METHOD AND SYSTEM FOR WITHSTANDING SHOCK IN A SPINDLE MOTOR BEARING FIELD
OF THE INVENTION [0002] The invention relates generally to spindle motors, and more particularly to
a sealing system that withstands mechanical shock events for use with fluid dynamic bearings in disc
drive data storage systems. BACKGROUND OF THE INVENTION [0003] Disc drive memory systems
are widely used throughout the world today. These systems are used by computers and devices
including digital cameras, digital video recorders, laser printers, photo copiers and personal music
players. Disc drive memory METHODAND GMSﬂM%%Wmeﬁléoncentric tracks of a

magnetic disc medium. Séveral discs §¢A'SFIRBLENPOROR BEARING!e, and the information, which
can be stored in the form of magnetic transitions within the discs, is accessed using read/write heads

or transducers. The read/write heads are located on a pivoting arm that moves radially over the
surface of the disc. The discs are rotated at high speeds during operation using an electric motor
located inside a hub or below the discs. Magnets on the hub interact with a stator to cause rotation of
the hub relative to the shaft. One type of motor is known as an in-hub or in-spindle motor, which

typically has m@jﬁﬁ Wns of a bearing system to a motor shaft disposed in the center
of the hub. T a g?s}%ge mit rotational movement between the shaft and the hub, while
maintaining alignment 1 of the spindle to the shaft. The read/write heads must be accurately aligned

with the storage tragisan thedisceiRdi RSB AMAPES HRUIDMGHE UHERER! JRFOEINEHAQ - 0004]
Spindle motors have In the past used conventional ball bearings betwegn,t?g huh and the shaft.

However, the srhigysteiR that vthstrads mrghanicabshack evgnts fof e nath YH%(E‘F&“[B‘%“ Siwrite
head being plaged dnerassipolysedaie to the disc surface. The close proximity

BACKGROUND OF THE INVENTION

[0003] Disc drive memory systems are widely used throughout the world today. These
systems are used by computers and devices including digital cameras, digital video recorders, laser
printers, photo copiers and personal music players. Disc drive memory systems store digital
information that is recorded on concentric tracks of a magnetic disc medium. Several discs are
rotatably mounted on a spindle, and the information, which can be stored in the form of magnetic
transitions within the discs, is accessed using read/write heads or transducers. The read/write
heads are located on a pivoting arm that moves radially over the surface of the disc. The discs are
rotated at high speeds during operation using an electric motor located inside a hub or below the
discs. Magnets on the hub interact with a stator to cause rotation of the hub relative to the shaft.
One type of motor is known as an in-hub or in-spindle motor, which typically has a spindle

mounted by means of a bearing system to a motor shaft disposed in the center of the hub. The

bearings permit rotational movement between the shaft and the hub, while maintaining alignment




requires that the disc rotate substantially in a single plane. A slight wobble or run-out in disc rotation
can cause the disc to strike the read/write head, possibly damaging the disc drive and resulting in loss
of data. Further, resistance to mechanical shock and vibration is poor in the case of ball bearings, '
because of loyw damping. Because this rotational accur i i rings,
disc drivesoéﬁ#e?ﬁ'l ?i#}é & Z}rﬁ\dlctafh MOtor %@?ﬁg ??wd%%amlc E‘é@ﬂg??ﬁ%ﬁﬁgg ﬁ%pd?%hrust
plate to sugpeks arhtie aizd tbemkisre it ptapenre@imgatdrmaiting lofanflogmatdeiyn is a hydrodynamic
bearing. [0005] In a hydrodynamic bearing, a lubricating fluid such as gas or liquid or air provides a
bearing surface between a fixed member and a rotating member of the disc drive. Dynamic
pressure-generatiogrpsyrdionotst Ohatesin the @t inedizeoventionsl bek treaniogstheyweemtbehub

generate a localized area of high pressure and provide,a transport mechanism far. flui ' jore
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including a low stiffness-to-power ratio and increased sensitivity of the beaying to external laads or
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motor is open on both ends, which increases the risk of oil Ieak;l%?. This leakage among.other things

is caused tepuliifgrmloss of datef FTthes crsistarcs Jameshanicrl %%ngtlﬂ“dﬁ%%’ggﬁh i Tiot
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may force flui a seal. Balancing the flow rates is difficult because the flow rates created

by the pumping babbeeings disedoien armuthyartizensemndie moteydayigs St dypamic Rsadnes AR
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vaporous components that co to a disc chamber. This vapor
design is a hydrodynamic bearing.

[0005] In a hydrodynamic bearing, a lubricating fluid such as gas or liquid or air provides
a bearing surface between a fixed member and a rotating member of the disc drive. Dynamic
pressure-generating grooves formed on a surface of the fixed member or the rotating member
generate a localized area of high pressure and provide a transport mechanism for fluid or air to
more evenly distribute fluid pressure within the bearing and between the rotating surfaces,
enabling the spindle to rotate with more accuracy. However, hydrodynamic bearings suffer from
disadvantages, including a low stiffness-to-power ratio and increased sensitivity of the bearing to

external loads or mechanical shock events.

[0006] To increase stiffness, spindle motors have been attached to both the base and the
top cover of the disc drive housing. However, in order to use top cover attachment, the motor is
open on both ends, which increases the risk of oil leakage. This leakage among other things is
caused by differences in net flow rate created by differing pumping grooves in the bearing. If the
flow rates within the bearing are not carefully balanced, a net pressure rise toward one or both
ends may force fluid out through a seal. Balancing the flow rates is difficult because the flow

rates created by the pumping grooves are a function of the gaps defined in the hydrodynamic



can transport particles such as material abraded from bearings or other components. These particles
can deposr[. on the read/write heads and the surfaces of the discs, causing damage to the discs and
the read/write heads as they pass over the discs. [0007] Efforts have been made to address these

problems. Qe design i 3450 G SHAER SRR PEATIG RS W SBERIERIARy rats. This

de_sign uses asyrnmetric se lihg and includes a centrifugal seal and a grogved pumping seal. Another
existing deBigring fuids givsioff senp{RuseampoRRILY th'ean!mtiffats dnta Ciss RAMRER Bi%,¥BPRd
shaft (showp i JlBorhafififel SRA chidem AL ARG Mo TG AGaionviipneinaleThess! plate,
wherein one end is pumped Inward witH thrust spiral grooves and the other end with a groove

pumping (sjpa_itidlésthm theprssibe tingreativaitecherids gad she suiirsiphton disrs causing Jamagetashe ry
reservoir dyring s ic 1o axn ic stage, QRefating shock. Tests have shown, however, that
the centm‘gfé‘éﬂ %’é‘ﬁffgﬂgaa aag%%'ga(?ggé gaéyc?%gapr?%gcﬁl Ieal?ss through fill holes at about 500 G shock.
[0008] Mobile applications require higher non-operating shock than desktop or enterprise products.
Laptop computers can be subjected, to large, magnitudes,of ical ; ndling.
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applications. Further, a need exists tqQ increase shaft stiffness and, dynamic .parallelism (glignment of
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method and system and active ) . . .
thrust bearing end, a centrifugal seal maintains oil level change in the capillary reservoir during
static to dynamic stage, and non-operating shock. Tests have shown, however, that the

centrifugal seal fails at about 500 G shock, and oil leaks through fill holes at about 500 G shock.

[0008] Mobile applications require higher non-operating shock than desktop or enterprise
‘products. Laptop computers can be subjected to large magnitudes of mechanical shock as a result
of handling. It has become essential in the industry to require disc drives to be able to withstand
substantial mechanical shock. A sufficient sealing system that can withstand 1000 Gs shock is
needed for mobile applications. Further, a need exists to increase shaft stiffness and dynamic
parallelism (alignment of the disc surfaces to the plane of the actuator arm motion) while

simultaneously lowering bearing power.
SUMMARY OF THE INVENTION

[0009] An improved sealing system is provided that withstands operating mode and non-

operating mode mechanical shock for use with fluid dynamic bearings, which in turn may be

incorporated into a spindle motor or the like. In an embodiment, the sealing system withstands at




recirculation within a hydrodynamic bearing to retain fluid and purge air. [00010] Also provided is a
system for filling the journal with fluid, which withstands shock. The invention further provides a
method for consumption of less power in a spindle motor, and a spindle motor that utilizes smaller

size comp@RRNIBOrEGHRIBkaI The asemasREy fr@kiliy anMsmpnetidedading method! fod systeviandadtvger
operating life for a spindle motor. Further  provided is a method and system for supplying radial
stiffness wmmﬂéta%m&r.mméxﬂmﬂnaﬁa?ﬁ%ﬁvﬁmm@&ﬂ%d@tgéa &hd system for increasing

dynamic parallelism and shaft to thrust plate bond strength. [00011 ] Features of the invention are
achieved in part, in an embodiment, by utilizing an asymmetrijc seaiing Syst; m.f? enlgrged fluid
reservoir, definedBeANEeAlsospravidgads 2 §D@§?¥B,f°ﬁaﬂﬁ/ﬁ’§ tholRum3 é’%’éﬁﬁ@e‘g }ggnw aﬁ%??ﬁﬁd
containing greas isplawsch K yroURRilRaR0A fifidoinminpiolost Rasgasrway dnfluiile
communication with the enlarged reservoir to ensure the pressure due to the asymmetry in the journal
bearing adjpetent adhacspindis: prier, thabulizesEmAlNSTIIRg FRERANENFoNsHMATHARY BF&F@%FX SRR to
about atmogeNelc RIEFRHISH AR WRle GRRHABHSE S AMRRIE PR arrneiiabie mseneir. When

the motor is Spinning, centrifugal force acts on the reservoir fluid forcing it into the bearing, and
causing aiptotidedpalraethodzandaystenifoe supphang eadiak stifforss adthis she itutnahe The RYEHIGH a
shield allowing, fluid,to be .retained « rl ﬁnﬁh&lﬁlﬁ . iHrgence
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retained wplata boad esengthr during shock events. The channels further allow air within the fluid to
travel along the channel and be expelled from the bearing fluid. An angled fill hole is provided at an
end of the reservoir for filling fluid into the bearing and also serving as a location to expel air. [00012]
A tapered journal [gap fuf tReatpreyisfabeainyentietr iz packissed ispa|l inancibedingmldysiizingsdon at
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having a lower pressure area than other fluid containing areas is employed. The invention utilizes
a fluid recirculation passageway in fluid communication with the enlarged reservoir to ensure the
pressure due to the asymmetry in the journal bearing adjacent to the thrust plate, and inward
pumping pressure from the thrust plate are reduced to about atmospheric pressure. A centrifugal
éapillary seal is employed on an end of the reservoir. When the motor is spinning, centrifugal
force acts on the reservoir fluid forcing it into the bearing, and causing air to be expelled. Inan
embodiment, channels are included adjacent to the reservoir on a shield allowing fluid to be
retained rather than leak during a shock event. Due to a pressure difference in the reservoir
between a tight gap (non-channel portion) and a larger gap (channel portion), fluid is retained
within the reservoir during shock events. The channels further allow air within the fluid to travel

along the channel and be expelled from the bearing fluid. An angled fill hole is provided at an end

of the reservoir for filling fluid into the bearing and also serving as a location to expel air.

[00012] A tapered journal gap further provides asymmetric pressure as well as reduces
power consumption at a journal plenum. In an embodiment, a grooved pumping seal (GPS),

defined between a shield and an outer diameter of a thrust plate, is provided. The shield is self-

aligning (concentric to the hub OD) and acts as a travel limiter to the hub. The asymmetric




aligning (concentric to the hub OD) and acts as a travel limiter to the hub. The asymmetric 4 sealing
method and system further incorporates spiral grooves. The spiral grooves are defined on the thrust
plate for actively generating pumping pressure to drive fluid recirculation and to pump fluid from the

thrust plate bearing toward the shaft, into the journal | b P | 0RO \YEEhaP BY:
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stiffness substantially focused at gn apex of the grooving.pattern, Further, i mpég%jm 1
unbalance@%g%ﬁﬁﬂm% B%S%iﬁ Bﬁ&%W?’g %‘r? %%ag%@%eﬁlg %‘#mapgrég\él ’} g pressurgg?aﬁtﬂgnt
and establighesifgsek, (A hONAnicinacsledemis implavesirdtztional faogionsAfaioglesinadt

between the interface of thrush plate QD and the base,.A larger thrust plate imprqyes the.
strength atiRet iﬂ?éﬁﬁé@@gtﬁé‘fﬂffé' pHaid ?h%ﬂ?‘[é%‘ﬂ] #e 8&%‘??8 ﬁ %Plﬁgv{/%rﬁéicl)zﬁ s& uﬁ‘gﬁ’gﬁ%

achieved, ;&Hﬂﬁﬂm@%&g&mﬁpﬁm&mmxﬁ finakedingan spealief tiagreteimhpittStability of
the motor is, however, maintained by attaching the shaft to the top cover. Reduction of
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utilizing a tﬁeigﬁﬁé_ﬁ%gid%slQrgx%rss[ﬁ§9g%9_iéli§ pg\dglssliang seaithinner fluid can be utilized, the thinner
ally havi

fluid typic g a higher evaporation rate than thicker fluids. The thinner fluid results in less
friction and reduces power consumption by the motor. Further, in an embodiment, a single sided

thrust plate IS Usedoi ARSI AISIRACHIAS BN AR RIS SEBIS itk utegiothdreating
one

losses occurring on on side of the thrust plate. [00015] Other features and advantage?1 of this

invention viittdrfacapptttensholeiecPId ansk thiane thd lareoribrust platedrprovss ibh kaad SLgpsth at the
Therefore,itQE - Soope %1:6 t“’%&\'fﬁ@ﬁ@%gﬁ- better understood by reference to an example of an

embodimeHt; given with respect to t

[00014] Reduction of power consumption is achieved, in part, by utilizing smaller size
components, including a smaller diameter shaft. Stability of the motor is, however, maintained by
attaching the shaft to the top cover. Reduction of power consumption is further achieved, in part,
by employing grooved pumping on the thrust plate OD, and utilizing a thinner fluid. A larger
reservoir is provided and so a thinner fluid can be utilized, the thinner fluid typically having a
higher evaporation rate than thicker fluids. The thinner fluid results in less friction and reduces
power consumption by the motor. Further, in an embodiment, a single sided thrust plate is used
with magnetic preload to further reduce power losses in the thrust region, bearing losses

occurring on only one side of the thrust plate.

[00015] Other features and advantages of this invention will be apparent to a person of
skill in the art who studies the invention disclosure. Therefore, the scope of the invention will be
better understood by reference to an example of an embodiment, given with respect to the

following figures.



following figures: 5 BRIEF DESCRIPTION OF THE DRAWINGS [00016] The foregoing aspects and
many of the attendant advantages of this invention will become more readily appreciated by reference
to the following detailed description, when taken in conjunction with the accompanying drawings,
yvherein: FIG. 1 is a top plain view of a disc drive data storage system in which the present invention
is useful; BRIEFi DE SEBIBTHONIK BAEPRAYIR@hamic bearing spindle motor illustrating features
including a fluid recirculation passageway, shield, reservoir and fill hole, in accordance with an
embodiment of the present invention; FIG. 3 is another sectional side view of a hydrodynamic bearing
spindle motor illupacatiey Thelfasegaing asperettiandirsanyicfiths attendent m@aﬁwaqﬁﬁés{é&mmﬂ
passageway, shield, reseryoir, fill hole, thrust.plat i u [
Ciroction AP oB e R A A e e i
a sectionatsienviRn @ith Krorcoanpjadidng drawvitesigwherkn:5 is a perspective view of a shield

sectioned to illustrate channels and an angled fill hole,.in accordance wit i of the
preser)t inventionﬂ—q’e% &’k fé’rﬁ(ﬂ??é? 5}3&9 & 5%?&‘\’/604%% %%I?ﬁﬁl%ir%\%/frﬁ% ?&?r%%%p%g%n angled fill
h;)le, in _aqﬁgfglﬁg;p?yyggmn embodiment of the present invention; and FIG. 7 is a sectional side view
of a portion of a rodynamic bearing spindle motoy iljustrating features including .g fluid. recirculation
~ passageway, a s 18§ %t‘t%%lﬁ%ﬂ‘f&’_%@ ﬂﬁ%ﬁé’t‘?}f'a? ,%f‘%éé’él%ﬂ‘é?ﬁg‘:%"ﬁﬁ ﬁm‘éﬁ%‘g%c%?rl é’rsll?:rgt\‘/v% another
embodimep, of tRe RIGHRR NG e cRMRTON hAsEh ARS(; BARI Gk &dFoIT i IV BOIET i b foddrick

Exemplary embodiments are described with reference to specific configurations.

with an embodiment of the present invention;

FIG. 3 is another sectional side view of a hydrodynamic bearing spindle motor illustrating
a closer and more détailed view of features including a fluid recirculation passageway, shield,
reservoir, fill hole, thrust plate pumping grooves, example pressures, fluid flow direction and
pumping direction, in accordance with an embodiment of the present invention;

FIG. 4 is a sectional side view of a known spindle motor design;

FIG. § is a perspective view of a shield sectioned to illustrate channels and an angled fill
hole, in accordance with an embodiment of the present invention;

FIG. 6 is another perspective view of a shield illustrating channels and an angled fill hole,
in accordance with an embodiment of the present invention; and

FIG. 7 is a sectional side view of a portion of a hydrodynamic bearing spindle motor
illustrating features including a fluid recirculation passageway, a shield attached to a thrust plate, a

reservoir and a fill hole, in accordance with another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[00017] Exemplary embodiments are described with reference to specific configurations.
Those of ordinary skill in the art will appreciate that various changes and modifications can be
made while remaining within the scope of the appended claims. Additionally, well-known
elements, devices, components, methods, process steps and the like may not be set forth in detail

in order to avoid obscuring the invention.



Those of ordinary skill in the art will appreciate that various changes and modifications can be made
while remaining within the scope of the appended claims. Additionally, well-known elements, devices,
components, methods, process steps and the like may not be set forth in detail in order to avoid
obscuring the invEfis] 8 [petod)systetead syerasohsrrling shat srithstands onaralinsmetsdgdieing
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herein. In 8REEmodiment, the sealing system withstands 1000 G shock by way of asymmetric sealing
and presw@@ﬁnﬁeﬂ_tttﬁs@iﬁngsysmmem}wtm@wlé)ﬁﬂ)&ﬁhﬁ@ktblaWa)dqfe%m‘!maﬁ ysalisggadiay, an
enlarged fluid reseryol defad hetuesiarShioll A RIS, (PR PLLHANBIP,BI0RKEH, PHTPING.
a tapered Rfﬁ?ﬁ%l g%lp and'asymmetric Journ?ﬁ’grooves provide;in part, a system and method of
employing exiuasdfiuidtrasanaeis defigrh aweohlssluel dimulis statvss s rivoirrchanmistsd gneonedhe

invention further utilizes the properties of a grooved .pumping seal (low vol Al ' nd a
centrifugal%y%@ﬁfﬁ%g%%ﬂrﬁ%? %‘v@ gf?ﬁ‘r‘]%‘gg |H°tﬁe%? r%%vé rgwré:eéthopcli;' ggh%ig%ﬁni%g
withstand sRakkd beghplojingreaspatineiotprssangiadierid fillsokes divoidsed bieldeghmaning shock and

is located at an end of the reservoir, (00019]Referring to the drawings wherein identical reference
marots GRS A AR A L R IR PR AL Db i ap AELkedr (IS AB e

drive data pigkagentiaviamdld Getiriniah dhsipigseal (hignislons Uselstiffiles)yn thatdesgmbhbe

discussion and claims are not limited to this particular design, which is shown only fo ses of the
example. IMAlQsand suskeadparahsiand %h%%re@éﬁ%?ﬁ«fé‘rﬂ‘%ﬁ%é’@grﬁpﬂigﬁg[%gd éc{dﬁ@(lia%?%pindle
motors, angl, g RS ARpSIR Statina i anetial airéallsfansveeasdir.In fact, the designs
discussed below can be used in systems where rotation between components exists, even if the

components rotate in the same direction. [00020]Disc drive 110 includes housing base 112 that is
combined with copgfo} $fROER to the drawings wherein identical reference numerals denote the same

elements throughout the various views, FIG. 1 illustrates a typical disc drive data storage device

110 in which the present invention is useful. Clearly, features of the discussion and claims are not
limited to this particular design, which is shown only for purposes of the example. It will be
readily apparent that the present invention may be applied to disc drives, spindle motors, and
other motors having a stationary and a rotatable component. In fact, the designs discussed below
can be used in systems where rotation between components exists, even if the components rotate

in the same direction.

[00020]Disc drive 110 includes housing base 112 that is combined with cover 114 to form
a sealed environment. Disc drive 110 further includes disc pack 116, which is mounted for
rotation on a spindle motor (not shown) by disc clamp 118. Disc pack 116 includes a plurality of
individual discs, which are mounted for co-rotation about a central axis. Each disc surface has an
associated head 120 (read head and write head), which is mounted to disc drive 110 for
communicating with the disc surface. In the example shown in FIG. 1, heads 120 are supported
by flexures 122, which are in turn attached to head mounting arms 124 of actuator body 126. The

actuator shown in FIG. 1 is a rotary moving coil actuator and includes a voice coil motor, shown



a sealed environment. Disc drive 110 further includes disc pack 116, which is mounted for rotation on
a spindle motor (not shown) by disc clamp 118. Disc pack 116 includes a plurality of individual discs,
which are mounted for co-rotation about a central axis. Each disc surface has an associated head 120
(read head and write head), which is mounted to disc drive 110 for communicating with the disc

surface. In the, egamifh%{&nc Fé‘?‘lbcgtbp ¢34 ?ojtbgt%azfgtfgmp% 15Y Ui srlahed Rich&1egn tum

attached t§HELY mour] Ing arms actuator body The actuator shown in FIG. 1 is a rotary
moving codruiLipitant ahafird0de pesittiodenls fimyatndasirgdydate taaigkalanBargupte poh itor 128

rotates actyator pody, 126 with its attached heads 120. apout pi f 0 ﬁ'i ggsdgfjd’;&
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magneticaljy &ncasedddiosatasian on the surfaces of discs 116 at selected locations. [00021]FIG. 2 is
a sectional side view of a hydrodynamic bearing spindle motor 255 used in disc drives 110 in which

the present invention is useful. Typically, spindle motor 255 includes a stationary component and a

rotatable compongyo i FRIARRA Yee B0 Bide tviaoH isfrshydeddimamit beasifix spimdid mitemh2E5tasbdise
210. Itis to be apJ)[eciated_that spindle motor 255 can ,emg)éfopﬁi fixed r%haf'r.a shown QS IG. 2, 0ra
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providing %aawamsacmgbaz& ahd ireraxing Byisshint PaTesRRidearyT buiapsnentiedugdesthafo &S both
upper and lower ends of shaft 275 can be fastened to base 210 and to top cover 256%§f the hoPsing,

so that thetbatisdizsdradeatiashnddadase 2d9stinttoBetRriRu A SROURJANINL 10 72 FRRIGY the
system is gnlanfshl- 0932 e Raiakle CRMARRARL INEUIRE, P SATRHNGOBELRE MRSRLIBIAgNEtS

265 attached to a periphery thereof. The magnets 265 interact with a stator winding 270 attached to

the base 2defo2Fasatteehed i0BD EPNSIAEONPERYIEINEEtBHIYLL i 2 nd dresRying . dviaMifhg or
can be formed of aRiraliyotindiidy shaRAEBRIS Birh AHePAFEHARPLAISPARNETS Sibd

fastened to base 210 and to top cover 256 of the housing, so that the stiffhess of the motor and its

resistance to shock as well as its alignment to the rest of the system is enhanced.

[00022] The rotatable component includes hub 260 having one or more magnets 265
attached to a periphery thereof. The magnets 265 interact with a stator winding 270 attached to
the base 210 to cause the hub 260 to rotate. Magnet 265 can be formed as a unitary, annular ring
or can be formed of a plurality of individual magnets that are spaced about the periphery of hub

260. Magnet 265 is magnetized to form one or more magnetic poles.

[00023] The hub 260 is supported on a shaft 275 having a thrust plate 283 on one end.
Thrust plate 283 can be an integral part of the shaft 275, or it can be a separate piece that is
attached to the shaft, for example, by a press fit. Further, thrust plate 283 engages with base 210
at interface 290. The invention provides an enlarged contact surface between thrust plate 283 and
base 210, namely at interface 290. In an embodiment, interface 290 (the diameter of thrust plate
283 in contact with base 210) is 4.5 mm. It is to be appreciated that the length of interface 290
may vary, and in some cases interface 290 ranges from 3 millimeters to 5 millimeters. This is
achieved by an enlarged thrust plate OD contact surface. An improvement in dynamic parallelism

results, dynamic parallelism defined as the parallelism between the spinning disk and reference



260. Magnet 265 is magnetized to form one or more magnetic poles. [00023]The hub 260 is supported
on a shaft 275 having a thrust plate 283 on one end. Thrust plate 283 can be an integral part of the
shaft 275, or it can be a separate piece that is attached to the shaft, for example, by a press fit.
Further, thrust plate 283 engages with base 210 at interface 290. The invention provides an enlarged
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interface iameter rust plate 233'in contact with base 210) is 4.5 mm. It is to be
appreciatethétperpeadientitybiitlerisie 200 Tweyiveagtiemprivvissmen ealargedtreipEnompayas them 3

millimeters,to 5 miIIimﬁfeelrs. Tfﬁjfris achi veqsby an enlarged thrust plate OD contact surface. An
ell '

. ) . : , .
|mproveméinf'fHuocyﬂ%{mlcl|§ra{lr§ ST Slrjll?s, dynamic parallelism defined as the parallelism between

the spinning disk and reference 8 features in base 210 that determine a plane. A three point datum on

base 210 is com ith_the perpendicularity of the spin axis. The,invention nrovj rged
footprint, improviﬁgmwg%éﬁ rf‘%éjrt& I&hes&:%n ﬁg%%%%%e%net{g%%%]ﬂfgﬁ?%%r, §u§§)§%ﬁ(§ %Z%e%
engagemepviiesivaitiatuke masera8d et ain sih AT platec2 83 sindrshift 27thes impréeed bbheren thrust
plate 283 and shaft 275 is improved. In an embodiment, e t between thrust plate 28

and shaft SFORIRENtHSHRAET Y AFRYREY Fﬁf‘%&%ﬂ&%ﬁ%@?ﬁ?ﬁ%fﬁ% g %}Eé?, eép ¢ eg}grg to
the x-seal),{QAfpalethwiahadineeional ovstsines 28 pirsdecsihexesedf within hub 260. Hub 260
includes a disc carrier member 214, which supports disc pack 116 (shown in FIG. 1) for rotation about
shaft 275. Disc pack 116 is held on disc carrier member 214 by disc clamp 118 (also shown in FIG.

1). Hub 260 is intesgepspaiednait 3haliRidétrplaehazgdiiotio atesydesingtBih hity 268tatiubaisout
shaft 275. [00026] A fluid, such as lubricating oil or a ferromagnegc quiE fills inte{_lz%%iaél1 rgo%ions .
between sHHZsSAHier Gaaiss DEBDERALE pPlic SUPRAE Sk Reskd IR hEPERRsfion

about shaft 275. Disc pack 116 is held on disc carrier member 214 by disc clamp 118 (also shown
in FIG. 1). Hub 260 is interconnected with shaft 275 through hydrodynamic bearing 217 for
rotation about shaft 275.

[00026] A fluid, such as lubricating oil or a ferromagnetic fluid fills interfacial regions
between shaft 275 and sleeve 280, thrust plate 283 and sleeve 280, thrust plate 283 and shield
282, and between shield 282 and sleeve 280. In an embodiment, angled fill hole 285 is positioned
to make a 30 degree angle (or an alternative angle, as discussed below) with a surface of shield
282. Although the present figure is described herein with a lubricating fluid, those skilled in the

art will appreciate that a lubricating gas can be used.

[00027] Typically one of shaft 275 and sleeve 280 includes sections of pressure generating
grooves, including asymmetric grooves 240, and symmetric grooves 244. The grooving pattern
includes one of a herringbone pattern and a sinusoidal pattern. As shown, asymmetric grooves
240 are placed on one end of the journal and symmetric grooves 244 are placed on an opposite
end of the journal. Asymmetric grooves 240 and symmetric grooves 244 induce fluid flow in the
interfacial region and generate a localized region of dynamic high pressure and radial stiffness.
The pressures are focused at symmetric grooves apex 246 and asymmetric grooves apex 242. As

sleeve 280 rotates, pressure is built up in each of its grooved regions. In this way, shaft 275 easily



282, and between shield 282 and sleeve 280. In an embodiment, angled fill hole 285 is positioned to
make a 30 degree angle (or an alternative angle, as discussed below) with a surface of shield 282.
Although the present figure is described herein with a lubricating fluid, those skilled in the art will
appreciate that a lubricating gas can be used. [00027] Typically one of shaft 275 and sleeve 280

Includes sections LBss e ASnElAgy draeNeS e ARG SHIBRY I6aERBYRe 20 sataRTUctrc

grooves plivid grooving pa ern inc one of a herringbone pattern and a sinusoidal pattern. As
shown, aswrsedﬂﬂndsgm@ihssmazl&wa staalbdepthorla mMQﬁ@lﬁ!urﬁallamf@rﬂﬂ?ﬂéﬂﬁ il 244 are

placed on an opposit nal As mme rooy, induce
fluid flow |ﬁ°ﬁ¥8‘5rﬁéﬁ’&5ﬁ§ gsiﬁ?'ﬁ %éneﬁheeré lanloca gmgqreglo%ﬁg? ynamic |g&%§gﬁ?§§‘?é€ radial
stiffness. F deesRdreso dufinyang esmyobetsiecrsmie27armd Slﬁe\@rﬂasymmetnc grooves apex
242. As sleeve 280 rotates, pressure is built up in each of its grooved regions. In this way, shaft 275
easily 9 supports hub 260 for constant high speed rotation. In an example, the grooves are separated

by raised lands (;[ommmb@mm&mlad apthitémativembtidiprestym gimeratidgigmounesen diveusyed
coating is utilized on shaft 275 in the region, of as etric groove ven i rticle
generatiorittherRy %Wéﬁf&&f%ﬁ@ﬁ%ﬂgﬁ?‘sgﬂg‘%wg\% %Bm[b‘élﬁﬁg)ﬂg‘rglggv tl}) n t%}e%rm a%ﬁgé)sa
alternative fQ fi&NLASHAANSRIND TIROyaREMEiRstisHeihde athepprewmwmmg r]@pmedrarea 262,

embodlment of the invention provides fluid flow by other meth eé S dls%Lﬁs (1_.1 |I belom% (‘irhe
other metf@cﬁ?ﬁ@ﬂﬂﬂ@%ﬁ%@c&ﬂ%&ﬁéﬂvﬁﬁmﬂ?@r@ﬁﬁgf i fe3eOMRIh &b IISH ek a low

ssure graaien

pressure %%3%@@5&‘@%@5 deévegfinar hodyaes, ahicldved pumpisicaub it ensitielasasmaeway

286, a grooved pumping seal between shield 282 and thrust plate 283, and spiral grooves on thrust
plate 283. floospplate233, awbepinsarerenonthertidtateidBie passageway 286 is situated at a point
between asymmetric grooves 240, and symmetric grooves 244. Sleeve passageway 286 is

[00029]1In an embodiment of the invention, sleeve passageway 286 is situated at a point
between asymmetric grooves 240, and symmetric grooves 244. Sleeve passageway 286 is
generally positioned at a midpoint along shaft 275 providing a low pressure area. A low pressure
area in the center of the motor is acceptable since a bearing in the center of the motor offers little
radial stiffness. Further, positioning sleeve passageway 286 in an angled manner enables a one-

piece hub to be machined.

[00030] The invention further provides a shield 282 that radially self-aligns into sleeve 280.
A light radial interference fit (light press fit) is employed between shield 282 and sleeve 280 for
self alignment. On one end (adjacent to thrust plate 283) sleeve 280 locates shield 282 radially,
and on another end shield 282 is attached to hub 260 (i.e., laser welded). The invention therefore
provides, in an embodiment, a constant gap of about 20 to 30 microns between thrust plate 283

and shield 282.

[0003 1]Since thrust plate 283 is single-sided, hub 260 has freedom of movement in an
axial direction. Shield 282 is therefore provided by the invention as a travel limiter to hub 260,

defining a radial displacement limit to hub 260. Shield 282 also serves as a damper to hub 260 to

dissipate energy caused by mechanical shock.




generally positioned at a midpoint along shaft 275 providing a low pressure area. A low pressure area
in the center of the motor is acceptable since a bearing in the center of the motor offers little radial
stiffness. Further, positioning sleeve passageway 286 in an angled manner enables a one- piece hub
to be machined. [00030] The invention further provides a shield 282 that radially self-aligns into sleeve
280. A light radial interference fit (light press fit) is employed between shield 282 and sleeve 280 for
self alignment. On one end (adjacent to thrust plate 283) sleeve 280 locates shield 282 radially, and
on another end siebE2BRIG. Btpriettia fluli Ahathic besirvseiten jilTsteatingitian tndredorent of

rovides, in an embodiment, a canstant gap of. aqout 20 to 30, microns between thrust plate 283 and
Ehield 282thBHYSLHSH H@%‘E‘B}B&gggéié)‘kiﬁb@-‘ﬁfcﬁéﬂ%&de"éiﬁ“ﬁgqse REBAER o ‘rh%‘bgrr‘?]%"n “u‘r%e%ﬁ
axial directigin2RigdcRer is thpiaforespieididen byiésaitakninneated sinvetipiltey teesidd @60, defining
a radial displacement limit to hub 260. Shield 282 alsp.serves as.a r to hub 260 to dissipate
energy calﬁg@'ﬂtﬁ‘} 3 SORBAEY %%Kr%%ﬁ@%%ﬁ]‘ é@%@r@%%?s‘%gﬁg gf‘ynggﬂﬁyb“ggﬁﬁlﬁ %r/%?g?ﬁe
illustrating i AEhe 9 BRAIEDY the TR dpNEAtiame lsichimmetiingediiaetionrdlitid dydeinres st Rxinpple
pressures. In an embodiment, an inverted shield is utilized. Shield 282 is described as inverted since
capillary séuidisirsulationpassasesmpaeaniarasdduidariezery H‘@‘-‘Qﬁi@?&"%‘?ﬁ\ﬂrﬂﬁeﬁé‘&? Ve
asymmetig. pIEssH iRa N SRbEVESAIRRD Y, (B ealiRren joimiNneapand BgHIGAIRSTBUINAS gresved by

features including a fluid recCirculation passageway, an enlarged fluid reservoir defined between a
shield and a sleeve, reservoir channels, grooved pumping, a tapered journal gap and asymmetric
journal gr SORE SRADERMAPIENTS [00033]In an embodiment, the fluid capacity of reservoir

284 is 2.5 mg. Itis to be appreciated that this capacity is not fixed. The enlarged fluid reservoir 284
having channels §2@033]In an embodiment, the fluid capacity of reservoir 284 is 2.5 mg. Itis to be

appreciated that this capacity is not fixed. The enlarged fluid reservoir 284 having channels 510
contribute to the asymmetric pressure gradient '(channels 510 shown in FIG. 5). Due to a lower
flow resistance and lower pressure in enlarged reservoir 284, compared with other fluid
containing areas, fluid is received and retained within reservoir 284 during non-operating or
operating shock events. As an example, numerical example pressures are illustrated in FIG. 3. As
shown, reservoir 284 shows a pressure of 0.0 psi while the journal shows pressures of 0.06 psi to
135 psi. When the motor is spinning and forcing fluid by centrifugal force from reservoir 284,
pumping grooves 324 generate pumping pressure and drive fluid recirculation through the motor.
However, when the motor is not spinning and centrifugal force subsides, or during shock events,
reservoir 284 can receive fluid from areas including the outer diameter gap 346 of thrust plate 283

and from the journal between shaft 275 and sleeve 280.

FLOW DIRECTION

[00034]Grooved pumping is employed along the inside diameter (ID) and the outside
diameter (OD) of thrust plate 330. Pumping grooves are formed on thrust plate 283 for active
recirculation. In the case of the ID, spiral pumping grooves 324 generate sufficient pumping
pressure to drive fluid recirculation and to pump fluid from thrust plate bearing passageway
(adjacent to the thrust plate ID) toward shaft 275, into the journal bearing, and beyond lower

journal symmetric grooving apex 246, when shaft 275 and sleeve 280 are in relative rotational
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contribute to the asymmetric pressure gradient (channels 510 shown in FIG. 5). Due to a lower flow

resistance and lower pressure in enlarged reservoir 284, compared with other fluid containing areas,
fluid is received and retained within reservoir 284 during non-operating or operating shock events. As
an example, numerical example pressures are illustrated in FIG. 3. As shown, reservoir 284 shows a

pressure of 0.0 psi while the. journal s s pressures .of 0.06 psi 5 psi IS
Cpiing ARSIy AR b U G Sro i el e RS AIR S
pumping pjeaddtemhfbeiéiuftlidoesnitendatiargtbrvegipek ¢andeseritdd wewer imFln e Fnctor is not

spinning and centrifugal force subsides, or during, shock gvents, reseryoir 2 e flui

areas inc|ﬂ}‘?@‘{]HBeagﬂé’f'ai‘aﬁ%{B?‘aébséﬁ‘é‘%‘f’ &%&%ﬁe Oy SrecHI rsnufﬂved?érlﬁﬁg'l E@gﬁé\;\!e%g‘ésagwg]ﬁ
and sleevagge: fike Y DIREATIDMNPOGA4] Geming cofonmpah glesvem IRy etiralghostém tnpiss giameter
(ID) and the outside , diameter (OD) of thrust plate 330, Pumping grooves are formed on.thrust plat
283 for actARS: F@cﬁ?ﬁﬁ%ﬁ?}fﬂ'}ﬁ%{@'%@mg‘?ﬁ,%Hﬂﬁ"ﬁ&ﬂ\%]ﬁé%%%gz%ﬂ%%ﬁﬁgfg Isfgi#gsén ¢
puUMpINg  BIGISHGS @AEN6 ] wirthresteeHadian iBostindd bupdliddifrshibwasin it Bedtisgphesageway

(adjacent to the thrust plate 1D) toward shaft 275, into the journal bearing, and beyond lower. journal
symmetric YiRiSeiAGh L Pashenrapbodimests; 'Qﬁél'é'lgxﬁ?@’ égff%ﬂgq maéﬁg%%%é{{f’&ﬁsﬁ P ‘fﬂé ion.

Asymmetrigiroaysied Haaphs NIRBEYIC iaraovesmAd Alsusieata byakstied WidysibenjaLIFdal andiforce
fluid movement to a groove apex (as described above in FIG. Zt)' In an , empodiment,. when the motor

is spinninganatheuembedimetcabihednentions thshlye A3 HHHe s BIHORE PBMPIRS SO0y She

journal beaging to journal plenum 312, through sleeve passageway 286, to recirculation plenum 332
and then returning to the bearing of the thrust plate ID 330. The fluid flow direction, in an example, is
illustrated by solid lines shown in FIG. 3. It is to be appreciated that in other embodiments, the fluid

flow directiﬁ%eﬁ)c@tg?wother direction.

[00035]A fluid recirculation passageway includes sleeve passageway 286 and a bearing
between thrust plate ID 330 and sleeve 280. Sleeve passageway 286 is positioned such that one
end is placed generally at a midpoint along shaft 275 and a second end joins recirculation plenum
332 such that, in one situation, fluid and air may travel along channels 510 (FIG 5). Recirculation
plenum 332 is defined by a junction joining reservoir 284, sleeve passageway 286, thrust plate ID
330 and thrust plate outer diameter gap 346. Sleeve passageway 286 provides a low pressure
area compared to the journal bearing. A low pressure area in the center of the motor is feasible
for the reason that a bearing in the center of the motor offers little radial stiffness. The lower
pressure area also advantageously reduces power consumption by journal plenum 312. Inan
example, as shown in FIG 3, 0.06 psi occurs at journal plenum 312, while a higher pressure
occurs on either side of journal plenum 312. A wider or variable journal gap also is provided
adjacent to journal plenum 312 for creating a lower pressure area. The wider or variable journal

gap, adjacent to journal plenum 312, diverges toward journal plenum 312.
[00036] A recirculation passageway ensures the pressure due to the asymmetry in lower

journal bearing 326 adjacent to the thrust plate, and inward pumping pressure from pumping

grooves 324 of thrust plate 283 are reduced to about atmospheric pressure. The flow resistance
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The 'grooved pumping direction, in an example, is illustrated by dashed lines shown in FIG. 3. In
another embodiment of the invention, thrust plate 283 is structured without pumping grooves 324.
RECIRCULATION [00035]A fluid recirculation passageway includes sleeve passageway 286 and a
bearing between thrust plate ID 330 and sleeve 280. Sleeve passageway 286 is positioned such that

one end is placed generally a idpoint al shaft. 275 an jol ireylati num
332 such PAAVOAESIEANBA 2 S Aee o e (e AR s MRS A R
plenum 33zhisldeingshimabsie6iaon poessngerdsgroonPSdceische mssaldmann286, thrust plate ID 330
and thrust plate outer diameter gap 346. Sleeve passageway 286 provides a low pressure area
compared to the journal bearing. A low pressure area in the center of the motor is feasible for the
reason that a beguing3n|theedhitereoirthtativntpagtiges tijtie bimdial fiifitresting he dsynmamegpriegmessuncea

al dvant ly red ) _ tion by j | pl 312. | , h '
P16 5, 0,08 IR A DRATHAR, A SER NS B IGHRY AR e 5 RATER SR U0 WP iinal

plenum 31g,A e of s PR oINS gamalseisaintiagdo aigeentalo Oaphiatptanuoidd Alfothe
creating a lower pressure area. The wider or variable journal gap, adjacent tq journal plenum 312,
diverges tdWHF&ljé}{ﬁ%aﬂ"iS‘Ié?ﬁl?ﬁ“ﬁ?'{@@@%ﬂﬂq'@b‘ﬁ%?ﬁ%ﬁ‘bé{ggﬁﬁSB\W res the pressure due to
the asymmetry in lower journal bearing 326 adjacent to the thrust plate, and inward pumping pressure
from pumping grooves 324 of thrust plate 283 are reduced to about atmospheric pressure. The flow
resistance SEAbINfEeve passageway 286 is significantly lower than the flow resistance of the upper

journal 310 and IRyyB8 U 3Rk AmEnD BRSIRAER AARES AL RRkED B IO UMAL hrapiaelMIA37] The
fluid recirculation passageway is biased for creatin&van asymmetric pressure _gradient and

substantialiyasiredl aumpmeigerbtiowaqbimsahighsiifpesp-anhg sanmyas speitaRnseg! (high volume,

low stiffness) to withstand mechanical shock.

[00039]1n FIG. 3, a grooved pumping seal (GPS) 318 is employed in outer diameter gap
346 defined between shield 282 and an OD of thrust plate 283. By way of pumping grooves 324,
GPS 318 establishes an outer diameter gap sealing stiffness and generates pressure substantially
equivalent to the pressure located at recirculation plenum 332, when shaft 275 and sleeve 280 are
in relative rotational motion. GPS 318 is a high stiffness seal and, in an embodiment, the
invention makes use of this characteristic by utilizing GPS 318 with an end of outer diameter gap
346. GPS 318 pumps fluid from outer diameter gap 346 serving to prevent fluid leakage from
fluid boundary 322. GPS 318 is a low volume seal and the invention makes use of this
characteristic. Pumping fluid from outer diameter gap 346 serves to reduce power consumption
by establishing air in outer diameter gap 346, thereby reducing friction since air is present between

the OD of thrust plate 283 and shield 282.

[00040] A centrifugal capillary seal (CCS) 316 is defined between shield 282 and sleeve
280. In an embodiment, the adjacent surfaces of shield 282 and sleeve 280 have relatively tapered
surfaces that converge toward recirculation plenum 332. A meniscus is formed between the
tapered surfaces, and fluid within reservoir 284 is forced toward recirculation plenum 332 by

centrifugal force when shaft 275 and sleeve 280 are in relative rotational motion. CCS 316is a
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~ the bearing of thrust plate 1D 330, and thén returning to the journal. Capillary attraction fills the journal
area, and recirculation of the fluid purges any air within the journal. SEALING [0003 8] In an
embodiment, the invention utilizes and makes use of the properties of a grooved pumping seal (low
volume, high stiffness) and a centrifugal capillary seal (high volume, low stiffness) to withstand

mechanical shock. [00039]In F]G. 3, a grooved pumping seal (GPS) 318 is employed in quter diameter
gap 346 demhsfipes ety %m@mf%g%flﬁﬁ%ioﬂﬂé ééé.sﬁ?/ v@f/ ég%ﬁr%eﬂllrslé%r%oves 324,
GPS 318 gsiadinfeniala estoodiabetergapeisialing sthitiencaanthgeingrathidbanserabavesterfiaidy
equivalent to the pressure located. at recirculatior&&eé%m 332, when shaft 275 and sleeve ﬁg are in

|
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makes use,gfifhis ety aqiEistic yerilizingraBS i Baaith an end of outer diameter gap 346. GPS 318
pumps fluid from outer diameter gap 346 serving to prevent fluid leakage from fluid boundary 322.

GPS 318 is a low volume seal and the invention makes use of this characteristic. Pumping fluid from

outer diameter g3BGHA] PRLYRMQHEEAMP WU FANBITRIIINuReefsaRliNg. aXspiiéaiciaoier gap
346, thereby reducing friction since air is present between the OD of thrust plate 283 and shield 282.
[00040]A AR mfensadteaprtisiyesathic eppes iemal Sl fwbstanadly saniipionvia thedieessurologated at

embodiment, i AR R suiRGRFOhblI%SRABE SRR 390 S pbowRpasBd 2B Gaces tha

converge towar irculation plenum 332. A meniscus is formed between the tapered surfaces, and
fluid withindesebedimbeeimfBedxoward recirculation plenum 332 by centrifugal force when shaft 275
and sleeve 280 are in relative rotational motion. CCS 316 is a 13 low stiffness seal and, in an
embodiment, the invention makes use of this characteristic by attaching shield 282 to hub 260 b?/
welding or other {842 }REGIng itlifitriat &ssan exambplecoffrefliigtidynamic bearing utilizing a conventiona

X-seal. Motor 450 includes shaft 475, sleeve 455, path 484, thrust plate 480, shield 482, fill hole
485 and capillary seal 420. As can be observed, gap 425 maintains fluid (about 0.5 mg of fluid) in
part by way of capillary seal 420. Further, fill hole is positioned below capillary seal 420. In an
embodiment, the present invention utilizes an enlarged reservoir 284, channels 510, a grooved
pumping seal 318 and an angled fill hole 285, thereby withstanding greater shock than the X-seal
design, using less power and providing a longer life for the motor. Further, the present invention
provides interface 290, which, in an embodiment, is a larger surface area than interface 440 of the

X-seal design, effecting greater dynamic parallelism and shaft to thrust plate bond strength.

[00043]Referring to FIG. 5, in an embodiment, reservoir 284 includes channels 510.
Channels 510 run in a generally axial direction along the walls of shield 282. Channels 510 extend
from recirculation plenum 332 and along reservoir 284. In some cases, channels 510 are in-line
with sleeve passageway 286. In one embodiment, six channels are employed, and in another
embodiment, two wider channels are employed. It is to be appreciated that the number, length,

width and positioning of channels 510 may vary and is determined by bearing requirements.
[00044]Channels 510 allow air within the fluid to travel along channels 510 and be purged

from the fluid. Channels 510 further provide a means for fluid to be retained within reservoir 284.

Fluid is retained within reservoir 284 during shock events due to a pressure difference between a
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meniscus. CCS 316 is a high volume seal and the invention makes use of this characteristic by
utilizing CCS 316 with an enlarged reservoir 284. [00041] Asymmetric sealing is also employed at
upper journal 310. Asymmetric grooves 242 generate pressure within upper journal 310 substantially
equivalent to the pressure located at journal plenum 312. Fluid is forced from upper journal 310

generally to groove. apex 24 descriped gbove in FIG. 2)..[00042]FLG , 4 illustr xample of
a fluid dynB?r%ﬂ?B@ ﬁ#{?ﬂ'ﬁl‘i&?ﬁ%}%ﬂ%&ﬁ%’}% %?gsaegﬁ% ogrfkgﬁ‘ip‘r']%kj 82 ‘gﬁtgéuﬁtg,ggﬁés\e}eﬁg& path
484, thrushplakerddtb sdiiak dSRhl ineificif yaaad ciapifdnesealad 200poessive assavithdnybavitzs
maintains fluid (about 0.5 mg of fluid) in part by way of capillary seal 420. Further, fill hole is

positioned%émscab%ary seal 420. In an embodiment, the present invention utilizes an enlarged
reservoir 284, channels 510, a grooved pumping seal 318 and an angled fill hole 285, thereby

withstanding greater shock than the X-seal design, using less power and providing a lopger life for the
motor. Further, tHOMAEHRG fcllinstiatss AN Fb Rt %,%Eﬂ?%atgﬂ* E‘rﬁB&ﬁ%&l?&g@@i&er
surface af%s‘h%%i&%ffﬂ%fé‘@s@ iXveReheRy BRI ingAe aldyNaid dyparaidarngrtshaft

to thrust plate bond strength. [00043]Referring to FIG. 5, in an embodiment, reservoir 284 includes

channels 5od. Gharasdstsmniped ameunt ehBrid js dniettad dneangieh §linels 483 BPRYSAEPIESY Efhnnels
510 extend, o rechiGy|afinn AenupbAadrad ARk £ 301Gl ShelR SPRIfaRBAREIVE BNl §145are

in-line with sleeve passageway 286. In one embodiment, six channels are employed, and in anpther

embodimedegtees\witibrachirfass| of:gie aldrifay dti 19 tosbe apprapigied i pRslashesidsiB dleqtasgtan Ridth
and positiqping ¢lEHAPNG!SPIRIBBKA ARG RITRIES b BRAYE CRUGTBAiHHUR tha
518"allo ’ n the flui a

Channels W air’'withi d to'travel along channels 510 and beép_urged from the fluid.
Channels biigfuninbepy ofiatetedfibnel¢o cau o tatibized taMrsushammindd&ry Bils 2gtachmant leGatighed

within rese§¥8i\r;v%§éi9\usﬂpeqd% ks%.&%gﬂ%&j {’besige@é)ﬁ%?Hﬁﬂ%ﬁ%@&ﬁ?‘ep@gf’ﬁg\@eﬁﬁom Fill hole 285

is positioned adjacent to a sealed wall at attachment location 520. In an embodiment, fill hole 285
is positioned between channels 510. In another embodiment of the invention, the fill hole is
positioned without making an angle with a surface of shield 282 and positioned on another section

of shield 282.

[00046]During a shock event, fluid may travel along channels 510 and collide with sleeve
280, decelerating the traveling fluid. Frictional drag slows the fluid within reservoir 284 and
along channels 510, due to the viscosity of the fluid. The motion of the fluid is therefore retarded
such that fluid may reach and collect at pool area 530 without leaking from fill hole 285. In some
cases, pool area 530 fills with fluid slower than the duration of a shock event. Further, angled fill
hole 285 opposes escape of fluid during shock since the fluid follows a path of least resistance and

an angled fill hole presents greater resistance in comparison to capillary force gradients.

[00047]Referring to FIG. 7, a further embodiment of the invention is illustrated. Similar
to previously described embodiments, an inverted shield is employed with spindle motor 700.
Also similar to previously described embodiments, enlarged reservoir 724 and sleeve passageway
726 contribute to the asymmetric pressure gradient (as described above) for withstanding shock

events. Thrust plate 752 establishes an enlarged interface 762 with base 750.
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portion of reservoir 284 having channels and a portion of reservoir 284 without channels. In another
embodiment of the invention, reservoir 284 serves as a low pressure area without having channels
510. [00045] FIG. 6 illustrates an embodiment of the invention that includes angled fill hole 285.
Angled fill hole 285 (or air vent hole) provides a means to fill a fluid dynamic bearing with fluid. A
predetermined amount of fluid is injected into angled fill hole 285 above capillary seal 316. Angled fill
hole 285 is positioned to make a 30 degree angle or an alternative angle (i.e., 45 degrees) with a
surface of shield R8248]ik thisembpdiniateot tihatiavigitsrh sistevas) sligd@2this disacheddoRrbrdstr, in an

embodiment, twa angled fjll holes are employed, It is to be appreciated,th er er led
£l holes CRIRS SRS SEIeHI PG 1 ﬁé‘.‘%ﬁgba@: ol %3:a§Y8r$°5sﬁ‘be®ér§§e'inAgﬁe d‘é‘%ﬁg W
attached tqfleayerShe HT Bt caRAINENLOAEhRMepnorfadel, haireRBSleéy @S tiamb shaditzitdo a
sealed wall at attachment location 520. In an emhodiment, fill holg 285 is rﬁ?ﬁiti?&?ddbewe%ﬂ hol
channels BIeVeRf SR SHEMIZS BRGIFRAE A ARG LTS ol qgahﬁfjé T Nraking an

angle with g e iasaRhehiainet? A mosiiangs witansifaceet thieldighield 282. [00046]During a
shock event, fluid may travel along channels 510 and collide with sleeve 280, decelerating the

traveling fluid. Frictional drag slows the fluid within reservoir 284 and along channels 510, due to the
viscosity ofthedfiithEhie Anoiigg p§ the fluid is therefore retarded such that fluid may reach and collect
at pool area 530 without Ieakin%}l;r;‘_)m fill hole 285. In some cases, pool area 530 fills Wit%,fluid slower

than the duration[69849i&kR Eajlaving saeeifiaamawiais Roryisss s Jhutetive SHPeFR MUY shock
since the leiQn‘Z?élPiﬁ&%@ RahRY 'Rasbies andleAt aotacid HRIR I Sant s aERMRTERSB@NCE in

comparison to caplillary force gradients. [00047] Referring to FIG. 7, a further embodiment of the

invention ipriestriteeht®inikilized prthiasyiniie anien eitfderbndthsiande P Gihade efisioyed
with spindig motor, 790, 3% Ui PiavopELe deRaiRedreub arifeRsAds HaliagRea08/ Off 724 and
g

sleeve passageway o N . .
further testing, multiple shocks having the same testing conditions were directed onto a spindle

motor incorporating an embodiment of the invention and the spindle motor withstood the shock

events.

[00050]Having disclosed exemplary embodiments, modifications and variations may be
made to the disclosed embodiments while remaining within the spirit and scope of the invention as
defined by the appended claims. For example, although the present invention has been described
with reference to a sealing system for a disc drive storage system and a spindle motor assembly,
those skilled in the art will recognize that features of the discussion and claims may be practiced
with other systems having a stationary and a rotatable component. The components may even
rotate in the same direction. Further, the present invention is useful in many additional systems

requiring shock tolerance.
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726 contribute to the asymmetric pressure gradient (as described above) for withstanding shock
events. Thrust plate 752 establishes an enlarged interface 762 with base 750, 15 [00048] In this
embodiment of the invention, however, shield 720 is attached to thrust plate 752 at shield attachment
722 and hub 754 rotates relative to shield 720. A DLC coating is utilized on one of the relatively
rotating adjacent gurfaces, namely sleeve 756 and shield 720 to prevent or minimize particle
generationqﬁér% any contact. Further, in this embodiment, fill hole 760 is positioned without making
an angle with a surface of shield 282. EXPERIMENTAL TESTS [00049] The following specific
example is provided for illustrative purposes and is not intended to be limiting. Results from
experimen etatRicted showed, in an embodiment, the present invention utilized within a spindle

motor satigfactorily fyith Fpnssd bekifp Shaeka dhapakiagk was directed over six axes with pulse

duration of two milliseconds, half sine wave, In furthe{ testing, multtﬁle hqcks E?\:iqgf:the same

testing condition@#&’é‘%}limmﬁegﬁﬁh@ AR FIFRS PERSTRY R 88 Y& TRvention
and the S%@iﬁdﬁ%%ﬂ@ﬂﬁf@@%@ﬁoﬁboc‘( events. [00050]Having disclosed exemplary embodiments,

modifications and variations may be made to the disclosed embodiments ggﬁ gim inin Wig;ain the
spirit and scope d¥ fidirsrirania{1an RasTgew By N dingctecy & RASTB B LRSS ,‘%ﬁ?ﬂbt?&ﬁ x©

present in\éﬁatmdga beat feserRsrnyphiaieiencadmainainaritieseles mdiscisiphiniabe

system and a spindle motor assembly, "those skilled in the art will recognize that features of the

discussionsteetiechaiisagenay befhrideriamupiention grth he thaustpipls Bearinp Rasspannay i thpist

Eﬁlg‘%ﬁvﬁl@_ JRRIGRAGR m&a}eegmagmmd the Mreseplie\watiag is

component, The RON&Y
useful in rTPa{%{fg (%(})n(g}%yst ms requiring shock tolerance. 1

passageway are in fluid communication with the journal at separate locations, the sleeve
passageway joining the journal at a location defining a journal plenum, wherein the fluid
recirculation passageway is biased for creating'an asymmetric pressure gradient and substantially
circulating the fluid about the journal, the sleeve passageway and the thrust plate bearing
passageway, air being purged from the fluid; and

a shield, affixed to one of a stationary component and a rotatable component, defining a
reservoir with the sleeve, wherein a recirculation plenum is defined by a junction joining the
reservoir, the sleeve passageway and the thrust plate bearing passageway, wherein the reservoir

includes a fluid seal.

2. The fluid dynamic bearing system as in claim 1, further comprising spiral grooves defined
on the thrust plate for generating pumping pressure to drive fluid recirculation and to pump fluid
from the thrust plate bearing passageway toward the shaft, into the journal bearing, and beyond a

journal grooving apex, when the shaft and the sleeve are in relative rotational motion.

3. The fluid dynamic bearing system as in claim 1, further comprising an outer diameter gap
defined between the shield and an outer diameter of the thrust plate, the outer diameter gap
joining the recirculation plenum junction, wherein the outer diameter gap includes a grooved

pumping seal (GPS) for establishing outer diameter gap sealing stiffness and for generating
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CLAIMS We claim: L A fluid dynamic bearing system comprising: a journal defined between a shaft
and a sleeve, wherein the shaft and the sleeve are positioned for relative rotation; a fluid recirculation
passageway including a sleeve passageway defined within the sleeve and having a thrust plate
bearing passageway defined between the sleeve and a thrust plate, the sleeve passageway in fluid

communication with the thrust plate bearing passageway, the thrust plate extending radjally from the
Shat, whePGHRE SBS0ENN AR I RERE S LG R I T e
communicgfignandtimthgderyasd ai atparatotacaiinntotiof. Sleeve passageway joining the journal at a
location defining a journal plenum, wherein the fluid recirculation passageway is biased for creating an

asymmetric pressure gradient and substantially circulating the fluid about the journal, the sleeve

passagewgy and g HidhRIMaOsing Heesaaematainir Domersmrgrdliangedle dimiskisad a shield,
affixed to one of a stationary component and a rotatable comﬁlonent, defini%ggi reservoir with the

sleeve, wirenstifugpbeapillplsab| ibetersadhsyphisld b ihrosaRve ke sBsldang theslses e
passagewgy Andsihe, LEYslRs Raskied Wﬁfe\‘ﬁ){g YORRIRINHE PethRA @Y PlehifeSambaidcasal. 2.
r

The fluid dynamic bearing system as in claim 1, further comErising spiral grooves defined on the

thrust platéofmnegchresveatmg iisvepsiresl sHatasese aadanbereiithedinid inthsreseaveirds dascadite waththee
thrust_IO|at?eQﬁseﬁi%%or?\?ﬁtgﬁﬁ{ﬁv\@yc&Wﬂﬁ%éi‘ﬁ;ﬁ!%?@aﬂéﬁ%@‘é‘hiﬁ%"Eﬂﬂ' fpeatige ARCiRYRAJA JRGIAN

grooving apex, w aft'and the sSleeve are in relative rotational motion. 3. The fluid dynamic
bearing systetoms in claim 1, further comprising an outer diameter gap defined between the shield
and an outer diameter of the thrust plate, the outer diameter gap joining the recirculation plenum

junction, wherein the outer diameter gap includes a grooved o
5. The fluid dynamic bearing system as in claim 1, wherein the reservoir is structured for

holding up to 2.5 mg. of fluid.

6. The fluid dynamic bearing system as in claim 1, further comprising axial channels on at
least a portion of an inner surface of the shield substantially extending from the recirculation
plenum, and along the reservoir, for allowing air within the fluid to move along the channels and

be purged from the fluid, and for retaining fluid.

7. The fluid dynamic bearing system as in claim 1, further comprising a fill-hole defined
within the shield, wherein a meniscus is positioned between the fill-hole and the fluid in the

reservoir, the fill hole making an angle with a surface of the shield.

8. The fluid dynamic bearing system as in claim 1, wherein the shaft is affixed to a base and

to a top cover plate, and the sleeve rotates relative to the shaft.

9. The fluid dynamic bearing system as in claim 1, wherein an engagement interface of the

thrust plate with a base ranges from 3 millimeters to 5 millimeters, for dynamic parallelism.

10. The fluid dynamic bearing system as in claim 1, wherein the shield is positioned for

serving as a travel limiter to the sleeve.
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pumping seal (GPS) for establishing outer diameter gap sealing stiffness and for generating 17
pressure substantially equivalent to the pressure located at the recirculation plenum, when the shaft
and the sleeve are in relative rotational motion. 4. The fluid dynamic bearing system as in claim 1,
wherein the fluid seal comprises a centrifugal capillary seal defined between the shield and the
sleeve, the shield and the sleeve having surfaces relatively tapered and converging toward the
recirculation plenum, a meniscus formed between the tapered surfaces, and wherein the fluid in the
reservoir ig forcedrtpyriid tyaarmicitealatip sypienianibglasnttifigshéocomprising theysimétreal gheosiegve
are in relative rotatignal motion. 5. The fluid dynamic bearing system as in claim 1, wherein the
rosorvor BB FATEER B DL HIER G oS R0 SyarverB oMy Sy ineagne
claim 1, fuphesrsempasingsaidal phastadis providirgsidiad eriffbressfsabsiandalby fémasedf thansiyietcof
substantially extending from the recirculation, plenum, and along the reservoir, for allowing air within
the fluid totASETEBRPIETHAHARLNSIIUBE hurged from the fluid, and for retaining fluid. 7. The fluid
dynamic bearing system as in claim 1, further comprising a fill-hole defined within the shield, wherein
a meniscus is positioned between the fill-hole and the fluid in the reservaojr, the fill hole making an

angle with Bsurfabbeduikdsnasmic bearing fyste Ahim K aatify i SOMRISE AR ASY MRS the shaft
is affixed g3 Rase ARkHCR IR WtRARAMdRInIRe S FRIRIRGRIAR VR MR GbafivédnTihe fluid

dynamic bearing System as in claim 1, wherein an engagement interface of the thrust plate with a

base rang@sylreatEqsigEraewins patermirddhe thaest alatantne provisme fadiad stfRess A oRAREAY bearing
system as #n clain L RSV RIM AEaNESbIRROSIIRAREOL ARIHIGETeraliiy présRiies ssbitmblagve.

equivalent to the pressure located at the journal plenum.

13. The fluid dynamic bearing system as in claim 1, further comprising a variable journal gap
having a larger gap substantially adjacent to the journal plenum for providing asymmetric journal
pressure distribution wherein lower pressure is located at the journal plenum and adjacent to the

journal plenum, and for reducing power consumption at the journal plenum.

14. The fluid dynamic bearing system as in claim 1, further comprising a diamond-like carbon
(DLC) strip on at least one of an end of the shaft wherein the journal plenum is positioned
between the DLC strip and the thrust plate, and a sleeve adjacent to a relatively rotating shield,
for minimizing particle generation during any contact when the shaft and the sleeve are in relative

rotational motion.

15. A spindle motor for withstanding shock comprising:

a journal defined between an inner component and an outer component, wherein the inner
component and the outer component are positioned for relative rotation,

a fluid recirculation passageway including a first fluid passageway defined within the outer
component, the first fluid passageway in fluid communication with a second fluid passageway, the

second fluid passageway defined between the outer component and a radial member extending
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18 11. The fluid dynamic bearing system as in claim 1, further comprising a symmetrical grooving
pattern included on a portion of the sleeve adjacent to the shaft comprising one of a herringbone
pattern and a sinusoidal pattern for providing radial stiffness substantially focused at an apex of the
grooving pattern within the journal. 12. The fluid dynamic bearing system as in claim 1, further

iSi trical [ tt ft haft wherein the | | [
posioned RE AP )t FERST o R BT b B DA AL P SOy

g radial

stiffness sphaRiallyafoavsait bihmasyainewithltiegoving pastgrrapdocaindpr generating pressure

substantially equivalent to the pressure located at the journal plenum. e fluid dynamic bearin
et ’

3.
system as in claiffeRns 18 &F SRS ARIAY BSHELPESSUFR &Y hté)\/frﬁr&éaltfr 8'rdg ¢ L0 PSS I

adjacent tepthaiRuiRd lelaIHEAd RrevigitRIRsYRRMSEiCasuiT e freasill eheifitsbiltidpadsagewaigwer
pressure is located at the journal plenum and adjacent to the journal plenum, and for reducing power
consumptiehf dherieserd fRIPBMIASEYAYThe fluid dynamic bearing system as in claim 1, further

comprising a diangQriikamAEAAD dRSPasitiR ARt deAPoRes: ahan endablbeoshsdhericdelinifiea

journal plenum is positioned between the DLC strip and the thrust plate, and,a sleeve adjacent to a

relatively resseivgismishtheaussieamRRYsshrivier garicieaitsyiatiom glapyme srestnsthBnaineieR and the
sleeve are, n felAfive oeoUANAIIRONANId Dad ARIRAIEAMPIRE REHIMANHiRG:EBREY, caPrising: a

journal defined between an inner component and an outer component, wherein the inner component
and the outer conmssne fierasealing therieserypielative rotation; a fluid recirculation passageway including
a first fluid passageway defined within the outer component, the first fluid passageway in fluid
communication with a second fluid passageway, the second fluid passageway defined between the
outer compénent Ehelspinsitiahnatendsdn clawndmgvherein:

means for creating the asymmetric pressure gradient comprises spiral grooves defined on
the radial member to generate pumping pressufe to drive fluid recirculation and to pump fluid
from the second fluid passageway toward the inner component and into the journal, when the
inner component and the outer component are in relative rotational motion; and

means for sealing the reservoir comprises at least one of a capillary seal defined between
the shield and the outer component, and spiral grooves on the radial member adjacent to an outer
diameter gap defined between the shield and an outer diameter of the radial member, the outer

diameter gap joining the recirculation plenum junction.

17. The spindle motor as in claim 15, wherein the reservoir is structured to hold up to 2.5 mg.

of fluid.

18.  The spindle motor as in claim 15, further comprising axial channels on at least a portion of
an inner surface of the shield substantially extending from the recirculation plenum and along the
reservoir, to allow air within the fluid to move along the channels and be purged from the fluid,

and to retain fluid.
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- 19 radially from the inner component, wherein the first fluid passageway and the second fluid
passageway are in fluid communication with the journal at separate locations; means for creating an
asymmetric pressure gradient to circulate fluid and to purge air in the fluid, wherein the fluid
substantially circulates about the journal, the first fluid passageway, and the second fluid passageway;

a shield, affixed tq one of a stationary cqmpo and a rotatable c ent. defining a_.reseryoir with
the outer dompon %,Wﬂ%m"&%&?rgh%‘ﬂgh[ﬁéﬁﬁﬂefé’a’éﬁ’ﬁ‘é&‘ By agl}a%%%éfletﬂﬁﬁni%t %tpgsgtﬁs\{)&:‘r, the
first fluid paeagewakmseulie pesiaotcdudtpeassabe fidhotnshigrrtufdisdading dheneshedirhdlé. The
spindle motor as in claim 15, wherein: means for creating the asymmetric pressure gradient comprises
spiral gro&é@%ﬁﬁé&%ﬁ“ﬁ‘r’i@ SRR E 8rsP6eB£nerate pumping pressure to drive fluid recirculation

and to pump fluid from the second fluid passageway toward the inner component and into the journal,
when the inner component and the quter component are in, relative rotational motign; and mea&s for

sealing th&fesen/OiE SBIRGIABRIGE ASABCHI 4P o HhETRIL e AiISS SATRPBEAN/S SRS Wht35. 204118

outer compepsRbRPYISRI NiHRAY % iisatisharerebrearineraiROiamcolparRiay gap defined
between the shield and an outer diameter of the radial member, the outer diameter gap joining the

recirculation plenum junction. 17. The spindle motor as in claim 15, wherein the reservoir is structured

to hold up 5§ 2.5 rpge S fHidmbBorRamRiAla MARERR I AR bR TRRREE VT i e dslahehdenels

on at least a portion of an inner surface of the shield substantially extending from the recirculation
plenum anwitiarkpshsangesfiem rengsrofioar3mitimetersind ilisitesso Y dwenicprrlgioe purged

from the fluid, and to retain fluid.

22. In a spindle motor having a journal defined between an inner component and an outer
component, the inner component and the outer component positioned for relative rotation, a
method comprising:

defining a first fluid passageway within the outer component, the first fluid passageway in
fluid communication with a second fluid passageway, the second fluid passageway defined
between the outer component and a radial member extending radially from the inner component,
wherein the first fluid passageway and the second fluid passageway are in fluid communication
with the journal at separate locations;

creating an asymmetric pressure gradient to substantially circulate fluid about the journal,
the first fluid passageway and the second fluid passageway, and to purge air from the fluid;

forming a reservoir defined between a shield and the outer component, and sealing the
reservoir, wherein a recirculation plenum is defined by a junction joining the reservoir, the first
fluid passageway and the second fluid passageway; and

affixing the shield to one of a stationary component and a rotatable component.

23. The method as in claim 22, wherein creating an asymmetric pressure gradient comprises
forming spiral grooves on the radial member to generate pumping pressure to drive fluid
recirculation and to pump fluid from the second fluid passageway toward the inner component
and into the journal, when the inner component and the outer component are in relative rotational

motion.
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. 20 19. The spindle motor as in claim 15, further comprising a fill-hole defined within the shield,
wherein a meniscus is positioned between the fill-hole and the fluid in the reservaoir, the fill hole
making an angle with a surface of the shield. 20. The spindle motor as in claim 15, wherein the inner
component is affixed to a base and to a top cover plate, wherein the outer component rotates relative
to the inner component. 21. The spindle motor as in claim 15, wherein an engagement interface of the
radial member with a base ranges from ranges from 3 millimeters to 5 millimeters, for dynamic
parallelisnp422. Irrhe pisthedaeiarcham g dijetheralongfisg isfivienaarittee disoreteogaptbandesn heter

component, the inner compopent and the outer component positianed for relative. rotation d
comprisingg.hﬂglai AR ?ld{mg%gégw%%mﬁqﬁgro%ﬂ%ggoerrn%%lnmeer{] ,rﬁaé) fﬁé?ﬂ&@%é%%%%@ﬂ%@ﬁ in
fluid comnypevicatipmutith ane seslthfuit passateneyr tup dgamsiding ppissbgoess defihedadiatween
the outer component and a radial member extending rad'éajli/‘ from the inner compqgnent .{%ﬁherei{; the
first fluid pERSBRFE ALIPCERY ' ENE U FTIHRINEISE SRR RS PRISN PWET LIRS ST SRS ing 5 EToUPTal at
separate |QRatigRs iRpIRAMASHE Bieti chpoRere gl eehitverhataniilidtiowlate fluid about the
journal, the first fluid passageway and the second fluid passageway, and to purge air from the fluid;
forming a reservoir defined between a shield and the outer component, and sealing the reservoir,
wherein a sgeirculpfiom pIRSET i eRiNeD Py RivRCiangitie selRpv R covprishietitplofinig passageway
and the second fluid passageway; and afﬁxing the shield to one of a stationary component and a

rotatable coensifngaltcamllanisenlcdnBoed besvesmihe shigklaadhtheutppcomaeyittm tinsiirid anddhe
gradient compriaes, fOHENNELSHEALHAOMEIRAVIS IAFRIIRT ORIV SRE C6NE P BRI AIRESAIE (O

drive fluid recwcul%‘#on and to pump fluid from the second fluid passageway toward the inner
componenplenum, fluid being retained in part by a meniscus formed between the tapered surfaces, the fluid
in the reservoir being forced toward the recirculation plenum by centrifugal force when the inner

component and the outer component are in relative rotational motion.

26. The method as in claim 22, further comprising structuring the reservoir to hold up to 2.5
mg. of fluid.
27. The method as in claim 22, further comprising forming axial channels on at least a portion

of an inner surface of the shield substantially extending from the recirculation plenum, and along

the reservoir, to allow air within the fluid to move along the channels and be purged from the

fluid, and to retain fluid.

28. The method as in claim 22, further comprising defining a fill-hole within the shield,
wherein a meniscus is positioned between the fill-hole and the fluid in the reservoir, the fill hole

making an angle with a surface of the shield.

29. The method as in claim 22, further comprising affixing the inner component to a base and

to a top cover plate, wherein the outer component rotates relative to the inner component.
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. and into the journal, when the inner component and the outer component are in relative rotational
motion. 21 24. The method as in claim 22, further comprising defining an outer diameter gap between
the shield and an outer diameter of the radial member, the outer diameter gap joining the recirculation
plenum junction, and sealing the outer diameter gap by employing spiral grooves on the radial
member adja centi the r d|a efer.ga establish .outer diameter aI| stiff es%when
the inner c% pon ﬁ al?dﬂaf %%Oﬁgﬁ%%rr&ﬂ’?&%ﬁ%g%?ﬁn&wﬁe ng%a‘lf ‘ﬁ1e method as in
claim 22, whr¥ein BRI 4Ie; iasa o rangesfass emmﬁmgrﬁtccemmugabmnﬂmylmqumMism.
between the shield and the outer component, the shield and the outer component having surfaces
relatively tapered and converging toward the recirculation plenum, fluid being retained in part by a
meniscus formed between the tapered surfaces, the fluid in the reservoir being forced toward the
recirculation plenum by centrifugal force when the inner component and the outer component are in
relative rotational motion. 26. The method as in claim 22, further comprising structuring the reservoir to
hold up to 2.5 mg. of fluid. 27. The method as in claim 22, further comprising forming axial channels
on at least a portion of an inner surface of the shield substantially extending from the recirculation
plenum, and along the reservoir, to allow air within the fluid to move along the channels and be
purged from the fluid, and to retain fluid. 28. The method as in claim 22, further comprising defining a
fill-hole within the shield, wherein a meniscus is positioned between the fill-hole and the fluid in the
reservaoir, the fill hole making an angle with a surface of the shield. 29. The method as in claim 22,
further comprising affixing the inner component to a base and to a top cover plate, wherein the outer
component rotates relative to the inner component.

23



22 30. The method as in claim 22, further comprising engaging the radial member with a base,
wherein the engaging interface ranges from 3 millimeters to 5 millimeters, for dynamic parallelism. 23
METHOD AND SYSTEM FOR WITHSTANDING SHOCK IN A SPINDLE MOTOR BEARING A
system, method and means is provided for withstanding mechanical shock for use with fluid dynamic
bearings. A sealing sYQRTH)Py Qs & S D FORIWVIPHS P ANPIN G ISR an aspect, a grooved
pumping seal employed between a thrust plate and a_shield, a thrust plate having spiral grooves, a
fluid recirculation passageway, aty-& PEINEMOIEORBIARNGic pressure gradient. In an
aspect, fluid is retained and air is purged utilizing an enlarged fluid reservoir, axial channels and an
angled fill hole. In an aspect, a shaft is attached to a top cover supplying radial stiffness, and an

enlarged SniSeBIBEHAc aPA e b BTRE SRR baraniRe mee ) ga sgock for use with
fluid dynamic bearings. A sealing system is provided that withstands 1000 G shock

events. In an aspect, a grooved pumping seal employed between a thrust plate and a
shield, a thrust plate having spiral grooves, a fluid recirculation passageway, and a
reservoir creates an asymmetric pressure gradient. In an aspect, fluid is retained and air is
purged utilizing an enlarged fluid reservoir, axial channels and an angled fill hole. In an
aspect, a shaft is attached to a top cover supplying radial stiffness, and an enlarged single-

sided thrust plate improves dynamic parallelism.

FIGURE 3

24





