Title: HYBRID SPINDLE BEARING Abstract: A bearing system in which an axially stjff naroyw gap
fluid dynamic gas bearing is preloaded by an axially less stiff larger gap fluid dynamic bearing. As an
example twdVLd/ehgsmic bearings are provided spaced apart along a shaft, BA&/E68eB@0+¥arings

comprising a fluid dynamic bearing, the other comprising an air bearing. The fluid dynamic bearing has
a larger gap, while the air bearind%%@ﬁlglgﬁufﬁnfa%mh@overall working surface area of the
air bearing may be twice as much or more than the working surface area of the fluid bearing. 21 JULY
2006 WO 03/063156 PCTIUS03/00450 HYBRID SPINDLE BEARING CROSS REFERENCE TO A
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digital dakgféreaceelatively small area. The disc drives store information on one or more spinning
recqrding 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
informatibHELRMINMERTIRN written to and read from the disks using read/write heads mounted on

actuator arms that{g TRO¥RAROBAtERCKLRNARK BN Fid GoRy Bl Sagistcy AR U

mechanism. Generally, the disks are mounted on a spindle that is turned by a spindle 25 motor to

pass the BAFRSREHTRW dRIR dReiEP (RRTRHBIRG W SRS RS e AN (BRPHEN BRI Pt Iudes a
shaft supadtingfiema fraskiplbitannd andubdocetipbviee spisdiapiattached having a sleeve into

Whicf? the shaft is inserted. Permanent magnets,
BACKGROUND OF INVENTION
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.



which are typically attached to the hub, interact with a stator winding to rotate the hub, relatjye to the
shaft. This description is consistent with a fixed shaft motor; however, 30 the invention to be described
below is as B4s§/63¢ble with a motor comprising a rotating shaft, an end ofRG&/EReFH08dioorting the
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tolerances in the manufacturing and operation of magnetic storage disk drives. Forexample, to

achieve fitfessdPERrane aeiBRghiR@INGRAsRASVATsIIRNSHY| ERIHWHEPRRANS INE®ISReo the
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houging (Re@hdhRANSFEbRMRLAS(RIAHBIVERTIALIUP BRISWRRAFR (LPRGIRiIRIuINES. Midisalddbricants
include oil or similar hydrodyna Igﬁkﬂgﬁ grdrodﬁnamlc bearlngvs Tscaéead the bearing interface over a
large surfad/gtanes fe %%‘?fﬁ*ﬁl%gpﬁ ANS WO 908958%?19,3 R Mﬁrises a series of point
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damping effects to the bearing which helps to reduce non-repeat run-out. It is also known that the

stiffness fisgsbwemBeiogs e Meksinovs ®f theabalihgntadsigingnenRersyhiele BERAAS assembly.

Mogtsknapg flyigk dyadmic ReAcHIfIRHRNES GRBNBercEl use alirimAdsywidumbasdhendiais which is
maintained in the gap ?éetween the évé\ﬁorelatlvel}/, I‘Otatlrl% surfaces. Trlus mam?ms the stiffness of 25
the bearHCTRAVRETE RRAEGR SRSEbUEREFIBFRUNRTRGRGVEF, BARIIREUFERE ALERIVRlY high

viscosity cafrspatisthin deihnd el diclanivey desepariyturbiciscomadsat fadtips of point interfaces.
This is desirable because the increased bearing surface reduces wobble and run-out
between the rotating and fixed members. Further, the use of fluid in the interface area

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.



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 YAHNevhile the power consumption necessary to establish aRETAHNAWIdtation of

the bearing systemyis ety 231 4ol ¥ 300% WAAP0G3ARGL CHIURIS00480 f g dyrtner
objective of the invention to provide a bearing system in which” a‘relative ygs?}f“? Tow power system is
achieved 3wghalinalyistifglavideyarayveieadsiagbiavie witheralijlicing flyishdyinpaichessiigsents. These

and othergpi iNGRCH EIRdMNGRAPEIR MRPBVARRENR a bearing 5 system in which an axially stiff narrow
gap fluid dynamic gas beariag Séﬁreloaded by an axially less stiff larger gap fluid dynamic bearing.
t

More specifically, ptP§G&nf HrRUREIMGR NtoMNE JPVRINOR & IBIRY I HR R0PE3ARE dynamic
bearifigs aystepnavicdedctpaceakiapiprististorgravsiyaf, fluie afibmicegdsn e psipngoadisdcbgynamic

bearing, t IS i ' | ' | iment, the fluid 10 '
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bearing igrayRRIGREREIRIHMRIAG KR Cold PR 98B IBBRHER GA bRATIBgHERICPE as

much as one-fourth of the gap in the fluid bearing. The overall surface area of the air 15 bearing may

be twice Q&%HUSNBP:H%W%HRH%‘%%@& beadee- ale 4t sremadrnehedimeatyprAvidnbodiment,
each®f thiyh@altngeairy teycaldrgariggpcamiyitiogi beadrzyppsrieativisly shafl, yuighse

surroundi e providing.a _surface faci n oyter surface of the cone, the gaps being defined
between Th%e@g’%ﬁg%@ésuo @{87};'55”6'”&@ ' ?eﬁg %@%%g%ﬁ«nneaﬁésrrﬁg |'\'?éta'enr% odiment, one of the fluid
dynamic bearings riggasding rieatwadivgenisdahdhsthpresantusvpriierhethengiddmgrindiber features

and advag%@%ﬁéutyqé@@nﬁmqﬂaﬁ#ﬁf@ﬁm@@%w@qh@%&ﬂ'&qf?eomr@éarmganwwagf skill in the

art who studies the following exemplary embodiments of thé invention, given with réference to the

following ‘TAUERi RO IR E eeesgaR isrthe uisFos RN/ NGBS Piesad siiasemsacaliheiail of a disc
drive3n wigehitgerheamiegiayséens ahuch or more than the working surface area of the fluid

bearing.
In a typical embodiment, each of the bearings is a conical bearing
comprising a cone ‘supported on the shaft, with a surrounding 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 view of a known pearjng system
as used in the 30 prior art. FIG. 3 is a vertical sectional view of a bearing system according to the
present inveM@dR/BPa04 is a vertical section of an alternative embodiment of f{eTFFesEM4ihvention. 3

21 JULY 2006 W / 6 03/00450 F| is,a vertical section view of a further
alternative embod?nﬁg%i?g%% \égr@s%ﬁ ?ﬁ\%gqﬁt%%wﬁga g%\ ARd Eg‘r%ﬁ\é?a%'ﬁ'g (ﬂﬁ'@ﬁﬁ{iﬁ @ trade-offs
which are B&S&RIERM@IHOBptimizing the design of the present invention. DETAILED DESCRIPTION OF

PREFERRED EMBGEIMEM1SJH Grel JpISIARIAY 1 9538, STRARFIREL QA GIRSY flsc drive in

which embodiments of the present invention, because of its stability and long life are especially
useful. RePEHRG'RY ERSLRESIIRRS HIEPHRRAOLIBYRRIMes a housing base 12 10 and a top cover 14. The

housifig base 12 is combined with cover 14 to form a sealed environment to protect the internal

componeﬁfawge%ﬁ% g %%E%Eﬂ%ﬁﬁaﬁﬁgvﬁgmnmem' The base and top cover

arrangement shown In Known'1n the industry. r, other arrangements of the
housing componert{haveefieia & etanvigy eienh anbodinesist 0b piypnaldiimitaviemtoiich 15
configuraaiheiife e sintel o diverfisepdaaluctes,R Alpralhy omarishy e gramore disks
mounted for rotation on a spindle motor_not shown by disc clamp 18. The disc pack 16 of one or more
discs proVitRCH )ké’ﬁ%‘ﬂjntgﬁfﬁff IRgAadHoNER 0t edtismrbyr 1 Enchidrs ahrusiehbass12ssociated
readlrriteahe aci@d odviehiig. nithentedising ises201drisediiTecomith woleating witbrih e disgisyrface. In

the exam in Fig read/write heads 20 are supported by flextures 22, which are in turn
attached Eol&%ga{?(fﬁ rgndguﬁir%r&a%rﬂs % d?tgﬁngitagn[nog%]g&\;szgrghec% %a'géié?]%\%ﬁ{ iﬁ5 IE?BEIP ®l is of the
type knovitaisie theasesiedirenisanmenitorThadiastuded domicevesilatetyesimwrshgemeially at 28.

The voicerpaitanpiar yRipiGR AT ACHE1RG .2ﬁdwg?/ét§_6%9“&%%%%%@’%@&?@%%&@%“0”a

pivot shaft 30 to position read/write heads 20 over a desired data track along a path 32. While the
rotary acttIR9eeps have ﬁ@ﬁpefﬁgqﬂgnﬂy used and there is no particular limitation to the

15  configuration of the housing.
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



invention may be used with other disc drives having other type of actuators such as lingar agtuators;
in fact, the specific disc drive shown herein is intended only to be exemplary, not to be limiting in any
sense. 30 FYOr#3PGa156vertical sectional view of a known spindle motor includiMgra’8&/08¢¥onical

hydrodynamlc bearin %s 206 rehlf:lfqor E%O 5% tlré osrra%tdzug)% and hlajl 202 forr IaFt e rotation. The
motor is a%rugﬁ?ess irec curré;n motor Bcomprlsmg a KuB 20 (ytar%a% Afabout the

stationargegafn 2099sy seetigppandidsoareintrraainyduzosesus 209 @B@@cﬂlwlﬁﬁ Thbnkitiba?02 which
supports g6 BRECApeich Bbrlih % PAOBUCIHARRCQREE S POHERARD 3usibaifops shown in

Figure 1 for rotation is formed ina g eneraln)*/ inverted U shape as seen in cross section, and has an

inner anriilBsfele8YRPLTINGNANS: YulBP IfiRrdl Hfropiaminan HespsuHRNeDh. WhRRr cylindrical
surfage 24;iosbsde avihioniged aéésforﬁspnp@wtmgmerag@or@ﬁI§épanatba b9r§paaié\@rkbffree
enwronmentp\mhmh Sfﬁmlos S th oto and(glﬁf Iuraé%/ %[l tor |sc é)Tr%{J Py spacers
or washere Lstird Eht y%a Eea 1) (Q,aYF 6T dule an%rrl 4" ce 212. The
inner porBorﬁadehBE)ZZOZTd)lpemhﬂ?y m&mzso‘a bl;@t(ﬁpge@mallyydmgwed 20etdtat|udengalitator
laminatiog gt SbaNMheRipig 4 dae: Fefinfude GRICObMAARLARE RiMgYesban aiback iron

229 supported from outer annufar 10 arm 212 for magneticall é/ Interacting with magnetic reactor stator

laminatioR&rBtaRRNb Meghet safole\Raumgs ona ﬁ%'ﬁdrBB 29 SURPOHIAT AP RIFRIRHIYRFmanent
magimts Mgﬂ@%&@%@@ﬁgﬁﬂ&eﬁlﬁaﬁmnﬁ@szl\glgsgﬁagﬁétﬁ: sttmgtgqam{hmﬁsgm@d toa fraltme
or base er of disc .drive sertin er reto by inserting it In
the receg%z%] ai?rﬁmewmgsst Jrgégr‘f’z% glﬂa %tgh%rﬂgr)‘? 'éﬁﬁ%ﬂyz 4%?{8@/{}885% stator
220 in a wapsktatady mheajqdb@uoagr&a%&unimerd@@mompnses a boss 242 formed in base plate
number 230 which s gsdaaihialpr o6 L euRRIZIP A% Sraned elalien v degRect to base

member 230. The stator 220 i1s bonded to the base 230. 20 A circuit connector 244 is mounted to a
lower surfile aseeEBlsR0diRsening, remhkaceAton Retsln by ingegipstibindafyreeRifeted to stator
windifgs Rambar@3gire 248 for electrical communication between the stator Windings and a printed

conirol sinals oa SRR S RLURHER DR AL LB R B Bt 220 n Pt

a substantially vertlcal position. Stator support 240 compnses a boss 242 formed in

base plate number 230 which serves to maintain disc drive motor 200 in a spaced
relation with respect to base member 230. The stator 220 is bonded to the base 230.
20 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.



25 supported by the upper and lower conical bearings 206, 208. Considering the knoyyn flyig dynamic
bearings such as shown in Figures 2 and 3, the efficiency of the spindle bearing assembly may be
expressed iWVBBEM6f a stiffness to power ratio with stiffness being the abilRGTAWBMERD shock,

and power being ﬂqwq{n%orhsnlrgdfz t90 es abIist[lc,an(()jwr‘r_;]rairntf'lalinI Sfelc?ttive r{igtagiq[g bﬁgNeeenr tttﬂe two 30
sides of the bearing Rs suﬁ\bo ed by tRe faierin the gap Petvedn (R8I0 'SideE, ypiceﬁly, in
designingapraquarediighgelibeysmaliesb ganngil, idad dpdbiti greates eficienehedt détifiettier stiffness or

for powei, hrPPlECHYR AR EERMERIAE R AMEKRIA ARRCH Bt iiReaRBIBR IS ratio of
stiffness to power. 5 21 JULY 2006 WO 03/063156 PCTIUS03/00450 It is known that the stiffness to

power ralid®s e erednal thobreasings fiudgd 9%HiR988: hence the smallest gap will lead to the

greatest efficiencyjiligafssteswkneanttealissury i proraiional 12smers ypluatei, dtresshe viscosity

times the OD3,. times the length of the bearing, divided by the gap..5 It is .also known that the viscosity
of air is a 'ﬁPﬁz%%nS}dgr %:gﬁl S %t?YB' Evﬂ%%rr? ';Q%gﬁ inere fg 6%%%)@@#’88@?%% IPemperature
for a fluidtheningnawie thathéreknisendiatahaiviscosdgnsirmient iotldpmpamitd, tanfpetdhat, a fact that

eliminategifif, iR b RGHAAMRKE AR BN SrMAS RS RN (hishuigihere most

power is consumed in a fluid bearing) versus high temperature stiffness 10 (which is where, due to the
decreasdSNVDRISOABPE RANRISS RORRRAN b fIHId braling) eifembiabiteng@iyEp pliknestial sectional
view f thisbaicaneeeo il &ealcastmarban iRieserd, tetiffddSis2ypishmmpdnif Kbearlaghis figure,
the shaft 310.is shown supporting the hub 330 and sleeve 320 (which may collectively referred to as
the hub W &@Qﬁ&yﬁ%ﬁi‘éﬁ%ﬂ d). Relative rotation is supported utilizing a conical bearing 300

comprising a coneﬁaie(rti_almoﬁmbbnimecrbmrmmmthbadmmMgrarﬁfstradgoIar surface
312 whicl, GaPSTRIRAMYIN A FYEESE ARG LURCLALR S797 AR 3A50RY wiEhligo. The fuid

acts as a bearing to support relative rotation of the hub 330 and shaft 310. In order to keep fluid fully

distribute?BBvendraiarye a7l yhiehi deay3eollediveih sefermed 4qaarihenavm Y Heyotited
extepding e th@EMReOfottich 8 dupadrtddnairang to tonicaPBEaNL 806 WdatsisSing ef the cone

210 ARl AT AT 1 SeppniERl TR e g aldpnea sl
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 rotation of the hub 330
and shaft 310. In order to keep fluid fully distributed over the first angular surface 314
20 of the cone, a return channel 320 is provided extending from 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.



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 to one another, the oil is forced away from the radial gap 340
which is defMB@dB&EHNEEN the radial end 342 of seal 328 and the outer surfac&@RAB3N40204. An

example I i of,this | jon i own in_Fjgure 3 which is.a partial
sectional %&g‘\/\ﬁéﬁ %t@%ﬁ%é %Suét@ g&yp%ﬁ%c[fl fg?%g'eferlgte?ﬁ?)?!gaggﬁotwg %rﬁg?tt %3% 5 pair of
spaced c@araf heeiist Beuin 0% sijawaver, dbecrddecsingtBurfagesreigass esngidTidwansion. In the

example {ding @@é\@@@@@%%ﬁ%@ HrEiSSSEiSlAbedtAd 8Y b S @ CRRSTURLBLAGYPPer air

bearing 300 is a air or gas bearing which s defined between an outer surface 316 of cone 312 and an
inner surfal® 318 of sleeve 320. 6 21 JULY 2006 WO 03/063156 PCTIUS03/00450 The gap 322
between surfaces JHuatice38dger S0 veHich b artscthm pasediatedeuly3pootdetfluideanting 302.
However, the air.heari f f.the cone nd, facing sleeve. 320 is relatiyely | compared
to bearingaﬁssl(??fé&clegss?)‘#’ %ﬁéﬁigaff%??ﬁggs%é? 5r %%L'Jsel (_I:‘agiee\é/’ce) %% @ i(%:ﬁasrﬁl %ur%fsaﬁ}wéegé%gociated hub
330 and tBéGdivich gisaproit itheuppeved20racesa bylaliveltiswisgae 33Ricdrldedyng surface

316, 318ubieluROBdRRTIesye RA0AGTaRmRE eIl aRP 32Ra80Chalp0dung uid dynamic

bearing 302 having a relatively smaller outer surface 336 facing a surface 338 of the sleeve 320

across a fUIEPARFE S BuosieRieRAl AP A luiiiled wRn yTRigByithEliethear3g9ds322. It has
been@etasathedybizepetiaentatiar gaalgem thatihe bygetesteifiviRacyymxmeneendtan be

reached hy moving as .closely as possible in the direction of making the working surfaces (which
define the%ga%sjlsof tag éﬁre bg%eéﬁtg%gu ﬁ%ﬁ |(az)(ly"lnat[?fgoevre usqto v?/?cief) gsr%araréeéklﬁygrrgs)\grsmqh%s working
surfaces 8B&ey38sopseilflieidnbtheridigestion Bfimeakinththgaposdnmsirtacdsgadith definedh@00 should

be substagihySTRalSH ERup ety 955850 6 05oa25s IARET 4P beaiip 302. Of

course the overall goal is to make the smallést possible bearing on the Tluid side, and the largest

possible ME4KRY 8rrtAeesiP3RISHROT R dUERRAINSHSI0 Ve UReR P RoSAR e 81gyBlgaRnich do not
have jo bpdaiig BuverdiW iediastastibpnenisiet (@ewnventivtheldigeobjeetirepass tughpipbe stated

e e S B e R L0 A RIS R AR course
possible bearing on the fluid side, and the largest possible bearing on the air side the
ratios mentioned above are approximations or goals which do not have to be fully
achieved to realize the benefits of the invention. The objective can further be stated

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



must also be taken into account. By adopting these relative designs and, gap sizes, gpe hearing
provides the pre-load for the other bearing. That is, one bearing has a very low impedance or low 25
stiffness be®4A9WEYap(, in the case of Figure 3, the gap 340 of the bearingP30Zy XM tiflcantly

bigger than the, gap at which the other pearing (bearing, 300) provides the same stiffness. The result is
that with F&'86 'ingﬂﬁyﬁ?gﬁ é‘s%nié}?r%ﬁlr&gg%‘%?ﬁ@&(/&@&%ﬁ%%@& %ugqﬁﬁﬁrﬁ@%ﬁ%e same is
gue ?n th4eég@ftgbeﬁrlﬁgl4m)4mhmméﬂrbsm b imivibe tesl LB gebentiver Otmﬁskgumtimhere the s(;n?lll flfuid_
earing as a r !ﬁ:g?& ] r . and the facing
surface 408 of the s%?e%%e%%%;g e argﬁ(—:'qrg a%ﬁ%iﬁ%%g gp@gg&;%gﬁgg fg%%ggﬁ?zqo%m the fluid
bearing 484PROASFOW 3 8pALIALTHRRPBE RAeaV] SQfderraladive Kitatian4 Thesanicalirface 436 of 7

21 JULY B08AnYWODSI0p3AABRMAHHFA3LPMARE sonmdRererilfaagidaddarshes aesbstantially
larger than the surfaces 404, 408 of fluid bearing 4Q0 to maintain stiffness while reducing power
E?@'

consumpﬁgﬂnvbetarr?eﬁﬂg? &68%%‘%4 gtﬁ%ﬁ’% e %‘Wﬁ’é‘.ﬁ%&%ﬁ%’%‘&?ﬁb Ss pported on a
shaft 502 sufaverts] 6 efdbeediid 500 ratativ e udtatosi Ztidlhesical/® SedmichA0getivperates with a
thrust ol . L 0 i ) ) ical beari
Comprse SR e B Y P R B A v S04

which toge®Redesienae i gesosdancshyiibkngurppincinaigdsining gansee?hyitotheslaaYea thrust plate
520 g signpfigpsanftard 2aR 18 hik_ANdI RIS Rassleiaipehamrp i B dvididine Iee st #eand 524 with
a counter plate indicated at 526, Depending on the relative size of the bearing, either may be fluid or
gas beari%%'@ﬁrge,'&)ﬁ’ﬁ W;’%@é‘iﬁhg%ﬁﬁaqa ?ln%mﬁ%\‘ﬁg?ﬁlgﬁ%%%\mgg?@?ﬁgures 3 and 4,
the combifsiiith tHecosladblebslaoimiggartd Higustgbadnd datimegcoralibatibovah conikefimedringither

orientation. e, B Aearig RIHCs SERRCIHAYR (s ShaRian iRl salsT 0ap and the 15

substantially larger air bearing ce. ese Instances, t jective has been to maintain the

dynamic pEgRsRaatedRqiamsaiined e hvedhesabsiaptially synaheviearanéihe of the bearings has

a large g@@yg@hgamggmg@g%ityé‘gﬂ%g@@f@g@ﬂng having a small working surface dimensions, and the

other bearing having a small gap and a low viscgsity gas 20 or air in the gap and relatively large
working surfgce dirjr?bﬁgl r%_e epmstances, theo?ect)llvg has been to maintaq B c?y el 1arg

performance while minimizing power consumption by providing that one of the

n the dynamic
bearings has a large gap with a high viscosity fluid, the bearing having a small working
surface dimensions, and the other bearing having a small gap and a low viscosity gas

20 orairin the gap and relatively large 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.



Both of these bearings can be dimensioned so that the dynamic performance on the,spipdle from both
bearings is as similar as possible to each other, so that no imbalance movement results. Further the
total axial pMRiPB4eéHa bearing combination will be somewhat diminished reR&iV& $83(Atkial play

obtained in a 25 co%mc?iﬂgﬁqg ﬁfgﬂ?é@, %ﬁ%@%ﬁ‘?g“gMB%"?'X'i'?'Sg'aX '18 rﬂ']Ot idealized, it is

. r ..
an improvement over standard two bearing ower consumption ang stiffness and

does achiTRASHIRENRWRIbR svalamsrRerathe beakivadirssaldfimbink isre anbicable with current
manufactuspgssemariornaiencitsas parietaRtuRN SeaRMEs RkAk, the Hiffpeat) Whie not improved

30 because of the presence ?ﬁone ir li)f;arin , IS either maintained or close to being maintained while
the total pB%Bé‘?Sc%ﬁgsﬂelﬁ%&'i‘Q Fnh‘ﬁ@&ﬁ. Wﬁ?ﬁfﬁﬁ?@}?&ﬁﬁ)’@ﬁ\bHQ%@HtQEiﬁB?’e%f Re about half of

the whole pracipiayidzlipy wendashies fstave| afforteisurfach asalis thisgapaion Caie Saver about 30% of
inat powet sogsuriyiBR Bl bYc2000 WO OTRGRLEDESTHLSII IS0 Releripapoc (o Fgures

6A and 6B, these graphs explain in some tur measure the way the systems'o efh (Q.yLooking first
at 6A, whiehthe esighsidhineeysiesenhigb indhendesignssshawnisiypivally theodeane anddiib, the

horizontalrayiey aptasamy RIMREHEIR Y SEGH IemsaryResats hrioHeB. Raiat Rk thagnd of the 5

play, play bein%a easure%l‘ travel of one surface across the§a§ toward the other surface, the touch
mn

point, of B BLIRG WAL APWRHIR4E OGHES BL NG leth e §04n P e digiasienbetiMeRMrotor, which in
the desigribestvonwertidgbizat6082; 6keieciantbtallbxiahplegswiidhéswesilapidiienttrudiopccurs on the
diatance toe 0 hESalbl R T e il & S Rl AR B0 ror e rotor
relative to tR@ \@aier! MR maamsas rerdliptihoisyipqeap is typically half the play). The vertical axis

measures resulting dlfph G 9o COEPRIEFMN FYEE BIE BANTAIRRA R FSRPIary embodiment

shown in Ejgure 2 (two fluid bearings), when the system is at rest, and the rotor and 15 hub 320 is
resting doﬁbﬁﬂﬁ&%!%‘ﬁﬁé?“&%aﬁ?&w@:%ftﬁ% HEIRMISA Estle AN HAFABE against the

rotorlbecauged2tierestingreseionesitteedtincher apirgctie Sroeiekanettthearptor is pushed all the
oner i SRR LIRS BN RSO LS e

gap. By the same token, if the rotor is pushed all the way up, there will be a thrust
force which is pushing down on the rotor, which would increase the higher the rotor
goes because of the system is now compressing the oil or fluid in the upper fluid

20  dynamic bearing. 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



20 dynamic bearing. Looking at Figure 6A, where the load lines are symmetrical becgyse, the.fluid
bearings are substantially the same of the load lines 610, 612 of the upper and lower bearings
respectivelyWeP03863456 Thus, the amount of thrust exerted by the lower bearRfglde¥ #8348 as the
rotor sping up and.moves further gway from the statar; by the same token, the amount of thrust
exerted bg.'ﬁ%) %%CLE? 853%‘5 Ega}ﬂepeﬁé%*sr%g ﬁ\% lﬂﬂﬂé"eﬁy&fa‘\%ﬁﬂg BERHISH9E2AESBIbFRpins up
closer to ihe@ptatdingatitiiecptintioand ecnduainnestedsystehobperates tHidheepddaichendmalige rotor is the
sum of thﬁ%ﬁlﬁg‘ﬁ*ﬁﬁi FQ%&?rg%igf'@E?é"é%ﬁ@*%??mﬁe%f?@é’ﬁﬁ?%"&‘3@@9 8 pitaply dpg sum of those
ith t 2 e ba p ng p

two curves, w _e |_n_ cator 6 |nd!cat|ng T anpe or opera om_ where mos c_)peration
occurs. 3thmaasmeiggnishgs o efpsersinrerers ammicaly. andahamugpbichiebaieitgndnd lower fluid

bearigg. hieseiewes HHidibaaHHg DREEIEBIThER &S SREAENERD Bridling faMiyidls Figure 6B; the

upper air bearirl}%exertﬁdgjnrust dO\‘I\)/n line 632) which increases rapidly as the rotor moves up, closing
the gap. IPRAREELRR R %ﬁiHBé AP3Re two load lines that the load line 630 of a fluid or oil bearing
is much shallower thanctty HSh¥uRDDE PpdiMcIB/6 BGRMOIEHR GRzdd)Litbd thathénriblan air bearing

632.So't ' I [ i t i i int n alance the
system o%@rﬁ%&fgta ?ﬁ{g B%%%ﬁﬁ%&%%ﬁ%gg ?%]H’gagsé%%(gﬁ %ﬁé@%@gﬁ%&%&%@%r bearing
starts ancPHORAENEReaATRIg PN RIHES; BRF0eCEithSrdbiew ke aeeidaalthadiabeariogh higher rate
thanin 5 (asicRrened appail bearing iberanAR AoRR YRS MRiAG BalAntHbelinmesigte compression
of the air jn that gap, For clarity it should pe pointed out that the force is measured on the hub or on
the rotatiﬁ@cﬁw&@f%%efa?c%‘%%emrﬁ@'%%ﬁ% SME NG SOHPIALBRPHB HYidiRRI1R3 558 ting

bearing. ladodirgprabEayinglshacelFgas, dicranabshafteantsd toenbinde foinwitlaivhicd is the upper
bearing i | e i . Wi mati Ingreasing for S the system spins
up. Thusﬁ@%ﬁgégnq%ﬁjrﬁgt%ﬁ%%%’f uiﬁ%@?ﬁﬁ{ﬁgﬁg%m&%fﬁ%&%wﬁéag@a@e%s gg(l;gr along a shaft can be
combined to mainté¥thgidestifae andadiasirgemolingdrypniinshmeyithbgpaprareohisudned in the

systesn. QYbebiealuapiantkasty ANGSRRIRIRAd NSO ¢ ORI REAORAESEE dBPoti@erson of skill in

the art who studies this di?_closure. Therefore, the scope of the invention is to be limited only by the
following Inyention js to be limited only by the following claims.
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21 JULY 2006 CLAIMS What is claimed is: 5 1. A fluid dynamic bearing system, comprising: an inner
member an outermember, a first conical element coupled to the inner member andz{lab/m%gogrst outer
surface; a second conical element coupled to the inner member and having a secénd SUtEr surface,
the first conical element and the second conical element spaced apart from one another along the
inner member, a first fluid dynamic bearing having-adikgs gap, the 10 first fluid dynamic bearing
disposed a long the fitst outer surface and configured to support the relative rotation of the outer
member and the inner member, and a second fluid dynamic bearing having a second gap, the second
fluid dynami/'s¥ayigig'diegdsed along the second outer surface and configured to support the relative
rotation of the outer member and the inner member, the fitst gap substantiary smaller than the second
15 gap.2. The flui namic_bearing system of claim 1. where in the first gap is aproximately .

one io0ih the size S PO LA e SO PO es i acay 8 45 BRI TR i e
first fluid dyAaficCPRIGRIRIGMAS LR PAUIaShEBNPeRRERIRE AL )MRenT: a9 fegarsedond
radius, the fiésbradidsracdstaatiaily lasgerdban the:speendthiaing: anilerfuithdynasaisneating system
of claim 3, WiipIeln e s iaflus = anapripimalelchise leesire oG speand iy 3nte fluid
dynamic bearing system of claim 1, where in the first gap contains a fitst fluid, the firs uid
cormprisingPA§E$C80e6 AABFHE BPFamrRHriRd Sy St LR Ps A ANNG & §is 3Bil e Me
fluid dynamfsbaad iy systiern «drtlgitsposseiring ieeSeawidey aprfecetais corseroad foddppgetsecond
fluid comprigiac, g ot Bn U L AIAMUG RER IR SISO il Wheran e sk yd
dynamic bearing has a greater stiffness than the second fluid dynamic bearing. ' 1 21 JULY 2006 9.
Me fluid dyrf4PfEie RR)Rg Staier AaRTandveaR iH‘ﬂwé%HW%i&HWﬁﬁigeééaﬂn‘asﬁ@%‘éds the
first fluid dyaamdrearisgeditl Medlusdrthaw e hearingreyste nnup b elaihe lrevaiete rstdbierf|oididkynamic

bearing 5 syste M6 YRdGHLIRRP rﬂe?ﬁbﬂ??tﬂéshﬂ%’aﬂ ¥E‘6‘s{9i{|%li9® @ﬁig%giﬁBﬂscﬁg dizaily from

the balsg, and the second fluid dynamic bearing disposed proximally to the base.
gap.

2. The fluid dynamic bearing system of claim 1, wherein the first gap is approximately

one-fourth the size of the second gap.
20 3. The fluid dynamic bearing system of claim 1, wherein the first fluid dynamic
bearing has a first radius, and the second fluid dynamic bearing has a second radius, the

first radius substantially larger than the second radius.

4, The fluid dynamic bearing system of claim 3, wherein the first radius is

25 approximately twice the size of the second radius.

5. The fluid dynamic bearing system of claim 1, wherein the first gap contains a first

fluid, the first fluid comprising a gas.
30 6. The fluid dynamic bearing system of claim 5, wherein the gas is air.

7. The fluid dynamic bearing system of claim 5, wherein the second gap contains a

second fluid, the second fluid comprising a liquid.

35 8. The fluid dynamic bearing system of claim 1, wherein the first fluid dynamic

bearing has a greater stiffness than the second fluid dynamic bearing.

11



ne-fourth the
first fluid

it. Me fluid dynamic bearing motor of claim 10, whete in the first gap is approximately o
size of the second gap. 10 12. Me fluid dynamic bearing system of claim 10, Whereéri 5@ y 286

dynamic b e aring ha s a first radius, and the second fluid dynamic bearing has a Second raé’lns, the
fitst radins substantiafly larger than the second radins. 15 13. Me fluid dynamic bearing system of
claim 12, wherein tie fiistiragizsie BpRiAYIR)BtEN Brierithersikadbihensecassheadiig. dhaMe-fluid
dynamic beggiggn?ystelm %f Iairﬁ}s(’gLQ, i\clyréepl% mi é*l?eQF%t ap contains a first fluid, the first fluid
comprisinga g a DE B METIL duyna IC bearing s?gStem of claim 14, where in the gas is air. 16. Me
fluid dynamic bearing system of claim 14, whete in the second gap contains a second fluid, the
second fluidccompriséingualligyhandd béahhg Ryktkaybamcrheanng:ristan aficlaiyndMicvbesaiythe first
fluid dypamic_b e a ring has. a greater stift than the second fluid dynami ring..18. Me fluid
IR Eo L e S DA e TR ok T
fluid dynamRBaAN§C20d rackdyad IpiaRae BerrP ey ipronalLiip 1e, RAerein the outer member is

coupled to a hub, the hub ponfigurgd to support one or more di_scs.. 35 20. M_e f!uid dynamic bearing
system of clgim 10, wherein, e, {1uig YRamic R 3F 0% R SIh S SSRRSES YRR ARG ANE 12

one-fourth the size of the second gap.

>— D

10
12. The fluid dynamic bearing system of claim 10, wherein the first fluid dynamic
bearing has a first radius, and the second fluid dynamic bearing has a second radius, the
first radius substantially larger than the second radius.

15 13. The fluid dynamic bearing system of claim 12, wherein the first radius is
approximately twice the size of the second radius.
14. The fluid dynamic bearing system of claim 10, wherein the first gap contains a first
fluid, the first fluid comprising a gas.

20
15. The fluid dynamic bearing system of claim 14, wherein the gas is air.
16. The fluid dynamic bearing system of claim 14, wherein the second gap contains a
second fluid, the second fluid comprising a liquid.

25

17. The fluid dynamic bearing system of claim 10, wherein the first fluid dynamic

bearing has a greater stiffness than the second fluid dynamic bearing.

18. The fluid dynamic bearing system of claim 10, wherein the second fluid dynamic

30 bearing preloads the first fluid dynamic bearing.

19. The fluid dynamic bearing system of claim 10, wherein the outer member is

coupled to a hub, the hub configured to support one or more discs.

35 20. The fluid dynamic bearing system of claim 10, wherein the fluid dynamic bearing

system is disposed within a disc drive.

12





