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(57) ABSTRACT

A seal whose primary axis lies 1n the radial direction where
the fluid bearing 1s primarily extending in the axial direction
between the rotating shaft and surrounding sleeve. The
capillary seal 1s positioned with an opening adjacent an end
of the fluid bearing gap, and comprises two diverging walls,
with the narrowest gap between the two generally radially
extending walls being closely adjacent an end of the fluid
cgap. The walls diverge as they extend radially away from the
fluid bearing. In this way, the fluid held in the radial capillary
scal 1s maintained adjacent an end of the gap, while the size
of the reservoir provided or defined by the diverging walls
provides a relatively large reservoir volume.

The seal uses an additional capillary which 1s defined by a
narrow annulus between the rotating shaft and a radially
inward end of one of the two walls of the seal adjacent the
narrow end of the radial capillary seal. This very narrow gap
provides a narrow annulus which establishes very high
shock resistance to the loss of fluid past the outer axial wall
of the radially capillary seal, as well as defining a small
surface area from which evaporation can occur.
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RADIAL CAPILLARY SEAL FOR FLUID
DYNAMIC BEARING MOTORS

CROSS REFERENCE TO A RELATED
APPLICATION

[0001] This application claims priority to provisional
application serial No. 60/370,718, filed Apr. 5, 2002, entitled

Radial Capillary Seal for FDB Motors, invented by Alan L.
Grantz, et al; that provisional application i1s incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to fluid dynamic
bearing secals and more particularly to a low profile seal
design for use with such a bearing.

BACKGROUND OF THE INVENTION

[0003] Disc drive memory systems have been used in
computers for many years for storage of digital information.
Information 1s recorded on concentric tracks of a magnetic
disc medium, the actual mmformation being stored in the
forward magnetic transitions within the medium. The discs
themselves are rotatably mounted on a spindle, while the
information 1s accessed by read/write heads generally
located on a pivoting arm which moves radially over the
surface of the rotating disc. The read/write heads or trans-
ducers must be accurately aligned with the storage tracks on
the disk to ensure proper reading and writing of information.

10004] During operation, the discs are rotated at very high
speeds within an enclosed housing using an electric motor
ogenerally located inside the hub or below the discs. Such
known spindle motors typically have had a spindle mounted
by two ball bearing systems to a motor shaft disposed 1n the
center of the hub. The bearings are spaced apart, with one
located near the top of the spindle and the other spaced a
distance away. These bearings allow support of the spindle
or hub about the shaft, and allow for a stable rotational
relative movement between the shaft and the spindle or hub
while maintaining accurate alignment of the spindle and
shaft. The bearings themselves are normally lubricated by
highly refined grease or oil.

[0005] The conventional ball bearing system described
above 1s prone to several shortcomings. First 1s the problem
of vibration generated by the balls rolling on the bearing
raceways. This 1s one of the conditions that generally
guarantee physical contact between raceways and balls, 1n
spite of the lubrication provided by the bearing o1l or grease.
Hence, bearing balls running on the generally even and
smooth, but microscopically uneven and rough raceways,
fransmit the rough surface structure as well as their 1imper-
fections 1n sphericity in the vibration of the rotating disc.
This vibration results in misalignment between the data
tracks and the read/write transducer. This source of vibration
limits the data track density and the overall performance of
the disc drive system. Vibration results in misalignment
between the data tracks and the read/write transducer. Vibra-
tion limits therefore the data track density and the overall
performance of the disc drive system.

[0006] Further, mechanical bearings are not always scal-
able to smaller dimensions. This 1s a significant drawback,
since the tendency in the disc drive industry has been to
continually shrink the physical dimensions of the disc drive
unit.
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[0007] As an alternative to conventional ball bearing
spindle systems, much effort has been focused on develop-
ing a fluid dynamic bearing. In these types of systems
lubricating fluid, either gas or liquid, functions as the actual
bearing surface between a stationary shaft supported from
the base of the housing, and the rotating spindle or hub.
Liquid lubricants comprising oil, more complex fluids, or
other lubricants have been utilized 1n such fluid dynamic
bearings. The reason for the popularity of the use of such
fluids 1s the elimination of the vibrations caused by mechani-
cal contact 1n a ball bearing system, and the ability to scale
the fluid dynamic bearing to smaller and smaller sizes.

[0008] It i1s important to the long term life and reliable
operation of a fluid dynamic bearing that the fluid level be
maintained over a long term. However, the fluid may 1n
many 1nstances be jarred out of the bearing gap by shock or
vibrations; further, variations 1n operating an environmen-
tals temperatures may cause some evaporation of the fluid
over the long term.

[0009] Most current designs of fluid dynamic bearing
motors employ a capillary seal at least at one end of the
bearing to maintain the fluid 1n the bearing. This seal which
1s typically established by having one of the two walls of the
fluid dynamic bearing gap diverge from the other, thereby
establishing a miniscus across the end of the fluid column in
the gap, the seal utilizes capillary attractive force to retain
the o1l or other fluid within the gap; maintaining the fluid
during non-operating shock and vibration events.

[0010] Because the gap progressively widens before ter-
minating 1n the miniscus within the capillary seal, the
capillary seal can also serve as an o1l reservoir to provide for
o1l lost due to evaporation. However, the two functions,
providing a seal and providing a reservoir are somewhat
conilicting. A large reservoir requires a wide capillary seal
cgap; but the wider the gap, the lower the oil retention
capability. As the height of a fluid dynamic bearing motor 1s
reduced 1n order to use such motors in smaller profile disc
drives, less space 1s available for the capillary seal. There-
fore, 1t 1s desirable to make the seal as short as possible so
as to maximize the height available for the bearmngs to
support the relative rotation of the shaft and the sleeve. As
the capillary seal becomes shorter, its volume decreases,
reducing the o1l available to make up for that lost due to
evaporation or shock. A desirable seal would have a rela-
tively large reservoir volume, and high shock resistance. If
the o1l volume were sufficiently large, lower viscosity
(implying a higher evaporation rate) oil could be used,
lowering the power loss due to viscous friction. If properly
chosen, the lower viscosity o1l would have a flatter viscosity
versus temperature curve, resulting in a more efficient fluid
bearing over the temperature range. Therefore, a large
volume, higher shock resistant fluid reservoir which uses
minimal axial space 1s a highly desirable design objective.

SUMMARY OF THE INVENTION

[0011] The present invention is intended to provide a fluid
dynamic bearing assembly incorporating a capillary seal
which 1s especially useful 1n a low profile high speed
assembly.

[0012] More particularly, the present invention is to pro-
vide a capillary seal which uses minimum axial space so that
the length of the bearing can be optimized.
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[0013] In a further advantage, the present invention pro-
vides a capillary seal which has high shock resistance.

[0014] In yet another feature of the invention, the design
provides a capillary seal which also provides an o1l reservoir
larger than that which can be achieved with a conventional
capillary seal so that the fluid in the fluid dynamic bearing
gap 1S maintained.

[0015] These and other features, advantages and objec-
fives of the invention are achieved by providing a seal whose
primary axis lies in the radial direction where the fluid
bearing 1s primarily extending 1n the axial direction between
the rotating shaft and surrounding sleeve. The capillary seal
1s positioned with an opening adjacent an end of the fluid
bearing gap, and comprises two diverging walls, with the
narrowest gap between the two generally radially extending
walls being closely adjacent an end of the fluid gap. The
walls diverge as they extend radially away from the fluid
bearing. In this way, the fluid held 1n the radial capillary seal
1s maintained adjacent an end of the gap, while the size of
the reservoir provided or defined by the diverging walls
provides a relatively large reservoir volume.

0016] In a preferred embodiment, the seal uses an addi-
tional capillary which 1s defined by a narrow annulus
between the rotating shaft and a radially inward end of one
of the two walls of the seal adjacent the narrow end of the
radial capillary seal. This very narrow gap provides a narrow
annulus which establishes very high shock resistance to the
loss of fluid past the outer axial wall of the radially capillary
scal, as well as defining a small surface area from which
evaporation can occur. This substantially reduces evapora-
fion of fluid from the bearing.

0017] In an alternative embodiment, grooves may be
defined on one of the two facing surfaces of this secondary
capillary seal or narrow annulus, with the grooves being
defined to pump toward the fluid bearing gap so that the

ability to withstand loss of fluid from the fluid bearing gap
1s further enhanced.

[0018] In a further embodiment, at least one fill hole is
defined 1n the axially outer wall of the fluid bearing reservoir
which serves as both a vent for the reservoir 1n order to
support the establishment of the miniscus at the radially
distal end of the reservoir fluid, and to allow for filling of the
reservolr after assembly of the shaft and sleeve.

[0019] In yet another alternative, an optional fill reservoir
volume for mitial filling may be provided in the axially inner
wall of the fluid reservoir. This reservoir may be an open
space or may be filled with a material which has a high
absorption capacity; 1t may be filled with fluid which may be
used to both fill the reservoir and fill the gap of the fluid
dynamic bearing adjacent the capillary seal/reservoir by
allowing o1l which has been filled into this {ill reservoir to
wick 1nto the gap.

10020] Other features include that in addition to providing
both a very small opening to the outer atmosphere from
which evaporation may occur, the radial capillary seal which
1s a large diverging capillary seal provides a reservoir
incorporating a small o1l fill hole which limits the surface of
arca available for evaporation.

[0021] It can further be seen that the design will be
relatively easy to assemble, and supports an easy filling
sequence of o1l into the reservoir 1n the fluid bearing gap.
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BRIEF DESCRIPITION OF THE DRAWINGS

[10022] For a fuller understanding of the present invention,
reference 1s made to the accompanying drawings in the
following detailed description wherein FIG. 1 1s an eleva-
fion view cross-section of a computer hard disk drive
assembly taken along the axis of rotation of the spindle
motor;

10023] FIG. 2 is a plan view of the grooved surface of a
fluid baring usetul 1n the embodiment of FIG. 1;

10024] FIG. 3 is a vertical elevation view of a journal
thrust plate style fluid dynamic bearing mcorporating the
present 1nvention;

[10025] FIG. 4 is a vertical sectional view of a conical
rotating shaft fluid dynamic bearing assembly incorporating
the invention; and

10026] FIG. 5 is a vertical sectional view of a further
alternative embodiment of the present invention incorporat-
ing a conical bearing, a radial capillary seal and optional fill
reServolr.

[10027] FIG. 6 is a partial sectional view of another
embodiment of radial capillary seal.

10028] FIG. 7 illustrates diminished fluid loss achieved by
this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[10029] Reference will now be made in detail to exemplary
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. While the mvention
will be described 1n conjunction with these embodiments, 1t
1s to be understood that the described embodiments are not
intended to limait the invention solely and specifically to only
those embodiments, or to use solely 1n the disc drive which
1s 1llustrated. On the contrary, the invention is intended to
cover alternatives, modifications and equivalents which may
be mcluded within the spirit and scope of the mvention as
defined by the attached claims. Further, both hard disc
drives, in which the present imnvention 1s especially useful,
and spindle motors, where the invention 1s also especially
useful are both well known to those of skill in this field. In
order to avoid confusion while enabling those skilled 1n the
art to practice the claimed mvention, this specification omits
such details with respect to known 1tems.

[0030] FIG. 1 is a cross section through one embodiment
of a spindle motor assembly which may readily be adapted
to mncorporate a fluid dynamic bearing arrangement accord-
ing to the present mvention. More speciiically, the spindle
motor shown in FIG. 1 1s of a rotating shaft motor design;
FIGS. 2, 3 & 4 which are used to further illustrate the
present invention are of a rotating shaft design. It will be
apparent to a person of skill in the art that the present
invention 1s useful 1n any rotating shaft design, apart from
use 1n a motor 1n a disc drive; the seal 1s also useful 1n a fluid
bearing cartridge which may be used in other embodiments.
It 1s also useful as a shaft sealing element.

10031] FIG. 1 illustrates a cross section through one
embodiment of a spindle motor which may be adapted to
incorporate a fluid dynamic arrangement according to the
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invention. The spindle motor assembly comprises a base 12
and a hub assembly 13. A shaft 14 1s mounted to the hub 13
and rotates with 1t.

[0032] The outer surface of the shaft 14 and the adjacent
bore of the journal sleeve 26 together form hydrodynamic
journal bearings 28, 30. The dual reference numbers are used
because the journal bearings are typically in two sections.
The bearing gaps at the hydrodynamic journal bearings, 28,
30 are typically between 0.001 and 0.006. The journal
bearings 28, 30 each include a grooved surface. The grooved
surfaces may be provided either on the outer surface of the
shaft 14, or the inner bore surface of the journal sleeve 26.

[0033] A thrust plate 32 is press fitted or formed or
otherwise attached to an end of the shaft 14 and extends
transversely to the shaft 14. The thrust plate 32 1s circular in
form; the thrust plate 32 defines a first axial thrust surface 33
which, together with a facing sleeve thrust surface 35
extending transverse to the journal bearing defines a first
fluid dynamic thrust bearing 34 in the gap between the two
surfaces. As can be seen from FIG. 1, the disc thrust surface
35 at bearing 34 extends transversely to the journal at 30,
and the thrust bearing gap 37 1s connected to that journal
bore.

[0034] A counterplate 36 is press fitted to or otherwise
supported by the journal sleeve 26 adjacent the thrust plate
surface 37 which 1s distal from the journal bearing 28, 30.
The counterplate 36 has a surface 39 which cooperates with
the thrust plate surface 37 to define a gap 41 1n which fluid
1s maintained during rotational operation of the shaft and
sleeve. Therefore, the counterplate 36 1s sealed to the journal
sleeve 26 to prevent any loss of the fluid which appears 1n
the gap 41 between counterplate 36 and thrust plate 32.

[0035] In use, the hub assembly 13 and shaft 14 are is

rotated with respect to the base 12 by means of an electro-
magnetic motor. The electromagnet motor comprises a stator
assembly 52 mounted to the base 2, and a magnet 54
mounted to the journal sleeve 26.

0036] As canbe appreciated from FIG. 1, the hub assem-

bly 13, 1s supported for rotation by the shaft 14 relative to
the base 12 on hydrodynamic bearings 28, 30, 34, and 38.

[0037] The operation of a hydrodynamic bearing can be
understood by reference to F1G. 2, which illustrates a plan
view ol one of the surfaces of a hydrodynamic thrust
bearing. The 1llustrated hydrodynamic bearing surface, gen-
erally indicated by the numeral 60, comprises a series of
alternating grooves 62 and lands 64. Each groove 62 com-
prises a leg which extends outward from the inner radius 66
of the hydrodynamic bearing surface 60 and a leg which
extends inward from the outer radius 68 of the hydrody-
namic bearing surface 60. The two legs end m a point at an
intermediate radius 70. The plurality of grooves 62 and lands
64 together form a curved herringbone pattern as illustrated
in the figure.

[0038] A hydrodynamic thrust bearing is formed when the

bearing surface 60 1s placed adjacent to an opposed bearing,
surface with a film of lubricant between the two surfaces.

When the bearing surface 60 1s rotated in the direction 72,

that 1s against the herringbone pattern, the grooves 62 and
lands 64 tend to draw lubricant from the mnner and outer radii

66 and 68 towards the points of the herringbone pattern at
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70. This creates a radial pressure distribution within the
lubricant which serves to keep the bearing surfaces apart
under external loading.

[0039] By varying the pattern of grooves 62 and the lands
64 1n a known fashion, the pressure distribution across the
hydrodynamic bearing can be varied. In particular, if the
pressure 1n the bearing lubricant 1s greater at the inner radius
66 than at the outer radius 68 during operation, a net flow of
lubricant from the inner radius 66 to the outer radius 68 will
result, and vice versa. This can be done, for example, by
having the intermediate radius 70, at which the points of the
herringbone pattern are located, closer to the outer radius 68.
Other ways 1n which the pressure distribution across the
hydrodynamic bearing can be varied include altering the
depth or width of the grooves, the number of grooves, or the
angle the grooves make with a radial axis. The significance
of having a net flow of lubricant across the bearing surface
1s discussed below.

[0040] The grooves 62 and 64 may be formed in the

hydrodynamic bearing surface by any number of means
including, for example, electroforming or stamping.

[0041] Although the operation of a hydrodynamic bearing
has been discussed with reference to a hydrodynamic thrust
bearing, 1t will be appreciated that the above principles can
be applied to a hydrodynamic journal bearing such as the
hydrodynamic journal bearings 28 and 30 illustrated in FIG.
1. In particular, the pattern of the grooves and lands of the
hydrodynamic journal bearings 28, 30 can be arranged to
create a net flow of lubricant 1n a direction along the
longitudinal axis of the shaft 14, 1.e. towards or away from

the base 12.

[0042] It will also be appreciated that a hydrodynamic
bearing 1s not limited to the use of a herringbone pattern of
ogrooves 62 and lands 64. For example, a spiral or sinusoidal
pattern may be used as an alternative to the herringbone
pattern. The herringbone pattern 1s however preferred for
thrust bearing arrangements as 1t generates a pressure dis-
tribution across the bearing surface which provides
improved bearing rocking stifiness. Bearing rocking stiff-
ness 1s a measure of the ability of a thrust bearing to resist
rotation of the bearing surfaces relative to one another about
an axis traverse to the axis of rotation of the thrust bearing.

10043] Referring for example to FIG. 3, the design shown
therein comprises 1n the parts pertinent to understanding this
invention, a sleeve 302 defining a bore 304 1n which a shaft
306 1s located. The shaft 306 supports or 1s integrated with
a thrust plate 308 at an end thereof, with the thrust plate and
shaft being supported for rotation relative to the sleeve 302
by at least a thrust bearing 310 defined 1n a gap between an
axial facing surface of the thrust plate 308 and a facing axial
surface 314 of sleeve 302. A further thrust bearing may be
provided 1n the gap 315 between thrust plate 308 and
counterplate 309.

[0044] At the distal end of the shaft from the thrust plate,
a radial capillary seal 320 1s defined. This radial capillary

scal 1s used to maintain fluid 1n the journal bearing 318
which 1s defined between the sleeve 302 and the shaft 306

in the bore 304. The radial capillary seal 320 1n fact uses two
capillary seals. The first capillary 1s a very narrow opening

330 between the outer surface 332 of the shaft 306 and the
radially mnner surface 334 of the upper wall 336 of reservoir
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338. This very narrow annulus 330 establishes a capillary
which provides very high shock resistance (against fluid
loss) as well as a small surface area from which evaporation
may occur. The thickness of the radially extending wall 331
whose end 334 forms one side of this capillary 1s relatively
large compared to the width of the annulus 330. As a further
enhancement to this first capillary seal 330, small grooves
may be defined on one of the two facing surfaces 332, 334
of the seals so that the relative rotation of the two surfaces
causes a pumping of the fluid back toward the journal
bearing defined 1n the gap 304. The radial width of this gap
1s typically but not limited to about 0.015 to 0.03 mm; this
provides a very strong capillary retentive force and high
shock resistance.

[0045] The design further comprises a capillary seal and
reservolr 338. This reservoir 1s defined between a generally
axially facing surface 352 of the sleeve 302 and a facing
surface 350 of a radial wall or shield 331 supported from the
sleeve 302. The two walls diverge slightly in an axial
direction as the radial distance from the shaft increases, so
that a capillary sealing effect 1s established. This second seal
338 which 1s a diverging wall radial capillary seal also
serves as a fluid reservorr.

[0046] A small oil fill hole 360 extends axially into this
reservolr region 338. This o1l fill hole 360 allows for both the
initial filling of the reservoir and venting air as the internal
o1l volume changes. By keeping this o1l {ill hole small, and
radially displaced from the shaft toward an outer end of the
reservoir, filling the reservoir is relatively easy. Little of the
vertical height of the motor needs to be devoted to the
capillary seal and the reservoir. The volume of o1l 1n the
radial capillary seal 338 shown herein 1s on the order of 3-6
microliters. If a conventional capillary seal were used, the
volume contained would be on the order of 1 microliter or
less, with the conventional seal being the type described
above which extends axially from the end of the fluid journal
bearing. Thus, this concept can increase the reservoir vol-
ume by a factor of up to 3 or more over the prior art; thus
an enlarged reservoir with effective fluid retention capacity
against shock and a fluild maintenance capacity against
evaporation 1s established.

10047] Oail fill is accomplished by injecting oil through the
o1l fill hole 360. In a preferred embodiment, to keep the o1l
f111 hole small, two holes 360 would be defined substantially
axially through the wall 331. It 1s apparent that as the o1l 1s
maintained 1n the reservoir region 338, that the converging
radial capillary seal draws oil from the reservoir region
toward the journal gap 304. The axial capillary seal 330
described above, has a much smaller cross wise opening
dimension than the radial seal 338, usually has o1l 1n 1t. This
makes the axial capillary seal 330 much stronger or stuifer
than the radial seal 338 and insures that o1l entering the seal
region 1s maintained the radial seal volume, or 1n the journal
bearing 318, and does not exit through the axial seal, 330.

[0048] One way of insuring the shield ID i1s as small as
possible (creating a small annular gap) would be to install
the shield prior to the final machining of the journal bore.
The shield ID would then be machined at the same time as
the journal bore. Another method would be to use a tapered
shaft to center a shield with a loose fitting OD 1n the sleeve
prior to attaching the shield (either through laser welding or
adhesive bonding or other useful method). The end of the
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shaft which fit in the journal would not be tapered, but would
be slightly undersize (0.002 to 0.005 mm). The section
which fits 1n the shield ID would be tapered, and would be
inserted into the shield until contact 1s made, taking up all
the radial clearance.

[0049] An important aspect of this invention is the reduc-
fion 1n o1l evaporation which will occur due to the reduction
of exposed o1l surface area compared to a conventional
capillary seal. Testing has shown that a quantity of o1l
contained within a vented volume has an evaporation rate
roughly proportional to the area of the vent hole divided by
the surface area of the oil at the oil-air interface within that
volume. Testing has also shown that reducing the area of the
vent hole 1n the o1l enclosure to one tenth the area of the
oil-air interface reduced the evaporation rate to a value of
approximately one third the rate the oil-air surface would
exhibit if 1t were exposed to ambient air. Thus, using a small
vent hole and a small annulus 1n the axial seal, will result 1n
an o1l evaporation rate that 1s lower than that of prior art.
This combined with a large reservoir, will either provide
significantly longer life for the same type of o1l, or enable the
use of lower viscosity o1l with an increased evaporation rate.
The use of lower viscosity oil, if chosen properly, can
provide a flatter slope of a viscosity vs temperature curve as
shown 1n FIG. 7. Since bearings are designed for a mini-
mum allowable stiffness at the maximum operating tem-
perature, the increase in viscosity at lower temperatures
decreases efficiency proportionally. A flatter oil, will exhibat
a smaller reduction i1n efficiency as the temperature i1s
reduced.

[0050] An alternative embodiment illustrating that the
radial capillary seal of this invention can be used 1n com-
bination bearings with an axial capillary seal 1s shown for
example 1n FI1G. 4. In this figure the shaft 400 is surrounded
by a sleeve 402 which defines a bore 404 1n which the shaft
rotates. The shaft 1s supported for rotation by the sleeve 402
further supports a seal plate 406 at an end thereof, so that a
conical bearing 410 at an end of the shaft and known 1n this
technology can be established to help support the rotating
shaft. The conical bearing in this embodiment includes a
cone 412 which 1s supported on or integrated with the shaft
400; fluid 1n the gap 414 supports the shaft for rotation.

[0051] In this embodiment, a circulation path 418 defined
internally to the cone couples the bearing gap 414 and the
cap 420 between the sea plate 406 and an axially facing
surface 422 of the cone 410 that fluid 1s maintained 1n the
cgap 414 between the cone 410 and the facing surface 424 of
the sleeve 402. In order that the fluid 1s maintained 1n this
cgap region 414, a known axially oriented capillary seal 4235
1s provided between a surface 426 on the shaft 400 and a
tapered surface 428 on the inner surface of the sleeve 402.
As can be seen, this both prevents loss of fluid from the gap
414 and circulation path 418, and to the extent necessary
establishes a reservoir region 430 for replenishing this fluid
bearing.

[0052] A vent and fill hole 432 is also provided extending
through the sleeve 402 so that the reservoir 430 and the fluid
bearing gap 414 can be f{illed; and this vent 432 also
maintains a separation barrier between the conical bearing
414 and the journal/conical bearing 440 which 1s integrated
with the shaft 400 and supports the upper portion of the shaft
400 for rotation within the sleeve 402. In this conical



US 2003/0190100 Al

bearing, the gap 442 between the shaft 400 and sleeve 402
1s filled with fluid and maintained filled with fluid by the
radial capillary seal and reservoir 444 which 1s structured
and functions as described above with respect to FIG. 3. In
addition to providing a seal and reservoir as described
above, this reservoir 1s defined between an axially facing
surface of the sleeve, and a shield 446 which 1s supported
from the sleeve. A vent and fill hole 448 1s provided as
described above for filling the reservoir; and a plenum 450
keeps the fluid m the reservoir maintained closely adjacent
and axially outer end of the fluid gap 442. A miniscus 451,
formed at a radially outer end of the fluid 444 keeps the fluid
nearly adjacent the end of the bearing.

[0053] A further alternative feature is shown in FIG. 5
which 1llustrates a rotating shaft 500 surrounded by a sleeve
502 which defines a bore 504 1n which the shaft 500 rotates.
As 1n the embodiment of F1G. 4, the upper end of the shaft
500 1s supported for rotation by a conical bearing 510
wherein a gap 512 defined between a shaft surface 514 and
sleeve surface 516 supports the relative rotation. The radial
capillary seal 520 1s provided adjacent an axially extending
surface 522 of the shaft, with a small gap capillary seal 524
defined between the surface 522 and the facing surface 526
of shield region 528. The reservoir and capillary seal 520
comprises a fluid of low viscosity, which because of the
design of the radial capillary seal can have a relatively high
evaporation. But because of the very tight gap 1n 524, the
evaporation 1s minimized as the opening 1s very small even
though fluid exposed through the opening area is similar to
conventional seal. This diminished rate of evaporation 1is
clearly shown at FIG. 7 which illustrates the reduction 1n
cumulative evaporation with the adoption of small gap
capillary seal 524.

[0054] A fill reservoir 330 is defined in the generally
axially facing surface 532 of the sleeve 502. This fill
reservolr 1s an optional reservoir volume for initial filling,
before the o1l wicks into the motor, and provides a high
volume reservorr for the rotating shaft motor of the previous
figures. This reservoir region 530 may be filled with a highly
absorbent material into which the o1l may be poured, or may
be left empty, depending on the requirements and orientation
of the design.

[0055] Other features and advantages of the invention will
be apparent to a person of skill in the art who studies the
disclosure. For example, as shown i FIG. §, the radial
capillary seal 600 may comprise an axial wall 602 facing a
diverging surface 604 of shield 606 supported from sleeve
610. Thus the scope of this invention, 1s to be limited only
by the following claims.

What 1s claimed 1s:

1. A radial capillary seal for use 1n combination with a
fluid dynamic bearing comprising a sleeve defining a bore 1n
which a rotating shaft 1s supported for rotation relative to the
sleeve, by a fluid dynamic bearing comprising fluid 1n a gap
between an outer surface of the shaft and an inner surface of
the sleeve, the radial capillary seal cooperating with at least
one end of the fluid dynamic bearing comprising first and
second diverging, generally radially extending walls the
diverging walls converging to a relatively small opening
closely adjacent the outer surface of the shaft.

2. A radial capillary seal as claimed in claim 1 wherein
one of diverging walls 1s defined by a generally axially
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oriented wall of the sleeve, and the second wall 1s defined by
a shield supported from the sleeve.

3. Aradial capillary seal as claimed 1n claim 2 wherein the
wall of the seal defined by said shield 1s axially oriented and
perpendicular to the axis of the shaft, and the wall defined
by the sleeve diverges axially from the wall defined by said
shield.

4. A radially capillary seal as defined 1n claim 1 wherein
the fluid dynamic bearing 1s a generally conical journal
bearing defined along at least a portion of the shaft.

5. A radial capillary seal as claimed 1n claim 2 including
a second capillary seal defined between a radially inner
surface of the shield and the outer surface of the shaft, the
capillary seal thereby defining a narrow annulus adjacent the
radial capillary seal to reduce fluid evaporation.

6. A radial capillary seal as claimed 1n claim 5 further
comprising pumping grooves on one of the surfaces of the
narrow annulus between the rotating shaft and the shield.

7. Aseal as claimed 1n claim 7 wherein the radial capillary
scal defined by the diverging walls 1s sufficiently large to
also serve as a reservoir for the fluid bearing supporting the
shaft for rotation.

8. A radial capillary seal as claimed 1n claim 7 including
a 1111 hole defined axially through the shield leading to an air
plenum and radially beyond the fluid filled portion of the
reservolr and the meniscus at the radial end of the fluid 1n the
reSErvolr.

9. Aradial capillary seal as claimed 1n claim 5 wherein the
annulus 1s narrower than the relatively small opening of the
axial gap.

10. A seal as claimed in claim 9 further including a fill
reservolr extending generally axially below the diverging
wall of the sleeve and distal from the shaft for nitial filling

with fluid.

11. A fluid dynamic bearing system comprising a sleeve,
a shaft supported for rotation within the sleeve, the shaft
including a thrust plate at an end thereof, the sleeve sup-
porting a counterplate adjacent the thrust plate, the shaft and
thrust plate being supported for rotation relative to the sleeve
by at least one thrust bearing, the shaft being further
supported for rotation relative to the sleeve by a journal
bearing defined by fluid m a gap between the shaft and the
sleeve, and a radial capillary sealing means defined adjacent
an end of the journal bearing distal from the thrust bearing.

12. Aradial capillary seal as claimed 1n claim 11 including,
a second capillary seal defined between a radially inner
surface of the shield and the outer surface of the shaft, the
capillary seal thereby defining a narrow annulus adjacent the
radial capillary seal to reduce fluid evaporation.

13. Aradial capillary seal as claimed 1n claim 12 wherein
onc of diverging walls 1s defined by a generally axially
oriented wall of the sleeve, and the second wall 1s defined by
a shield supported from the sleeve.

14. Aradial capillary seal as claimed in claim 13 including
a 1111 hole defined axially through the shield leading to an air
plenum and radially beyond the fluid filled portion of the
reservolr and the meniscus at the radial end of the fluid 1n the
reServolr.

15. A seal as claimed in claim 14 wheremn the radial
capillary seal defined by the diverging walls 1s sufliciently
large to also serve as a reservolr for the fluid bearing
supporting the shaft for rotation.

16. A fluid dynamic bearing system comprising a sleeve,
a shaft supported for rotation relative to the sleeve, the
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sleeve supporting a counterplate adjacent an end of the shatft,
the shaft being supported at an end adjacent the counterplate
for rotation by a conical bearing including fluid in a gap
between an outer surface of the conical bearing and an inner
surface of the sleeve by fluid 1n a gap between the surface
of the shaft and a facing surface of the sleeve thereby
establishing a journal bearing, and a radial capillary sealing
means adjacent an end of the journal bearing distal from the

conical bearing for maintaining fluid in the journal bearing
and serving as a reservolr for the journal bearing.

17. A fluid bearing system as claimed 1n claim 16 further
including a axial capillary seal adjacent the conical bearing
for maintaining fluid in the conical bearing.
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18. Aradial capillary seal as claimed in claim 16 including
a second capillary seal defined between a radially inner
surface of the shield and the outer surface of the shaft, the
capillary seal thereby defining a narrow annulus adjacent the
radial capillary seal to reduce fluid evaporation.

19. Aradial capillary seal as claimed 1n claim 18 wherein
onc of diverging walls 1s defined by a generally axially
oriented wall of the sleeve, and the second wall 1s defined by
a shield supported from the sleeve.

20. A radial capillary seal as claimed 1n claim 18 wherein
the narrow annulus 1s small to reduce the evaporation of low
viscosity and/or highly volatile fluid.
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