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RELATED APPLI CATION This invention is based on U. S. provisional application
serial nuwbas/6Hs56€0/ 351, 640 filed January 23, 2002 and entpCiriwesds/bysbse i d
Spindle Bearing, filed in the name of Hans Leuthold, Mchael D. Kennedy,

Al an Lyndon Grantz, SusadYBRIBCSPINDLUEHBEARING: Par soneault and Mohaned
M raznur Rahman. The priority of this provisional application is hereby
claimed, and the application is incorporated herein by reference. 10 FIELD
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inforrrgyepéhces witten to and read fromthe disks using read/wite heads
nmount ed on actuator arns that are noved from track to track across surface
of the di sk by an actuator nechanism Generally, the disks are nounted on a

spi ndl t.d by a spindle 25 notor to pass the surfaces of the
di sks fﬁ%@ﬁ %@\l\?%&gﬁ Ite heads. The spindle notor generally includes a

shaft supportiTigs fnvemien belsies rgleaérallyaltmitr& field dfchy\ﬁtddghamlwbmmstl andis
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consistent with a fixed shaft notor; however, 30 the invention to be

deskr i bed below is as easily useable with a motor conprising a rotating
shaft, pcrGBREONDIGF svENTONPOrting the hub for rotation to support the

rotation of the diSks.

Disc drives are capable of storing large amounts of digital data in a
relatively small area. The disc drives store information on one or more spinning
recording media. The recording media conventionally takes the form of a circular

20 storage disk in a plurality of concentric circular recording tracks. A typical disk drive
has one or more disks for storing information. This information is written to and read
from the disks using read/write heads mounted on actuator arms that are moved from
track to track across surface of the disk by an actuator mechanism.

Generally, the disks are mounted on a spindle that is turned by a spindie

25 motor to pass the surfaces of the disks under the read/write heads. The spindle motor
generally includes a shaft supporting from a base plate and a hub to which the spindle
is attached having a sleeve into which the shaft is inserted. Permanent magnets,
which are typically attached to the hub, interact with a stator winding to rotate the hub
relative to the shaft. This description is consistent with a fixed shaft motor; however,

30 the invention to be described below is as easily useable with a motor comprising a
rotating shaft, an end of the shaft supporting the hub for rotation to support the
rotation of the disks.

In either case, to facilitate rotation, one or more bearings are disposed
between the hub or sleeve and the shaft.



In either case, to facilitate rotation, one or nore bearings are di sposed
bet ween the hub or sleeve and the shaft. 1 WD 03/063156 PCT/ US03/ 00450
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20 imparts damping effects to the bearing which helps to reduce non-repeat run-out.
It is also known that the stiffness to power ratio is a primary way of
measuring the efficiency of the spindle bearing assembly. Most known fluid dynamic
bearings today in commercial use are made with oil as the fluid which is maintained in
the gap between the two relatively rotating surfaces. This maintains the stiffness of
25 the bearing, that is the resistance to shock and vibration; however, because of the
relatively high viscosity of such fluids, which at lower temperatures, such as at startup,

considerable power is consumed to establish and maintain high speed rotation.

SUMMARY OF INVENTION

30 It is an objective of the present invention to provide a bearing system in
which the stiffness is maintained while the power consumption necessary to establish
and maintain rotation of the bearing system is reduced.



30 It is an objective of the present invention to provide a bearing system
in which the stiffness is naintained while the power consunption necessary
t o est ablwehs/exids mai ntain rotation of the bearing systempcs/usestoasd. 2 WO
03/ 063156 PCT/ USOB/ 00450 It is a further objective of the invention to
provi de a bear [thgadydiespbiactivhptinednyestion te Broyidera bearngwsirsnet whight em i s
achi eveg ré\’aﬁf%’stlfﬂtlb\h 'p6Wé9 si}été'rhqs %ma\vacpwnﬁan'Lmﬁﬁn%%.bmyﬁéhfcea@arbﬁ ggnal |

gaps in all odinents. These and ot her objective e Inventron are
provi deWith Axtgenpelysmay QQPSS'S}'QH embpaim@mich an axially stiff narrow gap fluid
dynam c gas begpidg Jhg Hhet %Ee%ﬁé%yof Mk PN bH érﬁsﬁro§ltdbfif|nl é‘rl%%nngap fluid
dynami c beari ng. re specif Yy, pursuant esent invention a
syst &m $ystemn dv wdnigh am awilly bliff aarréw gap fld;dwnmnbgas |bﬁgsngar3epre\oaded bgd spaced
apart Rﬁm r

beari ng%"??ﬁgﬁyo?'ggfrs "'Ef:éaﬁ% @pn%‘ngﬂ ai r'bl@ggrr'&gm eséé]%'f%ae)hg’r%gﬁ gry gh odi nent
t he fl uprésaitt Waamrc abeyastemglshpmvmledamgwhmgamm Vihidl dyridmeic dbearibgardrag has a

relatlv I unpti.on 1Ls_di.m ni shed whil.e
stiffne §’¥'F§H%§aﬁ$§gﬁg'§ al%@c%?ﬁ% q&ﬁ%%?ﬂ@ﬁ §°f8P”%"F%a§F’é0ﬁ8¥Ra”i“ﬁvent i on,
the ai rbémmlg; tre other sarhpitisimg aalalrmehangetn this exeraplbiyeembdimehiyitite fagar i ng;

t he p_of th%eal r- bear [

e-foyrth of the gap in the
1 ot bianiig Pofiko BES rRber Grpatalesine Fcpeing s = edyer el e SBe. twi o
as nuchthat pewérecdndamptioe isdiniriighedsuieatifingdsss niflintafmedS | ui d bearI ng. In a
t ypi cal enbodlnent each of the bearings is a conical bearing .conprising a

cone suppor t edASFPrHING 10 gMmbodifgnts f Sih rWGﬁﬁntn@VEPmethBr%(n%aﬁggdS surface

faci ng gbsgittiany ﬁemgéraﬁ%lz@fthamecmbeé% wgaﬂ)efmamﬁémg e} ¥eas the 20
surfaces of the cone and the sl eeve. An alternative enbodi nent’, one of the

fluid WyRRAPONBdavithghthesards the fiiid bearieg The overisl suraceaiearofdhe Airust

pl a by g Q}bﬂa efntigon and
al tgfna%@gagg??ggﬁgge v%s Plﬁ&%l{egitdgﬁgﬂ%?ﬁ)@a peﬁs%ﬁﬁﬂaég L&ﬁ)f F‘% ﬁg art who

st udi esbeaiagf ol | ovm ng exenpl ary enbodi ments of the invention, given with

reference 10 TR o Qi BOLGERRNG I8act? b e"he s’ d dnfckl FRAMRQICS FI G

lis aperspectlve | ew 0 drive in e bearing syste
comprising a cone supported on the shaft, with a surroundmg sleeve providing a

surface facing an outer surface of the cone, the gaps being defined between the

20 surfaces of the cone and the sleeve. An alternative embodiment, one of the fluid

dynamic bearings may be conical bearing, and the other a thrust plate bearing design.

Other features and advantages of the invention and alternative approaches

will be apparent to a person of skill in the art who studies the following exemplary
embodiments of the invention, given with reference to the following drawings.

25
BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a perspective view of a disc drive in which the bearing system of
the present invention is especially useful.
FIG. 2 is a vertical sectional view of a known bearing system as used in the
30  priorart.

FIG. 3 is a veriical sectional view of a bearing system according to the
present invention.

FIG. 4 is a vertical section of an alternative embodiment of the present
invention.



the present invention is especially useful. FIG 2 is a vertical sectional
vi ew of a known bearing systemas used in the 30 prior art. FIG 3 is a
vertical wemsiensé view of a bearing system according to Poa/USps/essnt
invention. FIG_4 is a vertical section of an alternative enbodi ment of the
present i nvenfi®nd isawerties sediose/ievcef adodheroalisonativeemisodingent afethei cal
section prbeut fvedtidir t her alternative enbodi ment of the present invention.

FIG 6A and 6B are graphs illustrating the trade-offs which are considered
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Figure 1, read/wite heads 20 are supported by fléxtures 22, which are in

turn at EYERPRNENS havadeeRdiraventy yped apd thereais AR harticyfar Himitation to the
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g

actuator and includes a voice coil notor shown

The disc drive further includes a disk pack comprising one or more disks
mounted for rotation on a spindle motor not shown by disc clamp 18. The disc pack
16 of one or more discs provides disks mounted for rotation about a central axis.
Each disc surface has an associated read/write head 20 which is mounted to disc
20  drive 10 for communicating with the disc surface. In the example shown in Figure 1,
read/write heads 20 are supported by flextures 22 ' which are in turn attached to head
mounting arms 24 of an actuator body 26. The actuator shown in Figure 1 is of the
type known as a rotary moving coil actuator and includes a voice coil motor shown
generally at 28. The voice coil motor rotates the actuator body 26 with its attached
25 read/write heads 20 about a pivot shaft 30 to position read/write heads 20 over a
desired data track along a path 32. While the rotary actuator is shown in Figure 1, the
invention may be used with other disc drives having other type of actuators such as
linear actuators; in fact, the specific disc drive shown herein is intended only to be

exemplary, not to be limiting in any sense.
30 Figure 2 is a vertical sectional view of a known spindle motor including a set
of conical hydrodynamic bearings 206, 208 which support the shaft 204 and hub 202
for relative rotation. The motor is a brushless direct current motor 200 comprising a
hub 202 rotatably mounted about the stationary shaft 204 by the upper and lower
bearings 206 and 208 respectively. The hub 202 which supports one or more discs



generally at 28. The voice coil notor rotates the actuator body 26 with its
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212. The inner portion 0 ub 202 operably receives a stator, generally

desi gneBagneis maydnaia W@“}? @@%%ﬁzﬁmﬂhﬁa@%ﬂ stack 224 and stator windings
222. A per mangiy qigRAAGE ndest 208 |§%0F\F@@ 191, fAarR&KbadePMedBer SaPBLgised from
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st at or driyRiassemohs26 by knsepting faﬁ?mb%'t%ﬁoor Rheraio Pginseding it in the recespdn
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2261 n this design. The disc drive notor 200 is nounted to a franme or base
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basgg 230. A circuit connector 244 is mounted to a lower surface of the base member

230. The circuit connector 244 is electronically connected to stator windings 222 by a
wire 248 for electrical communication between the stator windings and a printed circuit
board (not shown). By energization of this circuitry, we create torque to run at right
speed, control signals cause constant speed rotation of the hub about the shaft 204 as
25  supported by the upper and lower conical bearings 206, 208.
Considering the known fluid dynamic bearings such as shown in Figures 2
and 3, the efficiency of the spindle bearing assembly may be expressed in the form of
a stiffness to power ratio with stiffness being the ability to withstand shock, and power
being power consumed to establish and maintain relative rotation between the two
30 sides of the bearing as supported by the fluid in the gap between those two sides.
Typically, in designing a motor using hydrodynamic bearings, the specification is
established either for stiffness or for power; the objective then becomes to both
achieve the specification, and to optimize this ratio of stiffness to power.



20 A circuit connector 244 is nounted to a | ower surface of the base nenber
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out®r soinhiecenafa tdtarnstiadrineB320 sapronigea ektensitngafngral the lower or distal end
322 of the cone to the upper angular surface 324 of the cone 310. This upper angular
surface 324 cooperates with a facing angular surface 326 of the seal shield 328 to
define a reservoir 330 which holds fluid at the end of the gap 316 and return channel
320 so that fluid is always available in the gap between the cone 310 and the hub 210.
25 As the shield 320 and cone 310 rotate relative 1o one another, the oil is forced away
from the radial gap 340 which is defined between the radial end 342 of seal 328 and
the outer surface 344 of shaft 204.
An example of the technology making use of this invention is shown in
Figure 3 which is a partial sectional view of a motor wherein the hub is supported for
30 rotation about the shaft by a pair of spaced conical bearings 300, 302 designed in
accordance with the principals of this invention.
In the example of the embodiment of Figure 3 comprises a shaft 310 having
the cones 312 the upper air bearing 300 is a air or gas bearing which is defined
between an outer surface 316 of cone 312 and an inner surface 318 of sleeve 320.



surface 312 which cooperates with a surface 314 of the hub 210 to define a
gap 316 filled with fluid. The fluid acts as a bearing to support relative
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t he assWerkinoeuriages §86. %ﬁ?dOftt%% flidheating 3e2.sEyrther, the gapPRs efdbe pBgag ot at i on
PyeQSS r :Egéél geéo\o dHROUREDE SIM A &htial E?QW(UP\Qn %4 f?‘l‘é?Slfelgv st §lﬂe$)1 of"mé 6?[? support

across a rel ati vel
dynami c34&f ithe) figohbearinangoa r@i aeurselthe mralle@oadu$ é@ fﬁﬂﬁef &@esme@estacu ng a
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det er mi radids iperdioped i abone are appradimaiaisson geals miich do guttdwiveftoins gy
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direction © sur ces '(
20 as achieving a balance of axial thrust forces taking into account differences in gravity.

Of course, the necessary radial force to achieve the desired stiffness in the system
must also be taken into account.
By adopting these relative designs and, gap sizes, one bearing provides the
pre-load for the other bearing. That is, one bearing has a very low impedance or low
25 dliffness because the gap(, in the case of Figure 3, the gap 340 of the bearing 302) is
significantly bigger than the gap at which the other bearing (bearing 300) provides the
same stiffness. The result is that with the combination, stiffness is maintained but
power consumed is a minimum.
The same is true in the design of Figure 4 which is basically inverted
30 relative to Fig. 3, where the small fluid bearing 400 has a relatively large gap 402
between the surfaces 404 of the cone 406 and the facing surface 408 of the sleeve
410; the larger air bearing 430 spaced along a shaft 420 from the fluid bearing 400 a
narrow gap 432 defined between a surface 434 of sleeve 410 and a surface 436 of



gap) of the air bearing substantially larger (up to twice as |large or nore)
as the working surfaces 336, 338 of the fluid bearing 302. Further, the
gap 322 owotobeexsé / gas 15 bearing 300 shoul d be substanti &Ciryusssredsser ( down
to 1/ the size or smaller) of the gap 340 of the fluid bearing 302. O
course €one 43%rufacgsA34iandi43oraik sulbsiantialiy larget thap fusswifaced 464,408 on t he

f1ui d bifiq A0t eod AR PORRICEL G AL WP BaRlmSfle the  ratfos

menti one roxi nmatil ons or not" have to be fully
achi eved to re¥bi armthéreapmmmdhl is shodn h’iﬁgmne\ﬂewhenera carfieal bbpdgg 50 can

further t 0 chi axi.a ust forces, taking
into acé%ﬁﬁggioﬁaﬁb@g ‘T"Ejpéﬁ %[l%vg%aa r?%r '§ a§'¥e r?tﬁiéorh ht’é%%%ﬂ“if“' r adl al force
to aghi bawlrlgrﬁﬂodﬂmbemdeswmﬁ ankwist platetbwnaggbmllyﬂnﬂtca@é$atame timkdan into
account, "% ns_an zes ne bear| ng

adopti ng these rel ative, desi
ot deas Yin8 SRS eranIGs, i Barierd po g Fan i 40 RuodRgs has a
\Iéery Iosurfamﬁescmrtﬁeheimd@moaﬁda@uﬁém drapauipevé Bfe4gmmz(hltogéthéme caﬁe ofh
i gure t he ar S Si gni antly er than the
CaalT deners ofRB it napsindiong Tosaise Miuthbesr B0 0B Eorg 2 BRAESES [ nose.
The resgb désigiidibih abcbiiahbe waR rk‘ﬁoWﬁlPruﬁéipa|§ aem.ﬁg@éps §20QitR R §leedout  power
consuned is a mninmnum The same is true in design of Figure 4 which is

basil@al RRd P, Wb @fouster piate indicatecath2g. Q?Peﬂﬁ'é‘gé)nttﬁﬁ relatye S'ﬁ ofithebeari ng
400 has b@arrr@l aitherhay ﬂ;@ﬂ@e oggas 6egnnd1%mr§wmtths fﬁé‘ bémbéﬁélﬁ gert he cone

406 and the facing surface 4 | 'eeve arger alr bearing

430 spa6§w1ta|tm1§e|%IIV§rﬁ@pw"mmfﬁw& &énd Auihg q@@&inai@nmgoalcalrk@aﬂbgv gap 432
definedy @&fh‘é_ﬁ‘gfb Sa?t%}%géiﬁ ﬁaag%‘é ffabvggir%%Hﬁ?cﬁih%nﬁgﬂoﬁerﬁ%ﬁcifgﬁt Wigbngf 7 WO

03/ 06315 one 4 aces are substantially

| ar ger aiNgas bearingbging definpalto hage thef substandalhesmaliey gap@nddherai nt ai n

stl ne sunption. Yet another approach is shown
ﬁgug@sﬁﬂm}?@‘ﬁ {a?g#c%(')ﬂ%cag ggg‘ls)&ng 500 supported on a shaft 502 supports

a sI eeve 504 f braliefltbeseviestantes, itimnobjdtive dasibeah t& madrdainrige BPtanticoper at es.

LD o OB B RGP BEBEEboblg) PSSl BB B B 2, P5ctn 100
sur f acebédringethat ladagengapolith ahtghansmsrhaﬁmd 3he beénm@ba\am@e\smaﬂmmm ch
toget her .defjne a gap 4. ed. a on the s ust.. beari ng 506
navi ng. SUrAe s enTats Bnd e BT BReint aw s maloe And A R SRESHVRE! pal <
def poi ngr gripghe® Jap wnti elativelys laegyy working surface dimensions.
Both of these bearings can be dimensioned so that the dynamic
performance on the spindle from both bearings is as similar as possible to each other,
so that no imbalance movement results. Further the total axial play in such a bearing
combination will be somewhat diminished relative to the axial play obtained in a
25 corresponding pair of fluid bearings. Thus, although the axial play is not idealized, it is
an improvement over standard two bearing designs in terms of power consumption
and stiffness and does achieve some reduction in axial play.
The disclosed embodiments are achievable with current manufacturing
technologies at reasonable cost. By the same token, the stiffness, while not improved
30 because of the presence of one air bearing, is either maintained or close to being
maintained while the total power consumed is minimized. For example, today’s high-
speed spindles take about half of the whole mechanical power in the system; a hybrid
such as disclosed above can save about 30% of that power consumption.



10 and 524 with a counter plate indicated at 526. Depending on the relative
size of the bearing, either may be fluid or gas bearing being, with the
gas beariwg@obesgs |l arger. As with the relative show ngs @®@CTRiSgue®Es0 3 and

4, the conbi nagf?n of coni (igl bear i ng and thrust plate bearing may be
flown or defi né®'¢HNANEKIP FAGYres PAENEIEE, Hasegraphs sxplainin sejessfusbar i ng bei ng

def i ned nieashryinetwisy the R§StaRtsi obekate S TBAIRY fiSAR: G AyHiBfis kD r%HH%&@”t tal l'y
| arger air bearing surface. In all of these Instances, t%e obj ective has

f
been to fﬁ%{ﬁﬁ%@w?ﬁéhwﬁm Rair qiéwp(ﬂﬁwéqi.lct@aﬂnm wortisnthei hariagnigbads _
consunpiSasdhts PFa?}é.'n@'tﬁ@véﬁ@& IS r(ﬂ:;re%ﬁ?s thBQ&, lf&ﬁn@aa? i b GGngar W th a
| bid, the b g wor Ki ng

hi gh viscosity fl , earing having a sna surface

di nefsi G, Plakdeingea wensyrelss davelpf Bae sndace anresd thggapdoda thewther scosi ty
gas 20 W | @t I LN [ .di_mensi ons.
Bot h of %t[l Hgés({é t é&é’?‘?ﬁB?’?’g 6(1)?1l B@é&% %@lﬁhﬁg S gg? ‘é’g@h# hgog%%ﬁ'ﬁ%’ 'Hﬁg}’f or mance
on t he sbthedlesignsoifrthsototorpehich imytheidesigss showh i typisalhotheiddevetaaddmbh ot her ,

t hat ' ts. t t | axial pl in such
= beari Aoves SRS B ENTet' €SS Fup o e e Aiendd oo’ axd
pl ay obtaiveedll ihre waypBowny oasipocaliragt thaileft lnfe 604ui $b treadistagse bditvesn al t hough
th ' A | ' it is n i nprove t over standard two
beartng T Bleiectici B, 6" Bph e orbnrda ik Beialate fordbe i does
achi eve relatiee toeiteistatarn This cxi B tephed play de gdb $§d0is egbicI eRiFARNpIay R €
e Wih current manufactufi t echnol ogi es at reasonabYe cost. By

o
?ﬁel gg%?&ﬁ@ﬁ?’ %’ﬁ‘ﬁamgﬁ?‘FrPﬁé%sé{t'Wli‘TLgQW&e'i nproved 30 because of the

presence of on€oigariagasr el@mplené Fitfire BRItG R d@FfMry EnfisRiithéntbei ng
mai nt ai nﬁd V\/m,L.e the, tot aldégeower consunmed is mnimzéed. For exanple,
d P Ml

t oday' s SRPYRIN HBWEF ARy, Whshthengyistenp s atHestward thereloiantical power

in tihe aMBBLOTS @stMPEGWN ug@wfheaéat@'ré%éﬁiﬂ cBRE'BZ0CRABN BRHE iGRput 30% of that
power consun%tlon. 8 WO 03/063156 PCT/US03/ 00450 Referring next to Figures

6A and 6Eremelkdrogfpnadairst the otonbecawse pliherromniessiern of thaeilimiiet he syst ens
oper at eg_a,.l}.OB? tOsdrhé ket if G rovti?!iécbuéh'éd%lg%@wﬁg%ﬁ! thef ERNIBRENfRGdion of the
y a pair of two fluid/oil bearings works, t orizontal axis represents
pl ay anéPremwhichiis pesliing fdews op dis edenwbich ouldincreagethe kigher theeotend of the 5
e s B & RS, B ¥ Soting 16 LSO QR OFETRRYY 0F 230, 002l
For 28xafppramicbgadimg: Looking at Figure 6A, where the load lines are symmetrical
because the fluid bearings are substantially the same of the load lines 610, 612 of the
upper and lower bearings respectively are shown. Thus, the amount of thrust exerted
by the lower bearing decreases as the rotor spins up and moves further away from the
stator; by the same token, the amount of thrust exerted by the upper bearing
25 increases as the force of gravity is overcome, the rotor spins up closer to the stator
and the fluid or oil is compressed. And of course the net load on to the rotor is the
sum of these curves plus the force of gravity. Thus the composite line 620 is simply
the sum of those two curves, with the indicator 622 indicating the balance or operating
point where most operation occurs.
30 In contrast, Fig. 6B shows the load lines for Fig. 3 with an upper air bearing
and lower fluid bearing. Here lower fluid bearing exerts thrust up as represented by
line 630 in this Figure 6B; the upper air bearing exerts thrust down (line 632) which
increases rapidly as the rotor moves up, closing the gap. It can be seen by comparing

the two load lines that the load line 630 of a fluid or oil bearing is much shallower than



of the designs, if the rotor, which in the designs showm is typically the
sl eeve and hub, noves all the way up, then touch occurs on the right side
at line o®D03asxséf the rotor noves all the way down, towrch/usosurso at the
left Iine 604. So the distance between 10 the two vertical bars 602, 604 is
t he t ot Hie lagq lne pl aryainbeéaring 632a\80 thedoad fine fot the aivbhearingrég2atistest up t he

The ver F ey e BAROR nflRbepin s, oin oBelald® Eha el grbiaf amy o

now Fi goagkesi®B firoFighee @Bk eTilpib és lyecmmbeaftelehhe alrsjwmng starlﬁlagldrmtaZes( anveb fluid

b i b 320
Ceat i notsal GO BeetEl et Phadsipma g 78 it o e Woa i ' °
ext r g@nethe dese gt ah oil beadupbersust loé theolery sinalt aigap @hdtheinnasgiarssi on of the

oil in the token, if the rotor is pushed all the way up,
there ch)mpgegsﬁntoﬁﬁlesqlrmstﬁecggp\ml ch is pushing down on the rotor, which

woul d incr easerh@lahyqﬂthlburdim p@?tﬁd ougﬂ\%ﬂt']{él&@@é&@n@‘gsbﬂw cﬁmgbwrblo‘ﬁ nEW "
conpr essi or u er ul namn Cc earil ng 00KI Ng
SOTE Guph Wbdokiingiaooy e tholiod Bibe Fubebepapupiacan heRERGSoRat ey d

bear i ngsugbortirigsering! Labkibg bbrigseBRnafFid. e it |c@ﬁ@e's'e@ﬁ$h&ll@e af bdafilg t he
upper and, | ower bearjngs respectively are shown. t he anDunt of thrust

exeﬂ? edWhish is Hie Unhre Ped g is RYShing faws &8 the rataling QRQYrW'QbWWﬁHEa@/nd noves
furt her iapenginy 18fbeldidhe ShteM spirfugd. Mhusa e Wﬁhtld‘lhﬁ 28Ry Béarfg dridf ust
exerted by the upper bearing 25 |ncreases as the force of graV|ty IS

over condil Of §as PeArig spared ag@‘t alopg érshalt qan@esmmhmed t@riaint@n theui d or oil is
conpres fs sum of these
curves: oSt RO oy SRHE Sl MinShingARE oBftef Corslmeliith e 514l 1351 ot y
the sum of t ho@éwetr\matws\aed ,adxantages ef ma(ﬂn\@atlm woeal bembaaaemtrlg at he bal ance
or er t C 0 t, Fig. 6B
hot 1 Reispa gt St Rind AR Bakise Bk B8R0 THeReiords kBB RE | et f1'ui o
bear|ngmvaKmisambehmﬂemdnhéanhﬂgmeummxdwnhrust up as represented by line
630 in this Figure 6B; the upper air bearing exerts thrust down (line 632)
which increases rapidly as the rotor noves up, closing the gap. It can be
seen by conparing the two load lines that the load line 630 of a fluid or
oil bearing is much shallower than 9 WO 03/ 063156 PCT/ US03/ 00450 the | oad
line of an air bearing 632. So the load Iine for the air bearing 632 at
start up is operating at the point A and on bal ance the system operates at
the point generally
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marked B in Figure 6B. This is because after the air bearing starts and
rotates and the gap dimnishes, the force increases dramatically and at a
much hi ghwo isasasé¢ han in 5 the case of an oil bearing becaayaise$/otbe very
smal | air %ap and the immedi ate conpression of the air in that gap. For

cl arityWhatihelainpdds: poi nted out that the force is measured on the hub or
on the rotating body so the force is the force being exerted on the
rotating body at the supporting bearing. Looking at Fig. 6B and Fig. 3, it
can be deen Agaringeysiem assaprising a ehathiachub, saindibearipg ereansdei supposingushi ng

down ontﬁdﬂ%arjﬁgérﬂ{lhggggqﬁ%/re -iwr&!étfdnati cally increasing force as the system

Spi ns up. natiron of a fluid bearing and air or gas bearing
spacéd apart along a shaft can be conbined to maintain the stiffness of

t he syst,em il Lm,.ni_shi t he r nsunmed,in the system her

f eat ur e?' and g&\?ﬁﬂgaﬁ%ghcﬁs @%@%ﬁﬂvgﬁfﬁén‘ﬁﬁ%%ﬁas%%b%%ﬁg@ﬁgn? EOEPISS per son
01;] ski | First antl lsecevd befmmglstspdb@:gfrbm: eaogicﬁbdrz]m?m$? s}ﬁhﬁ,r@"iel)ofesaidl bearregpe of
the inventian is_to he |i.mted on t ollowi.ng clains. 10 WD

03/ 0631 8BS i BoHRFMIHERENG. Les Sthsl <o BRANRgS, ERPIEYGr S

conpri sbegrimy.shaft, a hub, and bearing neans for supporting the shaft and
the hub for relative rotation. 5 2. A bearing systemas clainmed in claiml
whet®in said beari ng nmeans conprises first and second bearings spaced from

each ot Ber ahqR@riAg sPabin aPoRIMEd FAEEInD2aHIER caCRBPShRI St and beddhadynami c
bearing, the other of said bearings conprising an air bearing. 10 3. A
bear i ngb§9@i®rﬁ%9r&e§iar@!“?% elqamgrihhavinger tishswirae srreded fion fe shat second

bear i ngﬁn&%”?s&doﬁ@%uﬁa@&%%rte@'f?‘dm’?ﬁe Raw) 18 fifstidntsdecold isBgcapP@iched from
the shaft and a second surface supported fromthe hub, the first and

second baafngdefingtg 2gam fluiskiarthe gapstpparieg elajiyp rotefion af the suacemp
suppgerting relative rotation of the surfaces. 15 4. A bearing system as
claimed in claim3 wherein the gap in said first, air bearing is about
one-f oudt h of\ beladngaystem asralaigeddn glaim Buviterpiedhe ggp in said first, air bearing

is about one-fourth of the gap in the second, fluid bearing.

5. A bearing system as claimed in claim 4 wherein the radius of the air bearing is
20  about twice the radius of the fluid bearing.

6. A bearing system as claimed in claim 4 wherein the shaft is mounted to a base
of a disc drive housing, the air bearing being distal from the base.

25 7. A bearing system as claimed in claim 2 wherein the bearing system is mounted
in a base of a disc drive, the air bearing being mounted adjacent to the base, the fluid

bearing being distal from the base.

8. A bearing system as claimed in claim 7 wherein the gap of the air bearing is
30 about Y% of the gap of the fluid bearing.

9. A bearing system as claimed in claim 2 wherein the first bearing comprises a
conical bearing, and the second bearing comprises a thrust bearing.

11



5. A bearing systemas clained in claim4 wherein the radius of the air
bearing is 20 about twice the radius of the fluid bearing. 6. A bearing
system aswolodios@ds i n cl aim 4 wherein the shaft i s nount edPCo/tsobeamso of a
di sc drlve housi ng, the air bearing being distal fromthe base. 25 7. A
bear i ng19ystArheasng systapdas flaimed i olaimh & whereimibierramniqah §eairg Enan dirmpunt ed
in a ba ng bei ng nounted adjacent to the
base, Eéanﬁ Jmh%gg@%{ng nnl Eﬁag}’@t%%ﬁppbmthe base. 8. A bearing system as
cl ai rred in cIa|m7 wherein the gap of the air bearing is 30 about 1/a of
e 919! RedalitlyhyBEA b Gialfhoa hn RG] 19 viHe4iE TheSreh AL TRdlid 51 &1 2
wherein the fi earing conprises a conical bearing, e second
bear § ngbasayiné BBB adr ttéarmgbehngamurged distal\Doodhepass6 PCT/ US03/ 00450 10. A
bearing systemas clainmed in claim9 wherein the conical bearing is an air
bearing and the thrust bearing is a fluid bearing. 11. A bearing system as
cl ai nred12n cAdiearid systemeasclameeds madlaim 340 mhentiech gap & déineddmtwedreaf i r st

air bearing bei noynt e istal fromt bas bearln stem as

o i oaepTE St BV Saf) Bt sUSOR b o986 fEeae S BARERR BT o ¢ ne

shaft abdamn@uhﬂ@aﬁs&frthdslmred;t&;@aﬁng@r@leéﬁnw etgegn & eurfadeeofahe hubemdi ng, and

gap for the th ar i are defi ed bet ween a surface of t hub and 10
P e Tk e

usf thiust gla hrys ar\ggaandrtbe WERN BEPHREH Plate sEpRALed Y hé‘ ppor t ed

by the BHY a Atfhca of tid aeestlate hmetgupssdeﬁné@tbg thé BRriaD8mFaddefdf niesl tHWstt he
axi al surfaces of the thrust I stanti al I% Iar er than the gap

ate bein
def i nedPi§je PW@Q@HH@a'&tiﬂyﬂq{ge@h@@y@ 9ap3d e%‘egé’é{rth?@o%‘%/% %’Ieal med in
claim 12, wherein the thrust plate bearing gap 15 is about 4 tines the air
beari ng gap 14. A bearing systemas clained in claim112 wherein the radius
of the ##rust horene sygemiareciaimassin aaiay 15 gvheseingbeiithrugl Riatetiparipgdidls of the

congs of tstér}g)u?ﬂ'?i'rﬁé%'th@ RbbBlng g%)p 15. A bearing systemas clainmed in claim13

wherein t cone of e conitc bearing is defined by the equation (R4 max
- R4 mn) cos, where is the angle of the cone surface with the shaft. 16.

A flui deearArb%]aﬁMg?g? Zarsicélgi'wln'c”au b Dhdeil MRS @hils! cgethé 'ﬂﬂgét S;%léterm“”t ed

ina 25 base © sin ea|r earing bein from
t he basef the thrust bearing is about twice the radlus of the cone of the comcal beanng

20 15. A bearing system as claimed in claim 13 wherein the cone of the conical
bearing is defined by the equation (R* max — R* min) €0s, where is the angle of the cone
surface with the shaft.

16. A fluid bearing system as claimed in claim 12 wherein the shaft is mounted in a
25 base of a disc drive housing, the air bearing being distal from the base.

17. A disc drive comprising a housing including a base and a cover for enclosing a
defined region, a spindle motor supporting one or more discs for constant rotation,
and an actuator supporting at least one transducer associated with each of said discs,

30 the spindle motor comprising a shaft supported from the base and a sleeve supporting
a hub for rotation relative to the shaft, the sleeve being supported for rotation by a
bearing system comprising first and second bearings spaced along the shaft, one of
the bearings being a fluid bearing, the other of the bearings being an air bearing.

12



17. A disc drive conprising a housing including a base and a cover for
enclosing a defined region, a spindle notor supporting one or nore discs
for constwntodmeiiaé i on, and an actuator supporting at | ea®CTarsed/oansducer
associated with each of said di scs, 30 the spindle notor conprising a shaft

support &8 fr Arflisherivsaasclaimedhinstlaigy &7 sl @?ﬁ*@; of fienhRAringe CORPLIEED A

[ el ati veap Gehliford A uriack RApORAY RoRCBSSEMPARS hallihes sUBbatd RoRying

beari ng~system conprising first and second bearings spaced al ong the shaft,
one of sieRu¥ebiBargangef tb@ﬂn@l kearipgibgingedn fhgboutHetinnenhap weattascthpeadar 9fgs bei ng
an air hﬁ?ﬁ’mﬁa 2 WO 03/ 063156 PCT/ US03/00450 18. A disc drive as clained
inclaiml erein each of the bearings conprises a gap between a surface
suppbrted fromthe shaft and a surface' supported fromthe sleeve, the gap
of the uid e [ Biot of the
air bear |bng Atélﬁ%drﬂl%\% dlé] ?F@éﬁgngwg}eﬁ% elgﬁﬁgf‘t?newugd?ﬁvﬁ eEP1(r?1j tggc ] of the
fluid beaamngmammmdﬁmemvmsbear|ng are coni cal bearings. 20. A spindle
beari ng system for supporting a shaft and a rotor for relative rotation,

10 conprising an axially stiff narrow gap fluid dynam c gas bearing

pr el oaded. byA&prduai bearfhgrsysietn foe aupp@ticy apehafiang serotarfgerelagiap ragatiomei ng

axi%bly | ess %

compnsmg an ax:ag’/ stiff narrow gap fluid dynamic gas bearing preloaded by a fluid

dynamic bearing comprising a larger gap and being axially less stiff.

13



