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(57) Abrégé/Abstract:

A rotating control device includes a bowl housing with an inner aperture to receive a seal and bearing assembly. A plurality of
hydraulically-actuated fail-last-position latching assemblies are disposed about an outer surface of the bowl housing to controllably
extend a plurality of piston-driven dogs radially into a groove of the seal and bearing assembly. The seal and bearing assembly
includes a housing, a mandrel disposed within an inner aperture of the housing, a first interference-fit sealing element attached to a
bottom distal end of the mandrel, a plurality of tapered-thrust bearings indirectly mounted to the housing, a preload spacer
disposed between top and bottom tapered-thrust bearings, a plurality of jam nuts to adjust a preload of the tapered-thrust bearings
and a lower seal carrier attached to the seal and bearing housing comprising a plurality of dynamic sealing elements that contact

the mandrel.
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(57) Abstract: A rotating control device includes a bowl housing
with an inner aperture to receive a seal and bearing assembly. A plu-
rality of hydraulically-actuated fail-last-position latching assemblies
are disposed about an outer surface of the bowl housing to control-
lably extend a plurality of piston-driven dogs radially into a groove
of the seal and bearing assembly. The seal and bearing assembly in-
cludes a housing, a mandrel disposed within an inner aperture of the
housing, a first interference-fit sealing element attached to a bottom
distal end of the mandrel, a plurality of tapered-thrust bearings indi-
rectly mounted to the housing, a preload spacer disposed between
top and bottom tapered-thrust bearings, a plurality of jam nuts to ad-
just a preload of the tapered-thrust bearings and a lower seal carrier
attached to the seal and bearing housing comprising a plurality of
dynamic sealing elements that contact the mandrel.

[Continued on next page]
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IMPROVED ROTATING CONTROL DEVICE FOR LAND RIGS

BACKGROUND OF THE INVENTION

in conventional drilling operations, a wellhead disposed over a wellbore
includes an annular blowout preventer that is fluidly connected to a rotating control
device that, with other pressure control equipment, are used to manage welibore
pressure. The drill string extends through an interior passageway of the rotating
control device and the annular blowout preventer and extends into the wellbore,
which may extend several thousands of feet below the Earth’s surface.

In applications where wellbore pressure is managed, including, for example,
managed pressure drilling, pressurized mud cap drilling, underbalanced drilling
extended reach wells, and other drilling operations, the anunulus surrounding the drill
string is sealed by the rotating control device and the wellbore pressure is managed
through manipulation of a surface-backpressure choke manifold disposed on the ng
floor. Specifically, wellbore pressure is managed by controlling the choke aperture
of the surface-backpressure choke manifold fed by one or more fluid flow lines that
divert returning fluids to the surface. Each choke valve of the surface-backpressure
choke manitold is capable of a fully opened state where tlow is unimpeded, a fully
closed state where flow is stopped, and intermediate states where the valve is
partially opened, thereby restricting flow and applying surface backpressure
commensurate with the flow restriction. If the driller wishes to increase annular
pressure, the choke aperture may be closed to the extent necessary to increase the
annular pressure the desired amount.  Simlarly, if the driller wishes to reduce
annular pressure, the choke aperture may be opened to the extent necessary to
decrease the annular pressure the desired amount. In this way, wellbore pressure
may be managed by controlling the surface backpressure from the platform of the

drilling rig.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of one or more embodiments of the present invention,
an tmproved rotating control device includes a bowl housing having a plurality of
fluid flow ports and an inner aperture to receive a removably disposed seal and
bearing assembly. A plurality of hydraulically-actuated fail-last-position latching

assemblies are disposed about an outer surtace of the bowl housing to controllably
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extend a plurality of piston-driven dogs radially into a groove of the seal and
bearing assembly to controllably secure the seal and bearing assembly to the bowl
housing. The seal and bearing assembly includes a seal and bearing housing, a
mandrel disposed within an inner aperture of the seal and bearing housing, a first
interference-tit sealing element attached to a bottom distal end of the mandrel, a
plurality of tapered-thrust bearings indirectly mounted to the seal and bearing
housing to facilitate rotation of the mandrel, a preload spacer disposed between top
and bottom tapered-thrust bearings, a plurality of jam nuts to adjust a preload of the
tapered-thrust bearings, and a lower seal carrier attached to the seal and bearing
bousing comprising a plurality of dynamic sealing elements that contact the mandrel
and a plurality of static sealing elements that contact the seal and bearing housing,
According to one aspect of one or more embodiments of the present invention,
a circulating lubricant seal and bearing assembly includes a seal and bearing
housing having a groove to recetve a plurality of hydraulically-actuated fail-last-
position piston-driven dogs. A mandrel having a mandrel lumen is disposed within
an inner aperture of the seal and bearing housing. A first interference-fit sealing
element is attached to a bottom distal end of the mandrel. A plurality of tapered-
thrust bearings are mdirectly mounted to the seal and bearing housing to facilitate
rotation of the mandrel. A preload spacer is disposed between top and botiom
tapered-thrust bearings. A plurality of jam nuts are used to adjust a preload of the
tapered-thrust bearings. A lower seal carrier is attached to the seal and bearing
housing having a plurality of dynamic sealing elements that contact the mandrel and
a plurality of static sealing elements that contact the seal and bearing housing.
According to one aspect of one or more embodiments of the present invention,
a sealed seal and bearing assembly includes a seal and bearing housing having a
groove to receive a plurality of hydraulically-actuated fail-last-position piston-
driven dogs. A mandrel having a mandrel lumen 18 disposed within an inner
aperture of the seal and bearing housing. A first interference-fit sealing element is
attached to a bottom distal end of the mandrel A plurality of tapered-thrust
bearings are indirectly mounted to the seal and bearing housing to facilitate rotation
of the mandrel. A preload spacer 1s disposed between top and bottom tapered-thrust
bearings. A plurality of jam nuts to adjust a preload of the tapered-thrust bearings.

A lower seal carrier is attached to the seal and bearing housing having a plurality of
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

dynamic sealing elements that contact the mandrel and a plurality of static sealing
elements that contact the seal and bearing housing.
(Other aspects of the present invention will be apparent from the following

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a wellhead for a land rig that 1ncludes an improved rotating
control device in accordance with one or more embodiments of the present
invention.

Figure 2A shows a first perspective view of an improved rotating control
device without shroud in accordance with one or more embodiments of the present
invention.

Figure 2B shows a second perspective view of the improved rotating control
device without shroud in accordance with one or more embodiments of the present
invention.

Figure 2C shows the first perspective view of the improved rotating control
device with shroud in accordance with one or more embodiments of the present
invention.

Figure 2D shows the second perspective view of the improved rotating control
device with shroud in accordance with one or more embodiments of the present
invention.

Figure 3A shows a front elevation view of an improved rotating control device
without shroud in accordance with one or more embodiments of the present
invention.

Figure 3B shows a front elevation view of the improved rotating control
device with shroud in accordance with one or more embodiments of the present
invention.

Figure 3C shows a rear elevation view of the improved rotating control device
without shroud in accordance with one or more embodiments of the present
invention.

Figure 3D shows a rear elevation view of the improved rotating control device

with shroud 10 accordance with one or more embodiments of the present invention.
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Figure 3E shows a left-side elevation view of the improved rotating control
device without shroud in accordance with one or more embodiments of the present
invention.

Figure 3F shows a left-side elevation view of the improved rotating control
device with shroud 1n accordance with one or more embodiments of the present
invention.

Figure 3G shows a right-side elevation view of the improved rotating control
device without shroud in accordance with one or more embodiments of the present
invention.

Figure 3H shows a right-side elevation view of the improved rotating control
device with shroud in accordance with one or more embodiments of the present
invention.

Figure 4A shows a top plan view of an improved rotating control device
without shroud in accordance with one or more embodiments of the present
invention.

Figure 4B shows a top plan view of the improved rotating control device with
shroud in accordance with one or more embodiments of the present invention.

Figure 4C shows a bottom plan view of the improved rotating control device
without shroud in accordance with one or more embodiments of the present
invention.

Figure 4D shows a bottom plan view of the improved rotating control device
with shroud in accordance with one or more embodiments of the present invention.

Figure SA shows a perspective view of a sealed seal and bearing assembly in
accordance with one or more embodiments of the present invention.

Figure 5B shows a top plan view of the sealed seal and bearing assernbly o
accordance with one or more embodiments of the present invention.

Figure 8C shows a bottom plan view of the sealed seal and bearing assembly
in accordance with one or more embodiments of the present invention.

Figure SB shows a longitudinal cross section of the sealed seal and bearing
assembly in accordance with one or more embodiments of the present invention.

Figure SE shows a perspective view of a circulating lubricant bearing
assembly in accordance with one or more embodiments of the present invention.

Figure SF shows a top plan view of the circulating lubricant bearing assembly
in accordance with one or more embodiments of the present invention.

4
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Figure 5G shows a bottom plan view of the circulating lubricant bearing
assembly in accordance with one or more embodiments of the present invention.

Figure SH shows a longitudinal cross section of the circulating lubricant
bearing assembly in accordance with one or more embodiments of the present
invention.

Figure 6A shows a longitudinal cross section of the improved rotating control
device with shroud showing engagement of the plurality of hydrauhically-actuated
piston-driven dogs in accordance with one or more embodiments of the present
invention.

Figure 68 shows a detailed cross-sectional view of a portion of the improved
rotating control device with shroud showing engagement of the plurality of
hydraulically-actuated piston-driven dogs, tapered-thrust bearings, preload spacer,
and jam nuts in accordance with one or more embodiments of the present invention.

Figure 7A shows a longitudinal cross section of an improved rotating control
device with shroud showing seal engagement with drill pipe in accordance with one
or more embodiments of the present invention.

Figure 7B shows a longitudinal cross section of the improved rotating control
device with shroud showing seal engagement with drill pipe having a tool joint in
accordance with one or more embodiments of the present invention.

Figure 8A shows a cross-sectional view of a lower seal carrier of a seal and
bearing assembly in accordance with one or more embodiments of the present
invention.

Figure 8B shows an exploded bottom-facing perspective view of the lower
seal carrier of the seal and bearing assembly in accordance with one or more
embodiments of the present invention.

Figure 8C shows a bottom-facing perspective view of the lower seal carrier of
the seal and bearing assembly 10 accordance with one or more embodiments of the

present invention.

DETALLED DESCRIPTION OF THE INVENTION

One or more embodiments of the present invention are described in detail with
reference to the accompanying figures. For consistency, like elements in the
vartous figures are denoted by like reference numerals. In the following detailed

description of the present invention, specific details are set forth in order to provide
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a thorough understanding of the present invention. In other instances, well-known
features to one of ordinary skill in the art are not described to avoid obscuring the
description of the present invention.

in applications where wellbore pressure i1s managed, an annular closing, or
pressure containment, device is used to seal the annulus surrounding the drill string.
Pressure containment devices include rotating control devices, non-rotating control
devices, and other annular closing devices. Rotating control devices typically
include one or more sealing elements that rotate with the drill string, whereas non-
rotating control devices typically include one or more sealing elements that do not
rotate with the dnll string. The one or more sealing elements are either active or
passive. Active sealing elements typically use active seals such as, for example,
hydraulically actuated sealing elements, whereas passive sealing elements typically
use passive seals. Rotating control devices using passive sealing elements are the
most commonly used type of pressure containment device in use today due to their
comparatively lower upfront costs and proven track record.

However, conventional rotating control devices sufter from a number of issues
that complicate their use, reduce productive uptime, and increase the total cost of
ownership. Conventional rotating control devices include one or more sealing
elements that perform the sealing function and one or more bearing assemblies that
facilitate rotation of the sealing elements with the drill string. The bearing
assemblies are prone to failure due to, for example, mechanical wear out, lack of
lubrication, reciprocation on the drill pipe, and the like, requiring their removal and
replacement, resulting in  expensive non-productive downtime. In some
circumstances, the drill string must be tripped out to remove and replace the bearing
assembly of the rotating control device at substantial expense. As such, a
significant contributor to the total cost of ownership of conventional rotating control
devices is the cost associated with nstalling, monitoring, servicing, removing, and
replacing the bearing assembly and the related non-productive downtime. In
addition, conventional rotating control devices typically use mechanical clamping
mechanisms to secure the seal and bearing assembly to a housing. The clamping
mechanisms are prone to mechanical wear out and damage from rig operations and
reciprocation of the drill string and, when they fail, control of wellbore pressure is

lost posing a significant danger to the safety of rig personnel and increasing the risk
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of fouling the environment, and the rotating control device itself must be pulied and
replaced.

Accordingly, in one or more embodiments of the present invention, an
improved rotating control device for fand rigs has a simplified design that includes
fewer parts, costs less to manufacture, and reduces upfront costs as well as total cost
of ownership. The improved rotating control device includes a plurality of clamp-
less, hydraulically-actuated, and fail-last-position latching assemblies that
controllably extend a plurality of piston-driven dogs radially into a groove of a seal
and bearing assembly. Advantageously, the seal and bearing assembly can be more
eastly and quickly installed, removed, and replaced with a substantial reduction in
the non-productive time typically associated with such tasks. If hydraulic power is
lost, the latching assemblies fail in their last position, ensuring that the seal and
bearing assembly remains stable within the rotating control device. In addition, the
seal and bearing assembly includes a plurality of indirectly mounted tapered-thrust
bearings that increase radial stability that reduces or eliminates wear out caused by
reciprocation of the drill string, thereby extending the productive life of the seal and
bearing assembly. Advantageously, a unique seal carrier design provides highly
accurate bearing preload that further extends the productive life of the seal and
bearing assembly without the use of springs or shims.  The unique seal carrier
design includes discrete and removable seal carrier trays that facilitate the efficient
removal and replacement of seals without damaging the seal carrier housing. Other
advantageous aspects of one or more embodiments of the present invention will be
readily apparent to one of ordinary skill in the art based on the following disclosure.

Figure 1 shows a wellhead system 105 for a land rig (not independently
iltustrated) that includes an improved rotating control device 108 in accordance with
one or more embodiments of the present invention. A wellhead structure 128 may
be disposed over a wellbore (not independently illustrated) that is drilled into the
Earth’s surface 107 Wellhead 120 may fluidly communicate with a blowout
preventer 119 that may fluidly communicate with an annular 115, Agnular 115 may
fluidly communicate with rotating control device 108, Specifically, a bottom flange
230 of rotating control device 1060 may connect, directly or indirectly, to annular
115 disposed below rotating control device 186,

A drill string (not shown) may be disposed through a common lumen that

extends from platform 138 through rotating control device 188, annular 11§

7
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blowout preventer 110, wellhead 128, and into the wellbore (not independently
iltustrated).  As used herein, lumen means an interior passageway of a tubular or
structure that may vary in diameter along the passageway. Drilling fluids (not
shown} may be pumped downhole through the interior passageway of the drill string
{not shown). Rotating control device 160 may include at least one sealing element
{(not shown) that seals the annulus (not shown) that surrounds the drill pipe {(not
shown). A fluid flow line (not shown) may divert returning annular fluids from a
fluid tlow port of the rotating conirol device 188 to platform 135 for recycling and
reuse. The annular pressure may be managed from the surface by manipulating a
surface-backpressure choke manifold (not shown) disposed on the platform 135

Figure 2A shows a first perspective view of an improved rotating control
device 188 without a shroud in accordance with one or more embodiments of the
present invention. Rotating control device 188 may include a bowl housing 226, a
bottom flange 230, and a plurality of hydraulically-actuated fail-last-position
latching assemblies 256

Bowl housing 2208 may include an inner aperture (not independently
itllustrated) to receive a removably disposed seal and bearing assembly {(e.g., 508 of
Figure 5) and one or more fluid flow ports 278. A first interference-fit sealing
element (not shown) may provide an interference-fit with a drill pipe (vot shown)
disposed therethrough and seal the cavity (not shown) surrounding the first
interference-fit sealing element (not shown) where fluids may be directed to or from
the one or more fluid flow ports 276, In one or more embodiments of the present
tnvention, one or more of fluid flow ports 278 may be a flow diversion port, an
injection port, or a surface-backpressure management port. One of ordinary skill in
the art will recognize that the number, size, and contfiguration of fluid flow ports
27¢ may vary based on an application or design in accordance with one or more
embodiments of the present invention. Bottom flange 230 may include a bottom
flange lumen that extends centrally therethrough and may be attached to a bottom
distal end of bowl housing 226. Bottom flange 230 may be used to connect rotating
control device 180, directly or indirectly, to an annular {not shown} or blowout
preventer (not shown) disposed below rotating control device 106

A plurality of hydraulically-actuated fail-last-position latching assemblies 250
may be disposed about an cuter surface of a recessed area 260 of bowl housing 228
The plurality of hydraulically-actuated fail-last-position latching assemblies 230

8
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may be clamp-less and hydraulically powered to controllably extend a plurality of
piston-driven dogs (not shown) radially into a groove (not shown} of seal and
bearing assembly {e.g., 560 of Figure 5). In this way, the latching assemblies 258
may be used to controllably secure seal and bearing assembly (e.g., 500 of Figure §)
to bowl housing 228 in a manner that allows for the quick and easy nstallation,
service, removal, and replacement of assembly (e.g., 500 of Figure §). Because of
the design of the piston-driven dogs (not shown) of latching assemblies 258 and the
mating groove (not shown) of seal and bearing housing 248, in the event hydraulic
power 1s lost, latching assemblies 250 maintain their last position, thus they are said
to fail in their last position, thereby improving the safety of rotating control device
108 and operations in progress. As such, hydraulic power 1s required to activate the
piston-driven dog, but not to maintain its position. Hydraulic power ts then required
again to deactivate the piston-drive dog. In the embodiment depicted, six {(6)
hydraulically-actuated fail-last-position latching assemblies 250 are distributed
about the outer surface of the recessed area 260 of bowl housing 228, One of
ordinary skill in the art will recognize that the number of latching assemblies 250
required to controliably secure the seal and bearing assembly (e.g., 308 of Figure §),
and their distribution about the outer surface, may vary based on an application or
design in accordance with one or more embodiments of the present invention.
Further, one of ordinary skill in the art will also recognize that the number of
latching assemblies 250 required to controllably secure the seal and bearing
assembly (e.g., 560 of Figure 8) may vary with the dimensions of rotating control
device 100, seal and bearing assembly (e.g., 300 of Figure §), the piston-driven dogs
{not shown), and the mating groove (not shown) of seal and bearing housing 240 in
accordance with one or more embodiments of the present invention. Seal and
bearing assembly (e.g., 508 of Figure 5) may be a sealed (e.g., 560A) or circulating
tubricant {e.g., 300B) seal and bearing assembly. In the circulating lubricant
bearing assembly depicted, lubricant injection line 8§28 and lubricant removal line
518 may be used to circulate a lubricant through the bearing portion (not shown) of
seal and bearing assembly {e.g., 5300 of Figure §).

Continuing, Figure 2B shows a second perspective view of the improved
rotating control device 108 without shroud in accordance with one or more
embodiments of the present invention. Hydraulic ports 252 and 254 may be used to
provide hydraulic power to the hydraulically-actuated fail-last-position latching

g
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assemblies 256, Hydraulic fluid may be driven in one of ports 282 or 254, daisy
chained by hydraulic lines 236 to the latching assemblies 235¢ disposed about bowl
housing 226, and removed from the other port 254 or 2582, Hydraulic lines 256 may
be used to daisy chain the hydraulic power to the latching assemblies 258

Continuing, Figure 2C shows the first perspective view of the improved
rotating control device with shroud 290 in accordance with one or more
embodiments of the present invention. A protective shroud 296 may be disposed
around the plurality of hydraulically-actuated fail-last-position latching assemblies
256 that are distributed about the outer surface of the recessed area 269 of bowl
bousing 228. The shroud 288 may be protect the protruding portions of the
hydraulically-actuated fail-last-position latching assemblies 250 during installation,
operation, service, and removal. Continuing, Figure 2B shows the second
perspective view of the improved rotating control device 108 with shroud 29¢ in
accordance with one or more embodiments of the present invention.

Figure 3A shows a front elevation view of an improved rotating control device
100 without shroud in accordance with one or more embodiments of the present
invention. A plurality of hydraulically-actuated fail-last-position latching
assemblies 250 may be disposed about an outer surface of a recessed portion 260 of
bowl housing 220. Each latching assembly 258 may be oriented such that a piston-
driven dog (not shown} may be radially deployed through an opening (not shown)
of bowl housing 220 and into a mating groove {not shown) of seal and bearing
housing 240 to controllably secure seal and bearing assembly 506 to bowl housing
228. Continuing, Figure 3B shows a front elevation view of the improved rotating
control device 100 with shroud 29¢ in accordance with one or more embodiments of
the present iovention.  Shroud 299 may be protect the protruding portions of the
hydraulically-actuated fail-last-position latching assemblies 258, Protective shroud
296 may include a cutout where one or more hydraulic ports 252 and 254 may be
connected to a latching assembly 256, The remaining latching assemblies 250 may
receive hydraulic power from a daisy-chain of hydraulic fluid lines (not shown)
emanating from hydraulic ports 252 and 254

Continuing, Figure 3C shows a rear elevation view of the improved rotating
control device 180 without shroud in accordance with one or more embodiments of
the present invention. The plurality of hydraulically-actuated fail-last-position
latching assernblies 280 may include one or more hydraulic ports 252 and 254 that
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may be used to hydraulically deploy or retract their piston-driven dogs (not shown}.
The hydraulic fluid lines 256 may be daisy-chained such that the plurality of
latching assemblies 258 deploy or retrain their piston-driven dogs (not shown) at
substantially the same time. Continuing, Figure 3B shows a rear elevation view of
the 1mproved rotating control device 186 with shroud 298 in accordance with one or
more embodiments of the present invention.

Continuing, Figure 3E shows a lefi-side elevation view of the improved
rotating control device 108 without shroud in accordance with one or more
embodiments of the present invention. Continuing, Figure 3F shows a lefi-side
elevation view of the improved rotating control device 108 with shroud 290 in
accordance with one or more embodiments of the present invention. Continuing,
Figure 3G shows a right-side elevation view of the improved rotating control device
16¢ without shroud in accordance with one or more embodiments of the present
invention.  Continuing, Figure 3H shows a right-side elevation view of the
tmproved rotating control device 108 with shroud 299 in accordance with one or
more embodiments of the present invention. One of ordinary skill 1n the art will
recognize that the size, shape, and orientation of one or more fluid flow ports 270
may vary based on an application or design in accordance with one or more
embodiments of the present invention,

Figure 4A shows a top plan view of an improved rotating control device 160
without shroud in accordance with one or more embodiments of the present
invention. In the top plan view depicted, the distribution of the plurality of
bydraulically-actuated fail-last-position latching assemblies 250 about an outer
surface of bowl housing 220 is shown. As noted above, the number, size, and
distribution of latching assemblies 250 may vary based on an application or design
in accordance with one or more embodiments of the present invention. A plurality
of hoisting connectors 163 may be distributed about a top portion of bowl housing
228 to facilitate movement of rotating control device 166, A common lumen 280
may extend from distal end to distal end of rotating control device 109,

Continuing, Figure 4B shows a top plan view of the improved rotating control
device 100 with shroud 290 in accordance with one or more embodiments of the
present invention. In addition to hoisting connectors 105, seal and bearing assembly
508 may include a plurality of shop hooks 53¢ that may be used to remove and
replace seal and bearing assembly 868, Continuing, Figure 4C shows a bottom plan
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view of the improved rotating control device 188 without shroud in accordance with
one or more embodiments of the present invention. Continuing, Figure 4D shows a
bottom plan view of the improved rotating control device 188 with shroud 296 in
accordance with one or more embodiments of the present invention. Common
tumen 289 extends through seal and bearing assembly 300 and bottom flange 230
and may vary in diameter along the passageway. The drill pipe {not shown) may be
removably disposed therethrough and the first interference-fit sealing element (not
shown) may create an annular seal within rotating control device 108

Figure SA shows a perspective view of a sealed seal and bearing assembly
S08A in accordance with one or more embodiments of the present invention. Sealed
seal and bearing assembly S00A may include a seal and bearing housing 240, a
mandrel (not independently illustrated) disposed within an inner aperture of seal and
bearing housing 2490, a first interference-fit sealing element (not shown) attached to
a bottom distal end of the mandrel (not independently dlustrated) to perform a
sealing function, a plurality of tapered-thrust bearings (not shown} indirectly
mounted to seal and bearing housing 249 to facilitate rotation of the mandrel (not
independently illustrated) and the first interference-fit sealing element (not shown),
a preload spacer (not shown) disposed between top and bottom tapered-thrust
bearings (not shown}, and a plurality of jam nuts (not shown} to adjust a preload of
the tapered-thrust bearings (not shown). Seal and bearing assembly 580A may
include a top plate 5588, also referred to as an upper seal carrier, attached to the top
side of seal and bearing housing 248. A lower seal carrier 558 may be attached to
the bottom side of seal and bearing housing 248 and a seal adapter 568 may be
attached to a bottom distal end of mandrel 275 for attachment of the first
interference-fit sealing element (not shown). A substantially rectangular groove 549
may be disposed about an outer surface of seal and bearing housing 240 to receive a
plurality of substantially rectangular piston-driven dogs (not shown) when actuated
by the plurality of hydraulically-actuated fail-last-position fatching assemblies (not
shown). One or more static seals 542 may be disposed about an outer surface of
seal and bearing housing 2486 to provide a static and non-rotating seal between seal
and bearing housing 240 and the bowl housing (e.g., 228). A plurality of shop
hooks 838 may be included to facilitate insertion and removal of seal and bearing

assembly 500A into and out of rotating control device 166,

1z



CA 03091994 2020-08-20

WO 2019/213162 PCT/US2019/030042

[0056]

[0058]

Continuing, Figure 58 shows a top plan view of the sealed seal and bearing
assembly S80A in accordance with one or more embodiments of the present
inventton. A common lumen 288 may extend through seal and bearing assembly
500A. While the first interference-fit sealing element (not shown) may have an
inoer aperture slightly smaller than the dnill pipe (not shown) anticipated to be
disposed therethrough, the lumen 280 extends from distal end to distal end of seal
and bearing assembly 3084 Continuing, Figure 3C shows a bottom plan view of
the sealed seal and bearing assembly 508A in accordance with one or more
embodiments of the present invention. Seal and bearing assembly 360A may
include a seal adapter 56¢ disposed on a bottom of seal and bearing housing 248 of
seal and bearing assermbly 5004, Seal adapter 368 may attach to the bottom distal
end of the mandrel (not shown) of seal and bearing assembly 588A and be used to
attach a first interference-fit sealing element {not shown).

Continuing, Figure 3D shows a longitudinal cross section of the sealed seal
and bearing assembly 3680A in accordance with one or more embodiments of the
present invention. Seal and bearing assembly 300A may include seal and bearing
housing 240, a rotating mandrel 275 disposed within an inner aperture of seal and
bearing housing 248, a first interference-fit sealing element (not shown) attached to
a seal adapter 560 attached to the bottom distal end of mandrel 275, a plurality of
tapered thrust-bearings 376 indirectly mounted to seal and bearing housing 240 to
facilitate rotation of mandrel 275, a preload spacer 578 disposed between top and
bottom tapered-thrust bearings 876, and a plurality of jam nuts 574 to adjust a
pretoad of the tapered-thrust bearings 576. The plurality of tapered-thrust bearings
576 may be indirectly mounted to seal and bearing housing 248 at an offset angle to
increase radial stability and prevent wear out from reciprocation of the drill pipe
{not shown) disposed therethrough. A common lumen 28¢ extends from distal end
to distal end of seal and bearing assembly 308A. The plurality of jam nuts 874 and
seal adapter 56¢ may be threaded such that they maintain preload with rotation of
the drill pipe (not shown).

Seal and bearing housing 248 may include a groove 546 that is substantially
rectangular and non-tapered to receive a plurality of substantially rectangular
piston-driven dogs {(not shown} to controliably secure seal and bearing assembly
S008A to rotating control device 106. One of ordinary skill in the art will recognize
that the shape of the piston-~driven dogs {(not shown) and mating groove 3484 may
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vary in shape and size in accordance with one or more embodiments of the present
invention. One or more static sealing elements 542 may be disposed about an outer
surface of seal and bearing housing 248 to provide a static seal between seal and
bearing housing 240 and the bowl housing {e.g., 220). Lower seal carrier 555 may
include a plurality of dynamic sealing clements 836 that contact rotating mandrel
278 and a plurality of static sealing elements 557 that contact seal and bearing
housing 240. Upper seal carrier 850 may also include a plurality of dynamic sealing
elements 556 and a plurality of static sealing elements 8587, A lubricating grease
{not independently illustrated) may be disposed within the seal and bearing housing
248 to lubricate the tapered-thrust bearings 576.

Figure SE shows a perspective view of a circulating lubricant seal and bearing
assembly SO08B in accordance with one or more embodiments of the present
invention. Circulating lubricant seal and bearing assembly 5008 may include a seal
and bearing housing 240, a mandrel (not independently illustrated) disposed within
an inner aperture of seal and bearing housing 24¢, a first interference-fit sealing
element {not shown) attached to a bottom distal end of the randrel (vot
independently illustrated) to perform a sealing function, a plurality of tapered-thrust
bearings (not shown) indirectly mounted to seal and bearing housing 240 to
facilitate rotation of the mandrel {(not independently illustrated) and the first
interference-fit sealing element (not shown), a preload spacer (not shown) disposed
between top and bottom tapered-thrust bearings (not shown), and a plurality of jam
nuts {(not shown) to adjust a preload of the tapered-thrust bearings (not shown). Seal
and bearing assembly 500B may include a top plate 550, also referred to as an upper
seal carrier, disposed on top of seal and bearing housing 248 and a seal adapter 560
disposed on bottorn of seal and bearing housing 240, A lower seal carrier 5588 may
be attached to the bottom side of seal and bearing housing 248 and a seal adapter
5606 may be attached to a bottom distal end of mandrel 275 for attachment of the
first interference-fit sealing element (not shown). A substantially rectangular
groove 340 may be disposed about an outer surface of seal and bearing housing 240
to receive a plurality of substantially rectangular piston-driven dogs (not shown)
when actuated by the plurality of hydraulically-actuated fail-last-position latching
assemblies (not shown}. Oune or more static seals 542 may be disposed about an
puter surface of seal and bearing housing 248 to provide a static and non-rotating
seal between seal and bearing housing 240 and the bowl housing (e.g., 220). A
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plurality of shop hooks 338 may be included to facilitate insertion and removal of
seal and bearing assembly SG0B into and out of rotating control device 108 A
circulating lubricant may be injected via a lubricant injection port 520 and removed
from a lubricant removal port 518, The injected lubricant may circulate within the
bearing assembly of seal and bearing assembly 500B.

Continuing, Figure SF shows a top plan view of the circulating hubricant seal
and bearing assembly 300B in accordance with one or more embodiments of the
present invention. A common jumen 288 may extend through seal and bearing
assembly 300B. While the first interference-fit sealing element (not shown) may
have an inner aperture shightly smaller than the drill pipe (not shown) anticipated to
be disposed therethrough, the lumen 280 extends from distal end to distal end of
seal and bearing assembly 8608, Continuing, Figure 5 shows a bottom plan view
of the circulating lubricant seal and bearing assembly 508B in accordance with one
or more embodiments of the present invention. Seal and bearing assembly 500B
may include a seal adapter 569 disposed on a bottom of seal and bearing housing
240 of seal and bearing assembly S00B. Seal adapter 568 may attach to the bottom
distal end of the mandrel (not shown) of seal and bearing assembly 500B and be
used to attach a first interference-fit sealing element (not shown).

Continuing, Figure 5H shows a longttudinal cross section of the circulating
lubricant seal and bearing assembly S80B in accordance with one or more
embodiments of the present invention. Seal and bearing assembly 30¢B may
include seal and bearing housing 240, a mandrel 275 disposed within an inner
aperture of seal and bearing housing 240, a first interference-fit sealing element {not
shown) attached to a seal adapter 560 attached to the bottom distal end of mandrel

.y
7
i

273, a plurality of tapered thrust-bearings 376 indirectly mounted to seal and
bearing housing 2490 to facilitate rotation of mandrel 275, a preload spacer 578
disposed between top and bottom tapered-thrust bearings 5376, and a plurality of jam
nuts 574 to adjust a preload of the tapered-thrust bearings 576. The plurality of
tapered-thrust bearings 876 may be indirectly mounted to seal and bearing housing
240 at an offset angle to increase radial stability and prevent wear out from
reciprocation of the drill pipe (not shown) disposed therethrough. A common lumen
280 extends from distal end to distal end of seal and bearing assembly 308B. The
plurality of jam nuts 874 may be threaded such that they maintain preload with

rotation of the dnll pipe (not shown). Seal and bearing housing 240 may include a
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groove 548 that is substantially rectangular and non-tapered to receive a plurality of
substantially rectangular piston-driven dogs (not shown) to controllably secure seal
and bearing assermbly S00B to rotating control device 188, One of ordinary skill in
the art will recognize that the shape of the piston-driven dogs (not shown} and
mating groove 546 may vary in shape and size in accordance with one or more
embodiments of the present invention. One or more static sealing elements 542
may be disposed about an outer surface of seal and bearing housing 248 to provide a
static seal between seal and bearing housing 240 and the bowl housing (e.g., 228).
Lower seal carrier 858 may include a plurality of dynamic sealing elements 586 that
contact rotating mandrel 275 and a plurality of static sealing elements 587 that
contact seal and bearing housing 248 Upper seal carrier 530 may also include a
plurality of dynamic sealing elements 856 and a plurality of static sealing elements
557, A circulating lubricant {(not independently illustrated) may be injected via
tubricant injection port 528, circulated within the bearing assembly 508, and
removed via lubricant removal port 510,

Figure 6A shows a longitudinal cross section of the improved rotating control
device 100 with shroud 290 showing engagement of the plurality of hydraulically-
actuated piston-driven dogs 546 in accordance with one or more embodiments of
the present invention. A seal adapter 360 may be attached to a bottom distal end of
mandrel 275 A first interference-fit sealing element 650 may be attached to seal
adapter 568. For example, sealing element 656 may be bolted to seal adapter 560
Each of a plurality of hydraulically-actuated fail-last-position latching assemblies
258 may include a piston-driven 618 dog 620 that fits within groove 540 of seal and
bearing housing 240, thereby providing retention. Sealing elements 542, 556, 5587
and first interference-fit sealing element 658 may seal an annulus between the drill
pipe {not shown} and bowl housing 228. During drilling operations, the returning
annular fluids may be directed from rotating control device 186 to the ng floor by
way of one or more of the fluid flow ports {e.g., 278 of Figure 7A).

The first interference-fit sealing element 650 and mandrel 273 may rotate with
the drill pipe (not shown). The first interference-fit sealing element 658 may be
composed of natural rubber, nitrile butadiene rubber, hydrogenated nitrile butadiene
rubber, polyurethane, elastomeric material, or combinations thereof The first
interference-fit sealing element 658 may include a first seal lumen having a first seal
inner aperture shightly smaller than an outer diameter of the drll pipe (not shown).
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The mandrel lumen, the first seal lumen, and the bottom flange lumen may form a
common lumen 280 that extends from distal end to distal end of rotating control
device 188, One of ordinary skill in the art will recognize that the lumens of each
component may have a diameter that varies from component to component. During
drilling operations, a drill pipe (not shown) may be disposed through the common
lumen 288, whereby a first seal is established, in part, by the first interference-fit
sealing element 630, The wellbore pressure may be managed by a surface-
backpressure choke manifold (not shown) disposed on the rig floor (not shown) that
manipulates the fluid flow rate from one or more fluid flow ports 276 to the surface.

Continuing, Figure 6B shows a detailed cross-sectional view of a portion of
the improved rotating control device 106 with shroud 290 showing engagement of
the plurality of hydraulically-actuated piston-driven dogs 628, tapered-thrust
bearings 576, preload spacer 878, and jam nuts 574 in accordance with one or more
embodiments of the present invention. A plurality of tapered-thrust bearings 576
may be indirectly mounted at an offset angle to increase radial stability.

In certain embodiments, the top tapered-thrust bearings 876 may be indirectly
mounted at an offset angle, 8, in a range between 10 degrees and 40 degrees from a
perpendicular line to a longitudinal axis of rotating control device 188, In other
embodiments, the top tapered-thrust bearings 576 may be indirectly mounted at an
offset angle, 0, in a range between 20 degrees and 30 degrees from a perpendicular
line to a longitudinal axis of rotating control device 108, In still other embodiments,
the top tapered-thrust bearings 576 may be indirectly mounted at an offset angle, 6,
in a range between O degrees and 50 degrees from a perpendicular line to a
longitudinal axis of rotating control device 180, One of ordinary skill in the art will
recognize that the positive offset angle of the top tapered-thrust bearings 5376 may
vary based on an application or design in accordance with one or more
embodiments of the present invention.

The bottom tapered-thrust bearings 576 may be indirectly mounted at an offset
angle, -6, in a range between -10 degrees and -40 degrees from a perpendicular line
to a longitudinal axis of rotating control device 106, In other embodiments, the
bottom tapered-thrust bearings 376 may be indirectly mounted at an offset angle, -8,
in a range between -20 degrees and -30 degrees from a perpendicular line to a
longitudinal axis of rotating control device 180, In still other embodiments, the top
tapered-thrust bearings 576 may be indirectly mounted at an offset angle, -8, 10 a
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range between O degrees and -50 degrees from a perpendicular line to a longitudinal
axis of rotating control device 188. One of ordinary skill in the art will recognize
that the negative offset angle of the bottom tapered-thrust bearings 576 may vary
based on an application or design in accordance with one or more embodiments of
the present invention.

A plurality of jam nuts 574 may be used to preload the plurality of tapered-
thrust bearings 376, the top and bottom of which, are separated by a preload spacer
578 'The jam nuts 574 may be tightened or loosened to adjust a preload on the
tapered-thrust bearings 576 and preload spacer 378, Upper seal carrier 558, the
plurality of jam nuts 874, and lower seal carrier 855 may be threaded or otherwise
attached such that they maintain the preload during rotation of the dnill pipe (not
shown),

Figure 7A shows a longitudinal cross section of an improved rotating control
device 100 with shroud 298 showing seal engagement with drill pipe 718 in
accordance with one or more embodiments of the present invention. When the drifl
string is tripped 1n, drill pipe 716 may be disposed through the common lumen 280
of rotating control device 108. The first interference-fit sealing element 656 may
form a seal about drill pipe 716, thereby sealing the annulus between drill pipe 710
and bowl housing 228. The returning annular fluids (not shown) may be diverted
from bowl housing 220 to the surface of the platform (not shown) by way of one or
more fluid flow ports 27¢.

Continuing, Figure 7B shows a longitudinal cross section of the improved
rotating coutrol device 108 with shroud 29¢ showing seal engagement with drill
pipe 710 having a tool joint 726 in accordance with one or more embodiments of the
present invention. Because the furst nterference-fit sealing element 680 is
composed of flexible material(s), when drill pipe 719 is tripped into or cut of the
hole, a tool joint 728 may pass through rotating control device 188 while
maintaining the annular seal. In this way, pressure may be maintained during
tripping in and out of the hole.

Figure 8A shows a cross-sectional view of a lower seal carrier 558 of a seal
and bearing assembly 860 in accordance with one or more embodiments of the
present invention. The proper function of the plurality of sealing elements 556 is
critically important to maintain the annular seal surrounding the drill pipe (not
shown). In embodiments previously depicted, the plurality of sealing elements 336
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were disposed in grooves formed on an inner circumferential surface of the lower
seal carrier 858 itself. Because of their location, it has been discovered that, over
time, these sealing elements 356 wear into the carrier 885 and become very difficult
to remove and ultimately replace. Typically, a field hand must use a screw driver or
other blunt 1nstrument to pry the worn sealing elements 336 off of the lower seal
carrier 855, potentially damaging the seal carrier 555 and impacting its ability to
maintain the annular seal.  As such, in certain embodiments, lower seal carrier 388
may be modified as shown in Figures 8A through 8C to include a plurality of
removable seal carrier trays 810 and a seal plate 820 to facilitate the quick and easy
removal and replacement of sealing elements 556 in the field.

Continuing, Figure 8B shows an exploded bottom-facing perspective view of
the lower seal carrier 555 of the seal and bearing assembly 368 in accordance with
one or more embodiments of the present invention. A first sealing element 556a
may be disposed in a groove formed in lower seal carrier 3533 Each of a second
556h, a third 556¢, and a fourth $56d sealing element may be disposed in their own
respective seal carrier trays 818 Fach seal carrier tray 818 includes an inner
circumferential surface that receives a sealing element 556 and a plurality of
mounting holes (not independently illustrated) to receive a plurality of mounting
bolts 830, As such, when installing the plurality of sealing elements 556, a first
sealing element 556a may be disposed within the groove formed in lower seal
carrier 555, a second sealing element 556b may be disposed within a seal carrier
tray 810b and tray 810b may be disposed within lower seal carrier 535, a third
sealing element 586¢ may be disposed within a seal carrier tray 818¢ and tray 816¢
may be disposed within lower seal carrier 585, and a fourth sealing element 556d
may be deposed within seal carrier tray 810d and tray 818d may be disposed within
lower seal carrier 585, A seal plate 820 may be disposed over the fourth sealing
element 3564 and a plurality of bolts 830 may be used to secure seal plate 820, as
well as the plurality of sealing elements 556 disposed within their respective seal
trays 810, to lower seal carrier 558

Continuing, Figure 8C shows a bottom-facing perspective view of the lower
seal carrier 858 of the seal and bearing assembly 50€ in accordance with one or
more embodiments of the present invention. Once modified lower seal carrier 858
has been assembled, it may be installed as part of seal and bearing assembly 506 in
exactly the same manner as other ermnbodiments described herein and functions the
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same way. While the modified lower seal carrier 555 includes four (4) sealing
elements, one of ordinary skill in the art will recognize that the plurality of sealing
elements 8§56 may vary based on an application or design in accordance with one or
more embodiments of the present invention.

Advantages of one or more embodiments of the present invention may include
one or more of the following:

In one or more embodiments of the present invention, an improved rotating
control device has a simplified design that includes fewer parts, costs less to
manufacture, reduces cost of ownership, and has a reduced and less expensive
maintenance schedule.

In one or more embodiments of the present invention, an improved rotating
control device provides a unigue seal carrier design that allows bearing assemblies
to be easily serviced or replaced with a significant reduction in non-productive time
and associated costs.

In one or more embodiments of the present invention, an improved rotating
control device includes a unique seal carrier design with highly accurate bearing
preload that extends the productive life of the rotary seal. The seal carrier can be
removed without having to refurbish the internal bearings. The preload of the
bearings may be precisely managed without the use of springs or shims.

In one or more embodiments of the present invention, an improved rotating
control device includes indirectly mounted tapered-thrust bearings that increase
radial load capacity and stability.

In one or more embodiments of the present invention, an improved rotating
control device includes pilot operated, and hydraulically actuated, latching dogs that
fail in their last position to ensure engagement when power 1s lost,

in one or more embodiments of the present invention, an improved rotating
control device provides improved static ratings from five hundred (500) pounds per
square inch (“PSI7) to five thousand (5000) PSL

In one or more embodiments of the present invention, an improved rotating
control device provides improved rotation rate up to at least two hundred and twenty
(220} revolutions per minute (“RPM”).

While the present invention has been described with respect to the above-
noted embodiments, those skilled in the art, having the benefit of this disclosure,
will recognize that other embodiments may be devised that are within the scope of
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the invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the appended claims.
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CLAIMS

What is claimed is:

1. A rotating control device comprising:
a bowl housing comprising a plurality of fluid flow ports and an inner aperture
to receive a removably disposed seal and bearing assembly;
a plurality of hydraulically-actated fail-last-position latching assemblies disposed
about an outer surface of the bowl housing to controllably extend a
plurality of piston-driven dogs radially into a groove of the seal and bearing
assembly to controllably secure the seal and bearing assembly to the bowl
housing; and
the seal and bearing assembly comprising:
a seal and bearing housing,
a mandrel disposed within an inner aperture of the seal and bearing housing,
a first interference-fit sealing element attached to a bottom distal end of the
mandrel,
a plurality of tapered-thrust bearings indirectly mounted to the seal and
bearing housing to facilitate rotation of the mandrel,
a preload spacer disposed between top and bottom tapered-thrust bearings,
a plurality of jam nuts to adjust a preload of the tapered-thrust bearings, and
a lower seal carrier attached to the seal and bearing housing comprising a
plurality of dynamic sealing elements that contact the mandrel and a
plurality of static sealing elements that contact the seal and bearing

housing.
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The rotating control device of claim 1, further comprising;
a top flange comprising a top flange lumen attached to a top distal end of the bowl
housing; and
a bottom flange comprising a bottom flange lumen attached to a bottorn distal end of

the bowl housing,

The rotating control device of claim 1, further comprising a shroud to protect protruding

portions of the hydraulically-actuated fail-last-position latching assemblies.

The rotating control device of claim 1, wherein the first interference-fit sealing element

seals an annulus surrounding the drill pipe.

The rotating control device of claim 1, wherein the first interference-fit sealing element

and the mandrel rotate with the drill pipe.

The rotating control device of claim 1, wherein the first interference-fit sealing element
comprises natural rubber, nitrile butadiene rubber, hydrogenated nitrile butadiene rubber,

polyurethane, elastomeric material, or combinations thereof.

The rotating control device of claim 1, wherein the first interference-tit sealing element
comprises a first seal lumen having a first seal inner aperture slightly smaller than an

outer diameter of the drill pipe.

The rotating control device of claim 1, wherein the plurality of tapered-thrust bearings are

indirectly mounted at an offset angle to increase radial stability.

23



13.

14.

CA 03091994 2020-08-20

WO 2019/213162 PCT/US2019/030042

The rotating control device of claim 1, wherein top tapered-thrust bearings are indirectly
mounted at an offset angle in a range between 10 degrees and 40 degrees from a

perpendicular line to a longitudinal axis of the rotating control device.

. The rotating control device of claim 1, wherein bottom tapered-thrust bearings are

indirectly mounted at an offset angle in a range between -10 degrees and -40 degrees

from a perpendicular line to a longitudinal axis of the rotating control device.

I. The rotating control device of claim 1, wherein the plurality of jam nuts maintain preload

with rotation of the dnill pipe.

. The rotating control device of claim 1, wherein a bottom flange of the bowl housing is

attached to an annular or blow-out preventer connection disposed below the rotating

control device.

The rotating conirol device of claim 1, wherein the plurality of tfluid flow ports comprise
one or more of a flow diversion port, an injection port, and a surface-backpressure

management port.

The rotating control device of claim 2, wherein the top flange lumen, a mandrel lumen, a

first seal lumen of the first interference fit-sealing element, and the bottom flange lumen

comprise a common lumen through which dnill pipe is removably disposed.
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15. The rotating control device of claim 1, wherein the groove that receives the plurality of

piston-driven dogs is substantially rectangular and non-tapered.

16. The rotating control device of claim 1, wherein the lower seal carrier comprises:
a plurality of removable seal carrier trays; and
a seal plate,
wherein one or more of the dynamic sealing elements are disposed within an inner

circumferential surface of one or more removable seal carner trays,

17. A circulating lubricant seal and bearing assembly comprising:

a seal and bearing housing comprising a groove to receive a plurality of
hydraulically-actuated fail-last-position piston-driven dogs;

a mandrel comprising a mandrel lumen disposed within an inner aperture of the seal
and bearing housing;

a first interference-tit sealing element attached to a bottom distal end of the mandrel,

a plurality of tapered-thrust bearings indirectly mounted to the seal and bearing
housing to facilitate rotation of the mandrel;

a preload spacer disposed between top and bottom tapered-thrust bearings;

a plurality of jam nuts to adjust a preload of the tapered-thrust bearings; and

a lower seal carrier attached to the seal and bearing housing comprising a plarality of
dynamic sealing elements that contact the mandrel and a plurality of static

sealing elements that contact the seal and bearing housing.

18. The circulating lubricant seal and bearing assembly of claim 17, wherein the lower seal
Carrier comprises:
a plurality of removable seal carrier trays; and
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a seal plate,
wherein one or more of the dynamic sealing elements are disposed within an inner

circumferential surface of one or more removable seal carrier trays.

19. The circulating lubricant seal and bearing assembly of claim 17, further comprising:
a fluid injection port to inject lubricating fluid at a higher pressure than a wellbore to

tubricate the tapered-thrust bearings.

20. A sealed seal and bearing assembly comprising:

a seal and bearing housing comprising a groove to receive a plurality of hydraulically-
actuated fail-last-position piston-driven dogs;

a mandrel comprising a mandrel lumen disposed within an inner aperture of the seal
and bearing housing;

a first interference-fit sealing element attached to a bottom distal end of the mandrel;

a plurality of tapered-thrust bearings indirectly mounted to the seal and bearing
housing to facilitate rotation of the mandrel;

a preload spacer disposed between top and bottom tapered-thrust bearings;

a plurality of jam nuts to adjust a preload of the tapered-thrust bearings; and

a lower seal carrier attached to the seal and bearing housing comprising a plurality of
dynamic sealing elements that contact the mandrel and a plurality of static

sealing elements that contact the seal and bearing housing.

21. The sealed seal and bearing assembly of claimn 20, wherein the lower seal carrier
comprises:

a plurality of removable seal carrier trays; and
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a seal plate,
wherein one or more of the dynamic sealing elements are disposed within an inner

circumferential surface of one or more removable seal carrier trays.

22. The sealed seal and bearing assembly of claim 20, further comprising:

a lubricating grease disposed within the seal and bearing housing to lubricate

the tapered-thrust bearings.
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