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HIGH-CAPACITY SINGLE-TRIP LOCKDOWN BUSHING AND A METHOD TO 
OPERATE THE SAME 

  

BACKGROUND OF THE INVENTION 

 

Field of the Invention: 

[0001] This invention relates in general to well tubulars and hangers and, in particular, 

to a lockdown bushing for increased tubular lockdown capacity and a method to operate 

the same. 

Brief Description of Related Art 

[0002] Typically, a lockdown bushing may be run downhole to land and set above a 

casing hanger to provide additional casing lockdown capability.  The lockdown bushing 

may be needed due to thermal expansion of the casing string.  Lockdown bushings 

improve long-term seat reliability below the lockdown bushing by sharing the cyclic axial 

loads applied to the casing hanger.  To properly land and set a lockdown bushing, the 

lockdown bushing is typically run proximate to lock-ring grooves formed in the subsea 

wellhead axially above the casing hanger.  Generally, the operation requires running of a 

lead impression tool prior to running and setting of the lockdown bushing.  The lead 

impression tool determines the elevation of the lock-ring grooves for proper landing of 

the lockdown bushing.  However, this step is often bypassed due to the costs associated 

with performing an additional tool trip with the drilling rig.  Typically, the lockdown 

bushing is run, landed, and set without checking the locking ring groove elevation.   

[0003] If there is a problem with the lockdown bushing, the lockdown bushing may then 

be removed and the elevation of the locking ring grooves checked with the lead 

impression tool.  This adds additional downhole trips and can significantly increase the 

costs associated with completion of a well.  Where the lead impression tool is used, the 

well casing will have a reduced capacity for handling upward axial loads until the 

lockdown bushing is installed.  This can make the well more vulnerable to blowouts for a 

longer period of time.  Still further, many lockdown bushings do not have a sufficient 

capacity to resist upward axial forces applied to the casing hangers in some deeper well 

installations.  Therefore, there is a need for a single-trip lockdown bushing that may be 
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run without a lead impression tool that also has a greater load capacity than those known 

in the art. 

SUMMARY OF THE INVENTION 

[0004] These and other problems are generally solved or circumvented, and technical 

advantages are generally achieved, by preferred embodiments of the present invention 

that provide a single trip high-capacity lockdown bushing and a method to operate the 

same. 

[0005] In accordance with an embodiment of the present invention, a wellhead assembly, 

is disclosed.  The wellhead assembly includes a wellhead having a bore containing a 

grooved profile, one or more casing hangers landed in the bore below the grooved profile, 

and a lockdown bushing having a tubular body, a locking ring, and an energizing ring that 

retrievably lands in the bore.  The lockdown bushing is adapted to increase lockdown 

capacity of the wellhead.  The lockdown bushing includes a tubular body having an axis 

and a central bore, the tubular body having a lower end adapted to land on a hanger and 

an upward facing shoulder on an outer diameter portion of the tubular body.  The 

lockdown bushing also includes a locking ring positioned on the upward facing shoulder 

and circumscribing the tubular body.  The locking ring has an annular locking ring cam 

surface on an inner diameter of the locking ring.  An energizing ring circumscribes the 

tubular body and is adapted to engage the locking ring with an inner diameter surface of a 

wellhead.  The energizing ring includes a lower portion interposed between the tubular 

body and the locking ring in an unset position.  The lower portion has an outer diameter 

cam surface adapted to engage the annular locking ring cam surface so that when the 

energizing ring moves axially downward, the outer diameter cam surface of the 

energizing ring engages the annular locking ring cam surface to move the locking ring 

into engagement with the inner diameter of the wellhead to a set position increasing 

lockdown capacity. 

[0006] In accordance with another embodiment of the present invention, a lockdown 

bushing adapted to increase lockdown capacity on a single trip is disclosed.  The 

lockdown bushing includes a tubular body having an axis and a central bore.  The tubular 

body has a lower end adapted to land on a hanger and an upward facing shoulder on an 

outer diameter portion of the tubular body.  A locking ring is positioned on the upward 

[0002] Typically, a lockdown bushing may be run downhole to land and set above a casing hanger to
provide additional casing lockdown capability. The lockdown bushing may be needed due to thermal
expansion of the casing string. Lockdown bushings improve long-term seat reliability below the
lockdown bushing by sharing the cyclic axial loads applied to the casing hanger. To properly land and
set a lockdown bushing, the lockdown bushing is typically run proximate to lock-ring grooves formed in
the subsea wellhead axially above the casing hanger. Generally, the operation requires funning of a
lead impression tool prior to funning and setting of the lockdown bushing. The lead impression tool
determines the elevation of the lock-ring grooves for proper landing of the lockdown bushing.
However, this step is often bypassed due to the costs associated with performing an additional tool trip
with the drilling rig. Typically, the lockdown bushing is run, landed, and set without checking the
locking ring groove elevation. [0003] If there is a problem with the lockdown bushing, the lockdown
bushing may then be removed and the elevation of the locking ring grooves checked with the lead
impression tool. This adds additional downhole trips and can significantly increase the costs
associated with completion of a well. Where the lead impression tool is used, the well casing will have
a reduced capacity for handling upward axial loads until the lockdown bushing is installed. This can
make the well more vulnerable to blowouts for a longer period of time. Still further, many lockdown
bushings do not have a sufficient capacity to resist upward axial forces applied to the casing hangers
in some deeper well installations. Therefore, there is a need for a single-trip lockdown bushing that
may be  run without a lead impression tool that also has a greater load capacity than those known in
the art. SUMMARY OF THE INVENTION [0004] These and other problems are generally solved or
circumvented, and technical advantages are generally achieved, by preferred embodiments of the
present invention that provide a single trip high-capacity lockdown bushing and a method to operate
the same. [0005] In accordance with an embodiment of the present invention, a wellhead assembly, is
disclosed. The wellhead assembly includes a wellhead having a bore containing a grooved profile, one
or more casing hangers landed in the bore below the grooved profile, and a lockdown bushing having
a tubular body, a locking ring, and an energizing ring that retrievably lands in the bore. The lockdown
bushing is adapted to increase lockdown capacity of the wellhead. The lockdown bushing includes a
tubular body having an axis and a central bore, the tubular body having a lower end adapted to land
on a hanger and an upward facing shoulder on an outer diameter portion of the tubular body. The
lockdown bushing also includes a locking ring positioned on the upward facing shoulder and
circumscribing the tubular body. The locking ring has an annular locking ring cam surface on an inner
diameter of the locking ring. An energizing ring circumscribes the tubular body and is adapted to
engage the locking ring with an inner diameter surface of a wellhead. The energizing ring includes a
lower portion interposed between the tubular body and the locking ring in an unset position. The lower
portion has an outer diameter cam surface adapted to engage the annular locking ring cam surface so
that when the energizing ring moves axially downward, the outer diameter cam surface of the
energizing ring engages the annular locking ring cam surface to move the locking ring into
engagement with the inner diameter of the wellhead to a set position increasing lockdown capacity. 
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facing shoulder and circumscribes the tubular body.  The locking ring has an annular 

locking ring cam surface on an inner diameter of the locking ring.  An energizing ring 

circumscribes the tubular body and is adapted to engage the locking ring with an inner 

diameter surface of a wellhead.  The energizing ring includes a lower portion interposed 

between the tubular body and the locking ring in an unset position.  The lower portion has 

an outer diameter cam surface adapted to engage the annular locking ring cam surface so 

that when the energizing ring moves axially downward, the outer diameter cam surface of 

the energizing ring engages the annular locking ring cam surface to move the locking ring 

into engagement with the inner diameter of the wellhead to a set position increasing 

lockdown capacity. 

[0007] In accordance with yet another embodiment of the present invention, a method to 

run and set a lockdown bushing in a wellhead is disclosed.  The method provides a 

lockdown bushing having a locking ring disposed on an upward facing shoulder of the 

lockdown bushing and an energizing ring secured to an upper portion of the lockdown 

bushing so that a cam portion of the energizing ring interposed between the locking ring 

and the lockdown bushing overlaps the locking ring.  The method runs the lockdown 

bushing to a casing hanger landed and set in a bore of the wellhead.  The method actuates 

the running tool to move the energizing ring axially downward to engage an energizing 

ring cam surface on the cam portion of the energizing ring with a locking ring cam 

surface on an inner diameter of the locking ring.  The method moves the locking ring 

radially outward into engagement with an inner diameter of the wellhead in response to 

the downward axial movement of the energizing ring, thereby setting the lockdown 

bushing. 

[0008] An advantage of an embodiment is that it provides a lockdown bushing that 

increases total lockdown capacity.  In addition, the disclosed embodiments provide a 

lockdown bushing that reduces installation time.  In some embodiments, the time needed 

to run, land, and set the lockdown bushing is reduced by over 50% due to ability to be 

run, land, and set the lockdown bushing in a single trip.  In still another advantage, the 

disclosed embodiments provide a lockdown bushing that may be run and set with 

standard running and retrieval tools, thereby reducing drilling and installation costs.  This 

may be accomplished by reducing the number of specialty tools needed for installation.  

In addition, the disclosed lockdown bushing may be run without first running a lead 

[0006] In accordance with another embodiment of the present invention, a lockdown bushing adapted
to increase lockdown capacity on a single trip is disclosed. The lockdown bushing includes a tubular
body having an axis and a central bore. The tubular body has a lower end adapted to land on a hanger
and an upward facing shoulder on an outer diameter portion of the tubular body. A locking ring is
positioned on the upward facing shoulder and circumscribes the tubular body. The locking ring has an
annular locking ring cam surface on an inner diameter of the locking ring. An energizing ring
circumscribes the tubular body and is adapted to engage the locking ring with an inner diameter
surface of a wellhead. The energizing ring includes a lower portion interposed between the tubular
body and the locking ring in an unset position. The lower portion has an outer diameter cam surface
adapted to engage the annular locking ring cam surface so that when the energizing ring moves axially
downward, the outer diameter cam surface of the energizing ring engages the annular locking ring
cam surface to move the locking ring into engagement with the inner diameter of the wellhead to a set
position increasing lockdown capacity. [0007] In accordance with yet another embodiment of the
present invention, a method to run and set a lockdown bushing in a wellhead is disclosed. The method
provides a lockdown bushing having a locking ring disposed on an upward facing shoulder of the
lockdown bushing and an energizing ring secured to an upper portion of the lockdown bushing so that
a cam portion of the energizing ring interposed between the locking ring and the lockdown bushing
overlaps the locking ring. The method runs the lockdown bushing to a casing hanger landed and set in
a bore of the wellhead. The method actuates the funning tool to move the energizing ring axially
downward to engage an energizing ring cam surface on the cam portion of the energizing ring with a
locking ring cam surface on an inner diameter of the locking ring. The method moves the locking ring
radially outward into engagement with an inner diameter of the wellhead in response to the downward
axial movement of the energizing ring, thereby setting the lockdown bushing. [0008] An advantage of
an embodiment is that it provides a lockdown bushing that increases total lockdown capacity. In
addition, the disclosed embodiments provide a lockdown bushing that reduces installation time. In
some embodiments, the time needed to run, land, and set the lockdown bushing is reduced by over
50% due to ability to be run, land, and set the lockdown bushing in a single trip. In still another
advantage, the disclosed embodiments provide a lockdown bushing that may be run and set with
standard funning and retrieval tools, thereby reducing drilling and installation costs. This may be
accomplished by reducing the number of specialty tools needed for installation. In addition, the
disclosed lockdown bushing may be run without first funning a lead impression tool to determine the
location of lockdown grooves or wickers in the wellhead. In yet another advantage, the disclosed
embodiments provide a lockdown bushing that accommodates tubing and casing hangers that sit or
land high due to debris within the wellhead. BRIEF DESCRIPTION OF THE DRAWINGS [0009] So
that the manner in which the features, advantages and objects of the invention, as well as others
which will become apparent, are attained, and can be understood in more detail, more particular
description of the invention briefly summarized above may be had by reference to the embodiments
thereof which are illustrated in the appended drawings that form a part of this specification. It is to be
noted, however, that the drawings illustrate only a preferred embodiment of the invention and are
therefore not to be considered limiting of its scope as the invention may admit to other equally effective
embodiments. 
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impression tool to determine the location of lockdown grooves or wickers in the 

wellhead.  In yet another advantage, the disclosed embodiments provide a lockdown 

bushing that accommodates tubing and casing hangers that sit or land high due to debris 

within the wellhead.   

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] So that the manner in which the features, advantages and objects of the invention, 

as well as others which will become apparent, are attained, and can be understood in 

more detail, more particular description of the invention briefly summarized above may 

be had by reference to the embodiments thereof which are illustrated in the appended 

drawings that form a part of this specification.  It is to be noted, however, that the 

drawings illustrate only a preferred embodiment of the invention and are therefore not to 

be considered limiting of its scope as the invention may admit to other equally effective 

embodiments. 

[0010] Figure 1 is sectional view of a wellhead having casing hangers and a lockdown 

bushing disposed therein in accordance with an embodiment of the present invention. 

[0011] Figure 2 is a partial sectional view of the lockdown bushing landed in the 

casing hanger in an unset position in accordance with an embodiment of the present 

invention. 

[0012] Figure 3 is a sectional view of a portion of the lockdown bushing in the unset 

position in accordance with an embodiment of the present invention. 

[0013] Figures 4A-4D are embodiments of a locking ring carried by the lockdown 

bushing of Figure 3 in accordance with an embodiment of the present invention. 

[0014] Figure 5 is a partial sectional view of the lockdown bushing landed in the 

casing hanger in a set position in accordance with an embodiment of the present 

invention. 

[0015] Figure 6 is a sectional view of a portion of the lockdown bushing in the set 

position in accordance with an embodiment of the present invention.  

[0016] Figure 7 is a sectional view of the portion of the lockdown bushing of Figure 5 

having detents formed thereon. 

[0010]Figure 1 is sectional view of a wellhead having casing hangers and a lockdown bushing
disposed therein in accordance with an embodiment of the present invention. [0011]Figure 2 is a
partial sectional view of the lockdown bushing landed in the casing hanger in an unset position in
accordance with an embodiment of the present invention. [0012]Figure 3 is a sectional view of a
portion of the lockdown bushing in the unset position in accordance with an embodiment of the present
invention. [0013] Figures 4A-4D are embodiments of a locking ring carried by the lockdown bushing of
Figure 3 in accordance with an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] The present invention will now be described more fully hereinafter with reference 

to the accompanying drawings which illustrate embodiments of the invention.  This 

invention may, however, be embodied in many different forms and should not be 

construed as limited to the illustrated embodiments set forth herein.  Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and will 

fully convey the scope of the invention to those skilled in the art.  Like numbers refer to 

like elements throughout. 

[0018] In the following discussion, numerous specific details are set forth to provide a 

thorough understanding of the present invention.  However, it will be obvious to those 

skilled in the art that the present invention may be practiced without such specific details. 

 Additionally, for the most part, details concerning rig operation, subsea assembly 

connections, riser use, and the like have been omitted inasmuch as such details are not 

considered necessary to obtain a complete understanding of the present invention, and are 

considered to be within the skills of persons skilled in the relevant art. 

[0019] As shown in Figure 1, a wellhead 11 includes a high pressure housing 13 and a 

low pressure housing 15.  High pressure housing 13 and low pressure housing 15 are 

concentric with an axis 9 passing through a central bore or passage 7 of wellhead 11.  In 

an embodiment, wellhead 11 is disposed in a wellbore (not shown) located on a subsea 

floor (not shown).  A portion of the low pressure housing 15 extends into the wellbore.  

High pressure housing 13 is disposed in low pressure housing 15 and set to form 

wellhead 11.  In the illustrated embodiment, a first casing hanger 17 is landed and set 

within high pressure housing 13, with a first packoff or seal assembly 19 between first 

casing hanger 17 and high pressure housing 13.  As shown, a second casing hanger 21 is 

landed and set with a second packoff or seal assembly 23.  Second chasing hanger 21 

lands in first casing hanger 17.  A person skilled in the art will understand that low 

pressure housing 15, high pressure housing 13, first casing hanger 17 and first seal 

assembly 19, and second casing hanger 21 and second seal assembly 23 may be run, 

landed, and set in any suitable manner as is known in the art. 

[0020] In the illustrated embodiment, a lockdown bushing 25 may be run and landed on 

second casing hanger 21.  A person skilled in the art will recognize that other 

[0014]Figure 5 is a partial sectional view of the lockdown bushing landed in the casing hanger in a set
position in accordance with an embodiment of the present invention. [0015]Figure 6 is a sectional view
of a portion of the lockdown bushing in the set position in accordance with an embodiment of the
present invention. [0016]Figure 7 is a sectional view of the portion of the lockdown bushing of Figure 5
having detents formed thereon.  
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embodiments include lockdown bushing 25 landed on first casing hanger 17.  Lockdown 

bushing 25 includes a tubular body 27 having an upper portion 29 and a lower portion 31 

as shown in Figure 2.  In an embodiment, tubular body 27 includes a stack up or overall 

height from a lower end of lower portion 31 to an upper end of upper portion 29 that is 

substantially equivalent to second casing hanger 21, creating a modular package that can 

be installed on top of first casing hanger 17 and second casing hanger 21.  Lower portion 

31 is adapted to land on an upward facing rim 33 of second casing hanger 21.  Upper 

portion 29 has an internal profile 30 adapted to be carried by a standard running tool.  For 

example, a Drill Pipe Running Tool (DPRT); or a MS 700 Pressure Assist Drill Pipe 

Running Tool (PADRT) both available from Vetco Gray, Inc., a subsidiary of GE Oil and 

Gas, Inc. may be used to run lockdown bushing 25.  In addition, running tools may be 

used that are similar to those disclosed in the following: U.S. Patent No. 7,909,107, to 

Gette, issued March 3, 2011; U.S. Patent Application No. 12/490,874, by Eppinghaus, et 

al., filed June 24, 2009; U.S. Patent Application No. 12/856,462, by Eppinghaus, et al., 

filed August 13, 2010 ; and U.S. Patent Application No. 13/053,911, by Gette, filed 

March 22, 2011, all of which are incorporated herein by reference.  A person skilled in 

the art will understand that the disclosed running tools are exemplary and not intended to 

limit the scope of the disclosed embodiments herein.  Other running tools not explicitly 

disclosed herein may be used to run, land, and set lockdown bushing 25.  Internal profile 

30 will include one or more groove, notches, slots, or other indentations as needed 

formed in an inner surface of upper portion 29 so that the selected running tool may 

releaseably secure to lockdown bushing for running and setting of lockdown bushing 25.  

In an embodiment, internal profile 30 matches an internal profile of second casing hanger 

21. 

[0021] Referring now to Figure 2, tubular body 27 has a medial portion 35 having an 

outer diameter that is substantially equivalent to an inner diameter of high pressure 

housing 13.  Medial portion 35 of tubular body 27 extends between lower portion 31 and 

upper portion 29.  On the outer circumference of lockdown bushing 25, the medial 

portion 35 forms a downward facing shoulder 37 proximate to where medial portion 35 

joins lower portion 31.  Lockdown bushing 25 also includes an upward facing shoulder 

39 opposite downward facing shoulder 37 and proximate to where medial portion 35 

joins upper portion 29.  An upper portion of second seal assembly 23 is adapted to fit 

DETAII FD DESCRIPTION OF THE PREFERRED EMBODIMENT [0017] The present invention will
now be described more fully hereinafter with reference to the accompanying drawings which illustrate
embodiments of the invention. This invention may, however, be embodied in many different forms and
should not be construed as limited to the illustrated embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art. Like numbers refer to like elements throughout.
[0018] In the following discussion, numerous specific details are set forth to provide a thorough
understanding of the present invention. However, it will be obvious to those skilled in the art that the
present invention may be practiced without such specific details Additionally, for the most part, details
concerning rig operation, subsea assembly connections, riser use, and the like have been omitted
inasmuch as such details are not considered necessary to obtain a complete understanding of the
present invention, and are considered to be within the skills of persons skilled in the relevant art.
[0019] As shown in Figure 1, a wellhead 11 includes a high pressure housing 13 and a low pressure
housing 15. High pressure housing 13 and low pressure housing 15 are concentric with an axis 9
passing through a central bore or passage 7 of wellhead 11. In an embodiment, wellhead 11 is
disposed in a wellbore (not shown) located on a subsea floor (not shown). A portion of the low
pressure housing 15 extends into the wellbore. High pressure housing 13 is disposed in low pressure
housing 15 and set to form wellhead 11. In the illustrated embodiment, a first casing hanger 17 is
landed and set within high pressure housing 13, with a first packoff or seal assembly 19 between first
casing hanger 17 and high pressure housing 13. As shown, a second casing hanger 21 is landed and
set with a second packoff or seal assembly 23. Second chasing hanger 21 lands in first casing hanger
17. A person skilled in the art will understand that low pressure housing 15, high pressure housing 13,
first casing hanger 17 and first seal assembly 19, and second casing hanger 21 and second seal
assembly 23 may be run, landed, and set in any suitable manner as is known in the art. [0020] In the
illustrated embodiment, a lockdown bushing 25 may be run and landed on second casing hanger 21. A
person skilled in the art will recognize that other  
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within an annular groove bounded by an outer diameter of lower portion 31 and 

downward facing shoulder 37 of medial portion 35.  As shown, downward facing 

shoulder 37 may have a horizontal profile to accommodate the upper end of second seal 

assembly 23.  For example, in the illustrated embodiment, downward facing shoulder 37 

includes a substantially horizontal portion extending from lower portion 31, a cylindrical 

portion extending toward medial portion from the horizontal portion opposite lower 

portion 31 and a conical portion extending from the cylindrical portion to the outer 

diameter of medial portion 27.  As shown, these three portions match the shape of the 

upper portion of second seal assembly 23.  A person skilled in the art will understand that 

in other embodiments, downward facing shoulder 37 may have a differently shaped 

profile.  In the illustrated embodiments, the outer diameter of lower portion 31 is less than 

the outer diameter of medial portion 35 to accommodate second seal assembly 23.   

[0022] An annular locking ring 41 is positioned on upward facing shoulder 39 of medial 

portion 35 and between upper portion 29 and high pressure housing 13.  An energizing 

ring 43 circumscribes at least a portion of upper portion 29 and has a cam portion 45 

interposed between locking ring 41 and upper portion 29.  A portion of an axial limiting 

ring 47 resides within a groove 49 circumscribing an outer surface of upper portion 29.  

Groove 49 extends radially inward from an outer diameter surface of upper portion 29 

and may have a depth less than the total thickness of axial limiting ring 47.  A remaining 

portion of axial limiting ring 47 resides within a limiter groove 51 formed in an inner 

surface of energizing ring 43.  Limiter groove 51 extends radially outward from the inner 

surface of energizing ring 43, and may have a depth less than the total thickness of axial 

limiting ring 47 so that portions of axial limiting ring 47 that do not reside within groove 

49 may reside within limiter groove 51.  In the illustrated embodiment, axial limiting ring 

47 has a height substantially equivalent to a height of groove 49 so that axial limiting ring 

47 has limited movement axially relative to tubular body 25 when axial limiting ring 47 

resides within groove 49.  Limiter groove 51 may have a height larger than the height of 

axial limiting ring 47 so that energizing ring 43 may move axially relative to tubular body 

25 as described in more detail below.  As energizing ring 43 axially moves relative to 

tubular body 25, limiter groove 51 will also move axially so that axial limiting ring 47 

will land on opposite shoulders 65, 69 of limiter groove 51. 

embodiments include lockdown bushing 25 landed on first casing hanger 17. Lockdown bushing 25
includes a tubular body 27 having an upper portion 29 and a lower portion 31 as shown in Figure 2. In
an embodiment, tubular body 27 includes a stack up or overall height from a lower end of lower portion
31 to an upper end of upper portion 29 that is substantially equivalent to second casing hanger 21,
creating a modular package that can be installed on top of first casing hanger 17 and second casing
hanger 21. Lower portion 31 is adapted to land on an upward facing rim 33 of second casing hanger
21. Upper portion 29 has an internal profile 30 adapted to be carried by a standard running tool. For
example, a Drill Pipe Running Tool (DPRT); or a MS 700 Pressure Assist Drill Pipe Running Tool
(PADRT) both available from Vetco Gray, Inc., a subsidiary of GE Oil and Gas, Inc. may be used to
run lockdown bushing 25. In addition, running tools may be used that are similar to those disclosed in
the following: U.S. Patent No. 7,909,107, to Gette, issued March 3, 2011; U.S. Patent Application No.
12/490,874, by Eppinghaus, et al., filed June 24, 2009; U.S. Patent Application No. 12/856,462, by
Eppinghaus, et al., filed August 13, 2010 ; and U.S. Patent Application No. 13/053,911, by Gette, filed
March 22, 2011, all of which are incorporated herein by reference. A person skilled in the art will
understand that the disclosed funning tools are exemplary and not intended to limit the scope of the
disclosed embodiments herein. Other funning tools not explicitly disclosed herein may be used to run,
land, and set lockdown bushing 25. Internal profile 30 will include one or more groove, notches, slots,
or other indentations as needed formed in an inner surface of upper portion 29 so that the selected
funning tool may releaseably secure to lockdown bushing for funning and setting of lockdown bushing
25. In an embodiment, internal profile 30 matches an internal profile of second casing hanger 21.
[0021] Referring now to Figure 2, tubular body 27 has a medial portion 35 having an outer diameter
that is substantially equivalent to an inner diameter of high pressure housing 13. Medial portion 35 of
tubular body 27 extends between lower portion 31 and upper portion 29. On the outer circumference of
lockdown bushing 25, the medial portion 35 forms a downward facing shoulder 37 proximate to where
medial portion 35 joins lower portion 31. Lockdown bushing 25 also includes an upward facing
shoulder 39 opposite downward facing shoulder 37 and proximate to where medial portion 35 joins
upper portion 29. An upper portion of second seal assembly 23 is adapted to fit within an annular
groove bounded by an outer diameter of lower portion 31 and downward facing shoulder 37 of medial
portion 35. As shown, downward facing shoulder 37 may have a horizontal profile to accommodate the
upper end of second seal assembly 23. For example, in the illustrated embodiment, downward facing
shoulder 37 includes a substantially horizontal portion extending from lower portion 31, a cylindrical
portion extending toward medial portion from the horizontal portion opposite lower portion 31 and a
conical portion extending from the cylindrical portion to the outer diameter of medial portion 27. As
shown, these three portions match the shape of the upper portion of second seal assembly 23. A
person skilled in the art will understand that in other embodiments, downward facing shoulder 37 may
have a differently shaped profile. In the illustrated embodiments, the outer diameter of lower portion 31
is less than the outer diameter of medial portion 35 to accommodate second seal assembly 23. [0022]
An annular locking ring 41 is positioned on upward facing shoulder 39 of medial portion 35 and
between upper portion 29 and high pressure housing 13. An energizing ring 43 circumscribes at least
a portion of upper portion 29 and has a cam portion 45 interposed between locking ring 41 and upper
portion 29. A portion of an axial limiting ring 47 resides within a groove 49 circumscribing an outer
surface of upper portion 29. Groove 49 extends radially inward from an outer diameter surface of
upper portion 29 and may have a depth less than the total thickness of axial limiting ring 47. A
remaining portion of axial limiting ring 47 resides within a limiter groove 51 formed in an inner surface
of energizing ring 43. Limiter groove 51 extends radially outward from the inner surface of energizing
ring 43, and may have a depth less than the total thickness of axial limiting ring 47 so that portions of
axial limiting ring 47 that do not reside within groove 49 may reside within limiter groove 51. In the
illustrated embodiment, axial limiting ring 47 has a height substantially equivalent to a height of groove
49 so that axial limiting ring 47 has limited movement axially relative to tubular body 25 when axial
limiting ring 47 resides within groove 49. Limiter groove 51 may have a height larger than the height of
axial limiting ring 47 so that energizing ring 43 may move axially relative to tubular body 25 as
described in more detail below. As energizing ring 43 axially moves relative to tubular body 25, limiter
groove 51 will also move axially so that axial limiting ring 47 will land on opposite shoulders 65, 69 of
limiter groove 51.  [0023] As shown in Figure 3, cam portion 45 of energizing ring 43 has an outer
diameter cam surface 53. Outer diameter cam surface 53 tapers radially outward while extending
upward from a lower end 55 of cam portion 53. An angle 57 of cam surface 53 may be selected from a
range of about 3 to 7 degrees and in the illustrated embodiments is approximately 4 degrees. Locking
ring 41 includes an inner diameter surface 59 having a matching taper to the taper of outer diameter
cam surface 53. Cam surface 53 and inner diameter surface 59 may be considered mating surfaces or
mating tapered surfaces. Locking ring 41 also has an outer diameter surface 61 that is substantially
parallel to axis 9 (Figure 1). When lockdown bushing 25 is landed on second casing hanger 21 (Figure
2), outer diameter surface 61 may be proximate to at least a portion of a plurality of wickers 63 formed
on an inner diameter surface of high pressure housing 13. A person skilled in the art will recognize that
wickers 63 have a profile as disclosed in co-pending U.S. Patent Application No. 13/237,687, by
Phadke, et al., filed September 20, 2011, the application of which is incorporated herein by reference.
A person skilled in the art will understand that the disclosed wickers are exemplary and not intended to
limit the scope of the disclosed embodiments. Other wickers 63 having varying profiles are
contemplated and included in the disclosed embodiments. [0024] In the landed but unset position
illustrated in Figure 2 and Figure 3, lower end 55 of cam portion 45 is spaced-apart from upward facing
shoulder 39 of medial portion 35 of tubular body 27. Axial limiter ring 47 may be in contact with upward
facing shoulder 65 of limiter groove 51. Optionally, one or more cylindrical shear members 67 may
extend through radially oriented bores in energizing ring 43 and into corresponding bores of upper
portion 29. Shear member 67 may have a length sufficient to extend through energizing ring 43 and
seat within upper portion 29 of lockdown bushing 25. Shear members 67 may have a diameter or
thickness selected to provide appropriate resistance to shear to prevent premature setting of lockdown
bushing 25 during running of lockdown bushing 25. Shear members 67 may maintain energizing ring
43 in the unset position prior to exertion of a predetermined axial force on energizing ring 43. 
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[0023] As shown in Figure 3, cam portion 45 of energizing ring 43 has an outer diameter 

cam surface 53.  Outer diameter cam surface 53 tapers radially outward while extending 

upward from a lower end 55 of cam portion 53.  An angle 57 of cam surface 53 may be 

selected from a range of about 3 to 7 degrees and in the illustrated embodiments is 

approximately 4 degrees.  Locking ring 41 includes an inner diameter surface 59 having a 

matching taper to the taper of outer diameter cam surface 53.  Cam surface 53 and inner 

diameter surface 59 may be considered mating surfaces or mating tapered surfaces.  

Locking ring 41 also has an outer diameter surface 61 that is substantially parallel to axis 

9 (Figure 1).  When lockdown bushing 25 is landed on second casing hanger 21 (Figure 

2), outer diameter surface 61 may be proximate to at least a portion of a plurality of 

wickers 63 formed on an inner diameter surface of high pressure housing 13.  A person 

skilled in the art will recognize that wickers 63 have a profile as disclosed in co-pending 

U.S. Patent Application No. 13/237,687, by Phadke, et al., filed September 20, 2011, the 

application of which is incorporated herein by reference.  A person skilled in the art will 

understand that the disclosed wickers are exemplary and not intended to limit the scope 

of the disclosed embodiments.  Other wickers 63 having varying profiles are 

contemplated and included in the disclosed embodiments. 

[0024] In the landed but unset position illustrated in Figure 2 and Figure 3, lower end 55 

of cam portion 45 is spaced-apart from upward facing shoulder 39 of medial portion 35 of 

tubular body 27.  Axial limiter ring 47 may be in contact with upward facing shoulder 65 

of limiter groove 51.  Optionally, one or more cylindrical shear members 67 may extend 

through radially oriented bores in energizing ring 43 and into corresponding bores of 

upper portion 29.  Shear member 67 may have a length sufficient to extend through 

energizing ring 43 and seat within upper portion 29 of lockdown bushing 25.  Shear 

members 67 may have a diameter or thickness selected to provide appropriate resistance 

to shear to prevent premature setting of lockdown bushing 25 during running of 

lockdown bushing 25.  Shear members 67 may maintain energizing ring 43 in the unset 

position prior to exertion of a predetermined axial force on energizing ring 43.   

[0025] In some embodiments, illustrated in Figures 4A-4D, locking ring 41 includes axial 

saw cuts 40 adapted to reduce installation and retrieval loads without adversely affecting 

axial load carrying capacity.  In an embodiment, locking ring 41 has a single saw cut 40 

(Figure 4B) circumferentially spaced apart that extend through the side wall of the 

[0025] In some embodiments, illustrated in Figures 4A-4D, locking ring 41 includes axial saw cuts 40
adapted to reduce installation and retrieval loads without adversely affecting axial load carrying
capacity. In an embodiment, locking ring 41 has a single saw cut 40 (Figure 4B) circumferentially
spaced apart that extend through the side wall of the  locking ring 41 and a portion of its length. Saw
cuts 40 also extending through locking ring 41 so that locking ring 41 may be a split ring as shown in
Figure 4A. In another embodiment, locking ring 41 has multiple saw cuts extending from a lower rim 42
or an upper rim 44 of locking ring 41, as shown in Figures 4B and 4C, respectively. In these
embodiments, saw cuts 40 do not extend all the way through locking ring 41. In still another
embodiment, locking ring 41 has saw cuts 40 extending from both lower rim 42 and upper rim 44 so
that non-saw cut portions of locking ring 41 has a serpentine like profile as shown in Figure 4D. In
these embodiments, saw cuts 40 do not extend all the way through locking ring 41. In each of these
embodiments, saw cuts 40 decrease hoop stresses in locking ring 41 so that the force required to set
and retrieve locking ring 41 is decreased over a locking ring 41 without saw cuts 40. A person skilled in
the art will understand that the disclosed embodiments also contemplate and include lock rings 41 with
no saw cuts 40. [0026] As illustrated in Figures 5 and 6, energizing ring 43 may be driven axially
downward by a running tool, such as a standard running tool having a hydraulically actuated piston
adapted to set second seal assembly 23 with fluid pressure supplied through a drill string or riser as
disclosed above. As energizing ring 43 is driven axially downward, cam surface 53 of cam portion 45
will slide against cam surface 59 of locking ring 41. The combined width of locking ring 41 and cam
portion 45 of energizing ring 43 is greater than the width of upward facing shoulder 39, thus as
energizing ring 43 is driven axially downward, the interacting cam surfaces 53, 59 will drive locking ring
41 radially outward. Outer diameter surface 61 of locking ring 41 will move into abutting contact with
wickers 63 of the high pressure housing 13. Thereby deforming outer diameter surface 61 with
depressions caused by tips of wickers 63. The tips of wickers 63 engage with the depressions to
axially couple the locking ring 41 and the high pressure housing 13 thereby setting lockdown bushing
25. Locking ring 41 has a height 46 that permits engagement of up to twice the total wickers 63 when
compared to the number of wickers engaged by first seal assembly 19 and second seal assembly 23.
In this manner locking ring 41 creates a higher capacity engagement and adding lockdown capacity for
lockdown bushing 25. [0027] Energizing ring 43 may move axially downward until axially limiting ring
47 lands on a downward facing shoulder 69 of limiter groove 51, stopping further downward  
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locking ring 41 and a portion of its length.  Saw cuts 40 also extending through locking 

ring 41 so that locking ring 41 may be a split ring as shown in Figure 4A.  In another 

embodiment, locking ring 41 has multiple saw cuts extending from a lower rim 42 or an 

upper rim 44 of locking ring 41, as shown in Figures 4B and 4C, respectively.  In these 

embodiments, saw cuts 40 do not extend all the way through locking ring 41.  In still 

another embodiment, locking ring 41 has saw cuts 40 extending from both lower rim 42 

and upper rim 44 so that non-saw cut portions of locking ring 41 has a serpentine like 

profile as shown in Figure 4D.  In these embodiments, saw cuts 40 do not extend all the 

way through locking ring 41.  In each of these embodiments, saw cuts 40 decrease hoop 

stresses in locking ring 41 so that the force required to set and retrieve locking ring 41 is 

decreased over a locking ring 41 without saw cuts 40.  A person skilled in the art will 

understand that the disclosed embodiments also contemplate and include lock rings 41 

with no saw cuts 40. 

[0026] As illustrated in Figures 5 and 6, energizing ring 43 may be driven axially 

downward by a running tool, such as a standard running tool having a hydraulically 

actuated piston adapted to set second seal assembly 23 with fluid pressure supplied 

through a drill string or riser as disclosed above.  As energizing ring 43 is driven axially 

downward, cam surface 53 of  cam portion 45 will slide against cam surface 59 of 

locking ring 41.  The combined width of locking ring 41 and cam portion 45 of 

energizing ring 43 is greater than the width of upward facing shoulder 39, thus as 

energizing ring 43 is driven axially downward, the interacting cam surfaces 53, 59 will 

drive locking ring 41 radially outward.  Outer diameter surface 61 of locking ring 41 will 

move into abutting contact with wickers 63 of the high pressure housing 13.  Thereby 

deforming outer diameter surface 61 with depressions caused by tips of wickers 63.  The 

tips of wickers 63 engage with the depressions to axially couple the locking ring 41 and 

the high pressure housing 13 thereby setting lockdown bushing 25.  Locking ring 41 has a 

height 46 that permits engagement of up to twice the total wickers 63 when compared to 

the number of wickers engaged by first seal assembly 19 and second seal assembly 23.  In 

this manner locking ring 41 creates a higher capacity engagement and adding lockdown 

capacity for lockdown bushing 25. 

[0027] Energizing ring 43 may move axially downward until axially limiting ring 47 

lands on a downward facing shoulder 69 of limiter groove 51, stopping further downward 

axial movement of energizing ring 41. In the illustrated embodiment, lower end 55 of cam portion 45 is
set back from upward facing shoulder 39 when downward axial movement of energizing ring 43 halts.
Cam portion 45 of energizing ring 43 has significant overlap with locking ring 41 in the unset position of
Figure 3. Cam portion 45 extends between locking ring 41 and upper portion 29 along approximately
two-thirds of the height of locking ring 41 in the unset position. A person skilled in the art will
understand that cam portion 45 may overlap the height of locking ring 41 as little as approximately
one-half or fifty percent of the height to greater than two-thirds the height of locking ring 41 in the
running or unset position. This overlap permits full engagement of locking ring 41 with wickers 63 with
less axial movement by energizing ring 43. This is possible due to angle 57 and the overlap between
locking ring 41 and energizing ring 43 in the unset position and permits more of locking ring 61 to
engage wickers 63 with less applied hydraulic force to the running tool. In addition, greater
engagement of wickers 63 by locking ring 61 by shorter downward axial movement by energizing ring
43. In the set position of Figure 6, the overlap between cam portion 45 and locking ring 43 may be
approximately eighty percent or more. A person skilled in the art will understand that there may be
more or less overlap between cam portion 45 and locking ring 41. In an embodiment, the locking
interface between outer diameter surface 61 of the locking ring 41 and wickers 63 of high pressure
housing 13 may resist over 2.5 million lb ft of upward pressure. The shallow angle 57 of the matching
tapers of cam portion 45 and locking ring 41 may friction lock energizing ring 43 and locking ring 41 in
the set position of Figures 5 and 6, preventing unintended release of locking member 41 from wickers
63 of high pressure housing 13. In some embodiments, shown in Figure 7, cam surfaces 53, 59
include detents 71, 73, respectively. When in the set position of Figure 7, detents 71, 73 provide
additional locking to increase resistance to unintended release of locking member 41 from high
pressure housing 13. Alternatively, detents 71, 73 may be formed on energizing ring 43 and upper
portion 29 as shown by detents 71', 73' of Figure 7. In embodiments having optional shear members
67, the funning tool exerts sufficient force to shear shear members 67 before downward axial
movement of energizing ring 41 takes place. [0028] A person skilled in the art will understand that
lockdown bushing 25 may be retrieved with a standard retrieval tool such as those disclosed above.
During retrieval the running tool may be run to the location of lockdown bushing 25. There, the running
tool may be actuated to engaged profile 30 of upper portion 29 of tubular body 27. The running tool
may be further actuated to pull axially upward on energizing ring 43 to move energizing ring 43 from
the set position of Figures 5 and 6 to the unset position of Figures 2 and 3. The running tool may then
be pulled upward which will in turn pull upward on tubular body 27 through the engaged profile 30. The
upward pull on tubular body 27 will cause locking ring 41 to disengage from wickers 63, permitting
retrieval of lockdown bushing 25 from wellhead 11. [0029] A person skilled in the art will also
understand that energizing ring 43 may include a ratcheting sleeve that is torqued into engagement
with a thread profile in the bore of the housing. [0030] Accordingly, the disclosed embodiments provide
numerous advantages. For example, the disclosed embodiments provide a lockdown bushing that
reduces installation time. In some embodiments, the time needed to run, land, and set the lockdown
bushing is reduced by over 50% due to ability to be run, land, and set the lockdown bushing in a single
trip. In still another advantage, the disclosed embodiments provide a lockdown bushing that may be
run and set with standard funning and retrieval tools, thereby reducing drilling and installation costs.
This may be accomplished by reducing the number of specialty tools needed for installation. In
addition, the disclosed lockdown bushing may be run without first funning a lead impression tool to
determine the location of lockdown grooves or wickers in the wellhead. In yet another advantage, the
disclosed embodiments provide a lockdown bushing that accommodates tubing and casing hangers
that sit or land high due to debris within the wellhead. [0031] It is understood that the present invention
may take many forms and embodiments. Accordingly, several variations may be made in the foregoing
without departing from the spirit or scope of the invention. Having thus described the present invention
by reference to certain of its preferred embodiments, it is noted that the embodiments disclosed are
illustrative rather than limiting in nature and that a wide range of variations, modifications, changes,
and substitutions are contemplated in the foregoing disclosure and, in some instances, some features
of the present invention may be employed without a corresponding use of the other features. Many
such variations and 



 

10 
 

axial movement of energizing ring 41.  In the illustrated embodiment, lower end 55 of 

cam portion 45 is set back from upward facing shoulder 39 when downward axial 

movement of energizing ring 43 halts.  Cam portion 45 of energizing ring 43 has 

significant overlap with locking ring 41 in the unset position of Figure 3.  Cam portion 45 

extends between locking ring 41 and upper portion 29 along approximately two-thirds of 

the height of locking ring 41 in the unset position.  A person skilled in the art will 

understand that cam portion 45 may overlap the height of locking ring 41 as little as 

approximately one-half or fifty percent of the height to greater than two-thirds the height 

of locking ring 41 in the running or unset position.  This overlap permits full engagement 

of locking ring 41 with wickers 63 with less axial movement by energizing ring 43.  This 

is possible due to angle 57 and the overlap between locking ring 41 and energizing ring 

43 in the unset position and permits more of locking ring 61 to engage wickers 63 with 

less applied hydraulic force to the running tool.  In addition, greater engagement of 

wickers 63 by locking ring 61 by shorter downward axial movement by energizing ring 

43.  In the set position of Figure 6, the overlap between cam portion 45 and locking ring 

43 may be approximately eighty percent or more.  A person skilled in the art will 

understand that there may be more or less overlap between cam portion 45 and locking 

ring 41.  In an embodiment, the locking interface between outer diameter surface 61 of 

the locking ring 41 and wickers 63 of high pressure housing 13 may resist over 2.5 

million lb ft of upward pressure.  The shallow angle 57 of the matching tapers of cam 

portion 45 and locking ring 41 may friction lock energizing ring 43 and locking ring 41 in 

the set position of Figures 5 and 6, preventing unintended release of locking member 41 

from wickers 63 of high pressure housing 13.  In some embodiments, shown in Figure 7, 

cam surfaces 53, 59 include detents 71, 73, respectively.  When in the set position of 

Figure 7, detents 71, 73 provide additional locking to increase resistance to unintended 

release of locking member 41 from high pressure housing 13.  Alternatively, detents 71, 

73 may be formed on energizing ring 43 and upper portion 29 as shown by detents 71’, 

73’ of Figure 7.  In embodiments having optional shear members 67, the running tool 

exerts sufficient force to shear shear members 67 before downward axial movement of 

energizing ring 41 takes place. 

[0028] A person skilled in the art will understand that lockdown bushing 25 may be 

retrieved with a standard retrieval tool such as those disclosed above.  During retrieval 

modifications may be considered obvious and desirable by those skilled in the art based upon a review
of the foregoing description of preferred embodiments. Accordingly, it is appropriate that the appended
claims be construed broadly and in a manner consistent with the scope of the invention.  What is
claimed is:  1. A wellhead assembly (11), comprising: a wellhead (13) having a bore (7) having a
grooved profile (63); one or more casing hangers (21) landed in the bore (7) below the grooved profile
(63); and 
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the running tool may be run to the location of lockdown bushing 25.  There, the running 

tool may be actuated to engaged profile 30 of upper portion 29 of tubular body 27.  The 

running tool may be further actuated to pull axially upward on energizing ring 43 to move 

energizing ring 43 from the set position of Figures 5 and 6 to the unset position of Figures 

2 and 3.  The running tool may then be pulled upward which will in turn pull upward on 

tubular body 27 through the engaged profile 30.  The upward pull on tubular body 27 will 

cause locking ring 41 to disengage from wickers 63, permitting retrieval of lockdown 

bushing 25 from wellhead 11. 

[0029] A person skilled in the art will also understand that energizing ring 43 may 

include a ratcheting sleeve that is torqued into engagement with a thread profile in the 

bore of the housing.  

[0030] Accordingly, the disclosed embodiments provide numerous advantages.  For 

example,  the disclosed embodiments provide a lockdown bushing that reduces 

installation time.  In some embodiments, the time needed to run, land, and set the 

lockdown bushing is reduced by over 50% due to ability to be run, land, and set the 

lockdown bushing in a single trip.  In still another advantage, the disclosed embodiments 

provide a lockdown bushing that may be run and set with standard running and retrieval 

tools, thereby reducing drilling and installation costs.  This may be accomplished by 

reducing the number of specialty tools needed for installation.  In addition, the disclosed 

lockdown bushing may be run without first running a lead impression tool to determine 

the location of lockdown grooves or wickers in the wellhead.  In yet another advantage, 

the disclosed embodiments provide a lockdown bushing that accommodates tubing and 

casing hangers that sit or land high due to debris within the wellhead. 

[0031] It is understood that the present invention may take many forms and 

embodiments.  Accordingly, several variations may be made in the foregoing without 

departing from the spirit or scope of the invention.  Having thus described the present 

invention by reference to certain of its preferred embodiments, it is noted that the 

embodiments disclosed are illustrative rather than limiting in nature and that a wide range 

of variations, modifications, changes, and substitutions are contemplated in the foregoing 

disclosure and, in some instances, some features of the present invention may be 

employed without a corresponding use of the other features.  Many such variations and 

an annular lockdown bushing (25) coaxially inserted into the bore (7);    a locking ring (41) set in an
annulus between the lockdown bushing (25) and the grooved profile (63) and selectively moveable
from a running position spaced radially inward from the grooved profile (63) to a set position in contact
with the grooved profile (63);    an energizing ring (43) having an annular portion in contact with over
fifty percent of the surface of the locking ring (41) facing the lockdown bushing (25) when the locking
ring (41) is in the running position and in contact with about eighty percent of the surface of the locking
ring (41) facing the lockdown bushing (25) in the set position.  2. The wellhead assembly (11) of Claim
1, further comprising a profile (30) on an inner surface of the locking ring (41) that is substantially
similar to a profile on an inner surface of the casing hanger (21) so that a funning tool used for landing
the casing hanger (21) can be used to land the locking ring (41).  3. The wellhead assembly (11) of
Claim 1, further comprising a limiter ring (47) coupled to the lockdown bushing (25) and projecting
radially outward into a lower portion of a groove (51) in an inner surface of the energizing ring (43)
when the locking ring (41) is in the funning position and into an upper portion of the groove (51) when
the locking ring (41) is in the set position.  4. The wellhead assembly (11) of Claim 1, wherein the
energizing ring (43) contacts the locking ring (41) to define a mating tapered surface (53, 59) that is
offset about four degrees from an axis of the wellhead assembly (11).  5. The wellhead assembly (11)
of Claim 1, wherein the energizing ring (43) is moved a distance of up to about one third a height of the
locking ring (41) to move the locking ring (41) from a funning position to a set position. 
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modifications may be considered obvious and desirable by those skilled in the art based 

upon a review of the foregoing description of preferred embodiments.  Accordingly, it is 

appropriate that the appended claims be construed broadly and in a manner consistent 

with the scope of the invention. 

6. The wellhead assembly (11) of Claim 1, wherein a locking ring cam surface (59) and an energizing
ring cam surface (53) have mating detents (71, 73) formed on lower ends of each cam surface (53,
59), the detents (71, 73) adapted to engage when the locking ring cam surface (59) and the energizing
ring cam surface (53) fully engage to secure the energizing ring (43) and the locking ring (41) in the set
position.  7. The wellhead assembly (11) of Claim 1, wherein the locking ring (41) includes a saw cut
(4) extending from an upper rim of the locking ring (41) to a lower rim of the locking ring (41) to form a
split ring.  8. The wellhead assembly (11) of Claim 1, wherein the locking ring (41) includes one or
more saw cuts (40) extending from at least one of an upper rim (44) and a lower rim (42) of the locking
ring (41), the saw cuts (40) circumferentially spaced about the locking ring (41).  9. The wellhead
assembly (11) of Claim 1, wherein the locking ring (41) includes a plurality of saw cuts (40) extending
from an upper rim (44) and a lower rim (42) of the locking ring (41), the saw cuts (40) circumferentially
spaced about the locking ring (41).  10. A lockdown bushing (25) adapted for use with a subsea
wellhead assembly (11) comprising:    a tubular body (27) having an axis (9) and a central bore (7), the
tubular body (27) having a lower end (31) adapted to land on a hanger (21) and an upward facing
shoulder (39) on an outer diameter portion of the tubular body (27); 
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What is claimed is: 

1. A wellhead assembly (11), comprising: 

a wellhead (13) having a bore (7) having a grooved profile (63); 

one or more casing hangers (21) landed in the bore (7) below the grooved profile (63); 

and 

an annular lockdown bushing (25) coaxially inserted into the bore (7); 

a locking ring (41) set in an annulus between the lockdown bushing (25) and the 

grooved profile (63) and selectively moveable from a running position spaced radially 

inward from the grooved profile (63) to a set position in contact with the grooved profile 

(63); 

an energizing ring (43) having an annular portion in contact with over fifty percent of 

the surface of the locking ring (41) facing the lockdown bushing (25) when the locking 

ring (41) is in the running position and in contact with about eighty percent of the surface 

of the locking ring (41) facing the lockdown bushing (25) in the set position. 

2. The wellhead assembly (11) of Claim 1, further comprising a profile (30) on an 

inner surface of the locking ring (41) that is substantially similar to a profile on an inner 

surface of the casing hanger (21) so that a running tool used for landing the casing hanger 

(21) can be used to land the locking ring (41). 

3. The wellhead assembly (11) of Claim 1, further comprising a limiter ring (47) 

coupled to the lockdown bushing (25) and projecting radially outward into a lower 

portion of a groove (51) in an inner surface of the energizing ring (43) when the locking 

ring (41) is in the running position and into an upper portion of the groove (51) when the 

locking ring (41) is in the set position. 

4. The wellhead assembly (11) of Claim 1, wherein the energizing ring (43) contacts 

the locking ring (41) to define a mating tapered surface (53, 59) that is offset about four 

degrees from an axis of the wellhead assembly (11). 

5. The wellhead assembly (11) of Claim 1, wherein the energizing ring (43) is 

moved a distance of up to about one third a height of the locking ring (41) to move the 

locking ring (41) from a running position to a set position. 

a locking ring (41) positioned on the upward facing shoulder (39) and circumscribing the tubular body
(27), the locking ring (41) having an inner diameter with an annular locking ring cam surface (59); and
an energizing ring (43) circumscribing the tubular body (27) and adapted to engage the locking ring
(41) with an inner diameter surface of a wellhead (13), the energizing ring (43) including a lower
portion (45) interposed between the tubular body (27) and the locking ring (41) in an unset position,
the lower portion (45) having an outer diameter cam surface (53) in sliding contact with the annular
locking ring cam surface (59) along an interface offset up to about seven degrees from an axis (9) of
the wellhead assembly (11) so that when the energizing ring (43) moves axially downward a distance
of up to about one-third the height of the locking ring (41), the outer diameter cam surface (53) of the
energizing ring (43) engages the annular locking ring cam surface (59) to move the locking ring (41)
into engagement with the inner diameter of the wellhead (13) to a set position increasing lockdown
capacity.  11. The lockdown bushing (25) of Claim 10, further comprising a limiter ring (47) interposed
between the energizing ring (43) and an upper portion (29) of the tubular body (27), the limiter ring (47)
adapted to engage an upward facing shoulder (65) and a downward facing shoulder (69) of a groove
(51) formed in an upper portion of the energizing ring (43) to limit axial movement of the energizing
ring (43).  12. The lockdown bushing (25) of Claim 10, wherein the interfacing cam surfaces (53, 59)
are offset from the axis at about 4 degrees.  13. The lockdown bushing (25) of Claim 13, wherein the
energizing ring cam surface (53) and the locking ring cam surface (59) form a friction lock to secure
the energizing ring (43) and the locking ring (41) in the set position.  14. The lockdown bushing (25) of
Claim 10, wherein the cam portion (45) of the energizing ring (43) overlaps the locking ring (41) along
at least two-thirds a height of the locking ring (41) in the unset position and overlaps up to ninety-five
percent of the locking ring (41) in the set position. 
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6. The wellhead assembly (11) of Claim 1, wherein a locking ring cam surface (59) 

and an energizing ring cam surface (53) have mating detents (71, 73) formed on lower 

ends of each cam surface (53, 59), the detents (71, 73) adapted to engage when the 

locking ring cam surface (59) and the energizing ring cam surface (53) fully engage to 

secure the energizing ring (43) and the locking ring (41) in the set position. 

7. The wellhead assembly (11) of Claim 1, wherein the locking ring (41) includes a 

saw cut (4) extending from an upper rim of the locking ring (41) to a lower rim of the 

locking ring (41) to form a split ring. 

8. The wellhead assembly (11) of Claim 1, wherein the locking ring (41) includes 

one or more saw cuts (40) extending from at least one of an upper rim (44) and a lower 

rim (42) of the locking ring (41), the saw cuts (40) circumferentially spaced about the 

locking ring (41). 

9. The wellhead assembly (11) of Claim 1, wherein the locking ring (41) includes a 

plurality of saw cuts (40) extending from an upper rim (44) and a lower rim (42) of the 

locking ring (41), the saw cuts (40) circumferentially spaced about the locking ring (41). 

10. A lockdown bushing (25) adapted for use with a subsea wellhead assembly (11) 

comprising: 

a tubular body (27) having an axis (9) and a central bore (7), the tubular body (27) 

having a lower end (31) adapted to land on a hanger (21) and an upward facing shoulder 

(39) on an outer diameter portion of the tubular body (27); 

a locking ring (41) positioned on the upward facing shoulder (39) and circumscribing 

the tubular body (27), the locking ring (41) having an inner diameter with an annular 

locking ring cam surface (59); and 

an energizing ring (43) circumscribing the tubular body (27) and adapted to engage 

the locking ring (41) with an inner diameter surface of a wellhead (13), the energizing 

ring (43) including a lower portion (45) interposed between the tubular body (27) and the 

locking ring (41) in an unset position, the lower portion (45) having an outer diameter 

cam surface (53) in sliding contact with the annular locking ring cam surface (59) along 

an interface offset up to about seven degrees from an axis (9) of the wellhead assembly 

(11) so that when the energizing ring (43) moves axially downward a distance of up to 

about one-third the height of the locking ring (41), the outer diameter cam surface (53) of 

15. The lockdown bushing (25) of Claim 10, wherein a plurality of shear elements (67) hold the
energizing ring (43) in the running position relative to the tubular body (27) during a running operation.
16. The lockdown bushing (25) of Claim 10, wherein the locking ring (41) includes one or more saw
cuts (40) extending from at least one of an upper rim (44) and a lower rim (42) of the locking ring (41),
the saw cuts (40) circumferentially spaced about the locking ring (41).  17. A method to run and set a
lockdown bushing (25) in a wellhead, the method comprising:    (a) providing a lockdown bushing (25)
having a locking ring (41) disposed on an upward facing shoulder (39) of the lockdown bushing (25)
and an energizing ring (43) secured to an upper portion (29) of the lockdown bushing (25) so that a
cam portion (45) of the energizing ring (43) extends between the lockdown bushing (25) and the
locking ring (41) and overlaps the locking ring (41) along at least fifty percent of the height of the
locking ring (41);    (b) running the lockdown bushing (25) to a casing hanger (21) landed and set in a
bore (7) of the wellhead (13);    (c) actuating the running tool to move the energizing ring (43) axially
downward to engage an energizing ring cam surface (53) on the cam portion (45) of the energizing
ring (43) with a locking ring cam surface (59) on an inner diameter of the locking ring (41), the
energizing ring (43) overlapping the locking ring (41) along at least eighty percent of the height of the
locking ring (41); and 
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the energizing ring (43) engages the annular locking ring cam surface (59) to move the 

locking ring (41) into engagement with the inner diameter of the wellhead (13) to a set 

position increasing lockdown capacity. 

11. The lockdown bushing (25) of Claim 10, further comprising a limiter ring (47) 

interposed between the energizing ring (43) and an upper portion (29) of the tubular body 

(27), the limiter ring (47) adapted to engage an upward facing shoulder (65) and a 

downward facing shoulder (69) of a groove (51) formed in an upper portion of the 

energizing ring (43) to limit axial movement of the energizing ring (43). 

12. The lockdown bushing (25) of Claim 10, wherein the interfacing cam surfaces 

(53, 59) are offset from the axis at about 4 degrees. 

13. The lockdown bushing (25) of Claim 13, wherein the energizing ring cam surface 

(53) and the locking ring cam surface (59) form a friction lock to secure the energizing 

ring (43) and the locking ring (41) in the set position. 

14. The lockdown bushing (25) of Claim 10, wherein the cam portion (45) of the 

energizing ring (43) overlaps the locking ring (41) along at least two-thirds a height of the 

locking ring (41) in the unset position and overlaps up to ninety-five percent of the 

locking ring (41) in the set position. 

15. The lockdown bushing (25) of Claim 10, wherein a plurality of shear elements 

(67) hold the energizing ring (43) in the running position relative to the tubular body (27) 

during a running operation. 

16. The lockdown bushing (25) of Claim 10, wherein the locking ring (41) includes 

one or more saw cuts (40) extending from at least one of an upper rim (44) and a lower 

rim (42) of the locking ring (41), the saw cuts (40) circumferentially spaced about the 

locking ring (41). 

17. A method to run and set a lockdown bushing (25) in a wellhead, the method 

comprising: 

(a) providing a lockdown bushing (25) having a locking ring (41) disposed on an 

upward facing shoulder (39) of the lockdown bushing (25) and an energizing ring (43) 

secured to an upper portion (29) of the lockdown bushing (25) so that a cam portion 

(45) of the energizing ring (43) extends between the lockdown bushing (25) and the 

(d) moving the locking ring (41) radially outward into engagement with an inner diameter of the
wellhead (13) in response to the downward axial movement of the energizing ring (43), thereby setting
the lockdown bushing (25).  18. The method of Claim 17, wherein step (c) further comprises shearing
one or more shear elements (67) holding the energizing ring (43) in an upward axial position relative to
the lockdown bushing (25).  19. The method of Claim 17, further comprising engaging a pair of
matching detents (71, 73) on the energizing ring cam surface (53) and the locking ring cam surface
(59) to secure the energizing ring (43) and the locking ring (41) in the set position.  20. The method of
Claim 17, wherein step (a) further comprises positioning the energizing ring (43) so that the energizing
ring (43) overlaps the locking ring (41) along at least two-thirds of the height of the locking ring (41). 
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locking ring (41) and overlaps the locking ring (41) along at least fifty percent of the 

height of the locking ring (41); 

(b) running the lockdown bushing (25) to a casing hanger (21) landed and set in a 

bore (7) of the wellhead (13); 

(c) actuating the running tool to move the energizing ring (43) axially downward 

to engage an energizing ring cam surface (53) on the cam portion (45) of the 

energizing ring (43) with a locking ring cam surface (59) on an inner diameter of the 

locking ring (41), the energizing ring (43) overlapping the locking ring (41) along at 

least eighty percent of the height of the locking ring (41); and 

(d) moving the locking ring (41) radially outward into engagement with an inner 

diameter of the wellhead (13) in response to the downward axial movement of the 

energizing ring (43), thereby setting the lockdown bushing (25). 

18. The method of Claim 17, wherein step (c) further comprises shearing one or more 

shear elements (67) holding the energizing ring (43) in an upward axial position relative 

to the lockdown bushing (25). 

19. The method of Claim 17, further comprising engaging a pair of matching detents 

(71, 73) on the energizing ring cam surface (53) and the locking ring cam surface (59) to 

secure the energizing ring (43) and the locking ring (41) in the set position. 

20. The method of Claim 17, wherein step (a) further comprises positioning the 

energizing ring (43) so that the energizing ring (43) overlaps the locking ring (41) along 

at least two-thirds of the height of the locking ring (41). 


