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15
FIELD OF THE INVENTION
T};e present invention relates to magnetic disc drive storage systems, and
more specifically, the present invention relatesto a hydrodynamic fluid bearing for use
in a magnetic disc drive storage system.
20

BACKGROUND OF THE INVENTION
Magnetic disc drives are used for magnetically storing information. In a
magnetic disc drive, a magnetic disc rotates at high speed and a transducing head “flies”
over a surface of the disc. This transducing head records information on the disc surface
25 by impressing a magnetic field on the disc. Information is read back using the head by
detectfng magnetization of the disc surface. The transducing head is moved radially

across the surface of the disc so that different data tracks can be read back.



nore specifically, the present invention relates to a hydrodynamc fluid
bearing for use In a magnetic disc drive storage system 20
BACKGROUND OF THE | NVENTI ON Magnetic disc drives are

used for mag lcally storing information. In a magneti c disc
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over a surface ofthe disc. This transducing head records information on the
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the surface of the disc so that different data tracks can be read, back.
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Over the years, dowentpleranee dr the raufacturing:and operstingef seagnetic storagesdises. Jfort he

storage system has tended to decrease. This trend has |lead to greater

preci si on and example, tocachieve intreased storage densitiesahn fransducinghipad moisobrepladedng

- of magnetic storage discs. For exanpl e, to achi eve increased

storage denspt i esdndrédgingly dosedol thengrfdoe afthenstoragdadiscp IThis prbximity requires that the disc
rotate .substantially in a single plane. A slight wobble or run-out in disc rotation can
cause the surface of the disc to contact the transducing head. This is known as a “crash”
and can damage the transducing head and surface of the storage disc resulting in loss of
data.

10 From the foregoing discussion, it can be seen that the bearing assembly which
sxspports the storage disc is of critical importance. One typical bearing assembly
comprises ball bearings supported between a pair races which allow a hub of a storage
disc to rotate relative to a ﬁxed member. However, ball bearing assemblies have many
mechanical problems such as wear, run-out and manufacturing difficulties. Moreover,

15 resistance to operating shock and vibration is poor, because of low damping. Thus,
there has been a search for alternative bearing assemblies for use with high density
magnetic storage discs.

One alternative bearing design which has been investigated is a hydrodynamic
bearing. In a hydrodynamic bearing, a lubricating fluid such as air or liquid provides a

20 bearing surface between a fixed member of the housing and a rotating member of the
disc hub. In addition to air, typical lubricants include oil or ferromagnetic fluids.
Hydrodynamic bearings spread the bearing interface over a large surface area in

comparison with a ball bearing assembly which comprises a series of point interfaces.

This is desirable because the increased bearing surface reduces wobble or run-out



5 .increasingly close to the surface of the storage disc. This proximty
requires that the disc , rotate substantially in a single plane. A
slight wobble or run-out in disc rotation can cause the surface of
the disc to t the transduci ng head. This is known as sh"

and can dama&gg ﬁ@‘transdum ng head and surface of the. stori 5? 35
resulting in |oss of data 10 Fromthe f oregoi ng

di scussion, it can be seen that the beari ng senbl y which

supportsthe storage disc isg of critical ortancge. i cal arlng
assenbl y o e saatngind Sesdperibers. Doty 06 uarcobuid R i mverte

whi ch allow a hub of a stqra di s¢ to rotate relative to a flxed
menber. However, imperts damping, "ﬁ?é@%l"l‘@?w@ o reduce non-repgiitivg pumoyt-
probl ens such as wear, run-out and rranuf actur| dlffICU|tIes Mor eover ,

15 resi stance to operHowsyershysdeodynand figav disadvantpgesow
danpi ng. Thus, there has been a search for aI ternatlve beari ng
assenbl i es for usinchudingra lowpliffisbssitoipoyer ratio. These proljeras lead torachighysensitivitysof the
One alternative bearing design which has been investigated is a

hydr odynami c 5 bearing freéxtérnigd loadsiorsshbgkdr odynami ¢ bearing, a |ubricating
fluid such as air or liquid provides a 20 bearing surface between a

fi xed nenber of the housing and a rotating nenber of the di sc hub.
In addition to air, typical lubricants include oil or ferromagnetic fluids.

Hydr odynam ¢ bear §pNAVIAREOF THE INVENTION Nt erface over a |arge surface
area in conparison wth a ball bearing assenbly which conprises a
series of point interfacPgyg it is an object of the present invention to create an improved
hydrodynamic bearing which is relatively insensitive to changes in load and rotational
10 speed.
Another objective of the invention is to provide a hydrodynamic bearing
having increased stiffness.
Another objective of the invention is to provide a hydrodynamic bearing
useful in a spindle motor for a disc drive or the like which is stiffer than known standard
15 spindle motors so that the stability of the system and specifically of the actuator arm and
transducer relative to the rotating disc is optimized.
These and other objectives of the present invention are achieved by providing
a hydrodynamic bearing useful as a bearing cartridge or as the cartridge may be
incorporated into a spindle motor or the like, where the bearing includes a shaft and at
20 least two independent bearings each comprising a thrust plate supported on the shaft and
a counter plate and/or a sleeve which is capable of relative rotation around the shaft.
The use of multiple thrust plates maintains and even increases the stiffness of the overall

design without any attendant increase in power consumption. Further, the
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bet ween t he ' and fixed nmenbers. Moreover, the use o g in the

I nterface ar{é‘{'gt)tﬁhh‘&9 | nparts danping effects to the. bear?ﬁ@hwgﬁghel ps
to reduce non-repetitive runout. However, hydrqdynam c
beari ngs thensel ves suffer from di sadvant age‘§7 including a | ow

stiffness-to-power ratio, These problens |ead to a High ngitivity of the
2 "beari ng. t o reagbfching aad arserly Brages doss ot become mAB ARG teesupefhe Bap
| NVENTI ON L. Thus, |t i,g an object of the present
i nvention to credMay bgmaintained At g reasonable widthy i odynani ¢ bearing which is
relatively insensitive to changes in |load and rotational 10 | speed.
Anot her obj ective of t hM@rnm%mJ ly, ingnexemplesy iembodiment thaybsaringrineludes:a fixed
havi ng i ncreased stiffness.
' shaft and a sleeve rotating around and surrounding the shaft, and at least first and second
5 thrust plates separated by a portion of the shaft. In one example, the shaft includes a
central reservoir or hole and one or more ports between the reservoir and a gap defined
between the shaft and the sleeve to allow fluid movement through the hydrodynamic
bearing. Grooves can be found on shaft or sleeve to enhance fluid circulation through
the gaps defined by the shaft and the thrust plates supported thereon and the surrounding.
10 sleeve with counter-plates, as well as to increase stiffness. Grooves could also appear
_on one or more of the counterplates, or on a thrust plate surface, or a combination of
both thrust plate and counterplate.

To enhance the fluid pressure balance and fluid movement, the bores may

include at Jeast one radial bore between each pair of thrust plates, and a further radial
15 bore below the lowermost thrust plate.

Assembly is enhanced by providing axially separated steps in the sleeve so
that the shaft and thrust plates may be inserted into the sleeve, with counterplates then
placed against the steps in the sleeve.

Other features and advantages of the present invention will become apparent

20 to a person of skill in the art who studies the present invention disclosure, given with

respect to the following figures.



Anot her obj ective of the invention is to provide a hydrodynam c bearing
useful in a spindle notor for a disc drive or the like which is stiffer
t’‘han known standard 15 spindle notors so that the stability of the

system and s I |y of the actuator arm and tr

relative to t é’%@ ing disc is optim zed. . m&@qﬁsand
ot her objectives ofthe present invention are achieved by providing

a hydrodynam c bearing useful as a bearing cartridge or as the cartridge
may be I ncor par. i ' e r, or the Iike, where the
bearing incl udes Bﬂmﬁquﬁﬂﬁb%Fmg’k}%. ndependent bearings each
conprising a thrust plate supported on the shaft and_ a coynter
plate and/or a sleeve mFWeilss%BﬁmP@eﬂeW%ﬂW?GF%ﬁ?@ﬁeﬂﬁ'ﬁﬁh‘ﬂh‘ah@ay

shaft. The use of nultiple thrust plates naintains and even

i ncreases the sti fricoxpormtethe hydrodynamisibearing cartridge and spigdie motordn accgriance with
attendant increase in power consunption. Further, the WO 98/ 48420
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manuf acturi ng and assenbly process does not becone nore difficult because
t he gap 5 may be Figurd i meertied] sactionalsdemdif a priattdrt hydrodynamic bearing

More specifically, in an exenplary enbodi ment the bearing includes a fixed
cartridge incorporated in a spindle motor assembly.

Figure 3 is a vertical sectional view of a hydrodynamic bearing cartridge in

accordance with the present invention.

10 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Figure 1 is an exploded perspective view of a magnetic disc drive storage
system in which the present hydrodynamic bearing cartridge could be used. In the
example to be discussed below, the use of the hydrodynamic bearing and associated
cartridge will be shown in conjunction with a spindle motor. Clearly, this bearing
15  cartridge is not limited to use with this particular design of a disc drive, which is shown
only for purposes of the example. Given the many advantages which this invention
achieves, it could also potentially be used to support the actuator for rotation. The
bearing cartridge also has numerous other uses outside of the field of disc drives.
Further, the fluid bearing disclosed herein has a fixed shaft and rotating,
20 surrounding sleeve.
In this particular example, the storage system 10 includes a housing base 12
having spindle motor 14 which carries storage discs 16. An armature assembly 18
moves transducers 20 across the surface of the discs 16. The environment of discs 16

is sealed by seal 22 and cover 24. In operation, discs 16 rotate at high speed while



shaft ,and a sl eeve rotating around and surrroundi ng the shaft, and at |east
first and second 5 thrust plates separated by a portion of the shaft.
I'n one exanpl e, the shaft includes a central reservoir or hole and
one or nore 59{)%@482 tween the reservoir and a gap defined bet ween
the shaft an beve to allow fluid movenent through t h@GHHPHYSRani ¢
bearing. G ooves can be found on shaft or sleeve to enhance fluid_ .
circulation through t he gaps defi neds'by the shaft and the thrust
pl ates supported thereon and the, surroundi ng 0 sl eev. it h., .
count er - pl at es, aga‘&%éP‘Fer%tgo #%5 nositipped.at any ppg ?fe’sl@fgecﬁuﬂ'&??e%fe@gﬁﬁydd'g?r§ﬁméﬁ’pear
on one or nore of the counterplates, or on.a thrust plate surface, or a
conbi nation of  tracks on thesunface \of thewdisgs 1 cThisallows the tensdugess 20 to read and write

To enhance the fluid pressure balance and fluid novenent, the bores ma

i ncl ude at | east wagnetically enicoded informatiancomrthegicfacesof disest 16 41 seleatedrlogations. a
further radial 15 bore bel ow the | owernost thrust plate.

Assenbly i s enhandiecs topatprabwenyi high speeds, Isgvesal ghousanddRBMg firs ofder té enainitain tke so
that the shaft and thrust plates may be inserted into the sleeve, with
count er pl at e t hetransducer flying pvercisisunfycd ofithe dikce Intpegsentiday tdehnaldgypthe.spacing

Q her features and advantages of the present invention will become apparent
20 to a persondishince bétieen the tritBdudérandihe réthtingids surfabe i hiaSIAdd ih MiGBintiRs;
di scl osure, given with respect to the follow ng figures.

thus it is absolutely essential that the disc does not tilt or wobble.
Figure 2 is a vertical sectional view of a single thrust plate hydrodynamic
bearing motor design of a type which is already established in this technology. The basic
10 structure of the motor shown in this figure includes a stationary shaft 10 and a hub 12
- supported from a sleeve 13 for rotation around the shaft. The shaft 10 includes a thrust
plate 14 at one end, and terminates in a shoulder 16 at the opposite end. The sleeve 13
supports a counterplate 19 at one end, for rotation over the thrust plate 14. The
counterplate 19 and thrust plate 14-are separated by a sufficient gap 22 to aliow
15 movement of lubricating fluid to lubricate the hydrodynamic bearing through the central
hole or @woh 20, through the gap 22, through the reservoir 26 defined between the
end of the thrust plate 14 and an interior surface 27 of the sleeve 13, and between the
lower surface 24 of the thrust plate 14 and an upper surface 25 of the sleeve 13, and
between an inner surface 28 of the sleeve and the exterior surface 29 of the fixed shaft.
20 The fluid path is completed to reservoir 20 primarily through a central bore 21. In order
to promote the flow of fluid over the bearing surfaces which are defined between the
thrust plate 14 and the counterplate 19; between the thrust plate 14 and the sleeve 13,
and between the shaft 10 and the sleeve 13, typically one of the two opposing surfaces

of each such assembly carries sections of grooves as is well known in this technology.
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Figure 1 is a perspective view of a magnetic disc storage system which may
i ncor porate the 8I)‘Mrodynam c bearing cartridge and spindle rmt or I n
accordance wiY the present invention. 5 'ﬁfﬁ'e IS
a vertical sect lonal view of a prior art hydrodynam c beari ng

cartridge incorporated in a spindle notor assénb

Figure 3 is a vertical sectiqgnal view of a hydro ynam C r gartridge

in accor dance wi &hefyidioy betwesn the\bearhg a"es"'&%‘s ‘LEB‘S““’
DESCRI PTI ON OF A PREFERRED ENMBCODI MENT ure 1 is
expl oded per spect iressltipg instisoess. Girgplationcof fuidis W&’é“@t‘bﬂi@'&ceﬂ“‘“ hole 20 %%‘F em

in which the present hydrodynam c bearing cartridge could be used. In the
exanpl e to be di ssbaft tulthecdtbey, beating swrbaces by ithe appopsiatendesizning cofr genmetan @nd
associ ated cartridge will be shown in conjunction with a spindle
motor. Clearly, tIgrsdvingpatiens of the baring surfaces. The remainder of the structure of significance
5 which is used to complete the motor design include shaft extension 30 which ends in
threaded region 31 which i_s threaded into a portion of the base 44. A stator 42
cooperates with magnets 40 which are supported from the sleeve 13, with energization
of the stator windings 42 causing rotation of the sleeve 18 and the hub 12 about the
stationary shaft.

10 As used in a disc drive motor, this system supports one or more discs 44 for
rotation. Because the transducers and disc drives fly at extremely low heights over the
surface of the disc, it is essential that there not be wobble or vibration of the hub and
disc as it rotates. Moreover, it is also important that should such wobble occur, that
there is no touch down between the surfaces of the thrust plate 14 and the opposing

15  surface of the counterplate 19 and sleeve 13. However, as explained above, in a
cantilever type bearing such as shown in Figure 2, where the load carrying surface which
is thrust plate 14 is located far from the center point about which any pivoting would
occur in the event of vibration or wobble, there is a much greater chance of a touch
down or contact between the facing surfaces, which would result in both wear of thé

20 surfaces over the long term, and a slow down of the rotational speed of the disc in the
short term.

Itis _for this reason that the design of the following figures has been adopted.
By adopting this design, load carrying surfaces, whether thrust or conical bearing type,

are located closer to the middie of the overall hydrodynamic bearing system. The pivot



15  cartridge is not limted to use with this particular design of a
disc drive, which is shown only for purposes of the exanple. G ven
t‘he many advantages which this invention achieves, it could al so
potentially be used to support the actuator for rotation. The

bearing cartr V@& o has nunerous other uses outside. of t hePFHEPIHOEBS gi sc
drives. Further, the fluid bearing disclosed herein has
a fixed shaft and rotating, 20 surroundir¥rg sl eeve. '
In this particular exanple, the stprggf system 10 i nc| udes a housi ng_ base

12 havi ngoistabegtwhidkanyrocking afthe heasigg may ocar 3lsa fjes dosede thegniddly of |

armature assenbly 18 noves transducers 20 across the surface of
the discs 16. ThethelbsaringnBecausedf this,dyanoving the load carrying sufases @s plosesspossibile and
cover 24. In operation, discs 16 rotate at high speed while WO

98/ 48420 to the center of the disc, any wobbling or vibration of the disc would have less chance
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transducers 20 ar ¢ ¢ touchdown as theends of thedbkaring! Fagher)byndaidingaivo ondiord thyust
differentiated tracks on the surface of the discs 16. This all ows

the transduceys 2@jatedsuifaced, #gréat\ifidrédle in overall stifiERH O beGohibvede Thesiefikally, the
informati on on the surfaces of discs 16 at selected | ocations. The

discs rotate at Vegine iuttoR®BSithieveidyMaking!thOshpaniiiée bt thdbeafinlbeches very

mai ntai n the
difficult to manufacture.

Referring therefore to Figure 3, it can be seen that this is a modification which
could easily be incorporated into the design of Figure 2 to form a cartridge which would

10 have many uses, but would be especially useful for mounting a hub such as the hub 71
and to be incorporated into a disc drive. The upper end 101 of shaft 75 supports a thrust
plate 90 which rotates below a counterplate 91 supported by sleeve 72; the bottom

- portion 77 of the shaft 75 is extended to mate with a base (not shown) as indicated and
represented in Figure 2 to support the motor or bearing.

15 So that the stiffness of the motor and its resistance to shock as well as its
alignment to the rest of the system is enhanced and maintained, the design of the present
invention includes at least two thrust plates 90, 92 each mounted on the shaft 75 and
spaced apart by a region of the shaft 94. Each of the thrust plates 90, 92 are axially
separated from the next by a counterplate 93; although this example shows only two

20 - thrust plates, multiple thrust plates may be mounted on the shaft. The thrust plate 92
closest to the base faces a section 103 of the sleeve ‘f2 which serves as a counterplate.
The top surface 214 of the upper thrust plate 90 faces a counterplate 91 which is

supported from the sleeve 72.



5 . transducer flying over the surface of the disc. In present day

t echnol ogy, the spacing di stance between the transducer and the
rotating disc surface is nmeasured in mcroinches; thus it is
absolutely egsential that the disc does not tilt or wobble.

Figure 2 is if%@%&@al sectional view of a single thrust pl EFENW(?P@&ynam c
bearing notor design of a type which is already established in this
technol ogy. The basic 10 structure of tf2 notor shown in this figure
i ncludes a stationary shaft, 10 and a_huh 12, . S orted from a

sl eeve 13 for rotation é‘i‘ﬁ ‘?mﬂﬁg‘ls.mm%ﬁaﬂ‘ﬁ“?ob#ﬁ%ﬁﬁfégmé ”t‘%??ﬁsqf _
plate 14 at one end, and term nates in_a shoul der, 16 at the oppaqsite end.
The sl eeve 13  counterplajesHo P3.cand slegyeniZoand the eomhined; outer surtaces °E§Fﬁr7(§t°é‘ai on
over the thrust plate 14. The counterplate 19 and thrust plate 14
are separated by thrusiplafes 90,83t Flyisis maintainedhin the\gap¥02 betwegn thefixed pertion of the

| ubricating fluid to lubricate the hydrodynam c bearing through the central
hol e or reser voi rfluDdynathichesringtand thearptagifig poition ulihoperation of the wwample 6f Figwrened
bet ween t he end of the thrust plate 14 and an interior surface 27
of the sl eev® 13,3, tiedlebe!72paites gast shaft 75, creatihg pressusa in ftlecfiuid® Headihg asrexplained st
pl ate 14 and an upper surface 25 of the sleeve 13, and bet ween an

inner surface 28 agbvd.NThé hpRydmanid fluibsepitates ithe rotdting poftichoftthe fibid dynamid -
shaft. 20 The fluid path is conpleted to reservoir 20 primarily

through a centralpg ot the fite®péH6n, and provides 4 BeaPihg bitFaRe iHef: Bebwanof f 1 ui d
over the bearing surfaces which are defined between the t hr ust

plate 14 and the counter eqfufdi}%ﬂ}gﬁéﬁlﬁ?eﬁaﬁ@g&ﬂlﬁ&tﬂ}o%kﬁréévai?(ioﬁ Qich

sl eeve 13, ~and between t 10 and the sleeve 13, typically
one ofthe two Qpp&&hﬁ%p%éeﬂt&e&‘ the shaft 75 and is connected by one or more radial bores 110,

10 - 112, tothe gap 102. The first radial bore 110 connects the reservoir 105 with the lower

gap section 120. A second radial bore 112 connects the reservoir 105 with the central -
section 124 of the gap. This provides a continuous path for the bearing fluid. The
direction of flow or pressure gradients would be influenced by the grooves in the
dynamic bearing formed in the gap and also by size and geometry of thrust plate and
15 counter-plate, and in this example is indicated by the arrows drawn in the bores and -
reservoir. Other directions of flow or pressure gradients are within the scope of this -
invention. A reservoir here-means that fluid in this region is inactive and does not
contribute to the hydrodynamic bearing action except by circulation through itself.
Finally, the reservoir communicates with upper gap section 114; grooves on either the
20 facing surface of counterplate 91 or opposing surface of thrust plate 90 cause the
appropriate fluid movement toward the other thrust plate and fluid return bore 112.
The lower end 104 of the circulation gap is closed off from the outer
atmosphere by the form of capillary seal 160 in which the shaft wall section 162 is

tapered while the sleeve wall section 164 extends straight. Since the shaft is to be fixed,
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t echnol ogy. WD 98/ 48420
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The fluid flq en the bearing surfaces creates hydrodynam c _pressure,
resulting in ‘gﬂg?’% s. Grculation of fluid is maintained tq‘m tral
hol e 20 of the shaft to the other bearing surfaces by the

appropri ate designing of geonetry and 'lo‘groovi ng patterns of the
baring surfaces. The remainder of the structyre of significan 5

which is used to Hisnstreriag tﬁe‘hﬁtﬁhbé ‘H'ﬂ%i"gﬂ“f’%&’ (fteblishing; t x?’é’ﬁgfyoﬁe%ol%i ch
ends in threaded region 31 which is threaded into a portion of the
base 44. A st at or Alfgrnatively, of coursg, the walk164 gfithe siesyr d2 sould b faperedg The design
supported fromthe sl eeve 13, with energization . of the stator

wi ndi ngs 42 causi specifios of sesh 16 aremot cfitical; o dengasdan ¢ffectivehseabagainst leakage is
stationary shaft. 10 As used in a disc drive notor, this
syst em supports opmvided atthe enil ofthe shdftf br rotation Because the

transducers and disc drives fly at extrenely | ow heights over the

surface of thge disc, it Témainminind sthaiidedlie stabilitycoftiRtsydtem, sheydmdgamic tiearing on
of the hub and
fluid is in a narrow gap defined in part by the two thrust plates 90, 92. Each thrust plate .
90, 92 rotates in a recess 200, 202 respectively defined at its end by an axial wall of the
sleeve 72 and on either sidé by radial walls of thé sleeve or counterplates. Thus,
considering thrust plate 90, rotating in recess 200, the gap segments are defined by a
10 radial wall 210 of counterplate 91, and a radial wall 214 of the thrust plate 90; then by
an end wall 216 of the thrust plate, and an axial wall 218 of the sleevg 72; and finally the
gap extends between a radial wall 220 of the thrust plate and a radial wall 222 of
counterplate 93. The gap segments around thrust plate 92, and any additional thrust
plates which may be mounted on the shaft 82, are similarly defined, so that a continuous
15 gap 102 extending the length of the overlapping shaft and sleeve is defined. |
The gaps provide for motion of the fluid between the fixed shaft and the
rotating sleeve with the gaps providing for free rotation of the sleeve, while the presence
of the fluid provides the necessary stiffness and damping, as well as lubrication for
rotation of the bearing. As an example, depending on design, the fluid circulates from
20 the reservoir 105 out through the lower bore 110, and into the upper gap 114 if it is
provided; around the gaps provided around each thrust plate, and toward the center bore
112 which is the return bore for the fluid flowing through both circulation paths.

Typically, to enhance and maintain the fluid flow and stiffness of the system, either the

sleeve surfaces directly facing the shaft or the surfaces of the shaft, at the uppermost 101



disc as it rotates. Mreover, it is also inportant that should such wobble
occur, that there is no touch down between the surfaces of the
thrust plate 14 and the opposing 15 surface of the counterplate 19 and
sl eeve 13. However, as expl ai ned above, in a cantil ever type
bearing such X2 in Figure 2, where the I oad carrying §Wf‘§3¥3{%ﬁ ch

is thrust plate 14 is located far fromthe center point about which any

pi voti ng woul d occur in the event ofllvibration or wobble, there i's
a nmuch greater chance of a toquch , down_or contact .between the
facing surfaces, ¥ilowerpast d0f ssetions jof the, ap. will be; graoved using known spyal s
over the long term and a s|low down of the rotational speed of the disc in
t he shor keringbone or similar grooving patterns as are already well knowndn the #t3a provide t he
design of the follow ng figures has been adopt ed. By adopting this
design, |oad car rihe nepesary caaiation. whiterrdatively, br in addition, atdeasterie shefapeiofi gachythrist
are located closer to the mddle of the overall hydrodynam c bearing
system The pi vot plate or the fac@mificeldffli(associated counterplate will be grooved. Such groove
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poi nt about shi chpatiains arealféadgwell kb alibsed not berpelled out indFursier detait. Typicdly)t 0
the m ddl e of t he bearing. Because of this, by noving the | oad

- carrying surf acesthdgxiflls@fffces defitiipthd’gap regions 200, 202 at the ends of the thrust plates 90,
92 are not grooved.

As can be seen from the figure, assembly is achieved by providing the sleeve

72 with stepped features 300, 302, which are axially separated and allow the
10 counterplates 91, 93 to be. press fitted (or any other suitable method) into place relative

to the thrust plates with which they must cooperate. The thrust plates are mounted onto

the shaft by any suitable method. To assemble the fluid dynamic bearing, the shaft 75

with the thrust plates 90, 92 is inserted into the sleeve; the counterplate 93 is guided into

place by the stepped feature 300; then the top counterplate 91 is fixed in place on step
15 302 of sleeve 72.

The above described invention has a multitude of advantages. This multiple
thrust plate arrangement enhances the axial stiffness to a considerable degree as well as
rocking stiffness of the whole bearing. Further, the sleeve can be defined as a single
section.

20 Also, there is considerable flexibility on power consumption and stiffhess by
the ease of adjusting the gap between the multiple thrust plates by adjusting the points
of attachment of the thrust plates, and modifying the construction of the sleeve by

moving the counterplates.



to the center ofthe disc, any wobbling or vibration of the disc would have
| ess chance to cause touchdown at the ends of the bearing.

Further, by adding two or nore thrust 5 pl ate surfaces, a great
increase in oqverall stiffness can be achieved. Theoretically, the

sane result CORPHY achi eved by naking the gap smaller, bu?’qrﬂ@"m ng
becones very difficult to manufacture. .
Referring therefore to Figure 3, it can be s&m that this is a nodification

whi ch could easily he incorporated into_the desigpn of ,Figure 2 to
forma cartridge which ‘§P1°sféab°V°’W%H\P€%ﬁF“l9§&‘frs°§?&“59£ﬁﬂﬂh carmg.
especially useful_ for nmounting a hub such as the hub 71 . and to be
i ncor por at ed i nt Floweyes it isalso pessibieite usess a gaschearingwhigh generates stiffness byrmultiples

t hrust pl ate 90 which rotates bel ow a counterplate 91 supported by
sl eeve 72; the bostepqumping, i.e., by sqparatelypumpingrectinns ofithi gapy srobnd each ofithe dhrusgt

- mate with a base (not shown) as indicated and represented in

. Figure 2 to suppoplited i thejoarnalisleeberepions . Thubas used in this application thSgeritéuid’he

- stiffness of the notor and its resistance to shock as well as its

- alignnent tosthe shatbbe Ednstnitd t6 eheéithesgRoh ifi¢.d and nai nt ai ned, the design
- of the present i nvention includes at |east two thrust plates 90,

. 92 each nounted on the shififrifeafitesidad of thé PREACinAGNEDA may beokRAbpitest!
- the shaft 94. Each of the thrust plates 90, 92 are axially

 separated fromt - . : : i leRarSIOWS
pﬁra@g.;s&rb ?%ﬂ‘ﬂ i Re' S WhPtadics theSpreseht itReaibn HiLiSsufel 87 leRaniplé)

only two 20 s, nultiple thrust plates may be nounted on the
ofthe sl eeve 72 viiF iy be crnded eork BT i e ok P R cftich e oB 105
| one plate, as described in the above incorporated application, without departing from the
10 spirit of the invention. For example, it is possible to modify the location and design of
the grooving patterns, to enhance or optimize the fluid circulation through the gaps
without departing from the spirit and scope of the present invention, which is to be

defined by the following claims.



The top surface 214 of the upper thrust plate 90 faces a counterplate 91

il " MMM

The fluid beg{,é%g 8{9 this ifdvefAtibn ¥ s sdef*i ned between an inner surface of
counterpl ate and sl eeve 72 and the combi ned outer RAS6Y¢

shaft 75 and thrust plates 90, 92. Fluid is maintained in_the gap
102 between the fixed portion of the 134 ui d dynami c beari ng and the
rotating portion. In operation of the ex%gf Figure 3, the

sl eeve 72 rotates past shaft 75, creatin ure in the f|UId bearing as
expl ai ned above. The hydrodynam c fluid separates the rotating
portion of the fluid dynanmc bearing fromthe fixed portion, and
provides a bearing surface there between. The fluid is

circulated to t heVEASISCLABMEDR®® t hr ough reservoir 105 which
extends up the center ofthe shaft 75 and is connected by one or nore radial
bores 110, 10 112, Lo t Achyixpdyhespic filicbbearing cartridge sbmpuising 4 fivedceentralct s
the reservoir 105 with the | ower gap section 120. A second radi al
bore 112 conBect sshifbeanying atlest firstbfid secorid thiulskpistesdeparhted by a circular shaft portion,
not separated by top at least one of said first and second thrust plates being separated
from distal ends of said shaft by outer end sections of said shaft, each of said thrust
plates comprising first and second radial surfaces connected by an axial surface and a
sleeve which rotates relative to the fixed shaft around a central axis of rotation defined
10 by a central axis of said shaft, said sleeve defining recesses for each of said first and
second thrust plates, said recesses each including radial surfaces joined by an axial
surface and facing each said radial and axial surface of said thrust plate to define a2 -
continuous gap around each said thrust plate, said gap further extending between
internal axial face of said counterplate extending parallel to an axial face of said fixed
15 shaft between each said thrust plate, so that said continuous gap is defined from between
said shaft and said sleeve, and
lubricating fluid flowing in said gap between said shaft and said sleeve and
said thrust plates land said sleeve and/or counterplate so that said sleeve is free to rotate

relative to said fixed shaft while maintaining the stiffness of said sleeve relative to said

20 shaft.

2. A hydrodynamic bearing cartridge as claimed in claim 1 wherein said
fixed shaft includes a reservoir extending along a central axis of said shaft, and having

at least one radial bore extending from said reservoir to a section of said gap separated

This Sheet Has Been Rep THISGHEEY TS BEEN

[T =




section 124 of the gap. This frovi des a continuous path for the bearing

Tlml‘J: Sén-cl-gg by the grgi)\r/gjtlllmc Imnllﬁmrmm)(rj%;%rg gre:(r:l: ﬁgtfsormgljdi ﬁet he gap
and al so by sjyggsadash 9€omet ry of thrudt plate and 15 cw‘gﬁ?}g e,
r

and in this exanple 1s indicated by the arrows drawn in the
reservoir. O her directions of flow or press%e gradients are wthin the
scope of this invention. A reservoiT here nmeans that fluid in this

region is inactive and does_.no contri.bute. t,0.t he.hydrodynam

begri ng action ex‘B/e‘S?“BSP“&°fE%‘?ﬁ‘E‘r%R‘“E‘?ﬁFBB‘gW einfiggfﬂ"d shaft, sothay‘ﬁtlhg%{ﬁ“é‘,;ﬂﬁe
reservoir conmuni cates W th_upper .ga ectjon 114; ooves, on, ei ther the
20 faci ng surf%@e‘?ﬁe’éﬂgﬂPﬁﬂwgﬂ@B@i‘WWnﬁg gape andsaidbare, st plate

90 cause the appropriate fluid novenent toward the other thrust
plate and fluid return bore 112. The | ower end 104 of
the circulation gap is closed off fromthe outer at nosphere, by the

formof capillary seal 360 i i hysiredynamie bearingcaniidge as glaimeghin elgim 2 wherein an
tapered while the sleeve wall section 164 extends straight. Since the shaft
is to be fix&d, end sectiongDsgidskfvdeating within said sleeve comprises a capillary seal defined
PCT/ US98/ 06635 -10-
this tapering of btetweentvedls of\said siceve pmbarieluf said end seotiomsiuf sajd shaft wiwepeih bee of
seal 160. :

said walls of said shaft or said sleeve diverges from the other of said walls so that said

fluid is maintained in said gap between said shaft and said sleeve.

10 4, A hydrodynamic bearing cartridge as claimed in claim 2 wherein at
least one of said radial bores extends from said reservoir to a central section of said gap-
extending between said first and second thrust plates, so that with rotation of said sleeve,

said lubricating fluid maintained in said gap defined by said thrust plates.

15 . 5. A hydrodynamic bearing cartridge as claimed in claim 4 further
including grooves formed on at least one of the radial surfaces of each of the thrust

plates and counterplates separated by said gap.

6. A hydrodynamic bearing cartridge as claimed in claim 5 wherein said
20 groove patterns are formed on both of said radially extending surfaces of said counter-

plates or said sleeve.

7. A hydrodynamic bearing cartridge as claimed in claim 5 wherein said

grooves are formed on said outer surface of said shaft or said end séction of said inner



Al ternatively, of course, th 164 of the sleeve 72 coul d be tapered.
The design spemuwmlluﬁﬁlllnﬁm are not critical, so long as an
ef fective seal against wal provided at the end of the shaft.
5 mai ntai n and enhance the stability ofth the
hydr odynam c%%gﬁ"il;g’g? fluid is in a narrow gap. defi %ﬁ&% t by
the two thrust plates 90, 92. Each thrust plate 90, 92.rqtates in
a recess 200, 202 respectively defined at i t-43end by an axi al wall of the

sl eeve 72 and on ei t her, side by tadi | l.s of, t.

count er pl at es. Thiygace of sa‘dﬂ %‘Eﬁ!@lsﬂﬁﬁ‘&ﬂ 'ﬂﬁ&fﬁa‘BF@es °° r@l@?l%“?d*y
recess 200, the gap segrrents are_defined by a 10 r adi aI wal | 210 of
counterplate 91, oentralsuriaces of saidshaft sndsaidisléeysa ¢ hrust plate 90: then by

an end wall 216 ofthe thrust plate, and an axial wall 218 of the sleeve 72;
and finally the gap extends between a radial wall 220 of the
thrust plate and a radial wall 222 of counterplate 93. The gap

segment s around t hrust mateﬂmdmmmmdgmchhnﬂdsnclam4whﬂﬂm'dt es

whi ch may be nmounted on the shaft 82, are simlarly defined, so that a

continuous 35 ggﬁ&piﬁ&nﬂé&ﬂdéd‘@ﬁdﬂyb&bgﬁﬂgmﬁatdmfniéﬁisﬁp@sn@pnﬂhhbﬂ and
sl eeve is defined. The gaps provide for notion of the

fluid between theplitexed shaft and the rotating sleeve with the
gaps providing for free rotation of the sleeve, while the presence

of the fluid provides the necessary stiffness and danping, as well as

| ubrication for rotation ofthe bearing. As an exanple, depending

on design, the fluid cirgul atg eti:&i)&aséﬁb th d,rogﬁﬁw@p,gm r@idke bAAMON
the | ower bore 110, and S?nto tﬁe upper gap 1144}%|f | t AP b
2 including providing a sleeve with at least first and second axially separated steps
10 defined thereon, said steps having different radii, and inserting a first and a second
counterplates to rest on said first and second steps so that said gaps between said thrust

plates and said counterplate portions of said sleeve are accurately defined.

10. A hydrodynamic fluid bearing cartridge as claimed in claim 2 wherein

15 said bearing fluid includes gas and liquid.

11.  Ahydrodynamic bearing as claimed in claim 1 or claim 2 wherein said

fluid comprises gas.

20 12. A hydrodynamic bearing as claimed in claim 4 wherein one of said
thrust plates is supported at a first end of said shaft, and wherein said sleeve supports a
top counterplate facing a thrust plate to define a portion of said hydrodynamic bearing

gap, relative rotation of said plate and said counterplate maintaining said fluid in said

gap.



provi ded; around the gap 'ded around each thrust plate, and toward the
center bore 112 m urn bore for the fluid fl ow ng
through both circulation w& ’ '" ”mTyp| cally, to enhance and maintain
the fluid f|%l gﬂstlffness of t he sysfem either the S| eeve
surfaces dir ??‘9 Wcing the shaft or the surfaces ofthe shEFT/OSE066337,
upper nost 101 WO 98/ 48420

PCT/ US98/ 06635 -11-

-16-
and | ower nost 104 sectlons of the . gap, wll ropved i known spir al
. or herri ngbone 1§r siAhyfmdyngmisheamng as Mﬂ%‘iﬂggi?’vggﬁ‘f‘%‘gﬁﬁe r
- known in the art to provide t he necessazy circul ation,
Alternatively, ortemminaieschtssidgap partionbeswean tarust platgaad euntesplpte; fejatjuq rotation

pl ate or the facing surface of the associated counte late will be grooved.
Such groove 5 causiggmowsment ofisaid uidshropginedid reservein idrgapd not be spelled

out in further detail. Typically, - the axial surfaces defining the
gap regions 200, 202 at the ends of the thrust plates 90, 92 are
"~ not grooved. As can be seen fromthe figure, assenbly

~is achieved Py providi ng4 he AliydRdgnamic bearing as éidimet incleirh ¢p phereinasit wesesrof 00, -
- 302, which are axially separated and allow the
' extends along a centerline of said shaft from said end of said shaft facing said top

counterplate.

15. A magnetic disc storage system comprising a housing for said disc
10 drive,
means for supporting one or more discs for constant speed rotation, and
means for accessing data storage locations on each of said discs,
said means for supporting comprising fluid-filled hydrodynamic bearing means
for enabling a hub supporting said one or more discs fo rotate relative to a shaft

15 supported in said housing.

16. A disc drive comprising a disc, a motor, and connected to said disc
and said motor a means for fluidically coupling said discs and said motor to achieve a

constant rotational speed.

1S SHEET HAS BEEN
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10 counterplates 91, 93 to be'préss fitted (or any other suitable

met hod) into place relative .~ " "to tthe thrust plates with which they
'must cooperate. The thrust plates are nounted onto t he shaft by
any suitabl hod. To assenble the fluid dynam c bearing, the shaft 75
with the thﬁﬁgsbﬁﬁg&es 90, 92 is inserted into the sleeve: PCRBSENGASer pl at &
93 is guided into . pl ace by the stepped feature 300; then the top
counterplate 91 is fixed in place orégéep 15 302 of sl eeve 72.

The above described invention has a titude of advantages. This nultiple

t hrust plate arrangenent enhances the axial stiffness to a considerable.
degree as well as rocking stiffness of. the whol e bearing. Further
t he sl eeve can be defined as a single section. 20

Al so, there is considerable flexibility oﬁ power consunption and stiffness
by the ease of agfusting _the gapf/between the nmultiple thrust

pl ates by adjusting the pbints S achnment of the thrust plates,
and nodi fying the constr ' anin% t he

count er pl at es.
/ 1

PCT/ US98/ 06635

FIG. 1

'SUBSTITUTE SHEET (RULE 26)



As discl osed above, this bearing can of course be used as a |iquid bearing.
Hawever, it is also possible to use as a gas bearing which generates
stiffness by multiple step punping, i.e., by separately punping
sections of.&Bg gﬁ&)around each ofthe thrust pl ates_and the
journal /sl eeve o gions. Thus as used in this application t FET{EPR6633 yi g

5 shal |l be construed to nean either gas or |iquid. .

Q her features and advant ages of thgquesent i nventi on may becone apparent
to a perspn of skill in the art who Studies the present invention

di scl osure. For exanple, the shaft may be extended beyond both (or
all) thrust plates, rather than endi ng adjacent one plate, as
described in the above incorporated application, wthout departing fromthe
10 spirit ofthe invention. For exanple, it is possible to nodify the

| ocation and design of the grooving patterns, to enhance or
optimze the fluid circulation through the gaps W t hout departing
fromthe spirit and scope of the present invention, which is to be

defined by the follow ng clains. -13-

CLAIM5S WHAT IS CLAIMED I S:
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1. ., A hydrodynamc fluid bearing cartridge conprising a fixed central
shaft carrying at least first and secondt hrustpl at es separ at edbyaci rcul ar
shaf t portion, at Ieast one of said first and second thrust plates being
separ at ed frgﬁg ends of said shaft by outer end sections of said
shaft, each of sal thrust pl ates comprising first and seddiiP$°8/0g63s
surfaces extending fromsaid shaft connected by an axial surface,_and a

sl eeve which rotates relative to tgg 3)«xishaft around a central axis of
rotation defined by a central axi ‘é said shaft, said sleeve defining
recesses for each of said first and second thrust plates, said recesses
each including radial surfaces of said sleeve serving as a counterplate to
each said thrust plate and are each joined by an axial surface which faces
each said radial and axial surface of said thrust plates to thereby define
a continuous gap around each said thrust plate, said gap further extending
between internal axial facesl®f sald4courtt@2pl ates and extendi ng parall el
to an axial face of said fixgd sifaft befween each said thrust plate, so
that said conbhqyous gap is defiped frgm between said shaft and said

sl eeve, and Iubrlcat ngf{ fl uid flomnng |n sald gap between said

shaft and said sleeve s : ana—satd—sjl eeve and/ or
count er pl at . rel gtive ggpsaid fixed
shaft while nalntalnln ot d -?%Qg%’LeLahﬁﬂ;%g sai d
shaft. | d—
216 i 71
218 : 1
222 I 1—124
220 11112 7P 20
L 92 202 16
(1!
1! 7
L] 110120
1

75
164
r -
/ 162 Y L
105 | 160
77 82
|
FIG. 3
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east one radi al bf e extending fro ervoir
to a section of said gap separated 98/ 48420
PCT/ US98/ 06635 CLAIMS -14-
by at | east one of said thrust plates froman end of said shaft, so that
with rotatibn ofA hydrodyrsaiid sfkeid, bemirdrid utdrtsidge ntcainprd dimgsaad
reservoir, said gap, and said bore. . . 3. A
hydr odynani El r‘?eﬁbt]iag'r ﬁiﬁa{fé}ecéyt’%gnéﬁ 192t fixnst \ane segorpd thyust epg
section of spideshadd+otad] i Lhd l.d V, i ses.a | y
seal definég ﬁa%etﬁ%eﬁgw%1%££§?f§%i%ﬁéfgéégfgﬁﬁﬁbngégfS%égggg%
sections ofbgatop saaf leaber ene ofe safid first arkhiseystd stRfusei glabakt or

said sl eeve diverges fromthe other of said walls so that said
fluid is nmePding RP3IFRERM diERp BbstRbrerds ©Ehadid apldathi by speess. end 10

4. A hyd ol SRR Ena3E T LEE &F S1A B U P02 et shi,at

first and second radial surfaces connected by an axial

o LTI 2, £ e e
shaft, and gL wals %%;g%r'g

gurface and a sleeve which rotates relative to the fixed’
shaft around a central axis of rotation defined by a central
axis of said shaft, said sleeve defining recesses for each of
said first and second thrust plates, said recesses each
including radial surfaces joined by an axial surface and
facing each said radial and axial surface of said thrust
plate to define a continuous gap around each said thrust
plate, said gap further extending between internal axial face
of a counterplate extending parallel to an axial face of said
fixed shaft between each said thrust plate, so that said
continuous gap is defined from between said shaft and said
sleeve, and

'1ubricating fluid flowing in said gap between said shaft
and said sleeve and said thrust plates and said sleeve and/or
counterplate so that said sleeve is free to rotate relative
to said fixed shaft while maintaining the stiffness of said

sleeve relative to said shaft.

2. A hydrodynamic bearing cartridge as claimed in claim 1
wherein said fixed shaft includes a reservoir extending along
a central axis of said shaft, and having at least one radial

bore extending from said reservoir to a section of said gap

separated : .
o REPLACEMENT SHEET
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| east o WOf said ra ores extends fromsaid reservoir tRERﬁAg Jq?ﬁﬁ
28

SthlQn W,m ext endi ng between said first and secon
w ﬂétlon of said sI eve, sai d lubricating

pl ates,

fluid maintainedX nssak gap defi ned by aid thrust plates. 15

S. A hydrodynam c bearing cartridge as clainmed in claim4 further

I ncl udi ng grooves forned on at |east one of the radial surfaces of each of-

the thrust 13. A hydtcdysamicl beanisyphat elasepdr dnedlaymsdizl Wegrein

6. A hydrodynam c bearing cartridge as,clained in ,claim5 wherein said "
20 gr om%&ietser@larr @eﬁra\lﬁé&eénasoﬁﬁlef 93Ri BOFh#Pa| PHLESeR Nkt
surfaces Of&%&'da gyggghte late e ¢ ﬁ%%l cgﬁgﬁn movement

7. A h Ram ¢ bearrh ca‘rtrl eascalme Rl arm V\ﬂereln sai d

grooves ar esdi@ rfaduqn tﬂmcdagwt&rwwémardﬁr saidl sshiaf tgegy. sai d end section
of said i nner - WO 98/ 48420 - 15-
PCT/ US98/ 06635

14. A hydrodynamic bearing as claimed in claim 13 wherein
said reservoir extends along a centerline of said shaft from

said end of said shaft facing said top counterplate.

15. A magnetic disc storage system compris‘ing a housing for
a disc drive, |

means for supporting one or more discs for constant
speed rotation, and means for accessing data storage
locations on each of said discs,

said means for supporting comprising fluid-filled
hydrodynamic bearing means for enabling a hub supporting said
one or more discs to rotate relative to a shaft supported in

said housing.

16. A disc drive comprising a disc, a motor, and connected
to said disc and said motor a means for fluidically coupling

gsaid discs and said motor to achieve a constant rotational

speed.
REPLACEMENT SHEET
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surfa ' eeve facing said end sections of sai

gap def | central surfaces of said shaft%gﬁmmgﬂét-r
& _ A)\i@&lﬁ“‘“\“\“\m‘!rl ng cartridge as clainmed in claim4 wherein said
S g p

atterrfs dre forned on t&dially extending surdgrsaspt goai d
first and second thrust pl at es. &

0. A
met hod of assenbling the hydrodynael&IMSaring cartridge of cIPBRm 2
including providing a sleeve with at |least first and second axially
separ at edWHAPIS CIAIMED@®f i ned t hereon, said steps having different radii,
and inserting a first and a second counterplates to rest on said
first and second stepshypRodyt@mic fhid KARAg PAHBR conipirlidgd fiRéd centra

pl ates and said counterplat'e portions of  said sl eeve are accurately
defi ned.

. 10 hydr odynami.c fl [ cartridge
as clai rreahalftncagmgr%t 5%@?‘&%‘(’“%" mms@gl&?’easqggé}%?g ar“f’&#‘&‘d %hﬁggﬁﬁ‘gg' gas and

i quid. . 11. A hydrodynam c bearing as dainped in
cl ai m 1 opft lepgione of said fisstand spepnd thrust plates being sepsrased fam djgtal ends of

said shaft by outer end sections of said shaft, each of said thrust plates comprising first

and second radial surfaces extending from said shaft connected by an axial surface, and

a sleeve which rotates relative to the fixed shaft around a central axis of rotation
defined by a central axis of said shaft, said steeve defining recesses for each of said

first and second thrust plates, said recesses each including radial surfaces of said sleeve

serving as a counterplate to each said thrust plate and are each joined by an axial

surface which faces each said radial .and axial surface of said thrust plates to thercby
define a continuous gap around each said thrust plate, said gap further extending
between internal axial faceg of said counterplates and extending parallel to an axial
face of said fixed shaft between cach said thrust plate, so that said continuous gap is
deﬁhed from between said shaft and said sleeve, and

lubricating fluid flowing in said gap between said shaft and said sleeve and said
thrust plates and said sleeve and/or counterplate so that said slecve is free to rotate

relative to said fixed shaft while maintaining the stiffness of said sleeve relative to said

shaft.

2. Ahydrodynamic bearing cartridge as claimed in claim 1 wherein said

* fixed shaft includes a reservoir extending along a central axis of said shaft, and having

at least one radial bore extending from said reservoir to a section of said gap separated

REPLACEMENT SHEE:, . .
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20

. 12. A hydrodynanipdbearing as clai med i ¢l ai ..
wher ei ;:’M”MMWHMMW thrust plates is supportREELAﬁEmgmArﬁHEET

said s sai d sl eeve supports a top counterplate
facing a thrust plafe to define a porti of said hydrodynam c bearing

gap, relative rotation of said plate and said counterpl ate naintaining said
fluid in said gap. 16 13. A

hydr odynanig .bear hygirastylasiite bdaritiqids 2] MRE@i Pn &RLYm €9€kiHidein
termnates at said gap portion between thrust plate and counterplate,

rel ative r§eidi sesexveingteswenates it said dapipbrtwaudietsaiah reeemtoi r
and said gag. 14. A ng%ﬁg¥Q9NiC€5%$ning as claimed ip claim13 wherein
sai d reser PoPFCeRPRngRULY A TeMEANNE SPLELFANsRAMELRY JPRVEERF &fd of
sai d shaft shagl #9u3dl EnkPRghoWRliel Re@kfvoir and B8aTRIYRY.C disc storage
system conpri sing a housing for

14. A hydrodynamic bearing as claimed in claim 13 wherein .
said reservoir extends along a centerline of said shaft from

said end of said shaft facing said top counterplate.

A magnetic disc storage system comprising a housing for

and  means for accessing data storage

locations on each o aid discs,

said means for supporting comprising fluid-filled

hydrodynamic bearing means for~enabling a hub supporting said
one or more discs to rotate relati to a shaft supported in

said housing.

16. A disc drive comprising a disc, a motor, and connected

to said disc and said motor a means for fluidically c ling
said discs and said motor to achieve a constant rotation

speed.




a disg drive, means for supporting one or nore %é ' L?r onst ant
sgeed rotation, and neans for accessing data. 3 Mo¢ati ons on

each of said discs, said neans for supporting(PE8npri g i
fluid-filled hydrodynam c bearing neans for enabling a hub s A,}w" o

one or nore di sm.g rotate g, QW“%WBRW Npedin T

16. A disc dri npri si ng i sC, hgemsotideramand connect ed d disc
and sai d NRTERNATIORAD APPUICATION BUBIMHED UNDEN TS PARENT COGPERAMION TREATYOICT

ting said
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(57) Abstract

A hydrodynamic bearing which is
relatively insensitive to changes in load and 214
rotational speed, wherein the hydrodynamic T~

101 114 102

adge—1

bearing is useful in a spindle motor (14) for
a disc drive (10) or the like which is stiffer 210——_ / 91 |302 |_-200
than known standard spindle motors go that > == :z//
the stability of the system and specifically e 20 i 190 | 4
of the actuator arm and transducer (20) rel- 21 / i) | __-71
ative to the rotating disc (16) is optimized. 218 94 L 93 -
The hydrodynamic bearing can also be used 220 22 14124 00
as a bearing cartridge or 25 the cartridge that I b2 3 202
may be incorporated into a spindle motor or I = ' 92 l— 16
the like, where the bearing includes a shaft i1t Z
(75) and at least two independent bearings il 120
cach comprising ;htztustplate (90 and 92) - EI?JO )
supported on the and a counter plate /" » 72 S —
incorporated in a sleeve (72) which is ca- ey 104 = ]
pable of relative rotation around the shaft. - ' .
164
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