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GROOVED THRUST BEARING
BACKGROUND

[0001] Conventional, externally pressurized, air bearing spindles are designed such
that the spindle rotation is bidirectional, allowing a motor to rotate the spindle in either a
clockwise direction or a counterclockwise direction. This bi-directionality allows for these
conventional, externally pressurized, air bearing spindles to be used in a wide variety of
applications, some of which utilize clockwise spindle rotation, some of which utilize
counterclockwise spindle rotation, and some of which alternately utilize clockwise and
counterclockwise spindle rotation. Some applications such as servo track writing on raw

media for hard disk drives ("HDD") are affected by spindle performance.

SUMMARY

[0002] Provided herein is an apparatus, including an inner component, wherein the
inner component includes a thrust plate; an outer component, wherein the inner component
and the outer component are positioned for relative rotation, and wherein the inner
component and the outer component are positioned to form at least one bearing having a
groove pattern that imparts a predetermined direction to the rotational motion of the inner
component and the outer component; and a gas inlet operable to receive a pressurized gas.

[0003] These and other features and aspects of the invention may be better

understood with reference to the following drawings, description, and appended claims.

DRAWINGS

[0004] Fig. 1 provides a schematic of a multi-disk servo track writer incorporating a
gas bearing spindle, according to an embodiment.

[0005] Fig. 2 provides a schematic of a cross section of half a gas bearing spindle in
a region of interest, according to an embodiment.

[0006] Fig. 3A and Fig. 3B provide schematics of thrust surfaces of thrust plates for
gas bearing spindles, according to two embodiments.

DESCRIPTION

[0007] Before embodiments of the invention are described in greater detail, it should

be understood by persons having ordinary skill in the art to which the invention pertains that

1
SUBSTITUTE SHEET (RULE 26)
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the invention is not limited to the particular embodiments described and/or illustrated herein,
as elements in such embodiments may vary.

[0008] It should likewise be understood that a particular embodiment described
and/or illustrated herein has elements which may be readily separated from the particular
embodiment and optionally combined with any of several other embodiments or substituted
for elements in any of several other embodiments described herein.

[0009] It should also be understood by persons having ordinary skill in the art to
which the invention pertains that the terminology used herein is for the purpose of describing
embodiments of the invention, and the terminology is not intended to be limiting.

[0010] Unless indicated otherwise, ordinal numbers (e.g., first, second, third, etc.)
are used to distinguish or identify different elements or steps in a group of elements or steps,
and do not supply a serial or numerical limitation on the elements or steps of the claimed
invention, or embodiments thereof. For example, "first," "second,” and "third" elements or
steps need not necessarily appear in that order, and the claimed invention, or embodiments
thereof, need not necessarily be limited to three elements or steps.

[0011] It should also be understood that, unless indicated otherwise, any labels such
as "left," "right," "front," "back," "top," "bottom," "forward," "reverse," "clockwise," "counter
clockwise," "up," "down," or other similar terms such as "upper,” "lower," "aft," "fore,"

"vertical," "horizontal,” "proximal," "distal," and the like are used for convenience and are not
intended to imply, for example, any particular fixed location, orientation, or direction. Instead,
such labels are used to reflect, for example, relative location, orientation, or directions. It

should also be understood that the singular forms of "a,” "an,” and "the" include plural
references unless the context clearly dictates otherwise.

[0012] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by persons of ordinary skill in the art to which
the invention pertains.

[0013] Embodiments of the invention will now be described in greater detail.

[0014] HDDs are data storage devices that store digital data, for example, in
magnetic form, typically on a plurality of rigid disks coated with a magnetizable medium. The
digital data is stored on the disks in a plurality of concentric circular tracks by means of an
array of transducers ("read-write heads") operable to transfer data between the tracks and
an external environment.

[0015] During HDD write operations, digital data is written onto one or more disk
tracks; during HDD read operations, digital data is transferred from one or more disk tracks
to the external environment. Important to both operations is the accurate and efficient
positioning of each read-write head relative to the center of the disk track being written to or
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read from. Positioning the read-write head within a disk track may use head-positioning
servo tracks (i.e., patterns of data used to maintain optimum track spacing and sector
timing).

[0016] Head-positioning servo tracks may be recorded onto target disks by servo
track writer ("STW") assemblies during HDD manufacturing. For example, servo tracks may
be written onto a plurality of disks with a multi-disk servo track writer ("MDW") having
dedicated servo-writing heads (see. Fig. 1).

[0017] Using a conventional MDW, 16-24 disks may be simultaneously written to,
allowing for a relatively high throughput of servo track-ready disks, which disks may
subsequently be used for assembling HDDs. An increase in the disk-loading capacity and/or
the speed at which servo tracks are written may increase the throughput of a conventional
MDW; however, both the disk-loading capacity and the speed at which servo tracks are
written are affected by the stability (e.g., stiffness) of the gas bearing spindle on which the
disk-containing hub is mounted. The gas bearing spindle described herein below is operable
to accommodate an increase in disk-loading capacity and/or an increase in rotational speed.
[0018] Fig. 1 provides a schematic of an exemplary MDW fastened to a flat, rigid
base or platform 102 (e.g., a granite slab) in which the gas bearing spindle described herein
below may be used. The MDW 100 of Fig. 1 includes a spindle motor 120 attached to a
spindle motor hub assembly 122 comprising a gas bearing spindle, which spindle motor hub
assembly 122 positions the disk pack 130 onto which the servo tracks are simultaneously
recorded.

[0019] The MDW 100 of Fig. 1 further includes an actuator assembly 110 for moving
servo-recording heads 112 for recording servo tracks onto the disks of the disk pack 130.
The actuator assembly 110 may include an actuator block 114 housing a rotational air
bearing, a translational air bearing, an E-block assembly including an E-block, a series of
one or more actuator arms having recording heads 112 thereon, a DC torque, and a motor
116 (e.g., brushless motor) for actuating the rotational air bearing. The actuator assembly
110 may be connected to the platform 102 by means of a slide mechanism 104 for lateral
movement of the actuator assembly 110 (indicated by bi-directional arrow 105) over the
platform 102 between a servo-recording position and a disk loading/unloading position.
[0020] Continuing with Fig. 1, a pair of stops 108 extends along a lower edge of a
side face of the actuator block 114 on opposite sides of the actuator block. Each stop of the
pair of stops 108 extends beyond the front face and back face 115 of the actuator block 114.
A pair of catch blocks 109 is positioned on the platform 102 on opposite sides of the actuator
block 114 to contact each stop when the sliding mechanism 104 laterally moves the actuator
assembly 110 to the servo-recording position on the platform.
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[0021] The schematic of the exemplary MDW in Fig. 1 further includes a vacuum
chuck 106 that rigidly secures the actuator assembly 110 in a desired position for servo track
writing and fastens the spindle motor hub assembly 122 to the spindle motor 120.

[0022] In operation of the foregoing MDW, a plurality of disks may be assembled into
the disk pack 130 and mounted onto the spindle motor hub assembly 122 comprising the
gas bearing spindle. The actuator assembly 110 may then be laterally moved into position
for servo track recording. Each disk of the plurality of disks may be simultaneously rotated
on the spindle motor head assembly 122 such that each respective servo-recording head of
the servo-recording heads 112 on the actuator assembly 110 may record one or more servo
tracks. The actuator assembly 110 may then be laterally moved away from the mounted disk
pack 130 for disk loading/unloading. The disk pack 130 may then be disassembled into a
plurality of servo-track ready disks for use in a HDD.

[0023] Fig. 2 provides a schematic of a cross section of half a gas bearing spindle
200 in a region near thrust plate 208. To simplify discussion of the gas bearing spindle 200,
focus will be given to one side of the gas bearing spindle 200 with the understanding that, in
the embodiment provided in the schematic of Fig. 2, there are two portions of the gas
bearing spindle 200, each portion being on opposite sides of the thrust plate 208.

[0024] Gas bearing spindle 200 of Fig. 2, having a central axis 201, comprises shaft
202 and sleeve 204, which, in combination, provide a journal bearing 216 having a shaft
surface 218 and a sleeve surface 220. Thrust plate 208, which has an outer diameter ("OD")
and an inner diameter ("ID") linked to an end of the journal bearing 216, in combination with
sleeve portion 204 forms thrust bearing 206. Thrust bearing 206 comprises thrust surface
210 having grooves 214 (see Fig. 3A and/or Fig. 3B for grooves in thrust surface 110) and
opposing surface 212.

[0025] Gas inlet 222 of Fig. 2 is operable to provide a pressurized gas to the gas
bearing spindle 200, which gas may be vented through journal bearing vent 226 and thrust
bearing vent 224. Pressurized gas delivered through gas inlet 222 provides a gas cushion
for the gas bearing spindle in both aerostatic operation (e.g., loading/unloading operations)
and aerodynamic operation (e.g., servo track recording).

[0026] The arrows shown in Fig. 2 indicate the movement of the gas provided by gas
inlet 222. As shown, some of the gas exits the gas bearing spindle 200 at journal bearing
vent 226, while some of the gas travels along journal bearing 216 to thrust bearing 206.
While grooves 214 of a grooved section on thrust surface 210 (see Fig. 3A and/or Fig. 3B)
function to provide a larger gap between opposing surface 212 and thrust surface 210 (e.g.,
for aerostatic operation), the grooves 214 also function to provide a localized region of
pressure in the thrust bearing 206 (e.g., for aerodynamic operation), which localized region
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of pressure may be greater than the pressure of the pressurized gas. Without being bound
by theory, such a localized region of pressure may, through backpressure, effectively direct
gas back toward an inner diameter of thrust plate 208 and/or into journal bearing 216.

[0027] Continuing with Fig. 2, the gas directed back into the journal bearing 216
functions to increase axial stiffness of the gas bearing spindle, which axial stiffness defines
flying height, and angular stiffness of the gas bearing spindle, so the shaft 202 remains in
place. Axial and angular stiffness is a function of rotational speed and is the effect of
modifying the pressure profile of the journal bearing 216. With respect to angular stiffness,
for example, an increase in gas flow through journal bearing vent 226 results in an increased
stiffness at the end of the journal bearing 216 comprising the journal bearing vent 226.

[0028] While the grooves 214 on thrust surface 210 function to provide a localized
region of pressure in the thrust bearing 206, gas may still flow through thrust bearing 206 as
shown in Fig. 2 by way of thrust bearing vent 224, though such flow may be reduced in
comparison to a conventional, aerostatic, gas bearing spindle having a thrust plate with
radial grooves (i.e., grooves coincident with radii) in its surface.

[0029] Fig. 3A provides a schematic of a thrust surface 210 of a thrust plate 208 for a
gas bearing spindle 200. Thrust surface 210 of Fig. 3A provides a non-grooved or flat
section as well as the grooved section. Between the outer diameter of the thrust plate 302
and an outer diameter of the grooved section 308 is the non-grooved or flat section of the
thrust surface 210. The function of such a non-grooved or flat section is to provide an
aerostatic effect when the shaft 202 and the sleeve 204 of gas bearing spindle are not in
relative rotation. With respect to the grooved section, the function of such a grooved section
is to provide an aerodynamic effect when the shaft 202 and the sleeve 204 of gas bearing
spindle are in relative rotation.

[0030] As shown in Fig. 3A, grooves 214 and lands 310 of the grooved section are
arranged in a spiral pattern in thrust surface 210. The spiral pattern originates at an inner
diameter of the grooved section 306 and extends to the outer diameter of the grooved
section 308. Such a spiral pattern of grooves 214 imparts a predetermined direction to the
rotational motion of the shaft 202 within the sleeve 204. Each thrust surface (i.e., thrust
surface 210 and thrust surface 210" of thrust plate 208 in Fig. 2) may have the same or a
different groove pattern provided that the predetermined direction to the rotational motion of
the shaft 202 within the sleeve 204 is maintained.

[0031] Fig. 3B provides a schematic of a thrust surface 210 of a thrust plate 208 for a
gas bearing spindle 200. Thrust surface 210 of Fig. 3B provides a non-grooved or flat
section as well as the grooved section. Between the outer diameter of the thrust plate 302

and an outer diameter of the grooved section 308 is the non-grooved or flat section of the
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thrust surface 210. The function of such a non-grooved or flat section is to provide an
aerostatic effect when the shaft 202 and the sleeve 204 of gas bearing spindle are not in
relative rotation. With respect to the grooved section, the function of such a grooved section
is to provide an aerodynamic effect when the shaft 202 and the sleeve 204 of gas bearing
spindle are in relative rotation.

[0032] As shown in Fig. 3B, grooves 214 and lands 310 of the grooved section are
arranged in a double spiral pattern of chevron-shaped grooves in thrust surface 210. The
double spiral pattern of chevron-shaped grooves originates at an inner diameter of the
grooved section 306 and extends to the outer diameter of the grooved section 308. Such a
double spiral pattern of chevron-shaped grooves 214 imparts a predetermined direction to
the rotational motion of the shaft 202 within the sleeve 204. Each thrust surface (i.e., thrust
surface 210 and thrust surface 210' of thrust plate 108 in Fig. 2) may have the same or a
different groove pattern provided that the predetermined direction to the rotational motion of
the shaft 202 within the sleeve 204 is maintained.

[0033] The grooved sections of each of Fig. 3A and Fig. 3B are examples and are
not intended to limit the scope of the grooved sections or grooves thereof that may be used
in the gas bearing spindles disclosed herein. As such, groove lengths, groove widths, groove
depths, groove angles, and the number of grooves in a grooved section may vary, some of
which may vary as a function of radius.

[0034] In some embodiments, for example, groove width may vary as a function of
radius. In such embodiments, groove width may increase with an increase in radius (i.e.,
from an inner diameter to an outer diameter of the grooved section).

[0035] Groove pitch (i.e., distance from groove to groove) may vary in some
embodiments as well, with groove pitch being about half the groove width.

[0036] In some embodiments, for example, groove depth may vary as a function of
radius. In such embodiments, groove depth may increase with an increase in radius (i.e.,
from an inner diameter to an outer diameter), with groove depth being 1.5 to 2.0 times the
width.

[0037] A gas bearing spindle comprising a thrust plate having one or more grooved
thrust surfaces described herein (e.g., Fig. 3A and/or Fig. 3B) may utilize a pressurized gas
selected from air, synthetic air, nitrogen, argon, and helium. Such a gas may be provided to
the gas bearing spindle at a pressure of at least 5.0, 6.0, 7.0, 8.0, 9.0 or 10.0 bars, or more
in some embodiments.

[0038] With respect to axial stiffness of the gas bearing spindle, in some
embodiments, the axial stiffness may be at least 200, 250, 300, 350, 400, 450, or 500 N/um,

or more.
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[0039] With respect to axial load capacity of the gas bearing spindle, in some
embodiments, the axial load capacity may be at least 1000, 1250, 1500, 1750, or 2000 N, or
more.

[0040] With respect to radial stiffness of the gas bearing spindle, in some
embodiments, the radial stiffness may be at least 75, 100, 125, 150, 175, 200, or 225 N/ym,
or more.

[0041] With respect to radial load capacity of the gas bearing spindle, in some
embodiments, the radial load capacity may be at least 750, 1000, 1250, 1500, or 1750 N, or
more.

[0042] With respect to axial error motion of the gas bearing spindle, in some
embodiments, the axial error motion may be less than 25, 20, 15, 10, or 5 nm, or less.

[0043] With respect to radial error motion of the gas bearing spindle, in some
embodiments, the radial error motion may be less than 25, 20, 15, 10, or 5 nm, or less.
[0044] With respect to maximum speed of rotation of the gas bearing spindle, in
some embodiments, the maximum speed of rotation may be at least 10,000; 20,000; 30,000;
40,000; 50,000; 60,000; 70,000; 80,000; 90,000; or 100,000 rpm, or more.

[0045] Gas bearing spindles of the type described herein may be utilized for servo
track writing on raw media for hard disk drives; however, such gas bearing spindles are not
limited to servo track writing, as any application that utilizes a gas bearing spindle with a
preferred rotational direction (e.g., clockwise or counterclockwise) may realize one or more
benefits, as the disclosed gas bearing spindles may be made to rotate in either a clockwise
or counterclockwise direction, increasing stiffness with rotational speed in either case.

[0046] With respect to servo track writing, a gas bearing spindle of the type
described herein may be used to support a hub onto which raw media is mounted (e.g., see
Fig. 2). A conventional gas bearing spindle and hub may hold 16-24 disks of raw media;
however, the disclosed gas bearing spindle and a hub may hold at least 25, 26, 27, 28, 29,
or 30 disks mounted thereon, or more than 30 disks. The increase in the number of disks
that may be mounted onto a hub for servo track writing immediately increases the
throughput of the process, even if servo track writing is performed at conventional speeds
(e.g., speeds used with conventional gas bearing spindles).

[0047] Being that the stiffness of the disclosed gas bearing spindle increases with
speed, throughput of the servo track-writing process may be further increased by increasing
rotational speed over conventional rotational speed. Such increased stiffness of the
disclosed gas bearing spindles with rotational speed is important for increasing throughput of
the servo track-writing process because error motion takes a conical form (i.e., disks
mounted further away from the spindle are affected to a higher degree) when using
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conventional gas bearing spindles, and increased rotational speed in conventional gas
bearing spindles results in larger error motion.

[0048] Gas bearing spindles of the typed described herein actually gain stiffness with
increased rotation speed. As such, gas bearing spindles of the type disclosed herein allow
for increased servo track-writing throughput resulting from both an increase in the number of
disks that may be mounted and written to and increased rotational speed. In addition,
increased stiffness of gas bearing spindles of the type disclosed herein allow for increased
precision in servo track-writing.

[0049] Thus, as provided herein, is an apparatus, comprising an inner component,
wherein the inner component includes a thrust plate; an outer component, wherein the inner
component and the outer component are positioned for relative rotation; a gas inlet operable
to receive a pressurized gas; and a groove pattern in a first thrust surface of the thrust plate,
wherein the groove pattern is operable to provide a first localized region of pressure about
the first thrust surface of the thrust plate that has a greater pressure than the pressurized
gas. In some embodiments, a first end of a first journal bearing is linked to the inner diameter
of the thrust plate on the first thrust surface. In some embodiments, the apparatus further
comprises a non-grooved section in the first thrust surface of the thrust plate, wherein the
non-grooved section is operable to provide an aerostatic effect. In some embodiments, the
apparatus further comprises a groove pattern in a second thrust surface of the thrust plate,
wherein the groove pattern is operable to provide a second localized region of pressure
about the second thrust surface of the thrust plate that has a greater pressure than the
pressurized gas. In some embodiments, a first end of a second journal bearing is linked to
the inner diameter of the thrust plate on the second thrust surface. In some embodiments,
the apparatus further comprises a non-grooved section in the second thrust surface of the
thrust plate, wherein the non-grooved section is operable to provide an aerostatic effect. In
some embodiments, the groove pattern on the first thrust surface comprises a spiral groove
pattern. In some embodiments, the groove pattern on the first thrust surface comprises a
double spiral groove pattern comprising chevron-shaped grooves. In some embodiments,
the groove pattern on the second thrust surface comprises a spiral groove pattern. In some
embodiments, the groove pattern on the second thrust surface comprises a double spiral
groove pattern comprising chevron-shaped grooves.

[0050] Also provided herein is an apparatus, comprising an inner component,
wherein the inner component includes a thrust plate having a first thrust surface and a
second thrust surface; an outer component, wherein the inner component and the outer
component are positioned for relative rotation, and wherein the inner component and the

outer component together provide a first journal bearing and a second journal bearing; and a
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gas inlet operable to receive a pressurized gas, wherein the first thrust surface is operable to
provide a first localized region of pressure about the first thrust surface of the thrust plate
that has a greater pressure than the pressurized gas, and wherein the second thrust surface
is operable to provide a second localized region of pressure about the second thrust surface
of the thrust plate that has a greater pressure than the pressurized gas. In some
embodiments, the pressurized gas is selected from the group consisting of air, synthetic air,
nitrogen, argon, and helium. In some embodiments, each of the first thrust surface and the
second thrust surface comprises a groove pattern therein. In some embodiments, the groove
pattern in the first thrust surface comprises a spiral groove pattern or a double spiral groove
pattern comprising chevron-shaped grooves. In some embodiments, the groove pattern in
the second thrust surface comprises a spiral groove pattern or a double spiral groove pattern
comprising chevron-shaped grooves. In some embodiments, the groove pattern in each of
the first thrust surface and the second thrust surface, in combination, impart a predetermined
direction to the rotational motion of the inner component and the outer component.

[0051] Also provided herein is an apparatus, comprising an inner component,
wherein the inner component includes a thrust plate; an outer component, wherein the inner
component and the outer component are positioned for relative rotation, and wherein the
inner component and the outer component are positioned to form at least one bearing
having a groove pattern that imparts a predetermined direction to the rotational motion of the
inner component and the outer component; and a gas inlet operable to receive a pressurized
gas. In some embodiments, the at least one bearing comprises a thrust bearing having the
groove pattern in a thrust surface of the thrust plate, and wherein the groove pattern is
operable to provide a localized region of pressure about the thrust surface of the thrust plate
that has a greater pressure than the pressurized gas. In some embodiments, the groove
pattern comprises a spiral groove pattern or a double spiral groove pattern comprising
chevron-shaped grooves. In some embodiments, the apparatus further comprises a journal
bearing having a first end linked to an inner diameter of the thrust plate.

[0052] Also provided herein is an apparatus, comprising a gas bearing spindle,
comprising an inner component, comprising a thrust plate having a first grooved thrust
surface and a second grooved thrust surface, and an outer component, wherein the inner
component and the outer component are positioned for relative rotation on a pressurized
gas, and wherein the inner component and the outer component together provide a first
journal bearing linked by a first end to the inner diameter of the thrust plate on the first
grooved thrust surface and a second journal bearing linked by a first end to the inner
diameter of the thrust plate on the second grooved thrust surface; and a gas inlet operable to
receive a pressurized gas, wherein the first grooved thrust surface is operable to provide a
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first localized region of pressure about the first grooved thrust surface of the thrust plate that
has a greater pressure than the pressurized gas, and wherein the second grooved thrust
surface is operable to provide a second localized region of pressure about the second
grooved thrust surface of the thrust plate that has a greater pressure than the pressurized
gas. In some embodiments, the first grooved thrust surface and the second grooved thrust
surface, in combination, impart a predetermined direction to the rotational motion of the inner
component and the outer component of the gas bearing spindle. In some embodiments,
increasing speed of the rotational motion in the predetermined direction results in increasing
stiffness of the gas bearing spindle. In some embodiments, the gas bearing spindle further
comprises a hub operable to mount a stack of at least 25 disks for servo track writing.

[0053] While the invention have been described and/or illustrated by means of
various embodiments and/or examples, and while these embodiments and/or examples
have been described in considerable detall, it is not the intention of the applicant(s) to restrict
or in any way limit the scope of the invention to such embodiments and/or examples.
Additional adaptations and/or modifications of the invention may readily appear to persons
having ordinary skill in the art to which the invention pertains, and, in its broader aspects, the
invention may encompass these adaptations and/or modifications. Accordingly, departures
may be made from the foregoing embodiments and/or examples without departing from the
scope of the invention, which scope is limited only by the following claims when

appropriately construed.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:
an inner component,
wherein the inner component includes a thrust plate;
an outer component,
wherein the inner component and the outer component are positioned for
relative rotation;
a gas inlet operable to receive a pressurized gas; and
a groove pattern in a first thrust surface of the thrust plate,
wherein the groove pattern is operable to provide a first localized region of
pressure about the first thrust surface of the thrust plate that has a greater pressure
than the pressurized gas.

2. The apparatus of Claim 1, wherein a first end of a first journal bearing is linked to the inner
diameter of the thrust plate on the first thrust surface.

3. The apparatus of Claim 1, further comprising a non-grooved section in the first thrust
surface of the thrust plate, wherein the non-grooved section is operable to provide an
aerostatic effect.

4. The apparatus of any one of Claims 1-3, 7, and 8, further comprising a groove pattern in a
second thrust surface of the thrust plate, wherein the groove pattern is operable to provide a
second localized region of pressure about the second thrust surface of the thrust plate that

has a greater pressure than the pressurized gas.

5. The apparatus of Claim 4, wherein a first end of a second journal bearing is linked to the

inner diameter of the thrust plate on the second thrust surface.

6. The apparatus of Claim 5, further comprising a non-grooved section in the second thrust
surface of the thrust plate, wherein the non-grooved section is operable to provide an

aerostatic effect.

7. The apparatus of Claim 1, wherein the groove pattern on the first thrust surface comprises
a spiral groove pattern.

8. The apparatus of Claim 1, wherein the groove pattern on the first thrust surface comprises
a double spiral groove pattern comprising chevron-shaped grooves.

11
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9. The apparatus of Claim 5, wherein the groove pattern on the second thrust surface

comprises a spiral groove pattern.

10. The apparatus of Claim 5, wherein the groove pattern on the second thrust surface

comprises a double spiral groove pattern comprising chevron-shaped grooves.

11. An apparatus, comprising:
an inner component,
wherein the inner component includes a thrust plate having a first thrust
surface and a second thrust surface;
an outer component,
wherein the inner component and the outer component are positioned for
relative rotation, and
wherein the inner component and the outer component together provide a
first journal bearing and a second journal bearing; and
a gas inlet operable to receive a pressurized gas,
wherein the first thrust surface is operable to provide a first localized region of
pressure about the first thrust surface of the thrust plate that has a greater pressure than the
pressurized gas, and
wherein the second thrust surface is operable to provide a second localized
region of pressure about the second thrust surface of the thrust plate that has a greater

pressure than the pressurized gas.

12. The apparatus of Claim 11, wherein the pressurized gas is selected from the group

consisting of air, synthetic air, nitrogen, argon, and helium.

13. The apparatus of Claim 11, wherein each of the first thrust surface and the second thrust

surface comprises a groove pattern therein.

14. The apparatus of Claim 13 or 16, wherein the groove pattern in the first thrust surface
comprises a spiral groove pattern or a double spiral groove pattern comprising chevron-

shaped grooves.

15. The apparatus of Claim 13 or 16, wherein the groove pattern in the second thrust surface
comprises a spiral groove pattern or a double spiral groove pattern comprising chevron-

shaped grooves.

12
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16. The apparatus of Claim 11, wherein a groove pattern in each of the first thrust surface
and the second thrust surface, in combination, impart a predetermined direction to the

rotational motion of the inner component and the outer component.

17. An apparatus, comprising:

an inner component,

wherein the inner component includes a thrust plate;
an outer component,

wherein the inner component and the outer component are positioned for
relative rotation, and

wherein the inner component and the outer component are positioned to form
at least one bearing having a groove pattern that imparts a predetermined direction
to the rotational motion of the inner component and the outer component; and

a gas inlet operable to receive a pressurized gas.

18. The apparatus of Claim 17, wherein the at least one bearing comprises a thrust bearing
having the groove pattern in a thrust surface of the thrust plate, and wherein the groove
pattern is operable to provide a localized region of pressure about the thrust surface of the

thrust plate that has a greater pressure than the pressurized gas.

19. The apparatus of Claim 17 or 18, wherein the groove pattern comprises a spiral groove

pattern or a double spiral groove pattern comprising chevron-shaped grooves.

20. The apparatus of Claim 17 or 18, further comprising a journal bearing having a first end

linked to an inner diameter of the thrust plate.

13



PCT/US2014/033695

WO 2014/169150

1/3




WO 2014/169150

PCT/US2014/033695

2/3
200 208
214 \ 214
210 210
204 212 206\ / ) 206' 212' 204"
| v\ 224 ] 224 : ,
y T WY/ C
|
222 [T 222
A 1

H — === === . —. — . —

201 216218 220

A
7

AU (Y B \_.

220" 218' 216’ 202



WO 2014/169150 PCT/US2014/033695

3/3




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/033695

A. CLASSIFICATION OF SUBJECT MATTER
F16C 32/06(2006.01)i, F16C 27/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F16C 32/06; C25B 11/00; CO2F 1/40; F16C 32/00, A61M 1/10; G11B 19/20; F16C 27/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: thrust, journal, bearing, groove, spiral, inlet, gas, chevron, aerostatic and pattern

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See abstract; paragraphs 68-70 and figures 12A-15.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002-0134683 A1 (STEELE, MARK G.) 26 September 2002 1-20
See abstract; paragraphs 5, 24-28, 30, 32 and figures 1-4.
A US 2008-0056105 A1 (AIELLO, ANTHONY JOSEPH) 06 March 2008 1-20
See abstract; paragraphs 22-37; claims 1-11 and figures 1-3C.
A US 5427456 A (HENSEL, ROBERT J.) 27 June 1995 1-20
See abstract,; column 3, lines 4-68 and figures 1-5.
A US 5795074 A (RAHMAN et al.) 18 August 1998 1-20
See abstract; column 5, line 18 - column 6, line 21 and figures 1, 2, 8, 9.
A US 2012-0150291 Al (ABER et al.) 14 June 2012 1-20

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents: nn
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international "X
filing date

"L"  document which may throw doubts on priotity ¢claim(s) or which is
cited to establish the publication date of another citation or other "Y'

special reason (as specified)

"O" document referring to an oral disclosure, nse, exhibition or other
means

"P"  document published prior to the international filing date but later &
than the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search Date

31 July 2014 (31.07.2014)

of mailing of the international search report

01 August 2014 (01.08.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer TR

PARK, Sang Hyun

Y

>y
3 7 57

o
%
%

SO
\\\\3“\\\\-\:

S §
LR TR

&
N
R

&

Telephone No. +82-42-481-5434 RS

24

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/033695

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2002-0134683 Al 26/09/2002 US 6884330 B2 26/04/2005

US 2008-0056105 Al 06/03/2008 US 2003-0174916 Al 18/09/2003
US 2003-185472 Al 02/10/2003
US 2011-0064342 Al 17/03/2011
US 7318674 B2 15/01/2008
US 7856719 B2 28/12/2010
US 8732954 B2 27/05/2014
WO 03-079347 Al 25/09/2003

US 5427456 A 27/06/1995 None

US 5795074 A 18/08/1998 CN 1207797 A 10/02/1999
GB 2323133 A 16/09/1998
JP 03461357 B2 27/10/2003
JP 2000-503101 A 14/03/2000
KR 10-0343273 Bl 25/10/2002
US 5795074 A 18/08/1998
WO 97-25543 Al 17/07/1997

US 2012-0150291 Al 14/06/2012 AU 2011-338944 Al 04/07/2013
EP 2624878 Al 14/08/2013
EP 2624879 Al 14/08/2013
EP 2648803 Al 16/10/2013
US 2012-0089225 Al 12/04/2012
US 2012-0146575 Al 14/06/2012
US 2013-345493 Al 26/12/2013
US 8551163 B2 08/10/2013
WO 2012-047540 Al 12/04/2012
WO 2012-047550 Al 12/04/2012
WO 2012-078230 Al 14/06/2012

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

