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DRIVESHAFT CATCH ASSEMBLY

Technical Field

[0001] The present disclosure relates generally to an assembly for a
driveshaft transmission and, more particularly (although not necessarily exclusively),
to a driveshaft catch assembly to prevent the loss of driveshaft transmission
assembly components.

Background
[0002] Mud motors utilize fluid energy converted to mechanical energy to
provide shaft rotation to a drill string or drill bit. Because the mud motor is a highly
loaded section of a drilling tool, it is prone to critical damage during motor
transmission failure. Failure of the motor transmission may result in critical damage
to the transmission assembly, including the separation of components from the
transmission assembly. Where such separation occurs, these components may be
lost downhole. The lost components dropped downhole can prevent further
progression in drilling and can cause significant delays. The loss of components
downhole may even result in a drilling project being abandoned.
[0003] A procedure known as “fishing” is sometimes used to retrieve the lost
components, but this procedure is costly and time-consuming, and may be
ineffective.

Brief Description of the Drawings

[0004] FIG. 1 is a cross-sectional schematic diagram depicting a drilling
system that includes a driveshaft transmission assembly with a catch assembly in a
lower end of a driveshaft transmission assembly according to one aspect of the

present disclosure.
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[0005] FIG. 2A is a cross-sectional view of a driveshaft transmission assembly
having a catch assembly according to one aspect of the present disclosure.

[0006] FIG. 2B is a cross-sectional view of part of the driveshaft transmission
assembly of FIG. 2A according to one aspect of the present disclosure.

[0007] FIG. 3 is a cross-sectional view of a driveshaft transmission assembly
having a catch assembly according to another aspect of the present disclosure.
[0008] FIG. 4 is a partial cross-sectional view of the driveshaft transmission
assembly of FIG. 3 according to one aspect of the present disclosure.

[0009] FIG. 5 is an exploded view of a catch assembly according to one
aspect of the present disclosure.

[0010] FIG. 6A is perspective view of an assembled catch assembly according
to one aspect of the present disclosure.

[0011] FIG. 6B is a cross-sectional view of the assembled catch assembly of
FIG. 6A according to one aspect of the present disclosure.

[0012] FIG. 7 is an exploded view of a catch assembly for a driveshaft
transmission assembly according to another aspect of the present disclosure.

[0013] FIG. 8A is perspective view of an assembled catch assembly according
to one aspect of the present disclosure.

[0014] FIG. 8B is a cross-sectional view of the assembled catch assembly of
FIG. 8A according to one aspect of the present disclosure.

Detailed Description

[0015] Certain aspects and examples of the present disclosure relate to a
downhole driveshaft transmission assembly having a catch assembly coupled to a
first radial bearing assembly and a second radial bearing assembly coupled to a

bearing housing and thrust bearing assembly.



WO 2016/167772 PCT/US2015/026178

[0016] The catch assembly may include a catch mechanism. The catch
assembly may be coupled to a radial bearing assembly of a driveshaft transmission
assembly. In some aspects, the catch assembly may also include locking devices
for coupling the catch mechanism radial bearing assembly. The catch mechanism
may include ridges on the inner surface corresponding to shoulders on the radial
bearing assembly. The ridges may be sized to be received by channels formed by
the shoulders on the radial bearing assembly. The ridges may be spaced to form
grooves on the downhole end of the catch mechanism that are sized to allow the
shoulders on the radial bearing assembly to be received by the grooves. The ridges
may also be spaced to correspond to the spacing of the shoulders so the ridges may
be mounted to the shoulders for coupling the catch mechanism to the radial bearing
assembly by a locking device.

[0017] In some aspects, the locking devices may be locking pins. The locking
pins may be received into cavities on the catch mechanism extending from the outer
diameter of the catch mechanism to the inner diameter of the catch mechanism. The
locking pins may be inserted into the cavities such that an end portion of the locking
pins are received by recesses on the radial bearing assembly. In other aspects, the
locking devices may be locking keys. The locking keys may be received into cavities
on the catch mechanism extending from notches on the uphole end of the catch
mechanism to the grooves formed by the ridges on the downhole end of the catch
mechanism.

[0018] In some aspects, the driveshaft transmission assembly may further
include a second radial bearing assembly coupled to the radial bearing assembly
having the catch assembly. The second radial bearing assembly may be

interlockably coupled to a thrust bearing assembly and a bearing housing. For
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example, the second radial bearing assembly may include a protrusion on the uphole
end of the second bearing assembly that may be received by an indentation on the
thrust bearing assembly to interlockably couple the second radial bearing assembly
to the thrust bearing assembly. The driveshaft transmission assembly may also
include a housing nut coupled to the bearing housing for coupling the second radial
bearing assembly to the bearing housing. In these aspects, the catch assembly (via
the catch mechanism) may be threadably coupled to the radial bearing assembly or
coupled to the radial bearing assembly via the locking devices.

[0019] Eliminating or reducing threading to couple certain components of the
driveshaft transmission assembly (e.g., coupling the catch assembly to the radial
bearing assembly, coupling the second radial bearing assembly to the thrust bearing
assembly and bearing housing) may result in more cost-effective and efficient
installation and maintenance of the driveshaft transmission assembly. The
reduction of threaded components circumvents at least a portion of the heightened
inspections and testing of the threaded components which may be both costly and
time-consuming.

[0020] The terms “inner,” “outer,” “internal,” and “between,” as used in the
present disclosure, may refer to a radial orientation toward or away from the center

of the driveshaft transmission assembly. The terms “uphole,” “downhole,” and
‘proximate,” as used in the present disclosure, may refer to an axial orientation
toward or away from the surface. Each of these terms is used only to provide
examples of relation and orientation of the driveshaft transmission components with
respect to each other, and is not meant to limit the scope of the present disclosure.

[0021] Various aspects of the present disclosure may be implemented in

various drilling systems. FIG. 1 illustrates an example of such a drilling system 100
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that includes a drill string 102. The drill string 102 of a drilling rig (not shown) may
include segmented pipes that may extend below the surface 104 in a borehole, such
as a wellbore 106. The drill string 102 may transmit drilling fluid (or mud) and the
torque necessary to operate a drill bit 108. Also, the weight of the drill string 102
may provide an axial force on the drill bit 108.

[0022] The drill string 102 may include a drill pipe 110 and a bottom hole
assembly 112. The bottom hole assembly 112 may be include various components,
such as a downhole motor assembly 114 and the drill bit 108.

[0023] Though placement of the assemblies disclosed herein may vary
without departing from the scope of the present subject matter, the assemblies of the
present disclosure may be included in the lower end of the downhole motor
assembly 114 and near the drill bit 108. For example, the driveshaft transmission
assembly 116 depicted in FIG. 1 represents a placement according to one example.
Placement of the assemblies as close to the drill bit 108 as possible may reduce the
moment arm load induced from directional drilling. Reducing the moment arm load
may result in longevity of the motor assembly and bearings of the drilling installation,
and may reduce the likelihood of failure of the motor.

[0024] During operation of the drilling system, dynamic loads may be placed
on a drill motor by the action of the drill bit 108 and by vibrations of the drill string
102. In certain instances, the dynamic loads may cause the drill motor to fail and
components of the driveshaft transmission assembly 116 to separate. The
driveshaft transmission assembly 116 may include a catch assembly to prevent the
loss of components downhole in the event of a separation.

[0025] FIGs. 2A and 2B show an example of the driveshaft transmission

assembly 116 that includes a catch assembly according to one aspect of the present
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disclosure. The driveshaft transmission assembly 116 also includes a bearing
housing 200 and certain bearings for a driveshaft 202. The catch assembly may be
separate from and independent of the bearing housing 200 and the driveshaft 202.
One or more radial bearing assemblies and thrust bearing assemblies may be
included internal to the bearing housing 200. For example, FIGs. 2A and 2B include
a rotating radial bearing 204, a stationary radial bearing 206, and a thrust bearing
sleeve 208 internal to the bearing housing 200. In some aspects, the rotating radial
bearing 204 may be radially positioned between the driveshaft 202 and the
stationary radial bearing 206 and may be coupled to the driveshaft 202. The
stationary radial bearing 206 may be radially positioned between the rotating radial
bearing 204 and the bearing housing 200. The stationary radial bearing 206 may be
coupled to the bearing housing 200 and may be configured to support the driveshaft
in the radial direction. The thrust bearing sleeve 208 may be radially positioned
uphole of the stationary radial bearing 206. The stationary radial bearing 206 may
be coupled to the thrust bearing sleeve 208 and may be configured to support the
driveshaft in the axial direction. Although only these radial and thrust bearing
assemblies are shown in FIGs. 2A and 2B, alternative or additional bearing
assemblies may be included in various configurations in the driveshaft transmission
assembly 116 without departing from the scope of the present disclosure.

[0026] The catch assembly in FIGs. 2A and 2B include a catch mechanism.
The catch mechanism 210 received by the rotating radial bearing 204 such that the
catch mechanism 210 encircles a portion of the rotating radial bearing 204. The
catch mechanism 210 is radially positioned between the rotating radial bearing 204

and the bearing housing 200 and is independent of the bearing housing 200.



WO 2016/167772 PCT/US2015/026178

[0027] The catch mechanism may include ridges 212 on its inner surface.
The ridges 212 may be positioned to align with shoulders 214 located on the rotating
radial bearing 204. In some aspects, the catch mechanism 210 may be coupled to
the rotating radial bearing 204 using locking devices. The rotating radial bearing 204
may be coupled to the stationary radial bearing 206. The stationary radial bearing
206 may include a contact shoulder 216 for interfering with the catch mechanism 210
in the event of separation of driveshaft transmission assembly components. The
stationary radial bearing 206 may be coupled to the thrust bearing sleeve 208 on the
uphole end of the stationary radial bearing 206. The stationary radial bearing 206
may be coupled to the thrust bearing sleeve. The stationary radial bearing 206 may
also be coupled to the bearing housing 200 by a housing nut 218. The housing nut
218 may be threadably coupled to the outer surface of the bearing housing 200 such
that the bearing housing 200 applies a compression force onto the stationary radial
bearing 206. FIG. 2B further shows a shear load carrying path 220. The shear load
carrying path 220 may be defined by the shoulders 214 on the rotating radial bearing
204.

[0028] FIGs. 3 and 4 show an example of the driveshaft transmission
assembly 300 that includes a catch assembly according to another example of the
present disclosure. The catch assembly includes a catch mechanism 302 that may
be threadably coupled to a rotating radial bearing 304. The catch mechanism 302
may include male or female threads on its inner surface and the rotating radial
bearing 304 may include threads of an opposite gender (female or male) on its outer
surface to couple the catch mechanism 302 to the rotating radial bearing 304. FIG. 4
further shows the interlocked coupling of the stationary radial bearing 206 to the

thrust bearing sleeve 208. The stationary radial bearing 206 may include a
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protrusion 400 on the uphole end of the stationary radial bearing 206 that may be
received by an indentation 402 on the downhole end of the thrust bearing sleeve
208. The stationary radial bearing 206 may be coupled to the thrust bearing sleeve
208 to support the stationary radial bearing 206 in the axial direction.

[0029] The catch mechanism 302 of the catch assembly may have an outer
diameter greater than the outer diameter of the rotating radial bearing 304 as shown
in FIGs. 2A, 2B, and 3. At least a portion of the catch mechanism 302 may extend
beyond the outer diameter of the rotating radial bearing 304 when the catch
mechanism 302 is coupled to the rotating radial bearing 304. Following a failure of
the drill motor, the catch assembly of the driveshaft transmission assembly 300 may
prevent certain components of the driveshaft transmission assembly 300, including
the driveshaft 202 and drill bit 108, from falling, or being lost, downhole in the event
of separation. For example, when a separation occurs, the outer surface of the
catch mechanism 302 may create an interference with the contact shoulder 216 of
the stationary radial bearing 206 to prevent the catch assembly from moving in a
downhole direction beyond the contact shoulder 216. Because the catch mechanism
302 may be coupled to the rotating radial bearing 304, the interference of the catch
mechanism 302 with the contact shoulder 216 of the stationary radial bearing 206
may prevent the rotating radial bearing 304 and any components directly or indirectly
coupled thereto (e.g., driveshaft 202, drill bit 108) from falling downhole.

[0030] FIGs. 5, 6A, and 6B illustrate an example of a catch assembly that may
be used to prevent the loss of driveshaft transmission assembly components
downhole. The catch assembly may include a catch mechanism 500 and locking
pins 502 as locking devices to couple the catch mechanism 500 to a rotating radial

bearing 504. Although four locking pins 502 are shown in FIG. 5, any number of
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locking pins 502 may be used as locking devices for the catch mechanism 500. The
inner surface of the catch mechanism 500 may include ridges 506 and grooves 508.
The ridges 506 may be positioned on the inner surface of the catch mechanism 500
to form the grooves 508 on the downhole inner surface of the catch mechanism 500.
The grooves 508 may be sized to pass through shoulders 510 on the rotating radial
bearing 504. The shoulders on the rotating radial bearing 504 may be positioned to
form channels 512 on the rotating radial bearing 504. The shoulders 510 may
further be positioned to pass through the grooves 508 on the catch mechanism 500.
The channels 512 may be positioned to allow the ridges 506 to pass through.

[0031] The catch mechanism 500 may also include cavities 514. The cavities
514 on the catch mechanism 500 may extend from the outer diameter of the catch
mechanism 500 to the inner diameter of the catch mechanism. The cavities 514
may be sized to receive the locking pins 502. The rotating radial bearing 504 may
have recesses 516 corresponding to the cavities 514. The recesses 516 may be
sized to receive an end portion of the locking pins 502 and may be positioned to
align with the cavities 514 when the catch mechanism 500 is assembled on the
rotating radial bearing 204. In some aspects, the recesses 516 may be positioned
downhole of the shoulders 510 of the rotating radial bearing 504.

[0032] The catch assembly may be installed on the rotating radial bearing 504
by sliding the catch mechanism 500 onto the rotating radial bearing 504. As the
catch mechanism 500 is slid onto the rotating radial bearing 504, the ridges 506 on
the catch mechanism 500 may pass through the channels 512 on the rotating radial
bearing 504 and the shoulders 510 on the rotating radial bearing 504 may pass
through the grooves 508 on the catch mechanism 500. The catch mechanism 500

or the rotating radial bearing 504 may be rotated such that the ridges 506 and
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cavities 514 on the catch mechanism 500 align with the shoulders 510 and recesses
516 on the rotating radial bearing 504, respectively. The locking pins 502 may be
inserted into the cavities 514 on the catch mechanism 500 until the end portions of
the locking pins 502 are inserted into the recesses of the rotating radial bearing 504
to couple the catch mechanism 500 to the rotating radial bearing 504. The locking
pins 502 may be sized to extend the length of the cavities 514 and the length of the
recesses 516. FIGs. 6A and 6B show a catch assembly that is assembled on the
rotating radial bearing 504.

[0033] FIGs. 7, 8A, and 8B illustrate another example of a catch assembly that
may be used to prevent the loss of driveshaft transmission assembly components
downhole. The catch assembly may include a catch mechanism 700 and locking
keys 702 as locking devices to couple the catch mechanism 700 to the rotating radial
bearing 704. Although two locking keys 702 are shown in FIG. 7, any number of
locking keys 702 may be used as locking devices for the catch mechanism 700. The
inner surface of the catch mechanism 700 may include ridges 706 and grooves 708.
The ridges 706 may be positioned on the inner surface of the catch mechanism 700
to form the grooves 708 on the downhole inner surface of the catch mechanism 700.
The grooves 708 may be sized to pass through shoulders 710 on the rotating radial
bearing 704. The shoulders 710 on the rotating radial bearing 704 may be
positioned to form channels 712 on the rotating radial bearing 704. The shoulders
710 may further be positioned to pass through the grooves 708 on the catch
mechanism 700 and the channels 712 may be positioned to allow the ridges 706 to
pass through.

[0034] The catch mechanism 700 may also include notches 800 on the uphole

portion of the catch mechanism 700 as shown in FIG. 8A. The notches 800 may be



WO 2016/167772 PCT/US2015/026178
11

sized to allow the locking keys 702 to pass through. The catch mechanism 700 may
also include cavities 802 that extend from the notches 800 on the uphole portion of
the catch mechanism 700 to the grooves 708 on the downhole portion of the catch
mechanism 700 as shown in FIG. 8B. The cavities 802 may be sized to receive the
locking keys 702.

[0035] The catch assembly may be installed on the rotating radial bearing 704
by sliding the catch mechanism 700 onto the rotating radial bearing 704. As the
catch mechanism 700 is slid onto the rotating radial bearing 704, the ridges 706 on
the catch mechanism 700 may pass through the channels 712 on the rotating radial
bearing 704 and the shoulders 710 on the rotating radial bearing 704 may pass
through the grooves 708 on the catch mechanism 700. The catch mechanism 700
or the rotating radial bearing 704 may be rotated such that the ridges 706 align with
the shoulders 710 on the rotating radial bearing 704. The locking keys 702 may be
inserted into the cavities 802 on the catch mechanism 700 until the end portions of
the locking keys 702 contact an enlarged portion of the rotating radial bearing 704 to
couple the catch mechanism 700 to the rotating radial bearing 704. In some
aspects, a retaining mechanism (e.g., a ring, sleeve) may be included to hold the
locking keys 702 in place in the cavities 802. The locking keys 702 may be sized
extend the length of the cavities 802 and may be shaped to have the same curvature
as the rotating radial bearing 704 or catch mechanism 700. FIGs. 8A and 8B show a
catch assembly that is assembled on the rotating radial bearing 704.

[0036] In some aspects, assemblies for preventing the loss of driveshaft
transmission assembly components are provided according to one or more of the

following examples:
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[0037] Example #1: A driveshaft transmission assembly may include a first
radial bearing assembly coupled to a driveshaft and having a catch assembly
positionable to prevent a loss of driveshaft transmission assembly components
downhole subsequent to components of the driveshaft transmission assembly
separation. The driveshaft transmission assembly may also include a second radial
bearing assembly coupled to a thrust bearing assembly by a protrusion on the
second radial bearing assembly interlocked with an indentation in the thrust bearing
assembly.

[0038] Example #2: The driveshaft transmission assembly of Example #1
may feature the catch assembly including a catch mechanism coupled to the first
radial bearing assembly by locking pins. The locking pins may be positioned in
cavities in the catch mechanism. The cavities may extend from an outer diameter of
the catch mechanism to an inner diameter of the catch mechanism. The locking pins
may have end portions that are positioned in corresponding recesses on the first
radial bearing assembly.

[0039] Example #3: The driveshaft transmission assembly of Example #1
may feature the catch assembly including a catch mechanism coupled to the first
radial bearing assembly by locking keys. The locking keys may be positioned in
cavities in the catch mechanism. The cavities may extend from uphole notches in
the catch mechanism to downhole grooves on the catch mechanism.

[0040] Example #4: The driveshaft transmission assembly of any of
Examples #1-3 may feature the second radial bearing assembly being further
coupled to a bearing housing by a housing nut. The housing nut may be threadably
coupled to the bearing housing. The second radial bearing assembly may be

positioned between the first radial bearing assembly and the bearing housing.
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[0041] Example #5: The driveshaft transmission assembly of any of
Examples #1-4 may feature the protrusion on the second radial bearing assembly
being positioned in the indentation on the thrust bearing assembly to prevent
rotational movement of the second radial bearing assembly.

[0042] Example #6: The driveshaft transmission assembly of any of
Examples #1-5 may feature the second radial bearing assembly being positioned
downhole of the thrust bearing assembly. The second radial bearing assembly may
include a contact shoulder for interfering with at least a portion of the catch assembly
subsequent to the components of the driveshaft transmission assembly separating.
[0043] Example #7: The driveshaft transmission assembly of any of
Examples #1-6 may feature the catch assembly including a catch mechanism
coupled the first radial bearing assembly. The first radial bearing assembly may be
coupled to the second radial bearing assembly. The first radial bearing assembly
may be positioned between the driveshaft and the second radial bearing assembly.
[0044] Example #8: The driveshaft transmission assembly of any of
Examples #1-7 may feature the catch assembly being independent of and internal to
a bearing housing. The catch assembly may be positioned uphole of a contact
shoulder on the second radial bearing assembly for interfering with at least a portion
of the catch assembly subsequent to the components of the driveshaft transmission
assembly separating.

[0045] Example #9: A catch assembly for a driveshaft transmission assembly
may include a catch mechanism having an inner diameter that is sized to be coupled
to a radial bearing assembly. The catch mechanism may also have an outer
diameter sized to extend radially beyond an outer diameter of the radial bearing

assembly. The catch assembly may include ridges being positionable proximate to
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corresponding shoulders on the radial bearing assembly. The catch assembly may
also include cavities being sized to receive locking devices configured to couple the
catch mechanism to the radial bearing assembly.

[0046] Example #10: The catch assembly of Example #9 may feature the
outer diameter of the catch mechanism being positionable on the radial bearing
assembly to prevent a loss of driveshaft transmission assembly components
downhole subsequent to components of the driveshaft transmission assembly
separating. The outer diameter of the catch mechanism may interfere with a second
radial bearing assembly that is coupled to a thrust bearing assembly by a protrusion
on the second radial bearing assembly interlocked with an indentation in the thrust
bearing assembly.

[0047] Example #11: The catch assembly of any of Examples #9-10 may
feature the ridges being positionable to form downhole grooves on the catch
mechanism. The downhole grooves may be sized to receive the corresponding
shoulders on the radial bearing assembly.

[0048] Example #12: The catch assembly of any of Examples #9-11 may
further include the locking devices. The locking devices may be locking pins
positionable in the cavities. The locking pins may have end portions positionable in
corresponding recesses on the radial bearing assembly. The cavities may extend
from the outer diameter of the catch mechanism to the inner diameter of the catch
mechanism. The cavities may be positionable proximate to the corresponding
recesses on the radial bearing assembly.

[0049] Example #13: The catch assembly of any of Examples #9-11 may
further include the locking devices. The locking devices may be locking keys

positionable in the cavities and between the catch mechanism and the radial bearing
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assembly. The cavities may extend along the inner diameter of the catch
mechanism from uphole notches on the catch mechanism to downhole grooves on
the catch mechanism.

[0050] Example #14: The catch assembly of any of Examples #9-13 may
feature the catch mechanism coupled to the radial bearing assembly. The radial
bearing assembly may be coupled to a driveshatt.

[0051] Example #15: The catch assembly of Example 14 may feature the
radial bearing assembly further coupled to a second radial bearing assembly. The
second radial bearing assembly may be coupled to a thrust bearing assembly by a
protrusion on the second radial bearing assembly interlocked with an indentation in
the thrust bearing assembly.

[0052] Example #16: A driveshaft transmission assembly including a first
radial bearing assembly having a catch assembly positionable to prevent a loss of
driveshaft transmission assembly components downhole subsequent to components
of the driveshaft transmission assembly separating. The driveshaft transmission
assembly may also include a second radial bearing assembly having a protrusion on
an uphole end of the second radial bearing assembly. The driveshaft transmission
assembly may additionally include an indentation on a downhole end of the thrust
bearing assembly. The indentation may be sized to receive the protrusion on the
second radial bearing assembly for coupling the second radial bearing assembly to
the thrust bearing assembly.

[0053] Example #17: The driveshaft transmission assembly of Example #16
may feature the catch assembly including a catch mechanism having ridges and
cavities. The cavities may extend from an outer diameter of the catch mechanism to

an inner diameter of the catch mechanism.. The cavities may be sized to receive
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locking pins. The first radial bearing assembly may include shoulders and recesses.
The shoulders may be positionable proximate to the ridges of the catch mechanism.
The recesses may be positionable proximate to the cavities of the catch mechanism.
The recesses may be sized to receive an end portion of the locking pins.

[0054] Example #18: The driveshaft transmission assembly of Example #16
may feature the catch assembly including a catch mechanism having cavities. The
cavities may extend from uphole notches in the catch mechanism to downhole
grooves on the catch mechanism. The cavities may be sized to receive locking
keys. The first radial bearing assembly may include shoulders positionable to create
channels. The channels may be sized to receive the locking keys.

[0055] Example #19: The driveshaft transmission assembly of any of
Examples #16-18 may feature the catch assembly including a catch mechanism
having threads on an inner diameter of the catch mechanism to couple the catch
mechanism to the first radial bearing assembly.

[0056] Example #20: The driveshaft transmission assembly of any of
Examples #16-19 may feature the first radial bearing assembly being threadably
coupled to a driveshaft. The second radial bearing assembly may be coupled to the
thrust bearing assembly by interlocking the protrusion on the second radial bearing
assembly with the indentation in the thrust bearing assembly.

[0057] The foregoing description of the examples, including illustrated
examples, has been presented only for the purpose of illustration and description
and is not intended to be exhaustive or to limit the subject matter to the precise
forms disclosed. Numerous modifications, combinations, adaptations, uses, and
installations thereof can be apparent to those skilled in the art without departing from

the scope of this disclosure. The illustrative examples described above are given to
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introduce the reader to the general subject matter discussed here and are not

intended to limit the scope of the disclosed concepts.
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Claims
What is claimed is:
1. A driveshaft transmission assembly, comprising:

a first radial bearing assembly coupled to a driveshaft, the first radial bearing
assembly having a catch assembly positionable to prevent a loss of driveshaft
transmission assembly components downhole subsequent to components of the
driveshaft transmission assembly separating; and

a second radial bearing assembly coupled to a thrust bearing assembly by a
protrusion on the second radial bearing assembly interlocked with an indentation in

the thrust bearing assembly.

2. The driveshaft transmission assembly of claim 1, wherein the catch assembly
includes a catch mechanism coupled to the first radial bearing assembly by locking
pins, the locking pins being positioned in cavities in the catch mechanism that extend
from an outer diameter of the catch mechanism to an inner diameter of the catch
mechanism, the locking pins having end portions positioned in corresponding

recesses on the first radial bearing assembly.

3. The driveshaft transmission assembly of claim 1, wherein the catch assembly
includes a catch mechanism coupled to the first radial bearing assembly by locking
keys, the locking keys being positioned in cavities in the catch mechanism that
extend from uphole notches in the catch mechanism to downhole grooves on the

catch mechanism.
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4. The driveshaft transmission assembly of claim 1, wherein the second radial
bearing assembly is further coupled to a bearing housing by a housing nut
threadably coupled to the bearing housing, the second radial bearing assembly

being positioned between the first radial bearing assembly and the bearing housing.

5. The driveshaft transmission assembly of claim 1, wherein the protrusion on
the second radial bearing assembly is positioned in the indentation on the thrust
bearing assembly to prevent rotational movement of the second radial bearing

assembly.

6. The driveshaft transmission assembly of claim 1, wherein the second radial
bearing assembly is positioned downhole of the thrust bearing assembly and
includes a contact shoulder for interfering with at least a portion of the catch
assembly subsequent to the components of the driveshaft transmission assembly

separating.

7. The driveshaft transmission assembly of claim 1, wherein the catch assembly
includes a catch mechanism coupled to the first radial bearing assembly;

wherein the first radial bearing assembly is coupled to the second radial
bearing assembly, and

wherein the first radial bearing assembly is positioned between the driveshaft

and the second radial bearing assembly.

8. The driveshaft transmission assembly of claim 1, wherein the catch assembly

is independent of and internal to a bearing housing and is positioned uphole of a
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contact shoulder on the second radial bearing assembly for interfering with at least a
portion of the catch assembly subsequent to the components of the driveshaft

transmission assembly separating.

9. A catch assembly for a driveshaft transmission assembly, the catch assembly
comprising:

a catch mechanism having an inner diameter sized to be coupled to a radial
bearing assembly and an outer diameter sized to extend radially beyond an outer
diameter of the radial bearing assembly, the catch mechanism including:

ridges being positionable proximate to corresponding shoulders on the
radial bearing assembly, and
cavities being sized to receive locking devices configured to couple the

catch mechanism to the radial bearing assembly.

10. The catch assembly of claim 9, wherein the outer diameter of the catch
mechanism is positionable on the radial bearing assembly to prevent a loss of
driveshaft transmission assembly components downhole, subsequent to components
of the driveshaft transmission assembly separating, by interfering with a second
radial bearing assembly that is coupled to a thrust bearing assembly by a protrusion
on the second radial bearing assembly interlocked with an indentation in the thrust
bearing assembly.

11.  The catch assembly of claim 9, wherein the ridges are positionable to form
downhole grooves on the catch mechanism, the downhole grooves being sized to

receive the corresponding shoulders on the radial bearing assembly.
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12.  The catch assembly of claim 9 further comprising the locking devices,

wherein the locking devices are locking pins being positionable in the cavities,
the locking pins having end portions positionable in corresponding recesses on the
radial bearing assembly; and

wherein the cavities extend from the outer diameter of the catch mechanism
to the inner diameter of the catch mechanism and are positionable proximate to the

corresponding recesses on the radial bearing assembly.

13.  The catch assembly of claim 9, further comprising the locking devices,
wherein the locking devices are locking keys positionable in the cavities and
between the catch mechanism and the radial bearing assembly; and
wherein the cavities extend along the inner diameter of the catch mechanism
from uphole notches on the catch mechanism to downhole grooves on the catch

mechanism.

14.  The catch assembly of claim 9, wherein the catch mechanism is coupled to
the radial bearing assembly, the radial bearing assembly being coupled to a

driveshaft.

15. The catch assembly of claim 14, wherein the radial bearing assembly is
further coupled to a second radial bearing assembly that is coupled to a thrust
bearing assembly by a protrusion on the second radial bearing assembly interlocked

with an indentation in the thrust bearing assembly.
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16.  Adriveshaft transmission assembly, comprising:

a first radial bearing assembly having a catch assembly positionable to
prevent a loss of driveshaft transmission assembly components downhole
subsequent to components of the driveshaft transmission assembly separating;

a second radial bearing assembly having a protrusion on an uphole end of the
second radial bearing assembly; and

a thrust bearing assembly having an indentation on a downhole end of the
thrust bearing assembly, the indentation being sized to receive the protrusion on the
second radial bearing assembly for coupling the second radial bearing assembly to

the thrust bearing assembly.

17. The driveshaft transmission assembly of claim 16, wherein the catch
assembly includes a catch mechanism having ridges and cavities, the cavities
extending from an outer diameter of the catch mechanism to an inner diameter of the
catch mechanism and being sized to receive locking pins and; and

wherein the first radial bearing assembly includes shoulders and recesses,
the shoulders being positionable proximate to the ridges of the catch mechanism,
and the recesses being positionable proximate to the cavities of the catch

mechanism and sized to receive an end portion of the locking pins.

18. The driveshaft transmission assembly of claim 16, wherein the catch
assembly includes a catch mechanism having cavities extending from uphole
notches in the catch mechanism to downhole grooves on the catch mechanism and

being sized to receive locking keys; and
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wherein the first radial bearing assembly includes shoulders positionable to

create channels that are sized to receive the locking keys.

19. The driveshaft transmission assembly of claim 16, wherein the catch
assembly includes a catch mechanism having threads on an inner diameter of the
catch mechanism to couple the catch mechanism to the first radial bearing

assembly.

20. The driveshaft transmission assembly of claim 16, wherein the first radial
bearing assembly is threadably coupled to a driveshaft; and

wherein the second radial bearing assembly is coupled to the thrust bearing
assembly by interlocking the protrusion on the second radial bearing assembly with

the indentation in the thrust bearing assembly.



WO 2016/167772 PCT/US2015/026178

106 104
R T S S ST, VRSN
RN, NN
D N N A N N N N N A AN AN AN
RO, ORI
TN G e
L SN IS NSNS
B N N N N NN AN, N N N N
LAY NI SRR SRR
N N NN N N A N A NN
"R RGR R RLLL R XGRS GRERGREGRE
RN AN A NN
AN N NN
VNN NN
N A NN SNEAANSANAA
NAGNL Y ALRERREAS
N NINTIA e LN N
NN X
R %
L R
N NN
//\:{?’\ //\:\
AN A =110
P sk
NN SN
e e
L R
N NN
;x\// ) ..;x\/ Z
NN SN
e e
L R
N NN
P XK
NN SN
e e
L R
N NN
;x\// ) ..;x\/ Z
NN SN
e e
L R
N NN
P XK
NN SN
e e
L R
N NN
YA (K
0 ~5
N N
X A
AN S 12
KL KR
DS N
P sk
NN SN
e e
KL KR
DS N
f\\/\~ ~'f\\/\
SN N
KL KR
DS N
5 XL
R Gp 14
AAD :‘,\“"\f{;\' & ‘/‘\/
<% | R
/e KR
j..\//\ N //\
R XK
SN N
L R
S S P
N N 08
“/\\ /\. g “/\\ L VG
SN 7
LR A
S ,
DS N
P SR
NN SN
e e
L R
N NN
X XK
$%>Y7%?<7%?<7%?<$¥>
AN AN N N
NSNS SN
O INENINEN SN SN I N

FIG. 1



WO 2016/167772 PCT/US2015/026178

218

116

/
T w0 a0 T i
A I R
W . U T T 12222 222 % S R R I
| R N
R |
| |
| |
| \
| N
|
|

/ // // // // 0070007,

FIG. 2B




WO 2016/167772 PCT/US2015/026178

3/8

208 302 a0 . 218
// 216 206
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) /

b i A e s
* N

304

LR B
RSSO BRRE
AL

OO IEEFENNN

TIIII I PP I7II P I,




7777777777777




WO 2016/167772 8 PCT/US2015/026178
5

FIG. 5



WO 2016/167772 PCT/US2015/026178

6/8

FIG. 6A

02
800~ N S // @\ o

¥

FIG. 6B



WO 2016/167772 8 PCT/US2015/026178
7

0




WO 2016/167772 PCT/US2015/026178

8/8

o FIG. 8A

FIG. 8B



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/026178

A. CLASSIFICATION OF SUBJECT MATTER

E21B 17/03(2006.01)i, F16D 3/02(2006.01)i, E21B 4/02(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)
E21B 17/03; E21B 4/02, E21B 7/00; F16L 21/00; E21B 17/04; E21B 19/16; E21B 19/00; E21B 17/16; F16D 3/02

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

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: driveshaft, transmission, bearing, catch, lock, pin, ridge and cavity

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See claims 1, 10, 16 and figure 2.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010-0314172 A1 (UNDERWOOD, LANCE D. et al.) 16 December 2010 1-20
See paragraphs [0023]-[0029] and claim 1.
A US 2004-0129430 A1 (TESSIER, LYNN P. et al.) 08 July 2004 1-20
See paragraphs [0057], [0074] and claim 1.
A US 2009-0020337 A1 (SWIETLIK, GEORGE et al.) 22 January 2009 1-20
See paragraphs [0008]-[0014] and claim 1.
A US 2010-0122849 A1 (SALZER, III, JOHN A. et al.) 20 May 2010 1-20
See paragraphs [0012]-[0031] and claim 1.
A US 2013-0146305 A1 (DUPAL, KENNETH et al.) 13 June 2013 1-20

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

See patent family annex.

* Special categories of cited documents:

"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
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
special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or other
means

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

"T" 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

"X" 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

"Y" documentof 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
21 November 2015 (21.11.2015)

Date of mailing of the international search report

23 November 2015 (23.11.2015)

Name and mailing address of the ISA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

S

Authorized officer

KIM, Jin Ho

Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/026178

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010-0314172 Al 16/12/2010 None

US 2004-0129430 Al 08/07/2004 CA 2438509 Al 28/02/2004
CA 2438559 C 26/04/2011
US 6978830 B2 27/12/2005

US 2009-0020337 Al 22/01/2009 GB 2410043 A 20/07/2005
GB 2410043 B 25/06/2008
GB 2410067 A 20/07/2005
GB 2410067 B 27/12/2007
US 2006-151216 Al 13/07/2006
US 2008-179100 Al 31/07/2008
US 7377337 B2 27/05/2008

US 2010-0122849 Al 20/05/2010 EP 2358970 Al 24/08/2011
US 8210282 B2 03/07/2012
WO 2010-056362 Al 20/05/2010

US 2013-0146305 Al 13/06/2013 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	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 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

