl e i ' ; Rfte tstorf degibf d
preferably wit hdénf’afftd%%s ta“?)?ée)g@é? ‘e‘?‘f‘é’ﬂ"{f'&‘}éﬁ n%%_%bglrg kgag?ggoén%‘
it e conT ey
is applied to the,outside ofthe e. . atalﬁs tRe LHbe d Sn el to flex
and even col | apSwirgRtRI ratates prop Sitianaty,shaft {1 gng the taperec con ﬁdé aval | abl e
vol une of the c?g-gﬁ,gﬁogegi on 70 surrounding the shaft, nodifying the anount
of lubricating tluid found between the 15 beari.ng surfac

hydr odynani ¢ bear i ngAbellgy fuhe 89 is plagedip the g0 %'}%EH"T pREYY

surfaces. The ugGaQh RS tRRBOGIhade'of b BlaGTR niaferdPihittFis htpediablp towil ciadr. a
wedged type design which provides substantial overall stability f(‘)ir t he

syst em al ond0al Thesubeissiled preferably with Ny abambient pressyre, althopgh other gassesnd; e t wo
facing coni cal ibFAVER Gl Py Eeldd M@
patterns of grogtégjg?%gg&(#gwgb%guﬁedgq u }?llsaszz.ati ngg?ilﬁﬁi&gpg%*“?ﬁr@ou htq[ he
beari ng. These theostsids ofithe tibe. That(is, theitubeds drsignedta fexandeven collapspundet t er n
(typically found 4. hydr ] ' | : that all

t he punpi ng act ?%drin&?né x&é%%%e%gn %&g%ec%%ggfg}e%g%?gﬁg‘%% The result

is to build up surcendingithealuific medifying thoimmpmtefdehrisating fluid founddetween thennect i on
but 1 g up. 1 A5t nEeaEOh RERE The idRfvaens Bl R et ek s o 3R ©
ambi ent pressur eorficabgifaces The yseobibieapricat surficeswo definetheegap provides 4 wedgdd out
fC I)(r)] rnnetc)te ;[ \(/)\ﬁ © P e::] ihgﬁte @lgrn%éllrﬂ\gslg&s rm%[s?a}ltltaq Bver | slmcbﬁky for {hfe%fs?én Jxlgﬁgoaﬂtaggs
against rocking or tilting. At least one of the two facing conical surfaces above and
below the connecting regions have patterns of grooves to distribute the lubricating fluid
20 through the bearing.
These grooves are in a spiral rather than a herringbone pattern (typically found
in hydrodynamic bearings), and are designed so that all the pumping action is toward
the center or connector region 70. The result is to build up a considerable amount of
pressure in this center connection region where the collapsible tube 80 is located. As
25  this pressure builds up in the connector region, the tube which is filled with air at
ambient pressure progressively collapses, drawing more of the fluid out from between
the two relatively rotating conical surfaces into the connection region 70. The more
region 70 draws fluid the less fluid is found at the bearing opening, until the fluid
tecedes such that the effective bearing surface begins to shrink. When the pressure
30 does not increase anymore, an equilibrium is reached between the pressure in the

system and the pump defined by the active, still wetted bearing area.



region 70 draws fluid the less fluid is found at the bearing opening, until
the fluid recedes such that the effective bearing surface begins to shrink.
When the pressure 30 does not increase anynore, an equilibriumis reached
between the WpRsShks | N the system and the punp defined by the active,
still wetted bearing area. -5- WO 97/ 20149 PCT/US96/18620

PCT/ US96/ 18620 The bearing is now able to operate efficiently under a

variety of envi _ronwmaéuiﬁ%mbwiaae&oﬂehtéémc;&ﬁ%hmw&ieqpareaﬁ}mm a | ow
tenperature environnment, the | urd has a high viscosity and

N Jubricat- |ngfl 1 )
the bearing is copditionsi Hhebearingippprsating ata lowpmperatameicayionment; the bubricags ™ o

result, the prqﬁ,ﬂﬂr | ENCE ' 4 Q’EW : : causi ng
the tube 80 to C(_)“Fsi'jlas\s%eﬂ,i t %%@%gbpﬁgg_ C 'odfr(aPﬂéﬂ%g’gElgr?&ﬁof its
fluid and ther effc L.sAs nrpsult; thegirdssures will increasedin thegprngction zone70heari ng. I n
contrast, incahi r ' | ' ﬂ%m ot 1l e, or

not hi ng of t e%%ﬁ@géﬁé&o@%%#ggﬁn%ﬂhwﬁ?ﬁe S ?t;‘dr?élygag%d

di m ni shes t he theyebyrdimioiskingrthe effectivd sutfaee doamcoftheghearibger al |, t he power and
stiffness vs. tenperature hal 10 ofthe pverall.syste i 11 he

equal i zed so that th‘b"‘g‘[w’f‘ﬂé&ﬁgq’“wt %‘Ym%m%"i’ghgﬂbbgﬁf‘gthe di sc
nount ed on the_dﬂﬂbﬁéﬁdﬁ%migﬁ&l%d&?ﬂﬁk&b&%ﬁ@&d@hﬁﬁﬁsw| e the
power consunption wl, e.excessive. at |s,.as the operatin

t enper at ure go&SRRYPPHRA &%W%é@o&h?%@%gmﬁd&i@“ﬂegﬁ%‘egﬂﬁﬁient and
the power cmns wifheioverall BysteowiR 86 efbalina sb that e GBI Of HéSYstéd ndcksgargtd N t he
bearing, there is now |l ess pressure wth 15 higher tenperatures, and the

tube 80 will cAPPRGPEC figmounted,ondpe fubpathoptdiitrr wobbip adll bepapiaineroyhile the
tenperatures, \Wa@kfoonbiinpHea will Yibt bée:fcbisiv&dTWtisbaJth%&miHEEeﬁHgQ{at\ﬁ ebearing
surface is covered with oil, and there is nore stiffnesS. This design thus
bal ances out t [, Yissesitytaess dawnothe bparipg isjess iefficientrapd thetpawer dopsamiptionis, t he

stiffness decr gasgsed. Ish tbr's fivenIEVEl ol i 11dQWMlink Vibre i hot X Br0clhd\arl ©
bearing, as the_ operating tenperature goes up, the viscosity goes down.
Ther ef or e, ¥or highefi temperatuses [and thetuhei 89 wilh collapseliessitham g lowerderaperaturess At

Penpor atur o so 1o, eferlrel! e beaiagie AP, Hordof MM HiiRGIRL! 10
will result inisaeveredwith oif, abd thererismorerstiffcess. (Hiiswdpsigo thus balangesidut thelfact and as a
result nore that typically as the temperature increases, the stiffness decreases.
It is further well known that in a hydrodynamic bearing, as the operating
20 temperature goes up, the viscosity goes down. Therefore, for a given level of fluid in
the bearing, there is less pressure, and the tube 80 will collapse less than at a lower
operating temperature so that more of the bearing remains filied with fluid. This will
result in more of the bearing surface being covered with oil, and as a result more
stiffhess in the bearing.
25 Thus, this design improvement balances out the fact that stiffness goes upina
hydrodynamic bearing as temperature decreases, but so does power consumption,
which is a bad thing for maintaining the operability of the bearing cartridge especially as
used in a spindle motor which has limited power available. This present design
provides the benefit of establishing a bearing wherein the power is not excessive even at
30 the lowest probably operating temperatures and at that temperature there will still be
the required stiffness. The design, by providing a balancing effect which plays off
against operating pressure, will also provide a hydrodynamic bearing which is in the
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stiffness in the bearing. 25 Thus, this design inprovenent bal ances
out the fact that stiffness goes up in a hydrodynam c bearing as

t enper ature decreases, but so does power consunption, which is a bad thing
for maintai ni operability of the bearing cartridge e | s used
In a spindl ewrlr%st’ig?ﬁ\%hi ch has Iimted power avail able. Thi s%@ggﬁ{%&gsi gn
provi des the benefit of establishing a bearing wherein the power is not
excessi ve even ptop&thoweecinsumtion pingbaizh wt lower tempergjuttes, repar witile maintaining at t hat

tenperature ther,e will still be the required stiffn - ' . b

prgei ding a bal gﬁ&ﬁ“@f?‘é@#%ﬁ%ﬁ%i@éﬁ?’?ﬁal ﬁ%tef%pfgr;gﬁ’ib%ga%rggggu)r/e,
Wil also provi desghibtotiavelsaapeiver dorsutriptign ithelowess tmpetabues wifich is Whit®)

97/ 20149 . . . N CT/ US96/ 18620
proper power cofRSSHHYEPOIer copgunptionis most kgl do ogour, whjle maiptaining sufficienty, | o

mai ntai ni ng she oiveasHal i thdlighed Spératidg tb fel ierd theldiifiiesyis th@ ey at ur e.
The primary benefit of this design is to have |ess power consunption at the

| owest t enper at lkebstofpll beipw the desired minimum levelo Althousn thelesigngiscased begeiny gt
likely to OCCUVW&WME%&QH bd fol 618 taper ofthd dohit@bRarfig SiPhadbedd©

hi ghest operating tenperatures ere The stiffness is the nost likely to

fal'l bel ow t he &uodthetthejangestapex engleiwouh] berabongti60tdegreesesi gn di scl osed herein
wll work across a 'ggﬂ{e@ﬂgﬁ @9{;8&‘ ioh Whidh | £l

bearing, it has bee\rll\A ound t rae%fr?% ar g'gx{evg{imgpex angldeaaotoﬂt}lﬁ Egg’g out 60
degrees. A fl0rt presenteefithe saling stopper100 tozated nea theibottom wfithe bentralo fixed sbafs o be
noted is the 10 resenc t he, seal i St € 0 . e ea he bottom
of the central, Itf%@%‘%'ﬁ%fﬁ&%”%ﬁ%“ﬁ@%%%ﬁ%fém Igcgtgdlgsrgejﬂgegﬁi?%al form
of the fixed shikorporatihgicicits autes swrfacea ddiical sectionio# and kmying ia flat xiabinher surf ace
a conical sectign.10 aving a flat axi inner surfa 06

Subst ant i al premg)g%‘b%‘? ‘ﬁltpg%fs‘ﬂfﬁ'ﬁ'ﬁge%(tﬁ@!hgﬁg etolpgrﬁa%'}&?%%b%%i ng whi ch
coul d potenti al iwitick asidd patentiallyca: il to léak butciron the camacting régitg 70atrioagh theé

t hrough the 15 rec 08. which.is. provided to i,nplement fitti t he

sl eeve over I%hereﬁﬁffgﬁgg’&“gﬁé’é"vﬁgdf%@%m&%&ﬂ@ﬁ/@‘éﬁﬁl"ﬁé‘%ﬁ °3€d

sl eeve and out thelshafi, Bl bativeRh ti!sHIENdAletve anll obitSintoQhedutet @fospitr TPiR@HIONENON

fromoccurring that the stopper_ 100 is_provided which,is ¢rushed between
the end of the wtmwmﬁ?mm%mwaw&mw#ﬁ% Ghds

crushed between the end of the major portion of the shaft and a plug 112 which is
inserted loosely into the bottom of the hydrodynamic bearing cartridge. The stopper or
20  gasket 100 is pressed between these two pieces in piecing the density of the gasket and
providing a tight seal against any lubricant leakage along the gap between the surfaces
106, 107.
The invention can be further understood by considering the sequence of
assembly of the subject design. The assembly sequence begins with the sleeve 120, to
25 whichis attached the magnet 122 and the hub 124. The magnet is glued onto the outer
part of the sleeve 120; the hub would typically be a shrink fit onto the outer surface of
the sleeve. The o-rings 126, 128 are then placed in the channels on the upper and
lower end surfaces of the sleeve, Next the collapsible hollow plastic tube 80 is placed
in the concave recess 72 and the major portion 130 of the axil is passed through the top
30 opening of the sleeve, extending through the connection region 70 and out the bottom
of the sleeve. As this is done, the conical sleeve 104 which bears the lower cone which

will mate with the lower conical bearing surface 40 is pressed into place over the
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i nserted | oosely into the bottom of the hydrodynam c bearing cartridge. The
st opper or 20 gasket 100 is pressed between these two pieces in piecing
the density of the gasket and providing a tight seal against any | ubricant

| eakage aloqg t he gap bet ween the surfaces 106, 107. The invention can be
further undeV9P¥Y*hy considering the sequence of assenbl yPETUBIASA,L; oct
desi gn. The assenbly sequence begins with the sleeve 120, to 25 which is

attached the nogfgde bt sfideb. Ui i fabilithidd by thpRalljaRMRlg theshah yation 13®inahe out er
part of the sleeve 120; the hub would tyP| cally l;)enaéaf sh%k fi&, onto the
outer surface ofxturpeand peeasiag thersleeve 102 gt thg owter posiwongi the shaffungl g butts un, (e
channel s on thﬁggi\?vﬁg?e ﬁaad&qwrmﬁgﬁggwli&mgw g Thehitited byNBX Feckdd©

col | apsi bl e ho astic tube placed in the concave recess 72 and
the maj or port i 98 inthe oyter sunfacenfishafi 130p A thispoint thehgtiomcauntesplate®0B ispeni ng of

the sl eeve, gext.epndi QggH%Q éﬁ'aﬁg hESH slebi bottom
of t he sl eevef Asﬁ&ﬁiﬁlﬂ%hilgs 0 a&pﬁ%&@g%?% S teev(g%%‘O’szzl‘g'avﬁi cr??g{gars the | ower
_co?e Wlhi ch wil Ian:immﬁdgtﬂleo-ﬁaglﬁmhiggm.cﬁlemmhgpinMQMtl@ pressed
into place over oy . . .

beT UBoas 18050 itiaer 180, rivale o1 aiso tippe jnto plpce adfacent fotperedend |

hol di ng t he shaf6o ofthetcoomerplate 90B and fheutsr mrfaceraf thersteeee 14 which is havew parl 02
over the outer portjon o e shaf til, it tts agai pst .t he shoul der
134, the joi ndé&tl&éxfﬂé@é‘ ﬁﬁ“p'&gtltsr’sggq‘ﬂ’dnﬁ%&e?mpﬁé‘?gﬁ"ﬁ%'fp?ese?lé’cess 108 in
the outer suyf gsfentihl opbrdhg frdrs Gne édd of thie hiydiodyiimic beariag aj=inst the vaside pl ate 90B
Is 5 installed, this cqunterpl ate being pressed agalnst the bottom

surface 52 of taBosphere whilethg beasing i flled; therpering hepng gemaved atteritheSilling ficacess 1o
counterpl ate i §sbshglettn pl ace by the shoul der 150. A rempvable o-ring is
al so slipped into place adjacent the tapered end 160 of the counterplate
90B and the outer sUheawembly whish existatothis pojnt ifpytdnto B ¥acyyH oyem Jith agf { he

ot ) oS el SN oS e By Sl S o
out si de at n¥s plwill gestihendfinahassamblyris pomplesed. j MW»tihﬁﬁsdmﬂi%amgﬂgig r emoved
L e | B (D L frS0R 3560l i © 111
Although alternative approaches to filling the bearing are sufficiently possible, this is
believed to be the most efficient and the least likely to leave an oil residue outside of
the tapered hydrodynamic bearing surfaces.
20 The partially assembled bearing cartridge is now placed in a heated vacuum
chamber and all air is evacuated from the chamber resulting in ali being withdrawn from
between the bearing surfaces and the connection region 70. When normal pressure is
restored, the oil which is resting on the surface 50 is drawn into the region of between
the bearing surfaces 36, 38 and 34, 40 as well as the connection region 70 since no air
25  is present. Now any remaining oil on the surface 50 is cleaned off, and the top counter-
plate 90A is squeezed into place inside the shoulder 151 to be held firmly in place with
its taping end over the outwardly extending surface 153 of the fixed shaft. The
assembly is now complete with the exception of the gasket or crushed rubber ball 100
on the bottom together with the cap 112, and the rivet 170 on the top. At this point,
30 the rubber ball 100 or gasket may be put in place and glued into place and the cartridge

type assembly can now be either tested or stored for later use.



measured anmount of oil placed on the top surface 50 where the top
counterplate 90A 15 wll rest when final assenbly is conpleted. Obviously,
inthis partially assenbled cartridge for a notor, the top counterpl ate 90A
is not in plaggowtgikd after the filling, Al though alternatiysragphsaghes to
filling the bearing are sufficiently possible, this is believed to be the
nost efficient and the least likely to | eave an oil residue outside of the
t aper ed hydr odynani cnlveder toripcospordte thiscarttidge assembly it la s drive, thejagsembly tnp| ed

bearing cartridge is. now placed.in E,S;!QE ﬁp& air is
evacuated from ?‘Wé’%ﬁﬁdﬁ%‘?‘égﬁ%‘ﬁge‘?‘ﬁgéﬁe‘\ﬁg?‘?\%ﬁwt ra%/\% rgiranittet ween
t he bea(rji nghsur’b iﬂﬁdbisbesm@mmetdpnﬁﬁmemeﬁminwl:éacehdowmhg!umsure is
restored, the oi i i sting.on. .the a 50Q..i Lawn | . 1 he
regi on of bet vveg?'fk%,\tﬂgs'bgé W@%@MQ“W §%fh3‘ﬁ§“?%t %E%@yaﬁu%tg@:{] he
Ehe surf ace B0 Lo e Lt oy bt e, S0A 5 .oqueczed
e surface s .cl egaped of f,  an e, top,.c - at.e .squeeze
into place insi $ ﬁ6$588¥d‘ﬁﬂiW%é°ﬁgﬂeguu€ﬁfwgﬂ?W%tﬁat"h its
taping end over paid overth@dpihidlé ndrC Rl Held if rieBorakrewF0fisieed imbaf t . The
assenbly is now conplete with the exception of the gasket or, crushed rubber

bal | 100 on t hethsden afithe fixgd shay mtmmmqﬂzmmepwmmhmo on the
top. At this polap%naﬁépmg gt 166 ézi:@%;%ﬁn&ﬁ@‘iﬁ‘éinm&%&i&sié pl ace
p t ssenbl

and glued into pl'ace and the~cartridge type y can now be either
tested or stl@r enow established in agenzdance witinthe agy well known in this field.

PCT/ US96/ 18620 I n orgler: .t O o i S &ggmtl g 0 a disc
drive, the assenbly W’?‘%ﬁ"sﬂﬁg%@éﬁ@g%@ggﬁ‘gﬁg@ regl onﬁgs e ’ly?lﬂé%g by sl eeve
102 inserted i ntenicattypgip defiped whasein gherpomgr and stiffeestare both gontrolledirelative toap 112
is then pressed,in a | I be not ed
that the cap 11%?%%&@& 0%%{"%'?{“? %%%%%%M&?&?E%H?@omggﬁse air to
be trapped abovepdrdting emfromneht than dehgithe fillingprocess) theladdddmessaty baildup bear i ng.
After a disg_or, discs, are | oaded on the hub 124, . then the top cover 182 is
pl aced over(i§ heb‘gﬁf%ﬂ%“ﬁfﬁcﬂ“?“é%aﬁ@%’si’ﬂaﬁfvﬁ?éh‘o@" leﬁl\l?eti‘e P rew 170
inserted into thgudiggrhebeatifigsuifacedtonstheloliter dimetecinticdinegioniofthednnef t he not or

represented by the |amnation _and w.pndings 190 jn Figure 2 are syupported in
the interior of a’f‘ﬂ@"ﬁgj ‘i‘?@““%e’"ﬂ%\%Q%Ipf’éﬂ’éﬁ"igﬁ"ggég"r?fgﬂﬂ'@ 'W“F h the
technol ogy wel | odgggwn in this field.

Other features and advantages of the present invention will become apparent to
20  a person of skill in the art who studies the above disclosure.



coni cal type is defined wherein the ess are both controlled
relative to the operating or enviro @&m l]re Where t he

tenperature | in the operatl vwonrmarﬁt tthan during the filling
process, the aggq)gﬁpressure build up 15 between the cones E%W 3620 t he
cones and lowers the fluid level in the bearing, reducing the bearing
surface fromthe outer dianeter in the doramson of the inner di anmet er of
t he conical bearing. Wien the pressure is greater, the o # -t
occurs. O her features and advantages of the present invg bggfwﬁaﬁﬁﬁ%
apparent to 20 awgglisammedisskill in the art who studies tthe_ a

di scl osure. -9- VWhat is clained is: 1. A sel f-lubricating
hydr odynani ¢ spi ndl e beari ng corrpri Si ng a stati onary shaft including

coni cal tapered surfgces ﬂ,ﬁ%‘ &prﬁ nds of said
shaft toward a conne?fl ng regl on o¥l S shart’, a rot a% ab n€unt ed sl eeve
surroundi ng said shafatstm@rymeggmgmtweﬁﬂmsmlmmmmﬁ}!etovvard
a center region of Sﬁ!lpﬁlﬁ @Rﬁ d said flared
surface defi n?ng&a sears ng gﬁé’%‘ or sal Engqcé&{\%f?hgg %ﬂarl ng, 10

sai d sl eeve defining mbmmdskaglsmomdmm:haﬁanﬁmdmmngﬂudgi on
bet ween sai d tapeted.end |d shaf.t at nnectlon region including a
t ube col | apsi bl € F%ﬁﬁ’ég’ feLesiop ?f?ﬁp to stabilize stiffness
and power consunpti ommwwwwsuﬁmwm@ms@mmmi n daim
1 wherein said connectiqn region of said 15 shaft includes a flat region
ext endi ng par al | IOrqdymamic beprie, of sai d shaft and connected i nwardly tapering

regions at epgls of sanid seOidefining a connéttibe Agioh @djicentCdaili cBRkcting région M 2
wherei n each of said ta ered surtfaces tapers at a maxi ’g‘g&@,&g{ﬁ of about 60

degrees. 4. s3ig tapereqd engs,of 3pid shaft; said cpanegiion regiop €is filled
wWith air at collapsible in response to a pressure measure to stabilize stiffness and power
consumption in said bearing.
2. A bearing as claimed in Claim 1 wherein said connection region of said

1S shaft includes a flat region extending paralle] to an axis of said shaft and connected
inwardly tapering regions at ends of said shaft.

3. A bearing as claimed in Claim 3 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees.

4, A bearing as claimed in Claim 1 wherein said tube is filled with air at
20 ambient pressure, ends of said bearing gap being open to the outside atmosphere so
that changes in pressure cause said tube to collapse or fully inflate aitering the volume
of lubricating fluid in said connection region thereby in said bearing gap.

S. A hydrodynamic bearing as claimed in claim 4 wherein said convex
surface of said connection region ends in short axial faces cooperating with said axial
25 face of said shaft to define openings from said connection region to said bearing gaps
between said flared and tapered surfaces.

-10-
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20 anbi ent pressure, ends of saig bearini gap being open to the outside

at nosphere so that changes in pregl !muwg ﬁ!lmwnll‘ube. to collapse or fully
i I sai d connection region

inflate altering the volunme of lu Y
thereby in sai gg¥asidd gap. 5. A hydrodynahi ¢ bearing as PElrﬁli g;&d'on
claim4 wherein said convex surface of said connection region enae TEshor t
axi al faces cooperating with said axial 25 face of said shaft to define
openi ngs from sai d compect Atiyddodghamit besringas dlaiped in Clginghwberkin burecendsof d

f Ilgt ed ac\% g??ggigysélagd%gﬁ'asdes cI::tP saig%l%gv% %&%ﬂZﬁ%ngr&ce extending radially from said

PCT/ USO6/ 13620 6. gan ofidiglis deidd Bifack Birig/ila Albstghiaily Pfalien4Fksriuce, Saidgy ei n

outer ends of said flared surfaces of said sleeve termnate in a flat

surface extendi ngsurfages definngian spd andjogeningtoithe atmpspherp of saud hydeodynamicheading. o

ending in a supstgntially parallel flat surface, said flat surfaces
defining an end a opening to the atnosphere of said hydrodynam c bearing
5 gaps. 7. A hydrodynam c bearing as clainmed in Gaimé6 including

counterplates at eithey en l?fimﬁfﬂaﬁ’n’ =F’m§%’5ﬁﬁf°h @i&&in?iféﬁd%ﬂieﬂﬁt&ver
said sleeve to enhanc?’thegs abi |tyc%o ard s egggﬁ:ﬂ‘n smal |~ beari'ng
cartridge. 8. 2 efthey endiofiseid sicevie aestingion ard extendingover said3lecvetoentince then each
of said 10 counterplates.. nclude t aper ed, regi on extending from said end
of said bearing éﬁ%?ﬁ%ﬁ&%ﬁ?%@“@?‘%‘%cﬁﬁg%ﬁft. 9. A hydr odynam c
bearing as claimed in Claim8 including a channel in said flat top surface
of said sl eeve and spgced f,r.0 ai d. heatin . and. -ring,i Q0 said
channel , said o-ring %ei ng%%aw Wséf‘gﬁ"ggﬂha@ﬁﬂﬁﬂaﬁmg%ai d

sl eeve 15 anto sagotimepplatdsdichides £taperedegion aitermiingdron saidi end bf saill Hehririgdrap r om

seeping out of sajd bearin 0 A hydrodynam c bearing as clained in
Claim9 wherein &nggﬁgé e surfaces includes a shoul der extending

axially parallel to said shaft and pressing agai nst an end of said

counterplate to hold said cqunterplate relative to said sleeve and, said
shaft . 9. A hydrodynamic beanng as claimed in Claim 8 including a channel in

said flat top surface of said sleeve and spaced from said bearing gap, and an o-ring in
said channel, said o-ring being compressed by said counterplate between said sleeve
15  and said counterplate to prevent said lubricating fluid from seeping out of said bearing.

10. A hydrodynamic bearing as ciaimed in Claim 9 wherein each of said
sleeve surfaces includes a shoulder extending axially parallel to said shaft and pressing
agsinst an end of said counterplate to hold said counterplate relative to said sleeve and
said shaft.

20 11. A hydrodynamic bearing as claimed in Claim 10 wherein at least one of
said conical, inwardly tapering sections includes an insert which incorporates on said
inward taper on an outer surface thereof and an axiaf surface on an inner surface
thereof and is mated to an outer surface of said shaft and rotates with said shaft, said
insert extending from said axial surface of said connector region, said shafts axial

25 surface being interrupted by a channel holding means for absorbing any lubricating fluid
leaking between said insert and said shaft.
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20 11. A hydrodynani ¢ bearing as claimed in C aﬂmﬂammﬂﬁ‘l JJ ll :
| east one of said conical, inwardly.tapering sections in

whi ch incorporates on said inward tjafi4i6 SHEEIHAS' BEEN sur f ate théredf and an
axi al surfac i nner surface tihereo s mat¢d to an_outer surface
of said shaf ??gga?gt ates with sai d~shaf FEP%CEES aseft ext SRAMHIYI¥m sai d
axi al surface of said connector region, said shafts axial 25 surface

bei ng interrupted byra chospirie ftbelongseimadisc drive slth spindie motopiglullings i cat i ng
fluid | eaki ng between said insert ang said shaft. -11- 12. A spindle
motor for use i %wm%mmwegam@gﬁﬁr@tmwmﬁﬁ%@ﬁ&a*dwub whi ch

supports one or W@nﬁhﬁ%&rﬁ?&nﬁp@&ﬁ%kﬁd‘h\ﬁioﬁn‘bﬂﬁ?m&e SEAaRdve Rbfing
hydr odynam ¢ beari ng supaortl ng said hub on an outer surface of a sleeve

rotating about &bquta & rosatably mounsed slaevr syreunding said shafl and inchiding g sai d
haf t d inel ugi ' i ' d t
sha and ing ugﬁé&swwwﬂlmr éeﬂie}%ﬁigﬂ\w&?u&f ward a center

regi on of said eeve, t apere ace a sald flared surface

defining a bearing g taperedsuifaceispdisaidiflased surfacealafining s besringigapiforsaid def i ni ng
a connection regir?gi@g;]% &%Fsai d connecting region between said tapered
ends of said shaft, “sal %con ection region including a tube 10 collapsible
in response to a pr csilsleevedefining & conmestion végionadjacent sdiccemnertiog egicer
consunption in id bearing.,.13. . ari as..cl ai. i Clai,m 12 wherein
said tube is fi%ﬁﬁ%ﬂ%&%ﬁ%@éﬁﬁ ﬁ?‘{e]cg’%erme‘?“@hgg%wgﬁfg‘bﬁeari ng gap
bei ng open 110 t bellapsitilsindesposises ppeessarexaeahitato stabiliag atiffness and powerr € cause sai d
tube to coll apse or fu”,iﬁ/ Lgflate altering the volunme 15 of lubricating

fluid in said cSFaERYos A& hereby in said bearing gap. 14. A
bearing as claimed in Claim12 wherein each of said tapered surfaces tapers

at a maxi mum angl e of about 60 degrees. 15. A hydr.odynam c . bearing as
claimed in claim12 Wheré'?f’aﬁ%ﬁ‘ﬁMRP&P#%&“@%%@P&‘&%‘?H@W?%W egi on
ends in short aghkikntpAsRive, eRRREEAE bedding\kdp beim@ bflendy It outsiie atésBhéré s ai d
shaft to define OEEI’II ngs from sai d connection region to said bear] ng gaps

bet ween said fl i prpREurE gause; saidtube to collapse or fully inflate altering the volume
15 oflubricating fluid in said connection region thereby in said bearing gap.

14. A bearing as claimed in Claim 12 wherein each of said tapered surfaces
tapers at & maximum angle of about 60 degrees.

15. A hydrodynamic bearing as claimed in claim 12 wherein said convex
surface of said connection region ends in short axial faces cooperating with said axial
20 face of said shaft to define openings from said connection region to said bearing gaps
between said flared and tapered surfaces.

16. A hydrodynamic bearing as claimed in Claim 17 wherein outer ends of
said flared surfaces of said sleeve terminate in a flat surface extending radially from said
shafl, said shafts tapered surface ending in a substantially parallel flat surface, said flat

25 surfaces defining an end and opening to the atmosphere of said hydrodynamic bearing

gaps.
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16. A hydrodynam c bearing as cl ai 15 wherei n outer ends of
said flared surfaces of said sl ”ﬁ“m ‘i§ a flat surface extending
radially fromsaid shaft, said ered surface ending in a

subst anti al | ywpanabise! fIat surface said flat 25 surfaces pg@iksllagodn end
and opening to the atnosphere of said hydrodynam c bearing gaps.

FP-62386- PC/ AS 73965 WO 97/ 20149

PCT/ US96/ 18620 17. 1A hyuhmmnﬁcbmmimdiommaiﬁchdi&mmms

i ncl udi ng count end o [ ghPQE

ext endi ng over %ﬁ} eevc%mf#egﬁﬁauﬁ‘g@nta&% f“gg,gf’sﬁléggf%lag eeve in small
bearing cartri dgabmﬁr&fsmdﬂedwdrmuhwﬂhgcbeﬂge ng as clained in Claim12
wherein each of said 5 counterpl ates includes a tapered region extending
fromsaid end of said bearing gap forward center of said shaft. 109. A

hydr odynani ¢ beari ngi$is cA aydisdiminiic béasih s]o’fm:nmhmwzmgzma’emmmhfwdsal d
flat top surface of said eve an space ) and an
o-ring in saPd CPUmtE F‘esyﬁllf‘g"‘sét?ﬂ eﬂ%‘ﬂ!bgé@ 8"'%6&5‘! Per pl at e
between sai d sl eswgrddddntePéftaid Ihadt count erplate to pr event sa| d lubricating
fluid from seeping out of said bearing. 20. A hydrodynam c bearing as
claimed in Caim1l2 wherein each of said sleeve surfaces includes a

houl d t endi 'l t
shoul der extending a al | §¥ ppig o‘?hiﬂ% %‘Qu%unter%tlm%%ﬁaﬁtgghmgps an

end of said counterp ate to h te relative to sald sleeve
and said shaft. samtﬂatwpsurfamsmdsmm Mémnmgawn@mawwtnu n daim

ol udes. an- i ns B et o2 ol bef iftesed (PRl QRETEART I URS,

i ncl udes an ins ’h |nco tes on i nwar
surface therl@of asthsdidnounteipiate tslprdvemaaxdiubacatxnmﬂwd ﬁ'smrs&mxg onhefisaidbearing. i s
mated to an outer surface of said shaft and rotates with said shaft, said
I nsert extending fromsaid axial surface of said connector region, said
shafts axial 20  su2@ aceA hykroiynamit bearingdsathided ia Claina 12 evherkia leaihiof saidans f or

absorbing any | %ewgndu&s a slmu?dléal' ngengﬁg ax:aqpy pgr%ji& to pa?fs‘i\gﬁ gnntppressasilng shaft.
against an end of said counterplate to hold said counterplate relative to said sleeve and
said shaft. |

15 21. A hydrodynamic bearing as claimed in Claim 12 wherein at least one of
said conical, inwardly tapering sections includes an insert which incorporates on said
inward taper on an outer surface thereof and an axial surface on an inner surface
thereof and is mated to an outer surface of said shaft and rotates with said shaft, said
insert extending from said axiat surface of said connector region, said shafts axial

20 surface being interrupted by a channel holding means for absorbing any bricating fluid
leaking between said insert and said shaft.

22.  Adiscdrive incorporating the spindle motor of Claim 21 and further
including a top cover and a base, the shaft of said spindle motor being fitted into said
base at one end, another end of said shaft being fixed to said top cover by a rivet passed

25 through said cover and inserted into an end of said shaft.
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22. A disc drive incorporating the spindle nmotor of Claim21 and further
I ncluding a top cover and a base, “m m I rl l‘ Ld spi ndl e not or bei ng

fitted into said base at one end” H aluﬂ(u aid shaft being fixed to
said top covewgWnsiehi vet passed 25 % hroufh $aitl cover and inserted into

an end of said shaft. - 13 - WO 97/ 20149 PCT/US96/18620
PCT/ US96/ 18620 23. A sel f-lubricating hydrodynam c spindl e bearing

conprising: a statiomgry M«Iubh g By gﬁbgﬂhd;eb@mgcﬂ,ﬁbHWered surf aces
extending axially al on sa| d sha foward . a ce ter nnecting regi Qn of
said shaft, a rotatal® <§°‘§Eﬁlr‘%\' e@&?‘ﬂ'&é’ﬁff‘? dingiaxially| udi ng
surface regions ﬁmggaﬁrsgmtamld&nﬂe{m&w gmﬁ(,plsﬂghgnter region of said
sl eeve, said tapered surface regions and sajd flared surf ace regi ons

el e, B oear 'g;,gﬁfg;”;@ .g?w“,,;;. 33',:?Bm&ngﬁ*“‘“ﬁiﬁﬂ?z?ﬁzgﬂ ni ng
| | |
a sal g‘

surfaces of sal connect1on region I ncluding a tube 10
col lapsible in resporsadttperedsurfammlommdmdms‘p‘fwsmoasqicﬁnmaladtemgnect i on

region to stab| E@g Wr consunption in said bearing. 24.

A bearing as cI a Bin said connecting region of said
shaft includes a fIatsmde@wardeﬁmMnntharegioheﬂMemmdmmny‘regmd shaft
and connecting t aper.i sai d shaft 25.
A bearing as cl s‘?‘%ﬁ“l’ﬁ EPM zgﬂﬁiﬁg@ ﬁ ?“d‘PS‘b'é‘F‘@iS‘“%ﬁPPsces

t apers at a WXImwh&spﬁmmw“dmﬁﬁeisﬁﬁﬁimmoﬂtegﬁnﬁﬁ said
shaft. earj n S |rred|nCIa|m23 e,relnsaldtubelsfllled
wi th a|r at amuﬁﬁ’fﬂ%g‘é@ﬁf P@mwﬂ?a?ws’éﬁwﬂ B8-gap being in

comuni cation with the outsi de at rmsphere so that changes in pressure cause
said tube to collapse or fully inflate. aIterlng t he vol uneg of

| ubricating fluid in%aj d%ﬁﬁﬁéﬁf"&ﬁ‘ﬁé’!ﬁb‘ﬁ‘ Jrwhegsin said conngeting;eegiop afsaidh o

27. A hydr ody néhgR incli@@'al Eredion ekteadifhardlleldb @h BliscF siYd SRl did TSdndctimgnnect i on
region of said sleeve includes short axi aI faces cooperating with said

axi al face of sasaid inwardly tapering regions of said s

15 25.  Abearing as claimed in Claim 24 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees from a center line of said shaft.

26. A bearing as claimed in Claim 23 wherein said tube is filled with air at
ambient pressure, ends of said bearing gap being in communication with the outside
atmosphere so that changes in pressure cause said tube to collapse or fully inflate,

20  altering the volume of lubricating fluid in said connection region thereby in said bearing

gap.

27. A hydrodynamic bearing as claimed in claim 24 wherein said connection
region of said sleeve includes short axial faces cooperating with said axial face of said
shaft to define transitional zones from said connection region to said bearing gaps

25 between said flared and tapered surfaces.

28. A hydrodynamic bearing as claimed in Claim 27 wherein said flared

surfaces of said sleeve each terminate of an outer end thereon in a flat surface
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shaft to define transitional zones from said cornection region to said

bearing gaps 25 between said flared and taper aces. 28. A
hydr odynam ¢ bearing as clainmed in CM“E‘E \ M‘ id flared surfaces of
sai d sl eeve eqgbihfidi Nate of an out 1 a fla - 14-

PCT/ US96/ 18620 extending radially fromsaid shaft, said shafts tapered
surface ending i Gn&:dﬁ%bﬂiﬂﬁ?ﬂdaﬁﬁﬂt@iﬂﬁhﬁiﬁp&e&mmgmbﬂmt ially
|

toward a center axi f s shaft, sajd flat surfaces defipin n end of

sai d hydr odynani 8"3@5 at paending prdayy 19 tar axss 5%&?‘14@%‘%@5. d

atmosphere. 5 gyrfaces défining an‘en M%WMW%&HE%MQ ai m 28
en

i ncludi ng counterplates at either of “said sl eeve resting on and

ext endi ng over sgpesing|tesaidstmosphertace of sai d sl eeve to enhance the
stability of said sleeve. 30. A hydrodynam c bearing as clained in daim
29 wherein each of said counterplates includes a tapered regi on extending
radially fronfsaid er. of Askydebdimami¢ begringas chaimedtinGlam| 28 includispequpterpiatess of

said shaft. 31. ' ' ' [+ { el &FAGHUdI N a
channel in said ﬁ?ﬁ%@%gﬁwﬁ‘%%@égﬁg"%@@%% |aeﬁ#y spaé:%%hfrom
sai d bearing gapsleevatb enhance theistabilityof said sleeveannel , sai d o-ring being
conpressed by said counterplate between said sleeve and said counterplate
to prevent said lubricating fluid from seeping out of said 15 gap of said

bearing. 32. A hydr3edy nniydrddssiniic tkafig a3lchinieddn Claint2Sivhereld eahof giidy sai d
sl eeve i ncludes a shoyl der .extendi ng axially, paral t 0.sai,d.shaft _.and
supported on sai 8°“§$°5§VE“ pip '%W&P@#'&'ﬁ?‘ﬂly?ﬂh mﬁﬁ&“ﬂﬁé’g@fgng
agai nst an end Ofapxewikdaaid démtériakis besaldshi! d sai d counterplate relative to

said sleeve and said shaft. 20 33. A hydrodynam c bearing as
claimed in Caim32 wherein at | east one of said conical, inwardly tapering

sections of said shafjy, i Nl fidRAyMAmid BEARg asthinted it ORRE FORahdig £ athne m1ar d
taper on an outer surface thereofand an axial surface on an 1nner surface
thereof and is nEwdnttop sirfacsef aid sleeve endradipllyspacad Somptid bepsing gap, aad ane-a x| al

ring in said channel, said o-ring being compressed by said counterplate between said
sleeve and said counterplate to prevent said lubricating fluid from seeping out of said
15 gap of said bearing.

32.  Ahydrodynamic bearing as claimed in Claim 31 wherein said sieeve
includes a shoulder extending axially parallel to said shaft and supported on said sleeve
immediately adjacent said channel and pressing against an end of said counterplate to
hold said counterplate relative to said sleeve and said shaft.

20 33. A hydrodynamic bearing as claimed in Claim 32 wherein at least one of
said conical, inwardly tapering sections of said shaft includes an insert which
incorporates said inward taper on an outer surface thereof and an axial surface on an
inner surface thereof and is mated to an outer surface of said shaft, said shaft's axial
surface being interrupted by a channel supporting means for preventing passage of

25  lubricating fluid leaking between said insert and said shaft.
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Sassage of 25 'Pﬂﬁﬁ.rggi " 1141 d | oafinesbotuenn s 3“Fn22$\\lﬂﬂ&ﬁ\l\ﬂlﬁﬂ\l\lh\lﬂ
shaft. - 15 - A spindl e not &SHES'EHV-\B EEN ke drive Sai'd Shiddle

not or i ncl udi whi ch supportsone CREPmCEDdI scs{ for rotation at a
const ant speeg%ggﬁglg hydr odynani ¢ b&ar ppertag-isai d REBUSH 8600 ut er

surface of a rotatably nounted sl eeve surroundl ng and rotating around a

fi xed shaft and i ncl mjl ngAépqﬁlare *o?ﬂ?eanﬁdxscdﬂ@ ?gﬁx&&gﬁgﬁgﬁgﬁggt er

region of said sleeve, sal surface cooperati
surfaces of sai (lubwmumadtsmte@rdmiadxmforwumnmgageqataﬁtnpedaadmydrodynam' c

bearing, said s L ncl udi n cqnne re ext |aII along
said shaft to j g‘ﬁf" % é‘ﬂ’ éh"%g%%%? '{}é‘%g % ect i on
regi on bet vvgen Msﬁﬁwmﬁgwmiﬁmnﬂﬂﬂﬂ:edmb eﬁchﬂﬁa'g@bgmbl aﬂaedl ng

regi on, said _connection r on inglu a tube collapsible in response to
a pressure cﬁané‘@"‘F '%M’g%“ P???Q‘Pﬁ ¥¥&sure in said hydrodynanic
bearing to stabili zesasd fidréd WifcetOOpeRiting %ﬁﬂmﬂ‘a@&dfﬂanéﬂiﬂ shafdol Ng. 35.

A bearing as claiped. in, daim34 g?q?reln s |d,tub§ f|IIed wth,air at

anbi ent pr essur Seling#hearing gap for sud Bydrodynaymis beaoin PETRANSARONBASHNG ¢ h t he

outside 15 atghsiRfnling Sl aiongmmm:d PinkaIEpfed réglomai d bearing gap
cause said tube to coIIapse or | ate al t'ering the vol une of lubricating
fluid in sai d connectaidsleevedafining siceqneetioniregionthetivasn ssid flayedjsusfacegend A

b I t

2t 5 moxt munttan atochfuald Beify RS 308 oBEof tegh H BRI 6 SMip BT TP S

surface and a pmpmemNﬁmsmemmmﬂamtmgpm}wmﬂﬂhydeng as

cl ai mad_ in clai %W&hﬁhgmegsﬁggggﬁ&t Holal lggm?{m d sl eeve incl ydes
S CO axl a sal

shot axial face perating w ace o shaft to define
transition zones from said connection region to said bearing gaps between

e Claimed i n ' ai m 5 wroParE SRy in Cim 34 Wpicein A ALICHILE A G RE D O
term nate of anambiemtipraande,ichdy ofeiid bearing fapclieing i Eéoneunication with the outside
15 atmosphere so that changes in pressure in said bearing gap cause said tube to collapse
or inflate altering the volume of lubricating fluid in said connection region thereby in
said bearing gap.

36.  Ahbearing as claimed in Claim 34 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees as measured between said tapered
20  surface and a center axis of said shaft.

37. A hydrodynamic bearing as claimed in claim 34 wherein said connection
region of said sleeve includes short axial faces cooperating with said axial face of said
shaft to define transition zones from said connection region to said bearing gaps
between said flared and tapered surfaces.

25 38. A hydrodynamic bearing as claimed in Claim 39 wherein said flared
surfaces of said sleeve each terminate of an outer end thereon in a flat surface
extending radially from said shaft, said shafts tapered surface ending in a substantially
paralle! flat surface extending partially toward 2 center axis of said shaft, said flat

“ﬁﬁ”ﬂ“ﬂTiiilﬁﬂﬂiﬁu )
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extending radially fromsaid shaft, said shafts tapered surface ending in a

substantially parallel flat surface ei m y toward a center
axis of said shaft, said flat FP-6238 Em”m HEW'

- 16- VO 97 iwdd3Afa9 PCT/US96/18
PCT/ US96/ 18620 surfaces defining an end of said hydrodynam c ggar?n‘gﬁzgaps
and |.eading toward an opening to said atnosphere. 39. A hydr odynam c

bearing as cl ai Mygrices Qﬁﬁhﬁh&&d&%&'ﬂjﬁ&yﬁﬂﬂabm gdpe Sndleadirigl tbRardand of

sai d sl eeve resting on and extendi ng over said flat end surface of said 5
sl eeve to enhancé’”‘ﬂ%ﬁ@ﬁﬂﬁﬁwm sai d sl eeve. 40. A hydrodynani c
bearing as claimed in Caim34 wherein each of said counterplates includes
a tapered region extendl ng radially fromsaid end of said beari n ﬂ_gla .

toward said center axP%® of MH&FPW“CW%WB A dnrluding cayn
claimed in Cai mg é‘ﬂﬁnﬁd space Mgabea @%%v@r%%t%@u%fo% of

said sleeve and ra rom-sal g gap, and an o- ring in
sai d channel, %als&mtosﬂgnmhcmwmsmvday sai d counterpl ate between

said sleeve and said counterplate to prevent said lubricating fluid from
seeping out of said gap of said bearing. 42. A hydrodynam c bearing as
clained in Claim34 V\Mreimhmwebeninﬁisdﬁmedmsmé4mmch®wdndi ng

axially parallel tos nd supported.on d.sl eeye ately
adj acent said ch&RHBFP %ﬁmﬁhﬁ ﬁ?ﬁf’gd%&?&é'ﬂﬁ@ﬁ%%*&g'&’ﬂ %ﬁbﬁ"f‘% to
hol d sai d count ergap siward siddentercaxisof séid shatl eeve and said shaft. 43. A

hydr odynam c bearing as clainmed in Caim34 wherein at |east one of said
conical, inwardly tapering sections of said shaft includes an insert which

20 incorporates sai d4i.nWeK Hydrdy ixmene@ﬂgmwwdlaﬁmtimdmgfwaﬂﬂem axi al
surface on an |nner surfac ther of and ted to an otiter surface of said

shaft, said sifaf $udfatitop B‘emgnﬁ’m’ ¥ spaeed fromy sad P> 84 AH%T t i ng

nmeans for preVen%ﬂﬂtﬁﬂ%ﬁﬂﬁl ﬁid&-ﬁﬁgbéafgtdoﬂﬁréieu byl sdicedbnfebldiebabReen siidi d
insert and said shaft. 44, A disc drive incorporating the spindl e, notor
of Oaim21 and lepve/aad said counterplate to prevent said lubricating fluid from seeping out of said

gap of said bearing,

42. A hydrodynamic bearing as claimed in Claim 34 wherein said sleeve
15  includes a shoulder extending axially parallel to said shaft and supported on said sleeve
immediately adjacent said channel and pressing against an end of said counterplate to
hold said counterplate relative to said sleeve and said shaft.

43. A hydrodynamic bearing as claimed in Claim 34 wherein at least one of
said conical, inwardly tapering sections of said shaft includes an insert which
20 incorporates said inward taper on an outer surface thereof and an axial surface on an
inner surface thereof and is mated to an outer surface of said shaft, said shaft's axial
surface being interrupted by a channel supporting means for preventing passage of
lubricating fluid leaking between said insert and said shaft.

44. A disc drive incorporating the spindle motor of Claim 21 and further
25 including a top cover and a base to define a housing for said motor and said disc, the

shaft of said spindle motor being fitted into said base at one end, an opposite end of

-17-



25 including a top cover and a base to defi.ne a housing for said notor and
said disc, the shaft of said spindle notor bei nﬁintted I nto said base at

one end, an opposite end of - 17- u LH Hﬂ ”m
PCT/ US96/ 18628’386“ d shaft being fix ver by a rivet passed

t hrough sai nd inserted into an end of Said shaft.P@EUSI6S628pi ndl e
bearing as clainmed in claim23 wherein i nward punpi ng grooves for punping
hydr odynam ¢ beay,i flLuid towar,d said connection.geqion . where sai d
col lapsible tu isgﬁm%ﬁéﬁ?r’é‘ddgf‘?’(%by&fwﬁ?'ﬁ?a@g spd P and ooy e
surfaces or saiigkeiteditcsh enl) of daidsHaft aces. 46. A spindle bearing as clained
in claim26 wherein said sleeve connection region includes a convex region

supporting said tube adjacent said shaft. 47. A spindle bearing as
claimed in cl aim 244sher &lggind@ bebrilg Biiedth CaiPh] herdil ibaRANADIRC { Nal
puirpi ng action is toward ssgi d. connecting region holding said tube. 48. A

spi ndl e bear i nggreavetfos pumping hydsodynamigbeanpg:fiad toward ssidconmectionfegionwhery 1 r st
regi on wheregin [ I hed o el Sigeve '%cl‘.ﬂ&‘%iﬁ t aper
and said axiejal sgigr %@gi’%fmbs%gf%agﬁaﬁdconneﬁ@%@%ﬁ%n, s?f shaft further
i ncl udi ng a sedapededrsbaft smfacesnpri si ng said outer surface for mating with

sai d sl eeve. 15 49, A hydrodynam c bearing as clainmed in claim33
wherein said neans for preventing passage of fluid conprises a gasket
resting in said chadéel Arsgingle beating asdaimedin chim 26wherein xdidsleevel commeationf sai d
insert. 50. A h d.rg%&am’c beatin as.claig‘g’%l i.n cl] ai wherein said

channel is defi B &, FOnYEx Fegon ﬂé"él’?'g 3?-"'?34%}6 t and a plug

captured between said shaft 20 and said insert. - 18- WO 97/ 20149
P 1862 :
CT/ US96/ 18620 47. A spindle bearing as claimed in claim 24 wherein said grooves are spiral

10  grooves so that pumping action is toward said connecting region holding said tube.

48. A spindle bearing as claimed in claim 33 wherein said shaft includes a
first region wherein said outer surface of said shaft defines said inward taper and said
axial surface of said shaft connecting region, said shaft further including a second
region comprising said outer surface for mating with said sleeve.

15 49. A hydrodynamic bearing as claimed in claim 33 wherein said means for
preventing passage of fluid comprises a gasket resting in said channel and pressed
against an inner axial surface of said insert.

50. A hydrodynamic bearing as claimed in claim 27 wherein said channel is

defined between an interior surface of said shaft and a plug captured between said shaft
20  and said insert.
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[received by the International Bureau on 9 May 1997 (09.05.97); original
clains 3, 16 and 38 anended; renar—nﬂ'rg‘c‘r ainms unchanged (3 pages)] 1. A

sel f-lubricating hydrodynam c spi n ’“ ‘SI ng: a stationary
shaft i ncl udi ical tapered sur 3 im “ rom nea out er
ends of sai dvpﬁgf/?ﬂ toward a connect Ecregl oM of said shaftE’ tﬂ'ﬁ%‘?ﬁfé

nmount ed sl eeve surroundi ng said shaft and |ncIud|ng regions flared aX|aIIy

inwardly toward a center region of sge &f said tapered surface and
said flared surface defr ning a bearr ng or said hydrodynam c bearing,
10 sai d sreseyed d ithe gg E ﬁal’r |%Haaad 9L 08 . 0551 ;
connecting regi on bet \)\%’éﬁ . ean % Fma ,Cl8dP% connecti on
regi on including a tube coll apsi b qang c?ﬁg 0 a pressure nmeasure to

stabilize stiffness and power consunption in said bearing. 2. A bearing
as clainmed in daiml mérselfhlbsm bystiedyoarnig spindiebesring compgisig:15 shaf t

Icg(r:llngg?Zdal legﬁdrrsg't W regl ons g’ engwwlﬁéhgm%ﬁt@ea“ ng

as clainmed is Quserends ofisaid shafi tewarth a obnnecting regigncofessid shaf¥, aces tapers at a

wher oin eaid tube- i SRRy HEHER et “a'rwz@"?%‘?#g%rﬁf ipbuldFord et o <. o

bearing gap beiaxipllpinenrdlytotvind acefiter ségion bf saifiveve; so t hat changes in
pressure cause said tube to cgoll apse, ul | |ate al.teri e vol une
of lubricating flui & 1!’] ?ﬁ?ﬂ“@ﬁﬁﬁ@ﬂ%’*éﬂ%ﬁ%@%“ﬂ r}%%'gari ng gap.
5. A hydr odyiyasd as clainmed in claim4 wherein said convex

surface of said connection reglon ends in short axial faces cooperating

with said alf al 25 paid tleye defipung agonpectionregion pdjaceptydis Gogrecting fegion; d

connect i on ' Sglméﬂsﬁ@ﬁgggﬁgmk Bsafifdhan, REl BfiRctivAIregidn REGENg R thbk 2PET d
surfaces. -19-
PCT/ US96/ 18620 coliapsible in response to a pressure measure to stabilize stiffness and power

consumption in said bearing.

2. A bearing as claimed in Claim 1 wherein said connection region of said
15  shaft includes a flat region extending parallel to an axis of said shaft and connected
inwardly tapering regions at ends of said shaft.

3. A bearing as claimed in Claim 2 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees.

4. A bearing as claimed in Claim 1 wherein said tube is filled with air at
20  ambient pressure, ends of said bearing gap being open to the outside atmosphere so
that changes in pressure cause said tube to collapse or fully inflate altering the volume
of lubricating fluid in said connection region thereby in said bearing gap.

5. A hydrodynamic bearing as claimed in claim 4 wherein said convex
surface of said connection region ends in short axial faces cooperating with said axial
25  face of said shaft to define openings from said connection region to said bearing gaps
between said flared and tapered surfaces.

-19-
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12. A spindle notor for use iA—a—disc drive said spindle notor including

a hub which supports one or nore (] M“E at a constant speed,
and a hydrodynam c bearing suppor%‘i@i‘%&ﬁ“‘“m‘r n outer surface of a

sl eeve rotating about a fixed shafiti"aer otat @bly rfounted sl eeve surroundi ng
said shaft an&%sﬁ'@?’t‘}&i ng 5 regions flared axially inwardl PCTRRG1$62¢
center region of said sleeve, said tapered surface and said flared surface
defining a bearing gt f ok spindleimbtorifopdseinaidisc daver saidgpindiaimptoriinshndingdef i ni ng

a connection region ' t said co ting.regi | d tapered
ends of said sh ?Wﬁﬁ%&‘ﬁ‘é?’ﬂ“&’ﬁ“ﬁ%ﬁ% | %\ﬂﬂ?ﬁ'&@iﬁg‘gaﬁgk

col | apsi bl e i n hpdrpdynami jcmeamgmgmu%eam eiugﬁ:dmsnmblolfzamﬁﬁm%ss_ an(iz
power consunption in_s earing. : earing as, med. i.n.Claim
T ci b sat ot ket & SRel SPals septastmpoited sepys SHouniing i ik antiaciiiog 3 g
bearing gap Bei pegichs Gired I§ tbrard s BEEd? Medlich oF@aill BlRévechanges in

pressure cause said tupe to, collapse or fully inflate altering the volunme
15 of lubricating f W#W%ﬁﬂ@ﬂ!%ﬁ'&%@ﬁ‘%ﬁm% 8% bearing

gap. 14. A beﬁgargw iged in Claim12 wherein each of said tapered
surfaces tapers at maxi num angl e of about 60 degrees. 15. A

hydr odynami ¢ bear i ngsaidsslesvedefiptng iacouregtion régiomadjacent said sonhectingwregions ur f ace of

sai d connection L on..en | N rt j al.,face r.akl i1 h said

axial 20 face %%@%ﬁ%ﬁ?ﬁﬁ@oﬁ%%%@ﬁ%ﬁ%&im regi on

t 0 sai d bearliong cofllapsible i respenseza i irebsune meksaredo staliizeatiffivass drdpasver 16. A

hydr odynam ¢ bearing as .clatjed in Caim15 wherein outer ends of said
Auilgioh i paid

fiared surfaces®d rmnate in a flat surface extending
radially fromsaid shaft, said shafts tapered surface ending in a

substantially parallg] fl surface, said flat 25  surfac defining an
end and opening to tﬁ% ati&?ﬂﬁ%?’e‘gﬁwi’&i(ﬂ“ﬂxﬁmmdméﬁﬂd"@a‘ﬁﬁ - 20-
WO 97/ 20149 ambient pressure, ends of said bearing gap being open to the outside atmosphere so

PCT/ US96/ 18620 34. A spindle notor for use in a_ disc drive said spindle
not or i ncl udi ngthat changes in pressure cause said tube to collapse or fully inflate altering the volume

15  oflubricating fluid in said connection region thereby in said bearing gap.

14.  Abearing as claimed in Claim 12 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees.

15. A hydrodynamic bearing as claimed in claim 12 wherein said convex
surface of said connection region ends in short axial faces cooperating with said axial
20 face of said shaft to define openings from said connection region to said bearing gaps
between said flared and tapered surfaces.

16. A hydrodynamic bearing as claimed in Claim 15 wherein outer ends of
said flared surfaces of said sleeve terminate in a flat surface extending radially from said
shaft, said shafts tapered surface ending in a substantially parallel flat surface, said flat

25  surfaces defining an end and opening to the atmosphere of said hydrodynamic bearing

gaps.
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hub whi ch supports one or nore discs for rotation at a constant speed, and
a hydrodynam c bearing supporting said hub on an outer surface of a

rotat ably nmounted sl eeve surroundi ng Itﬂnund a fixed shaft and
by rosioe digeen. . moer ol AL IMIMEO <, o o sl oo

to define a bearing gap for said hydrodynanmi c bearing, said shaft including
a connecting regi on &kt en'dspn@leamtatfoyual!ong!ssdmssﬁé?@d‘?-@‘)}‘mﬂw'-’5111186 t aper ed

egrOnS, Al d o R bt ASUIARL KoL B0 BB GReB N (| 27 C0

surfaces and 10 sal I'ng reglon, sal connectlon regi on
i ncluding a tubﬁydrod)inﬁpmbbdmgsuppnmgwdhuh malqsmssm of meatejably mewntedor nal

operating press in sal.d h ﬁg nam c, bga %ﬁal'afdf ness and
power consurrptl ééf ngrgund Méﬁﬁ%@"%@%léﬂf 'n daim34
wher ei n sai d5tulaﬁv,hﬁ {d“la}daﬁcem&h@huaﬁdment pressure, ends of said
beari ng gap being in comrunl cation with the outsi 15 re so that
changes in pressure Wﬁv&mrﬁ'ag"e@ @éP&%M?‘%%S Be or

inflate altering bwkdg Sdifnbrfiie bbaring Cbaid sharRincludifgd ectinedifig ' €gi ON
thereby in said Bée'grlng ;%p bearlng as claimed in Caim34 wherein
each of said tapegioncxtend Y%MM&OMWE%‘F about 60 degrees

as neasured between @@;ﬁg ?i@eéi‘l sadMafRl sarfilcss 4 Ssai d
shaft. 37. A hydr oéﬁnam C beari ng s o) .@@Sn In claim34 wherein said
connection rHgi mdjaahtM@mgommmmmwm&%weédbp@laﬁ ng

Connecti on 1 eqi SHPUe Gt BetREEEHg SRR roha SRedGAliRbR T AR

surfaces. 25 badngt&&abﬂmmmndpaﬁmcbnhmmgtmbamwed in Caim37
wherein said flared surfaces of said sleeve each term nate of an outer end
thereon in a flat surface extending radially fromsaid shaft, said shafts
tapered surface endi 8§ i NA BesSitp#d cMiinkdinl Claim34alendin faidtubesis fillajowitteait #ndi ng
partially toward a center axis of ial,d shaL Ssaid flat, -21-

ambient pressure, ends of said bearing gap being in communication with the outside

15  atmosphere so that changes in pressure in said bearing gap cause said tube to collapse
or inflate altering the volume of lubricating fluid in said connection region thereby in

said bearing gap.

36. A bearing as claimed in Claim 34 wherein each of said tapered surfaces
tapers at a maximum angle of about 60 degrees as measured between said tapered
20 surface and a center axis of said shaft.

37. A hydrodynamic bearing as claimed in claim 34 wherein said connection
region of said sleeve includes short axial faces cooperating with said axial face of said
shaft to define transition zones from said connection region to said bearing gaps
between said flared and tapered surfaces.

25 38. A hydrodynamic bearing as claimed in Claim 37 wherein said flared
surfaces of said sleeve each terminate of an outer end thereon in a flat surface
extending radially from said shaft, said shafts tapered surface ending in a substantially
parallel flat surface extending partially toward a center axis of said shaft, said flat
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