
2213515 - 1 - WELLHEAD WITH ECCENTRIC CASING SEAL RING This invention
relates to casing seals for well- heads, and in particular to a metal seal
for sealing bet- ween the casing and the wellhead bore. 5         In a
completed oil or gas well, one or more strings of casing is cemented in the
well. A wellhead housing is located at the surface for supporting the upper
end of the casing. The wellhead housing includes a lower portion through
which the casing protrudes up- 10  wardly. A casing hanger supports the
casing in the lower wellhead housing. After cementing, the upper end of the
casing is cut off a selected distance above the lower wellhead housing. An
upper wellhead housing is bolted to the upper 15  end of the lower wellhead
housing. The upper wellhead housing has a bore that receives the upper end
of the casing. A casing seal seals the upper end of the casing to the bore
of the upper wellhead housing to prevent leakage from the annulus between
the casing and the upper 20   wellhead housing. Frequently, the axis of the
casing will be slightly off center relative to the axis of the bore of the
upper wellhead housing. Because the casing is cemen- ted in the well, it
cannot be moved to change the axial 25   alignment. With elastomeric seals,
slight misalignment presents no great problem. Many wells, now, however,
have metal seals. Metal seals are longer lasting and are not subject to
deterioration from certain well fluids to the extent that elastomeric seals
may be. However, a 30   metal seal requires a very precise fit in order to
accomplish sealing. In the prior art technique the upper end of the casing
is machined at the well site until it is co- axial with the bore of the
upper wellhead housing. The 35   metal seal is then located in place. While
this technique 



works, it is expensive and time-consuming to machine the    - 2 - casing at
the field site. In this invention, field machining of the casing is not
necessary. The metal seal ring has a cylindrical inner wall and a conical
outer wall. The inner and 5   outer walls are formed eccentric to each
other. The centerline of the outer wall is offset a slight distance from
the centerline of the inner wall. A wedge ring fits around the seal ring to
force it into tight engagement with the casing. The wedge 10   ring has
conical inner and outer walls that are eccentric with one another. The two
rings may be ro- tated relative to one another until the centerline of the
inner wall of the seal ring coincides with the axis of the upper wellhead
bore, or is placed eccen- 15   trically by relative rotation to align with
the axis of the suspended casing. This provides precise align- ment for the
metal seal. Also, preferably, the inner wall of the seal ring has a
plurality of annular pro- trusions or bands. These bands are of softer
metal 20    than the casing and deform to provide a good seal. Figure 1 is
a partial vertical sectional view illustrating a wellhead assembly
constructed in accor- dance with this invention, and showing the seal prior
to actuation. 25          Figure 2 is an enlarged partial sectional view of
the seal ring of the wellhead assembly of Figure 1. Figure 3 is a partial
sectional view of the wellhead assembly of Figure 1, taken along the line
III-III of Figure 1. 30          Figure 4 is a partial vertical sectional
view of the wellhead assembly of Figure 1, and showing the seal actuated. 



Figure 5 is a partial vertical sectional view of an alternate embodiment of
a wellhead assembly 35    constructed in accordance with this invention.
- 3 - Referring to Figure 1, the wellhead assembly includes a lower
wellhead housing 11. Lower wellhead housing 11 is a tubular member, having
an axial bore 13. A landing shoulder 15 is located in the bore 13. 5 An
external flange 17 is located on the upper end of the lower wellhead
housing 11. A metal seal 19 is lo- cated on the upper end of the flange 17.
A string of casing 21 extends through the lower wellhead housing 11. Casing
21 is supported on the lower 10  wellhead housing 11 by a casing hanger 23.
Casing hanger 23 is conventional and is installed after the casing 21 has
been cemented. It includes a landing ring 25 that lands on the landing
shoulder 15. The casing hanger 23 includes a wedge ring 27 located above
the landing ring 15  25. A plurality of slips 29 are carried by the wedge
ring 27. The slips 29 are pushed inward by the inclined surfaces located
between the wedge ring 27 and the slips 29. This causes teeth on the slips
29 to bite in- to the casing 21 and provide support. 20         A test ring
31 of conventional design is located in the bore 13 above the hanger 23.
The test ring 31 has a passage 32 extending between the inner and outer
walls of the test ring 31. Test ring 31 is sealed bet- ween the bore 13 and
the casing 21 by elastomeric seals 25   34. An upper wellhead housing 33
lands on the lower wellhead housing 11. Upper wellhead housing 33 has an
axial bore 35 that is coaxial with the bore 13 of the lower wellhead
housing 11. The upper wellhead housing 30   33 has a downward facing
shoulder 37 located in the 



bore 35. A flange 39.is formed on the lower end of the upper wellhead
housing 33 for connection to the flange 17 of the lower wellhead housing
11. The flanges 17, 39 and bolts (not shown) serve as means for connecting
35   the upper wellhead housing 33 to the lower wellhead    - 4 - housing
11. A passage (not shown) extends from the ex- terior to the passage 32 in
the test ring for test pur- poses. A seal ring 41 is located in the upper
wellhead 5   housing bore 35 above the test ring 31. Referring to Figure 2,
the seal ring 41 has an inner wall 43 that is cylindrical. A plurality of
annular protrusions or bands 45 protrude inward from the inner wall 43. The
bands 45 are spaced apart from each other and protrude inward 10    only a
slight distance, about .040 inch. Each band 45 has frusto-conical upper and
lower surfaces, and a cy- lindrical inner diameter or crest. The seal ring
41 is solid and is constructed of metal, preferably steel. Also,
preferably, the steel 15    is softer than the steel of the casing 21.
Typical ca- sing may have a yield strength of 55 to 60,000 psi. Preferably,
the yield strength of the seal ring 41 will be about half of the yield
strength of the casing 21. This results in the bands 45 deforming
permanently when 20    the seal ring 41 is actuated. Referring still to
Figure 2, seal ring 41 has an outer wall 47 that is frusto-conical. It
inclines from a smaller diameter onthe upper end to a larger dia- meter on
its lower end. The lower edge 49 of seal ring 25    41 is also a
frusto-conical surface. It tapers down- ward from the outer wall 47 to the
inner wall 43. Referring to Figure 3, the seal ring 41 has a centerline
which coincides with the centerline or axis 



51 of the casing 21. The axis 51, however, frequently 30    will be offset
a slight distance from the axis 53 of the upper wellhead housing bore 35.
In Figure 3, the casing axis 51 is shown offset to the left from the bore
axis 53. Figure 3 is exaggerated greatly, as the amount of offset will
normally be less than 0.100 inch. 35          To accommodate the
misalignment of the casing 21    - 5 - with the upper wellhead housing 33,
the seal ring 41 is formed eccentric. The outer wall 47 is truly conical,
but its axis or centerline 55 is offset from the center- line of the inner
wall 43, which coincides with axis 51 5  of casing 21. This results in the
radial thickness of the seal ring 41 varying. The seal ring 41 will have a
point 57 of minimum thickness. A point 59 of maximum thickness will be
located 180 degrees from the point 57. The amount of offset between the
centerline of the inner 10  wall 43 and the centerline 55 of the outer wall
47 is preferably .050 inch. The seal ring is actuated with assistance of a
wedge ring 61, as shown in Figure 1. Wedge ring 61 has a conical inner wall
portion 63. The inner wall portion 15   63 extends downward from a
cylindrical inner wall por- tion 65. The cylindrical inner wall portion 65
is sufficiently greater in diameter than the outer diame- ter of the casing
21 to accommodate normal misalignment. The cylindrical inner wall portion
65 does not form a 20   sealing function and is also larger in diameter
than the inner wall 43 (Fig. 2.) of the seal ring 41. The wedge ring 61 has
an outer wall 67 that is conical and which is adapted to seal against the
upper wellhead housing bore 35. The degree of taper of the conical outer
wall 25   67 is less than the degree of taper of the inner wall 63. The
degree of taper of the outer wall 67 is the 



same as a conical portion provided in the bore 35 of the upper wellhead
housing 33. One or more sealing bands (not shown) are located 30   on the
outer wall 67 for sealing against the bore 35. Wedge ring 61 is not
significantly softer than the upper wellhead housing 33 and the bands do
not deform. Referring to Figure 3, the wedge ring 61 is also formed
eccentric. The centerline for the inner wall 35   portion 63 will be offset
from the centerline for the    - 6 - outer wall 67. The amount of offset is
also about .050 inch. This results in a variance in radial thickness. The
minimum thickness point 69 will be located 180 de- grees from a maximum
thickness point 71. The center- 5  line for the inner wall portion 63 will
coincide with the centerline 55 for the seal ring outer wall 47. The seal
ring 41 and wedge ring 61 are rotatable relative to each other and to the
casing 21 to position the centerline for the outer wall portion 67 in
alignment 10 with the upper wellhead bore axis 53. Referring again to
Figure 1, a drive ring 73 is located between the wedge ring 61 and the
shoulder 37 of the uppwer well- head housing 33. In operation, the casing
hanger 23 is mounted 15   in the lower wellhead housing 11 to support the
casing 21 after the casing 21 has been cemented in place. The test ring 31
will be positioned in place. The upper end of the casing 21 will be cut off
a selected di- stance above the lower wellhead housing 11. 20         The
exterior of the casing 21 above the test ring 31 is wire brushed and
smoothed with emery cloth. The axis 51 (Fig. 3) of the casing 21 is
measured relative to the axis of the lower wellhead housing bore 13 to
determine any misalignment. The axis 53 of the upper 



25   wellhead housing 33 will always be in alignment with the axis of the
lower wellhead housing bore 13. The seal ring 41 and the wedge ring 61 are
placed over the casing 21. Both rings 41 and 61 may be ro- tated, but
normally only one of the rings 41, 61 will 30   be rotated. Rotation is
performed until the centerline of the outer wall portion 67 of the wedge
ring 61 coincides with the bore axis 53. Markings will be lo- cated on the
wedge ring 61 and the seal ring 41 to indicate the extent of rotation
relative to each other. 35   The point of maximum eccentricity is shown in
Figure 3,    - 7 - with the minimum points 57, 69 aligned with each other.
Zero eccentricity results when one of the rings 41, 61 is rotated 180
degrees from the position shown in Figure 3. In that case, the casing
centerline 51 and 5   axis 53 coincide, indicating no misalignment. The
equal degree of offset of .050 inch in each ring 41, 61 cancels each other
in such a case. If one ring 41, 61 is rotated 90 degrees from the position
shown in Figure 3, the offset of the casing centerline 51 with 10   the
bore axis 53 will be one-half the maximum, or .050 inch. The eccentric
offset of the seal ring 41 and the wedge ring 61 will enable the rings 41,
61 to be pro- perly positioned as long as the misalignment of the casing
centerline 51 with the bore axis 53 does not 15   exceed .100 inch. This
allows the centerline of the outer wall 67 of the wedge ring 61 to align
perfectly with the bore 35. Once aligned, as shown in Figures 1 and 3, the
upper wellhead housing 33 is bolted to the lower well- 20   head housing
11. The upper wellhead housing shoulder 37 bears down on the drive ring 73,
which in turn pushes downward on the wedge ring 61. The wedge ring 61 



pushes the seal ring 41 inward with great force. This causes the bands 45
(Fig. 2) to permanently flatten 25   and deform. This deformation seals any
pits or scrat- ches in the casing 21 while also mating in a gas tight seal.
The outer wall 67 of the wedge ring 61 forms a tight metal seal with the
bore 35. The wedge ring 61 in normal cases will not deform. The actuated
position is 30   shown in Figure 4. The upper wellhead housing 33 may be
removed, along with the seal ring 41 at a later date. A replace- ment seal
may be used. Because of the softness of the seal ring 41 relative to the
casing 21, there will be 35   no need to machine the casing 21 when
replacing the    - 8 - seal ring 41. No damage to the casing 21 will occur
as a result of the actuation of the seal ring 41. In the alternate
embodiment of Figure 5, many of the components are the same. Components
that differ 5   slightly will be indicated by a prime symbol. In this
embodiment, the wedge ring 61' is integrally formed to the top of the test
ring 31'. Similarly, it has a conical outer wall portion 67' and a conical
inner wall 63'. The conical inner wall 63', however, tapers upwardly to a
10   larger diameter on the upper end than on the lower end. In this
respect, the wedge ring 61' is inverted from the wedge ring 61 shown in
Figures 1-4. Similarly, the cen- terline (not shown) of the inner wall 63'
will be off- set from the centerline of the outer wall 67'. 15       The
seal ring 41' also is inverted. It has a cylindrical inner wall 43' and a
conical outer wall 47'. The conical outer wall 47', however-, tapers
downward from a larger diameter on the upper end than on the lower end. 20
The drive ring 73' moves the seal ring 41' down- 



ward during actuation. This differs from the first embo- diment in that the
wedge ring 61 is moved by the drive ring 73, rather than the seal ring 41.
In other res- pects, the embodiment in Figure 5 operates in the same 25
manner. Rotation of the wedge ring 61' is handled by rotating the entire
test ring 31'. The rings 41', 61' are rotated until the centerline of the
outer wall 67' coincides with the axis of the upper wellhead housing 33'.
30         The invention has significant advantages. The eccentric wedge
and seal rings allow a metal seal to be made easily between casing and a
wellhead even though the casing is misaligned with the wellhead. The
softness of the seal ring relative to the casing provides a tight 35   seal
even if minor imperfections in the surface of the    - 9 - casing exists.
The softness also avoids marring the surface of the casing. This allows the
seal to be re- placed at a later date without refinishing needing to be
done on the casing. The invention avoids the need for 5    field machining
of the casing. While the invention has been shown in only two of its forms,
it should be apparent to those skilled in the art that it is not so
limited, but is susceptible to various changes without departing from the
scope of the 10    invention thereof.    *    C    L   M   S   * CLAIMS: 1.
An apparatus for forming a metal seal between an outer wall of an inner
tubular member and a bore of an outer tubular member, comprising in
combination: 



5            a metal seal ring having an inner wall adapted to be
positioned around the inner tubular member, and a conical outer wall, the
inner and outer walls each ha- ving a centerline, the centerline of the
inner wall being radially offset from the centerline of the outer 10
wall; a metal wedge ring having a conical inner wall portion adapted to
engage the outer wall of the seal ring, and an outer wall adapted to engage
the bore of the outer tubular member, the inner wall portion and the 15
outer wall of the wedge ring each having a centerline, the centerline of
the inner wall portion of the wedge ring being radially offset from the
centerline of the outer wall of the wedge ring, allowing one of the seal
ring and wedge ring to be rotated relative to the other 20     to selected
orientations relative to the inner tubular member to accommodate
eccentricity of the inner tubular member relative to the bore in the outer
tubular member; and means for moving one of the wedge ring and the seal 25
ring toward the other to force the inner wall of the seal ring into sealing
contact with the inner tubular member and to force the outer wall of the
wedge ring into sealing engagement with the bore of the outer tubu- lar
member. 30     2.    In well assembly having a string of casing, a wellhead
housing located at the top of the well assembly and having a bore, hanger
means for supporting the casing in the bore of the wellhead housing, an
improved appara- tus for forming a metal seal between the casing and the 35
bore above the hanger means, comprising in combination:    - 11 - a metal
seal ring having an inner wall adapted to be positioned around the casing,
and a conical outer 



wall, the inner and outer walls being eccentric with respect to one
another; 5          a metal wedge ring having a conical inner wall portion
adapted to engage the outer wall of the seal ring, and an outer wall
adapted to engage the bore of the wellhead housing, the inner wall portion
and the outer wall of the wedge ring being eccentric with 10    respect to
one another; one of the wedge ring and seal ring being rota- table relative
to the other to selected orientations relative to the casing to accommodate
eccentricity of the casing relative to the bore in the wellhead housing; 15
and means for moving one of the rings toward the other ring to force the
inner wall of the seal ring in- to sealing contact with the casing and to
force the outer wall of the wedge ring into sealing engagement 20    with
the bore of the wellhead housing. 3.    In well assembly having a string of
casing, a wellhead housing located at the top of the well assembly and
having a bore, hanger means for supporting the casing in the bore of the
wellhead housing, an im- 25    proved apparatus for forming a metal seal
between the casing and the bore above the hanger means, comprising in
combination: a metal seal ring having a cylindrical inner wall adapted to
be positioned around the casing, and a coni- 30    cal outer wall, the seal
ring being eccentric with a radial thickness that increases from a minimum
point to a maximum point 180 degrees from the minimum point; at least one
circular protrusion formed on the inner wall of the seal ring, the
protrusion being of a 35    metal softer than the casing so as to be
deformed    *   C  L   M   S   * 



- 12 - against the casing to form a seal when forced inward; a metal wedge
ring having a conical inner wall portion adapted to engage the outer wall
of the seal ring, and an outer wall adapted to engage the bore of 5    the
wellhead housing, the wedge ring being eccentric with a radial thickness
that increases from a minimum point to a maximum point 180 degrees from the
minimum point; one of the wedge ring and seal ring being rota- 10    table
relative to the other to selected orientations re- lative to the casing to
accommodate eccentricity of the casing relative to the bore in the wellhead
housing; and means for moving one of the wedge ring and the seal ring
toward the other to force the protrusion on 15    the inner wall of the
seal ring into sealing contact with the casing and to force the outer wall
of the wedge ring into sealing engagement with the bore of the well- head
housing. 4.    A wellhead assembly for supporting and sealing 20    the
upper end of casing, comprising in combination: a lower wellhead housing
through which the upper end of the casing protrudes; hanger means in the
lower wellhead housing for supporting the casing; 25          an upper
wellhead housing having a bore, the upper wellhead housing adapted to land
on top of the lower wellhead housing for receiving in the bore the upper
end of the casing; means for connecting the upper wellhead housing 30    to
the lower wellhead housing; a metal seal ring having a cylindrical inner
wall adapted to be positioned around the casing, and a coni- cal outer
wall, the inner and outer walls each having a centerline, the centerline of
the inner wall being 35    parallel to and radially offset from the
centerline of  



*   C    L    M   S    * - 13 - the outer wall; a metal wedge ring having a
conical inner wall portion which is adapted to engage the outer wall of the
seal ring, the wedge ring having an outer wall adap 5   ted to engage the
bore of the upper wellhead housing, the inner wall portion and the outer
wall of the wedge ring each having a centerline, the centerline of the
inner wall portion of the wedge ring being parallel to and radially offset
from the centerline of the outer 10   wall of the wedge ring; one of the
wedge ring and the seal ring being ro- tatable relative to the other to
selected orientations relative to the casing to accommodate eccentricity of
the upper end of the casing relative to the bore in the 15   upper wellhead
housing; and means for moving one of the rings toward the other to force
the inner wall of the seal ring into sealing contact with the casing and to
force the outer wall of the wedge ring into sealing engagement with the
bore of 20    the upper wellhead housing as the upper wellhead hou- sing is
connected to the lower wellhead housing. 5.    A method for forming a metal
seal between casing and a bore in a wellhead housing, comprising in
combina- tion: 25          placing around the casing a metal seal ring
having a cylindrical inner wall and a conical outer wall, the inner and
outer walls each having a center- line, the centerline of the inner wall
being radially offset from the centerline of the outer wall; 30
placing around the casing a metal wedge ring having a conical inner wall
portion with the inner wall portion engaging the outer wall of the seal
ring, the wedge ring having an outer wall, the inner wall 



portion and the outer wall of the wedge ring each having 35    a
centerline, the centerline of the inner wall portion    - 14 - of the wedge
ring being radially offset from the center- line of the outer wall of the
wedge ring; rotating one of the seal ring and wedge ring re- lative to the
other until the centerline of the outer 5   wall of the wedge ring
coincides with an axis of the bore of the wellhead housing to accommodate
eccentri- city of the casing relative to the bore; and moving one of the
wedge ring and the seal ring toward the other to force the inner wall of
the seal 10   ring into sealing contact with the casing and to force the
outer wall of the wedge ring into sealing engage- ment with the bore of the
wellhead housing. 6.    An apparatus for forming a metal seal between an
outer wall of an inner tubular member and a bore of an outer tubular 15
member, substantially as hereinbefore described with reference to the
accompanying drawings. 7.    A well assembly having a string of casing,
substantially as hereinbefore described with reference to the accompanying
drawings. 20   8.    A wellhead assembly, substantially as hereinbefore
described with reference to the accompanying drawings. 9.    A method for
forming a metal seal between a casing and a bore in a wellhead housing,
substantially as hereinbefore described with reference to the accompanying
drawings.    


