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FIELD OF THE INVENTION

The present invention relates to magnetic disc drive storage systems, and
more specifically, the present invention relates to 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. Ina
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
detecting 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.
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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
supports 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 weﬁr, run-out and manufacturing diﬁiculties. 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
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attached to both the base and the top cover of the disc drive housing. This would
increase overall drive performance. A motor attached at both ends is significantly stiffer

10 than one held by only one end.
All of the known hydrodynamic motor designs provide no method for top
cover attachment. The reason for this is that in order to have top cover attachment, the
motor and specifically the bearing would need to be open on both ends. Opening a
motor at both ends greatly increases the risk of oil leakage out of the hydrodynamic
15 bearing. This leakage is caused by, among other things, small differences in net flow rate
created by differing pumping pressures in the bearing. If all of the flows within the
bearing are not carefully balanced, a net pressure rise toward one or both ends may force
fluid out through the capillary seal. Moreover, due to manufacturing imperfections of
the bearing, the gap in the journal may not be uniform along its length and this can create
20 pressure imbalance in the bearing - and hence, cause leakage when both ends of the
hydrodynamic bearing are open. The net flow due to pressure gradients in a bearing has
to be balanced (by all the journals individually) for the fluid to stay inside the bearing.
Any imbalances due to pumping by the grooves of the journals will force the fluid out

of the capillary until the meniscus at one end moves to a new equilibrium position. This
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it will leak from the bearing. Thus, a need exists for a new approach to the design of a

10 hydrodynamic bearing based motor to optimize stiffness (both radial and axial) and
damping, and hence its dynamic performances. It is also desirable to design a
hydrodynamic bearing which is open at both ends and which does not leak and which

functions properly.

15 SUMMARY OF THE INVENTION
Thus, it is an object of the present ir;vention to create an improved
hydrodynamic fluid bearing w!uch is relatively insensitive to shock, vibration, changes
in load and rotational speed. Yet another objective of the present invention is to provide
a hydrodynamic bearing motor in which the bearing is open at both the upper and lower
20 ends.
A related objective of the invention is to provide a hydrodynamic bearing

open at both ends in which the balance of fluid flow within the bearings is maintained.
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useful in a spindle motor or the like which is stiffer than known standard spindle motors
which are supported only at one end.

10 A further objective of the invention is to design a hydrodynamic bearing
useful in a spindle motor or the like in which the motor could be attached to both the top
cover and the base of the housing for the spindle motor.

These and other objectives of the invention are achieved by a hydrodynamic
fluid beariné useful in a bearing cartridge which cartridge may be incorporated into a

15 spindle motor or the like, where the bearing includes a shaft, a conical bearing supported
on the shaft, and journal bearings located at least on one side and typically both above
and below the conical bearing. A sleeve is mounted for rotation relative to the shaft and
defines, in cooperation with the shaft, the gaps necessary for both the conical
hydrodynamic bearing and the axial, journal bearings. At the ends of the shaft, capillary

20 seals are defined between the sleeve and the shaft so that fluid does not escape from the
hydrodynamic bearing. The sha_ﬁ itself includes a central vent hole, with bores

communicating with both the conical bearing and the journal bearings, this decouples the

bearings from each other and any pressure imbalances are localized.
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of the shaft distant from the base when used in a disc drive spindie motor) has the journal

bearing with greater diameter.

Further, incorporating the conical bearing allows for the support of both axial

and radial loads. This is especially useful in designs such as spindle motors for disc
10 drives, where a number of discs may need to be supported for rotation, modifying the
axial and radial loads which are to be imposed on a given motor.

Yet another advantage of this design is that by providing for attachment of
the shaft both at the top and at the bottom, the shaft is more rigid, and stiffer than that
of a single plate hydrodynamic bearing. This enhances the resistance to operating shock

15 and vibration of the bearing.

Yet another feature of this invention is that the assembly of the finished
bearing and its surrounding sleeve can be more easily achieved by virtue of the fact that
only a single conical bearing with axial journal bearings both above and below the
conical bearing are provided.

20 A further feature is that the wider side of a conical bearing can act as a thrust
plate carrying load when the bearing is placed vertically. Because of thrust pI_ate and

conical bearing, the bearing can be preloaded conveniently by adjusting the gaps.
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the present invention.

Figure 2 is a vertical sectional view of a prior art hydrodynamic bearing
10 cartridge incorporated in a spindle motor assémbly.
Figure 3 is a vertical sectional view of a hydrodynamic bearing cartridge in
accordance with the present invention incorporated in a spindle motor.
Figures 4A and 4B are vertical sectional views of a spindle motor

incorporating the present invention including special features useful in assembly of the

15 motor.
Figure S is a partial schematic of an alternate embodiment to that shown in
Figure 3.
Figure 6 is a schematic diagram which illustrates some of the advantages of
the present design.
20

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
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surrounding sleeve. The design is also useful where the sleeve is fixed and the shaft

rotates. Since the fluid bearing is open at both ends, the shaft could extend beyond the
sleeve and be axially coupled to an external device or system. |

10 In this particular example, the storage system 10 includes a housing base 12
having spindle motor 14 which rotatably 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
transducers 20.a.re positioned at any one of a radially differentiated track on the surface

15 of the discs 16. This allows the transducers 20 to read and write magnetically encoded
information on the surfaces of discs 16 at selected locations. The discs rotate at very
high speeds, several thousand RPM, in order to maintain the transducer flying over the
surface of the disc. In present day technology, the spacing distance between the
transducer and the rotating disc surface is measured in microns; thus it is absblutely

20 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
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
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plate 14 and an interior surface 27 of the sleeve 13, and between the lower surface 24

of the thrust plate14 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. The fluid returns
to the reservoir 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. |

The fluid is supplied to all of the lubricated surfaces from the reservoir 20 to
flow over the bearing surfaces and be returned to the reservoir through the bore 21. The
remainder of the structure of significance which is used to complete the motor design
include shaft extension 30 which ends in threaded region 31 which is 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 w'indings 42 causing rotation of the
sleeve 13 and the hub 12 about the stationary shaft.

As used in a disc drive motor, this system supports one or more discs 44 for
rotation. Becanse 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
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consumption and reduction in bearing life, and a slow down of the rotational speed of
the disc in the short term.

10 It is 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 middle of the overall hydrodynamic _bearing system, The pivot
point about which any rocking of the bearing may occx.;r also. lies close to the middle of
the bearing. Because of this, by moving the load carrying sﬁrfaces as close as possible

15 to the center of the disc, any wobbling or vibration of the disc would have less chance
to cause touchdown at the ends of the bearing.

Thus, the present invention to be described with respect to Figures 3, 4A and
4B, provides the improvement of allowing both the top and bottom ends of a
hydrodynamic bearing to be open to the atmosphere. Thus, in a fixed shaft motor which

20 incorporates the present invention, both upper and lower ends of the shaft could be
fastened to the base and top cover of the housing, so that the stiffness of the motor and
its resistance to shock and vibration as well as its alignment to the rest of the system is

enhanced and maintained. Of course, it should be noted that the design, with shaft 100
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Figure 3 is a cross-sectional view of a design for a hydrodynamic fluid bearing
10 comprising a shaft 100 having a sleeve 102 which surrounds the shaft 100, the shaft and
sleeve rotating relative to one another. A hydrodynamic fluid is found in the gap 104
between the inner walls of sleeve 102 and the outer walls of shaft 100. The fluid -
separates the rotating and fixed portions of the bearing and provides a bearing surface
therebetween. In order to prevent any fluid from leaving the gap 104, capillary seals
15 106, 108 are formed at the top and bottom of the gap. This is done by utilizing
| diverging walls; as shoﬁ the wall 107 of the sleeve -diverge from the facing wall 109,
although the opposite could be utilized. A similar design could be used at the opposite
end of gap 104 to form seal 106. In fact, any of a number of capillary seal désigns could
be used without departing from the spirit of the invention.
20 The grooves in the gap, which may be formed either on the exterior surface
of the shaft or the interior surface of the rotating sleeve, will be considered in eight
different sections, which have been numbered here 1-8. Generally speaking, the top and
bottom gap section 7, 8 and 1, 2 comprise journal bearings defined by parallel axial walls

150, 152 and 154, 156 of the shaft 100 and sleeve 102 respectively.



of the thrust platel4 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. The fluid returns to the reservoir primarily through a central bore
21. In order_to pronote the flow of 10 fluid over the bearing surfaces
whi ch are d¥%%H@H®et ween the thrust plate 14 and the couPERW§INAIE 19;
between the thrust plate 14 and the sl eeV¢ 13, and between the shaft 10 and

t he sl eeve 13, typical . t i ng. surfac ch, such
assenbly carri esygec%%%g%égmg s%c9§%s4\é\§)?@9§?§n? e Wﬁg?ﬁ‘;’ﬁ?g@mm ogy.
The fluid is | Li cat e t f.aces fr t he reservoir
20 to li|5 | fﬁg%#&ggqt%@?%%gﬁsnigg&dﬁ fuogglgssgg‘ﬁgmgg'sr"ért"moﬁﬁ&g%"?’ﬁgn? es e\r/v:)i r
t hrough the b ._Jhe remaingder of. e structur Signi fi cance which
is usgd to co%ﬁ@éeﬂ?gsﬂ°8?5’g§ejs1i§ﬂ F%\?’Fﬁ%(?ﬁ‘é‘f"ﬁ&@e‘ﬁé?@ﬁd&% ch ends
in threaded regj ch [0S readed inf,0o a portion of the base 44. A
Istator 42 cooﬁégﬁﬁsﬁmﬁﬂijﬁﬁg‘%’@"%ﬂ“’f?ﬁ*%ﬁ&ﬁﬁt?’d‘?ﬁeﬁ from the sleeve
13, with gnergizatiop,of the stator wi ndings 42 causing rotatjon_of the 20
sl eeve 1 andgt he hu gﬁfﬁﬂ?“&%ﬁ“@%@ﬂ%r?yiﬁ&qh?&“@éﬁ sinsoidsy sc
drive notor, &’th Sé_ste supports e or nore, discs 44 faor rotation. '
Because t he t MARSHR e qter jazscneger fo.genprpte fluid nosssure apd paipispancesighe s over

t he surface of, the disc, | essential that there not be wobbl e or

it
vibration of tH %Vﬁbﬁifrf’&rfﬁﬁ%efs'gg B Theiezeoyes onihe acstians 1. 2¢ 3,i45 691, 837 npor t ant
h houl l e h .
that should s ‘#fpﬁalﬁﬂ?f’m%dﬁﬁa‘% lijst ihe; araetdeﬂned so that they do not establish a net fluid flow

in either direction. As noted above, it has been found that it may not in most cases be
10 necessary to use grooves at all on the short axial section 5 of the bore 104, especially
when it is used primarily as a reservoir.

The orientation of the hydrodynamic fluid bearing system of Fig..3 is -
important because it determines which elements carry the load. For example, in the
Figure 3 as drawn, the thrust plate 6 is the primary load-bearing surface. The remaining

15 sections especially help to maintain the balance aﬁd overall stiffness and damping of the
system.

In summary, the combination of the conical bearing generally indicated at 200
and the thrust bearing generally indicated at 202, the thrust bearing 202 being established
by the groove pattern 6 and the gap defined by the radial surface 204 of the shaft and the

20 facing complementary radial surface 206 of the sleeve, taken together with the conical
bearing 200 being defined by the shaft surface 208 and the complementary sleeve surface
210 provides both the necessary stiffness and rigidity to support 2 number of discs for

rotation without tilt or wobble in the system.



WD 98/ 48188

PCT/ US97/ 23640 -10- there is no touch down between the surfaces of the

thrust plate 14 and the opposing surface of the counterplate 19 and sl eeve

13. However xpl ai ned above, in a cantil ever type bearing such as shown
REE

in Figure oW the load carrying surface which is thr BSTUSYR8€014 s

| ocated far fromthe center point about Wil ch any pivoting would 5

occur in the event of |pgg[ t | Faedh chance
of a touch down or co’ﬁ*ac ‘g%egiuapﬁe gg?ensgﬁfs%rdfsaces%}y%?ﬁ%%ﬁv@ result
in both wear F%gm’:e S S oY beatid ' rhnﬂmh" Sl e
formation andq?n reaség;tljl%(&%ower consgrzr?oﬂggﬂ&%@e&é ucti on %}ﬁgéé}rﬂﬁ%g life,
and a sl ow do t A t] . | SC: | 0 term 10
e Tort i cipelice, 18 it o WhiiiRtioel belo® fd Sfical by MU T 10
adopt ed. By adgptij.ng. this design. .]oad carryin . her thrust or
coni cal beari n'ga%}ﬁg?t é;rihﬁ sg@gt rgxdg %S%%‘@Q?%%V%H%ﬁgﬁgﬁ%%%%

hydr odynapi ¢ bearing system The pivot point about which any rocking ofthe
beari ng y ocC also lies close to the mddle of the bearing. Because of

LS, T 19, L1 Rt e B AR50t PO B sty o
B R = R T UM R R 2 A S g
Dy ovies e RS TR gk Tl QL0000 1 Lo 192 S0 B et of v
motor whi ch the section 222 of the shaft which forms the lower journal bearings. This allows for
10 greater tolerances in the upper gap 224 which defines the upper journal, relative to the
width of the gap 226 which forms the lower journal bearings. It should also be noted that
.the length LO of'the upper journal bearing 7, 8 from thrust bearing 202 to the end of the
shaft is less than the length L1 of the lower journal bearing 1, 2 which extends from the
end of the conical bearing 200 to the end of the shafd |
15 A further important feature of the invention is that the design effectively
decouples adjaéent bearing.elements from each other, this minimizing the eﬁe&s of
pressure imbalances and diminishing the likelihood of fluid being forced out of either end
of the bearing. Thus lateral bores 114, 115, 116, 117, 118 are provided from a central
vent hole 110 to a junction between each of the primary bearing sections 1-8. The
20 central vent 110 preferably runs all the way to one end or the other of the shaft. Further,
the walls of the sleeve 102 and shaft 100 diverge slightly on either side of each bearing.
The effect as shown in Figure 3, is to form the meﬁiscus of a capillary seal on either side

of each junction between one of the lateral bores and the gap 104, typically at a junction

between adjacent bearing sections, preventing bearing fluid flowing from one bearing



20 I ncorporates the present invention, both upper and | ower ends of the
shaft could be fastened to the base and top cover of the housing, so that
the stiffness of the notor and its resistance to shock and vibration as

well as itsp@lde nt to the rest of the systemis enhanc | nt ai ned.
O course, th%I sﬁ%ig?d be noted that the design, with shaftﬁ%@l‘;ﬂ%

08/ 48188 PCT/ US97/ 23640
-11- open at batibn eniis nesitsand effedivdy ignlatilipeadiacend (batring @eqtiohs t Thiwappfoatiot h

sl eeve 102 and shaft 100 is equally possible. Referring now to Figures 3,
4A and 4B, t heediiessitiikafihdod ef fiid 1dss fromleithen emdiof the bdasingr esent i nventi on and
its relationship to the surrounding rotating sleeve will be 5 shown. It
will be inmmediately Figives4Xindl4B afe paefabectiondl vidwslillustrating lARerhdtivk thetdlads St udi es
this disclosure and | ooks at the figures howthis shaft shown in this

figure coul d lbfassentiyafeHedbsing iofithe picsént invedtion.dBechifchese assentblyrétRodd is
previ ously described, replacing the shaft shown therein. Figure'3 is a

Cross-secs i ona&pebihlwsam 8 adiesiprpincdrpdrafing ot @ Oipei radlis ljolinshl baadngsg, 8.0
conprising a shaft 100 having a sl eeve 102 whi ch surrounds the shaft 100,

the shaft anddefmee\ty shart 3égniedt 2B Whick Bas @ l&ﬂ@nﬁd&p%ﬂﬁﬁndtbﬁtﬂiﬁdh@l&igém c fluid
Is found in the gap 104 between the inner walls of sleeve 102 and the outer

wal I's of shaf hardd¥br jotiul béasingl 1, 2, defined by shaft segment 222. Assume in this example

that the top portion has a shorter, wider journal bearing; the sleeve 102 is held in place

ami the longer journal bearing is inserted therein. In this approach, the sleeve 102 in

10 addition to having a tapered wall 210 to define one side of the gap of the conical bearing,

m&s in an axially extending wall 400, which ends in a step 410. A complementary notch

412 is provided in a block 414 ﬁvhich will fill the gap between the side wall 416 of sleeve

102 and the outer wall 418 of the upper journal beaﬁx;g 220. The complemen_t_ax:ygtep

410 and notch 412 will define the position of the block 414 so that the gap 42.’-2, 2]0 is

15 set with reasonable accuracy. |

Alternatively, the conical side wall of the sleeve 210 may end in a relatively

short vertical wall 440, which then tapers off into an angular wall section 442. The filler

block 444, which will fill the space above the thrust bearing 202 and provides the

compiementary wall for the journal bearing, is then pressed into place, with the filler

20 - block having an outer angular wall 446 which made securely against the inner angular

wall 442 of the sleeve. By providing these angular complementary walls, the filler block

can accuratel& be seated in place, estai)ﬁshing the width of the gap 422 for the thrust

bearing 202, the gap 424 and 210 for the upper journal bearing and conical bearing

respectively.



separates the rotating and fixed portions of the bearing and provides a
bearing surface therebetween. In order to prevent any fluid from | eaving
the gap 104, capillary seals 15 106, 108 are fornmed at the top and
bottom of the gap. This is done by utilizing diverging walls; as shown, the
wal | 107 ofw?ﬁg“ﬁ?seeve di verge fromthe E?ci ng wal | 109, BETVHHEIA he

opposite could be utilized. A similar desfgn could be used at the opposite

Gosi gns coul d be.used s ey i adifard te e Bllenf vl BRF bocBlng SAfecnt 11 Y 0
(232'[ erior surf%ioc%pggs?n? ﬁsgﬁ:lﬁgﬂaﬂo‘&m’teﬁgﬁi&h %%ﬁ%ﬁgﬁéﬁﬁgéﬁ%%ﬁh gg the

umber ed her e SRUABRAET profatiiind LopRhl tonSRE Bl oty 07
and 154, 156 BIGHEGRE SR xgitenle BREmraiR el s 451 g
vl |5 208, 20Me FrToHE e IR A bl e o s, irn hon o ot dbEke L cove
poar i ng ( Sect PEHAlsE mcoshedbearna s il SeHIB, TPt Pregoaes 552 i o) acent

the other | Oulrng%l sti%?eatglé cldser ﬁ\%tr}xaos? gen:tl'e’r o%'the sleeve lies to the weight bearing surface.

For a single plate cantilever bearing, the mass center lies far away from the top surface
of thrust plate 6 which is usually the bearing surface. In this particular design, the
10 weight bearing surface, which is either the top of conical bearing or the conical surface
itself based on the bearing orientation lies close to mass center of the sleeve. This makes
the system more stable. The acute angled surface of the conical bearing also facilitates
smooth operation, ease of assembly, and reduces the effects of differential thermal
 distortion. Forces on the hydrodynamic beanng will generally cause the cone to rotate
15 within the cooperating portion, especially because the design provides extensions 220,
222 of the shaft defining journal bearings on either side of the thrust bearing and conical
bearing combination. It will be apparent that this design is less likely to be damaged than
prior art/thrust plate designs in which a small tilt of the drive shaft or surrounding sleeve
could cause the tip contact between the thrust plate and the surrounding sleeve, or could
20 cause the thrust plate to travel a relatively long distance.
Many of these advantages can be better understood by reference to Figure 6.
In that figure, the resistors R1-R9 represent the resistance to movement or stiffness
created by the different bearing sections. Radial stiffness and damping are provided by

upper journal 7, 8, the conical bearing 3 and lower journal 1, 2. Hence, the design



5 The grooves al ong bearing sections 1-8 nmay be either
herri ngbone, sinusoids, half-sins, or other fornms as are needed to generate
fluid pressure and nai ntenance of the fluid over the surfaces of the gap.

The grooves sections 1, 2, 3, 4, 6, 7, 8 are typically bal anced,
that is, th\'g&@g’%%gsdefi ned so that they dggnot establish a“f?é'{sg?’?"ﬁf"d flowin

either direction. As noted above, it has been found that it may not in nost

cases be 10 QSBHRY. YRAcRink StBEES BioNEsts Blcatie joual §e8ons 0% knd?83ke SECti ON
5 of the bore 104, especially when it is used primarily as a reservoir. The

orientation Ofartdpgrt hyIthisOGHARES seaﬁﬁ%ibéfm&.nmeﬁm MBrOWvheré the céntes of MPOT L ant

because it determ nes which elenents carry the | oad. For exanple, In the

Figure 3 as dﬁ%“tcp‘ﬁ“t&%ﬁmrﬂlm%?"h%?gpém‘?d%‘g?ﬁé‘?ﬁ@.@g)lsurface'

The remai ning 15 sections especl a dlance and
overall stiff ?&gé-tﬂﬁrmlm\t adg%/ galwgggq; : tplgﬂ. ﬁgg%j nation
of t he coni cal eara@%ugen rally |n‘§| C %@ﬁéagffdf an te%%ngthrﬁst aar i ng
general | ys i ndip, &g%@g% tﬂhqul% Ffthﬁ t . i i .25 4 shed by the
groove pattern an i,'t e gglt g?’l%ﬁ%@%ﬁ%&%?@%ﬂ%ﬁ?ﬁ% %&J%?ﬂt he shaft
and the 20 ﬂm;ls@mtg (Y] L ﬁ@- Is e, taken
together with the co%ia%g{mibcgarl n832%ggg]mr% eﬁﬁgﬁ?@%ﬁ%ﬂlgﬁ%%%%s{rurface
208 and the c&gm vi des both the necessary
stiffness and rigidi f%F%mgﬁggé?Fﬁg&%u g%%g?8%¥3cs for rotation wthout
tilt or wobble in thg, 3¥sj %bdve, the above-described embodiment is a fixed shaft design;

however, the design could as easily comprise a rotating shaft/fixed sleeve combination.

10 Other features and advantages of the present invention would be apparent to .

a person of skill in the art who studies the invention disclosure. Therefore, the scope of _

the present invention is to be limited only by the following claims.



WD 98/ 48188
PCT/ US97/ 23640 -13- The system works equally well if the shaft and sl eeve
are inverted as shown in Figure 5, so that the conical bearing 200 is now .
above the thrust bearing 202. In this instance, the primary | oad bearing
surfaces beXShEBHE conical bearing 200 general |y indi cat #¢TASIR364Phe sane
consi derations apply, however, to the design of the overall 5 system
Specific note should al so be nade of éﬁmﬁﬁg the rel ative dinensions of the
journal bearings of the system That IS, e width DO of the upper section
220 of the fi H% ' Sdefines t he upper journal bearing can be
greater than thé W dt of "t he section 222 of the shaft which forns the

tpl erances,,n the

| ower journal bearings. This_ all.o for 10 reat.er

Loper bon 534 whch ot i ettt de st maiem SERRE o fasE RISERUED of ¢ e
gap 226 which forms the lowerjournal ‘hearings. It should al so be noted that
the | ength LO“@F“?‘ﬁét%??ﬁé’Ffmﬁmaﬁ’ég?f%% 8 fromthrust bearing 202 to
the end of the shaft is l.ess thap the.length.L1 of the | . | ournal
bearing £ 2 which eif’é??&%““?&‘?fﬁ&?% %‘?“@H@S@&W‘é‘éﬂn%ﬁﬁ‘ﬁ% 200 to the
end of the shaft. 15 . @ further inportant feature of the
invention is that th&CoNsEpreddPsEdbESel v decoupl es adj acent bearing

bl ances. and di i P BEORHETIATRE BB e RSP TRY PO DRRBSER of
S:. E)\r/]?(rtleg n](c:i r gf 1y @gﬁ?ﬂ%e&ag éoo-lg;grgtsmgl v%itt}? £ ?clatatgx%rs e%velajitﬁbh ]fc? ihel ls% ’wh}c 7rbtat]é:s|'8 ar e.
relative to said fixed shaft on an axis of rotation which coincides with a central axis of
10 said shaft, the rotating sleeve cooperating with said fixed shaft to define, in order from
said first to said second end, a first journal bearing, a first conical bearing adjacent said
first journal bearing, a first thrust bearing, and a second journal bearing adjacent said first
thrust bearing, said sleeve and said fixed shaft cooperating to establish a gap holding
fluid to lubricate each of said above named bearings, said gap being open at both ends

15 to atmosphere surrounding said bearing and lubricating fluid in said gap separating said

shaft and said sleeve.

2. A magnetic disc storage system as claimed in claim 1 wherein said
conical bearing is defined by a convex surface of said shaft cooperating with a concave

20 surface of said sleeve.
3. A magnetic disc storage system as claimed in claim 2 wherein said first

and second journal bearings each include a gap between said fixed shaft and said

relatively rotating sleeve, each of said ends of said gaps distal from said conical bearing

QT



vent hole 1 10 to a junction between each of the primary bearing sections
1-8. The 20 central vent 110 preferably runs all the way to one end or
the other of the shaft. Further, the walls of the sleeve 102 and shaft 100
diverge slightd g, Q0 either side of each bearing. The effect as shown in
Figure 3, isto orn1the meni scus of a gagpillary seal on FOTUSRY23840ge of
each junction between one of the lateral bores and the gap 104, typically
at a juncti orandedidehasnt bedfisgremiinding i firgt #hd Gédond sapillprysseadstol preyeldassiofg | ui d
flowi ng fromone bearing WD 98/ 48188 -14-
PCT/ US97/ 2364aiddwbeicating fuld fidnesafbgdp, and effectively isol ating adjacent
bearing sections. This approach reduces the likelihood of fluid |loss from
either end of the bearing. Figures 4A and 4B are partial sectional views
illustrating alternative nmethods of assenbly ofthe bearing ofthe present

i nvention. Each of uheseAanfpaetd discsirhgedysterm abclaimed @b@sifmi Biwheteis@d ul in a
desi gn incorporating shorter, Iarger radius journal bearings 7,7.8 defined

by shaf tssegnitt inddedVii Gl aaén cafing hdzdd gredbr dhrddtér B the! dhgk | onger,

narrower journal bearing 1, geflned by shaft segnent 222. Assune in this

exanpl e t hat ﬂchﬂedﬂ&a@%&idﬁ&ahm%hﬂ s journél tiering Ring Adkcty@dfatdnfa t he
sleeve 102 is held in place and the |onger journal bearing is inserted

therein. |n inbirsw BRUreaE tonichiBarin SAERby Rabilith of id hydmamm MAid bQrikgVvi ng a
tapered wall 210 to define one side of  the gap of the conical bearing, ends

in an axial | yygeth fdhddgedr@l | 400, which ends.in a step 410. A conplenentary.
not ch

10 5. A magnetic disc storage system as claimed in claim 1 including a
central axial hole in said shaft and radial vent holes extending to junctions between each
of said first journal bearing, said first conical bearing, and said first thrust bearing and
said second journal bearing so that a meniscus is formed on either side of each said

< et

junction effectively separating each of said bearings.

15
6. A magnetic disc storage system as claimed in claim 5 wherein said
fluid in said gap comprises either liquid or gas, or either liquid or gas alone in all of said
bearings along said gap.
20 7. A magnetic disc storage system as claimed in claim 1 wherein a wider

end of said conical bearing is closer to said cover, said narrow end of said conical
bearing being closer to said base extending radially from said axial hole to a junction

between each of said adjacent bearings defined along said hydrodynamic bearing gap.

IIIIIIII IIIIII IIIII IIIII ll llll



412 is provided in a block 414 which will fill the gap between the side
wall 416 of sleeve 102 and the outer wall 418 of the upper journal bearing
220. The conpl enmentary step 410 and notch 412 will define the position of
the block 414 so that the gap 422, 210 is 15 set with reasonable
accuracy. AP vely, the conical sidgwall of the sl RVEUS¥e#ay end in
a relatively short vertical wall 440, whith then tapers off into an angul ar
wal | section 442. The fil &5%@4’-@& Gl el irf dididn 7 bove the
t hrust bearing 202 rajl*erid pr%w es t%eﬁé"%e enentary vva‘1+llnf o%{%g&j%gﬁlnal
bearing, is t ‘ o\ MoRFa] sidd | : C avi ng an
¢ LHuF ﬁ'ﬁ%@&g said d:?csﬁd Pﬂdt 053 fiidvk %lﬁérgly dlverg & Jﬁrth

outer angul ar wa whi ch nmade securely agalnst t nner- angular wal |

442 of th I Lo Gietlel Falifl\dh EEF&t S.. th

fill gr bl gci %gn g%srag{tgﬁ/qug seaﬁ%ﬁ’i nop g‘@g, esta |sﬁ{a§e§%ﬁ%ﬁ dtﬁ of

t he 'gap 422 fgr(drm% @fuﬂﬁéappxgﬁéétﬂgmﬁ%ualt .gap 424 and 210 for the upper
an

j ournal bearing conrca eari ng respecti vely. WO 98/ 48188
PCT/ US97/.23640 -15- Ot her features and advantages of the present invention
may becorfe apparent to a person of skill in the art who studies the present

I nvention disclosure, It js alr.eady establ]shed,thaf. t I t dnvention
efficiently conbi nesg'mamfL g‘a%eﬁfgléégm%lgg%gﬁ‘%fdﬁm&lm cﬂ&‘ev%%ﬂl sald
shaft wall extends axially along said hydrodynamic bearing gap, said sleeve walls

diverging radially at each of said junctions to promote formation of said capillary seals.

10 100 A hydfodynamic fluid bearing system comprising a fixed shaft having
first and second ends cooperating with a rotating sleeve attached to the disc which
rotates relative to said fixed shaft on an axis of rotation which coincides with a central
axis of said shaft, the rotating sleeve cooperating with said fixed shaft to define, in order
from said first to said second end, a first journal bearing, a first coni@ bearing adjacent

15 said first journal bearing, a first thrust bearing, and a second journal bearing adjacent said
first thrust bearing, said sleeve and szid fixed shaft cooperating to establish 2 gap holding
fluid to lubricate each of said above named bearings, said gap being open at both ends
to atmosphere surrounding said bearing and lubricating fluid in said gap separating said
shaft and said sleeve.

20

11. A bearing storage system as claimed in claim 10 wherein said conical

bearing is defined by a convex surface of said shaft cooperating with a concave surface

of said sleeve.

L



coni cal bearing and a thrust bearing. The interface ofthe hydrodynam c
bearings with 5 the surrounding sl eeve is extended over a greater area
than in prior art designs, providing increased bearing stiffness and
stability..@Hr&Qﬁ&gDre the rotating systemis nore stable the closer the
mass center 0 e sleeve lies to the weight bearing sur fRATESI1R340, single
pl ate cantil ever bearlng the mass center lies far away fromthe top

surface of thrust plgie 6y r%?t PR dbi SMIlpqhéaﬁgga:ﬁrstm this

particul ar design, the 10 urface, which i1s elther the

top of conica el sfeahme@ bapbeloleli Gid shabdd o2 Rt réelifigPoar | N0

orientation |lies dose to nmass center  Oof the sleeve I's ma system

more stabl e. ﬁb&eﬁ%ﬂ%f%@&ﬁ?oﬂéﬁ@ asse%ﬁ[s&c?@&:ﬁ Qg@gcéem

facilitates snoot operatl on ease e e?tf ects of

di ff tial ] |
general 1y, "Q‘%@W P SR eb ST i PROREIUE R0, 1

especi al lgy F #q si gn provi des extensions 220, 222 ofthe shaft
defining jOUI‘ na bearl on either side of the thrust bearing and coni cal
bearing conbination. It will be apparent that this design is less likely to
be damaged than prior art/thrust plate designs in which a small tilt ofthe

?ILLZF ol at o QLdSE‘LL‘)*éB?'rd”d%%&'ﬁ%l’tgﬁég%‘*mﬁ%io rdF i1 OB i ﬁPuts[‘z
bettor under sPoRRIBR bRl it a%f%ﬂtﬁﬁ“@ﬂi‘ﬁsz{ *'ﬁffém’%g ﬁggfﬁﬁii stors
(i orent bear PR BPREREHALE bR Sheavey madaa%. BRSO oa by

?Ege(rjejs qu:]nal of7 said cbmcaq%ea%%g,l C ereb?rea{)Jhtygof salél ynamlclﬂu H'i:ga%ng ]§Y5t°2 Hence

enhanced.

14.  Abearing system as claimed in claim 10 including a central axia_,_;\_i}'lole

in said shaft and radial vent holes extending to junctions between each of said first

15 journal bearing, said first conical bearing, and said first thrust bearing and said second
journal bearing so that a meniscus is formed on either side of each said junction

effectively separating each of said bearings.

15.  Abearing system as claimed in claim 14 wherein said fluid in said gap
20 comprises either liquid or gas, or either liquid or gas alone in all of said bearings along

said gap.

16. A bearing system as claimed in claim 10 wherein a wider end of said

conical bearing is closer to said wv&, said narrow end of said conical bearing being

* c L M S *
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PCT/ US97/ 23640 -16- enhances stability. Rocking stiffness increases because
journal sections-l, 2 and 7, 8 are far apart. This enhances beating

per f or mance, endi ng on where the center of gravity or center of rotation
I's | ocat ed,wf’%g'ﬂ?%rreter of upper and IQH,\_r journal s DO PATEHH230 adj ust ed
to get maxi mum rocking stiffness for enhanced bearing performances. 5

Prel oading i ndBQ?totsQE ek eﬁhﬁhx‘glrédial@ FRsaE ot Rdle REALARSEN ﬁez@ahmg&‘éf

stability. Gaps 1 n the trust ate 6 and conical bearing 3 can be easily

adj UStEd/CO”t&ﬂMg‘ﬂe Eégﬁgp@;%gg i 'Jlﬁ"dfda amESeE S erances. and their
reduced perfornman es‘?t% oted a (o) e, the ag'love-descgtr%ed enbodi nent is a

fixed shaft design; however, the design could as easily conprise a rotating
shaft/fi xed sl eeve conbi nation. 10 O her features and

advant ages of t he preggent 'Mﬁg&' g Pﬁ BBQ’E% .sqn_Qof skill
in the art who studi§§ tﬁ% | veén‘?gla(%%r%!a C osagre. té‘f‘é’f%f‘éﬁ%‘ﬁ%%%ope of

tgg/e 42 rlgg(gnt i o Earl]& 50%&1&1% sEuﬁ %s Ioif r&& %gafp EAcly sa.Pdy sléng rél&ivL@%&ggeCJoa{hgis ' WO

PCT/ US97/ 23 64c%pillaly seals are formed on either side of each said junction to isolate adjacent bearings

and retain the lubricant inside the individual bearings.

18. A magnetic disc storage system as claimed in claim 17 wherein said
10 shaft wall extends axially along said hydrodynamic bearing gap, said sleeve walls

diverging radially at each of said junctions to promote formation of said capillary seals.

19. A magnetic disc storage system as claimed in claim 10 wherein a
narrow end of said conical bearing is closer to said cover, a wider end of said conical

15 bearing being closer to said base.

20. A bearing system as claimed in claim 19 including a central axial hole
in said shaft and radial vent holes extending to junctions between each of said first
journal bearing, said first conical bearing, and said first thrust bearing and said second

20 journal bearing so that a meniscus is formed on either side of each said junction

effectively separating each of said bearings.
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-17- CLAIMS WHAT IS CLAIMED | S: 1. A magnetic disc storage system
conprising a base, a rotatable nagnetic storage disc having an axis of
rotation; 5 a transduci ng head for reading and witing .
i nfor mat i onweshdigs di sc; a cover affixed to said base; a%%y,gsrsgbdynam c
fluid bearing systemconprising a fixed-ghaft having first and second ends
cooperating with a rotating sleeve attached to the disc which rotates
relative to said fixzld shuabdaringsystem ascldmalin claim20ivdiereintsaidluticn sadid gaps Wi th a
central axis of 10 said shaft, the rotating sleeve cooperating with

sai d fixed shodmprise efthériliqaid of gasporkitherfliqoidhof gaschidne lirsdll dfzaid bealingedlangd end, a
first journal bearing, a first conical bearing adjacent said first journal
bearing, a fi s#d gdphr ust bearing, and a second journal bearing adjacent said
first thrust bearing, said sleeve and said fixed shaft cooperating to
establish a gap holding fluid to lubricate each of said above naned

beari ngs, said gap being open at both ends 15 t o at nosphere surroundi ng
sai d bears ng and | ub23, catA r@gietitdidc storage syiteppgoniprising 8 housthgSor akidsdisf t and -
said sl eeve. 2. A magnetic disc storage systemas clained in claim1l
wherein said gfw cal bearing is defined by a convex surface of said shaft
cooperating with a concave 20 surface of said sleeve. 3. A magnetic

di sc storage system g@gans!fed @pportify 6hc éraere\WkGS o BorfsBintlsfekd Fdtation, and
means for accessing data storage locations on each of said discs,

said means for supporting comprising fluid-filled hydrodynamic bearing means

10 for enabling a hub supporting said one or more discs to rotate relgﬁve to a shaft

supported in said housing.

23. 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

15 constant rotational speed.

R



and second journal bearings each include a gap between said fixed shaft and
said relatively rotating sl eeve, each of said ends of said gaps distal from
sai d conical bearing WO 98/ 48188 : - 18-
PCT/USQ?/Z?«(;,%(;_8 8said thrust bearing termnating in first and second
capillary seal's 1o prevent |oss of said lubricating flui dFSYEHEHY gap. 4.
A magnetic disc storage systemas claingggin claiml wherein said 5

shaft included in said second journal bearing has a greater dianeter than
the shaft included in said first journal bearing, said first journal

bearing being directly adjacent -a narrow e of said conical bearing,
whereby stability of said hye~adynam c fluifd bearing systemis enhanced. 10
5. A magnetic disc storgge systema pined in claiml including a
central axial hole in sai¢ shatt==and radi gl ven okes_extending to
junctions between each off said first jourral b&gSmg—saif firsjnconical
bearing, and said first Ahrust bearing ang said j earing so
that a neniscus is for

separating each of saifd bearingsCil15 6. st orage system
as claimed in claigm5/whergin said fluid in said gap pri ses either
liquid or gas, or feither |iqura-or gas alonqc£n'all [
| e -— N
D h 24
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beari ngs al ong said gap. 20 7. A magnetic disc storage
systemas clainmed in claim1l wherein a wider end of said conical bearing is
closer to said cover, said narrew end of said conical bearing being closer
to sai d basgosifiasli ng radially fromsaid axial hole to gd Asgf) between
each of said adjacent bearings defined al ong said hydrodynam Cc Dearing gap.
WD 98/ 48188 :
PCT/ US97/ 23640 -19- 8. A magnetic disc storage systemas clainmed in
claim7 wherein at each of said junctions said walls of said shaft and said
sleeve relatively diverge so that capillary seals are fornmed on either side
of each said junction to isolate adjacent bearings and retain the |ubricant
i nside the individual bearings. 5 9. A magnetic disc storage system as
claimed in claim8 wherein said shaft wall extends axially along said

hydr odynam c¢ bearing gap, said sleeve walls diverging radially at each of
said junctions to pronote formation of said capillary seals. 10

10. A hydrodynam ¢ fluid bearing system conprising a fixed shaft having
first and second ends cooperating with a rotating sleeve attached to the
disc which rotates relative to said fixed shaft on an axis of rotation

whi ch coincides with a central@2 13
Al /S
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axis of said shaf, the rotating sl eeve cooperating with said fixed shaft to
define, in order fromsaid first to said second end, a first journa
bearing, a first conical bearing adjacent 15 said first journal :
bearing, a § rust bearing, and a second journal bearj adj acent said
first thr usfdoi)%}g?]’}sgg, said sl eeve and said fixed shaft co%@ﬁ%ﬂz %t o
establish a gap holding fluid to lubricate each of id above naned

beari ngs, said gap being open at bot h3éfds to atnod gere surroundi ng said
bearing and lubricating fliggd iin said gap separatifig said shaft and said

sl eeve. 20 11. A bearing §to S em | aif/red in claim210 wherein
said conical bearing is defi\ned by a convex sprpface of said shaft
cooperating with a concave rface &% said sl e. WO 98/ 48188

PCTI US97/ 23640 -2Q-_12. Aﬁ e rinq/storage S #gen1as clainmed in claim11l
wherein said first and secongij oufral bearingsfeach I nclude a gap between
said shaft and said relativelAy rotfati ng sl eevigly, each of said ends of said
gaps distal from said conical p@%ring andsgai d} Yhrust bearing term nating
in first and second capill ar yfseals—+o-—pre i 3S$ 0 ~dJ ubricating 5
fluid fromsaid gap. '

102 | Lo
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13. A bearing storage systemas clainmed in claim210 wherein said shaft
included in said second journal bearing has a greater dianeter than the
shaft included in said first journal bearing, said first journal bearing
bei ng di r ectygesagiggcent a narrow end 10 of said coni CalrR&asidg
whereby stability of said hydrodynam c fluid bearing systemis enhanced
14. A bearing systemas clainmed in claim10 including a central axial
hole in said shaft and radial vent hol es/é&xtending to junctions between
each of said first 15 journal bearing, said first conical bearing, and
said first thrust bearing and said second journal bearing so that a

meni scus is forned on either side of each said junction effectively

separating each of said bearings. 15. Abearing systemas clainmed in claim
14 wherein said fluid in said gap 20 conprises either liquid or gas, or
either liquid or gas alone in all of said bearings along said gap. 16. A

bearing systemas clained in cIa|n113_where|n a guder end of,,said conical
bearing is closer to said cover, 424 arrow endjfof said ﬁ4 al bearing
bei ng WO 98/ 48188 444
PCT/ US97/ 23640 -21- cl oser4fo sai

base]extending rAdi gl ly fromsaid axial

hole to a junction betmﬁgn ackhio o
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sai d adj acent bearings defined al ong said hydrodynam c bearing gap. 17. A
magneti c disc storage systemas clained in claim16 wherein at each 5

of said junctions said walls of said shaft and said sleeve relatively

di verge so ggﬁkﬁgggillary seals are forned on either side_of each said
junction to isolate adjacent bearings and retain the | ubr FEYHP234P de t he

i ndi vidual bearings. 18.- A magnetic disc storage systemas clainmed in
claim17 wherein said 10 shaft wal I3/t ends axi ally al ong said

hydr odynam ¢ bearing gap, said sleeve walls diverging radially at each of
said junctions to pronote formation of said capillary seals. 19. A

magneti c disc storage systemas clained in claim10 wherein a narrow end of
said conical bearing is closer to said cover, a wider end of said conical
15 = bearing being closer to said base. 20. A bearing system as clai ned
in claim19 including a central axial hole in said shaft and radial vent

hol es extending to junctions between each of said first journal bearing,
said first conical bearing, and said first thrust bearing and said second
20 journal bearing so that a nmeniscus is fornmed on either side of each
said junction effectively separating each of said bearings. WD 98/ 48188
PCT/ US97/ 23640 - 22- -
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21. Abearing systemas clainmed in claim?20 wherein said fluid in said gap .
conprises either liquid or. gas, or either liquid or gas alone in all of
sai d bearings along said gap. 5 22. A magnetic disc storage
syst em conmpiiny housi ng for said disc drive, neans f i Nng one
or nore di s?ﬂsggmgonstant speed rotation, and nmeans for O%%@%bggﬁqé) dat a
storage | ocations on each of said discs, said nmeans for supporting
conprising fluid-filled hydrodynam c ﬁééring nmeans 10 for enabling a
hub supporting said one or nore discs to rotate relative to a shaft
supported in said housing. 23. A disc drive conprising a disc, a notor,
and connected to said disc and said notor a neans for fluidically coupling
said discs and said notor to achieve a 15 constant rotational speed.

FiG. 6
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