
PRESSURE TUBE WITH DEFLECTING SECTION This invention relates in general to
subsea well equipment, and in particular to  a pressure tube which connects
coaxial bores of two members together. 5       One type of subsea well
structure utilizes a subsea wellhead housing. A casing hanger lands in the
wellhead housing and supports a string of casing. A wellhead con- nector is
lowered from the surface, landed on top of and connected to the wellhead
housing. The wellhead connector 10  has a bore that is coaxial with the
bore in the casing hanger. A tube interconnects the two coaxial bores. At
times, the bores may not be precisely aligned. This requires the tube to
bend slightly. Elastomeric seals will accommodate some radial movement.
However, mis- 15 alignment is more of a problem with metal seals. The tube
of this invention interconnects two coaxial bores of a subsea wellhead
assembly. The tube has an inner wall, an outer wall, a first end and a
second end. One of the ends of the tubes is rigidly connected to the first
20 member. The other end of the tube extends into the bore of the second
member. A deflection section is located bet- ween the ends of the tube. The
deflecting section is made up of inner and outer grooves formed in the wall
of the tube. The grooves are circumferential. The inner and 25 outer
grooves alternate with each other along the axis of the tubing. The axial
dimension of the grooves is substantially less than the axial distance
between the grooves. This provides substantial axial strength to the tube.
Also, the 30 radial distance from the inner wall of the tube to each outer
groove, and the radial distance from the outer wall of the tube to each
inner groove is much greater than the axial dimension of each groove. Both
of these together provide substantial strength to withstand high pressure.



-2- In one embodiment, the second end of the tube is free for slight axial
movement within the bore of the second member. In another embodiment, the
second end of the tube bears against a shoulder in the second member. The
length 5 of the tube is selected to compress the second end against this
shoulder for a metal-to-metal seal. The radial depths of the grooves are
selected in the second embodiment to provide an axial force upon
application of internal pres- sure, or selected to provide axial force from
external 10 pressure, or both. The invention will now be described by way
of example with reference to the accompanying drawings; wherein: Figure 1
is a vertical sectional view illustrating a portion of a wellhead having a
tube constructed in accor- 15 dance with this invention; Figure 2 is a
partial sectional view of the tube shown in Figure 1; and Figure 3 is a
partial sectional view of an alternate embodiment of a tube. 20
Referring to Figure 1, wellhead housing 11 will be of a type that is
supported on a sea floor. Wellhead hou- sing 11 has a bore 12 which
contains at least one casing hanger 13. The casing hanger 13 is a
conventional member that is located at the upper end of a string of casing
25 (not shown). A packoff 15 seals between the exterior of the casing
hanger 13 and the wellhead housing 11. The ca- sing hanger 13 has a
cylindrical bore 17. A set of exterior grooves 19 are located on the well-
head housing 11. A wellhead connector 21 lands on top of 30 the wellhead
housing 11. The wellhead connector 21 will be connected to the lower end of
a string of riser (not shown) which extends to a drilling or production
vessel at the surface. A seal 23 seals between the wellhead connector 21
and the wellhead housing 11. A plurality of dogs 25 carried 



35 in the wellhead connector 21 engage the grooves 19.    -3- A cam 27
moves from an upper position to a lower position, pushing the dogs 25
inward into the engaged position. A hydraulic cylinder 29 serves to move
the cam 27 between the upper and lower positions. 5       The wellhead
connector 21 has a bore 31 which is co- axial with the bore 17 of the
casing hanger 13. A tube 33 extends between the bore 31 and the bore 17 to
seal the interior of these bores from the bore 12 of the wellhead housing
11. Tube 33 has an upper or first end which rigidly 10  attaches the tube
33 to the wellhead connector 21. The means for attachement includes an
integral flange 35 loca- ted on the upper end of the tube 33. Flange 35
fits within a counterbore 37 located in the wellhead connector 21. A metal
seal 39 seals the upper end of the tube 33. The lower 15  termination of a
riser (not shown) will be connected to the upper end of the tube 33 and to
the wellhead connector 21. Tube 33 has a second end that extends into the
casing hanger bore 17. Tube 33 has an integrally formed deflection section
40 which allows slight axial and bending deflection. 20  Bending deflection
in section 40 allows radial deflection of the lower end of tube 33. The
deflection section 40 is located entirely wihtin the bore 31 of the
wellhead con- nector 21. The axial length of the deflection section 40 may
be as much as one-half the total length of the tube 33 25  from the flange
35 to the lower or second end. Deflection section 40 includes a plurality
of inner grooves 41 and outer grooves 43. All of the grooves 41, 43 are cut
into an enlarged section of the solid wall of the tube 33. All of these
grooves 41, 43 are located in planes per- 30  pendicular to the axis of the
tube 33. The inner grooves 41 extend outward from the inner wall 42 of the
tube 33. 



The outer grooves 43 extend inward from the outer wall 44 of the tube 33.
The grooves 41, 43 are staggered, with an inner groove 41 located between
each outer groove 43. The    -4- radial extent or dimension of each groove
41, 43 is greater than one-half the radial distance from the inner wall 42
to the outer wall 44. The deflecting area is sized so that it is substan- 5
tially rigid both in radial and axial directions, capable of only slight
deflection of about 2 to 5 percent. This is accommodated by making the
grooves 41,43 rather thin compared to the metal cross-section in the
deflecting section 40. Each groove 41,43 preferably has the same axial 10
dimension or thickness 45, as shown in Figure 2. Each groove, 41, 43
preferably is positioned the same axial dis- tance 47 from one of the
grooves 41 to the next groove 43. The axial thickness 45 is much less than
the axial distance 47, preferably about one-half. 15       Also, to assure
proper strength of the deflecting sec- tion 40, there is a fairly large
outer radial distance 49 between the bottom or base 41a of each inner
groove 41 and the outer wall 44. There is also a fairly large inner ra-
dial distance 51 between the inner wall 42 and the base 43a 20  of each
outer groove 43. The inner radial distance 51 and the outer radial distance
49 are not necessarily equal. However, each is substantially larger than
the axial thick- ness 45 of each groove 41,43. Preferably, the inner radial
distance 51 and the outer radial distance 49 are each about 25 twice the
magnitude of the axial thickness 45 of each groove 41, 43. The lower or
second end of the tube 33 has a plurality of elastomeric seals 53 that
sealingly engage the bore 17 of the casing hanger 13. A metal seal 55
provides metal-to- 



30  metal sealing between the tube 33 and the bore 17. A retai- ner 57
holds the metal seal 55 in place. The radial lengths of the inner grooves
41 and the outer grooves 43 can be varied to provide minimum axial loading
due to pressure. Axial force or loading can result from pressure being 35
applied to the interior or exterior of the tube 33. For    -5- example, if
the only pressure expected is to be internal, the pressure in the tube 33
will tend to force the axial thickness of the inner grooves 41 to increase.
The tube 33 will tend to elongate. This internal pressure also acts on 5
the metal seal 55, tending to compress the tube 33. If the base 41a of each
inner groove 41 has the same diameter as the bore 17 at seal 55, as shown
in Fig. 2, then the com- pression and tension forces will offset each
other. There will be no axial stress in the tube 33 in that case as a 10
result of internal pressure. Similarly, if only external pressure is
expected, the base 43a of each outer grooves 43 can be selected to equal
the diameter of bore 17 to balance axial forces on the tube 33 due to
external pressure. If both internal and external 15  forces are expected,
the radial depths of the grooves 41,43 can be selected to reduce the axial
forces on the tube 33 to a minimum. In operation, casing hanger 13 will be
landed in the wellhead housing 11. Packoff 15 is set between the casing 20
hanger 13 and the wellhead housing 11. The tube 33 will be fastened to the
wellhead connector 21. The wellhead con- nector 21 is lowered over the
wellhead housing 11. The tube 33 will insert into the bore 17 of the casing
han- ger 13. Slight radial deflection in the deflecting sec- 25  tion 40
allows the tube 33 to move laterally slightly to align with the bore 17
even though the bore 17 may be 



slightly out of alignment with the axis of the bore 31. This assures that
the metal seal 55 (Fig. 2) seals properly. In the alternate embodiment of
Figure 3, the bore 17' 30  of casing hanger 13' has a frusto-conical
shoulder 59 di- rectly below a cylindrical portion of the bore 17'. Elasto-
meric seals 53' on the lower end of the tube 33' seal against the
cylindrical portion of the bore 17'. Shoulder 59 tapers relative to
vertical at about 10 degrees. The    -6- tube 33' has a shoulder 61 below
the seals 53' which tapers relative to vertical at about 8 degrees. The
tube 33' is sized so that it will compress slightly in the deflection
section 40' when the shoulder 5 61 contacts the shoulder 59. This preloads
the shoulder 61 against the shoulder 59, providing a metal-to-metal seal.
The difference in the angles of 10 degrees and 8 degrees between the
shoulders 59 and 61 assures a metal-to-metal contact. Preferably, the
diameter of the base of each outer 10 groove 43' has a diameter that is
less than the inner dia- meter of the bore 17' immediately above shoulder
59. The embodiment of Figure 3 preferably has inner grooves 41' sized to
provide a positive axial compressive force on tube 33' when under internal
pressure. The base 15 of each outer groove 43' is less in diameter than the
inner diameter of bore 17' immediately above shoulder 59 by a difference
63. Internal pressure will tend to elongate the tube 33', increasing the
compressive force between the shoulder 61 and shoulder 59. This tends to
increase the 20  ability of the metal seal formed by the shoulders 59, 61
to withstand internal pressure. The invention has significant advantages.
The deflec- ting member in the tube allows slight radial deflection to
accommodate for slightly misaligned bores. This deflecting 



25 section is sufficiently strong due to the thin size of the grooves to
withstand great pressures. The deflecting sec- tion will also transmit
axial load in the event that the tube is preloaded axially against the
shoulder in the ca- sing hanger. The grooves may be dimensioned in radial
di- 30 rections to balance axial forces due to pressure, or to provide a
compressive axial force. 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 35 changes without departing from
the scope of the invention.    -7- CLAIMS 1. In a first member mounted to a
second member, both members having substantially coaxial bores which are
axially spaced from each other, an improved means for con- 5 necting the
bores, comprising in combination: a metal tube having an inner wall, an
outer wall, a first end and a second end; means on the first end of the
tube for connecting the first end of the tube to the first member with the
in- 10 terior of the tube in sealing communication with the bore of the
first member; the second end of the tube extending into the second member,
with the outer wall of the tube sealingly engaging the bore of the second
member; 15          a deflecting section in the tube for aligning the
second end of the tube with the bore of the second member, the deflecting
section having a plurality of circumferen- tial inner grooves extending
from the inner wall outward a selected distance; 20          the deflecting
section having a plurality of cir- cumferential outer grooves extending
from the outer wall 



inward, the inner grooves and outer grooves alternating from each other in
an axial direction; and each of the inner and outer grooves having an axial
25 thickness, and each of the inner grooves being axially spaced from one
of the outer grooves an axial distance, said axial thickness being less
than said axial distance. 2. In a first member mounted to a second member,
both members having substantially coaxial bores which are 30 axially spaced
from each other, an improved means for con- necting the bores, comprising
in combination: a metal tube having an inner wall, an outer wall, a first
end and a second end; means on the first end of the tube for connecting
-8 - the first end of the tube to the first member with the in- terior of
the tube in sealing communication with the bore of the first member; the
second end of the tube extending into the bore 5 of the second member; seal
means on the outer wall of the tube for sea- lingly engaging the bore of
the second member; a deflecting section in the tube having a plura- lity of
circumferential inner grooves extending from the 10 inner wall outward a
selected distance; the deflecting section having a plurality of cir-
cumferential outer grooves extending from the outer wall inward, the inner
grooves and outer grooves alternating from each other in an axial
direction; 15          each of the inner and outer grooves having an axial
thickness, and each of the inner grooves being axially spaced from one of
the outer grooves by an axial distance, said axial thickness being
substantially less than said axial distance; 



20          each of the outer grooves having a base at an in- ner radial
distance from the inner wall of the tube; each of the inner grooves having
a base at an outer radial distance from the outer wall of the tube; and
said inner radial distance and said outer radial 25 distance each being
substantially greater than said axial thickness of the grooves. 3. In a
first member mounted to a second member, both members having substantially
coaxial bores which are axially spaced from each other, an improved means
for 30 connecting the bores, comprising in combination: a metal tube having
an inner wall, an outer wall, a first end and a second end; means on the
first end of the tube for connecting the first end of the tube to the first
member with the    -9- interior of the tube in sealing communication with
the bore of the first member; a conical shoulder in the bore of the second
member; the second end of the tube extending into the bore 5 of the second
member, with the outer wall of the tube sea- lingly engaging the bore of
the second member and with the second end bearing against the shoulder in
the second mem- ber; a deflecting section in the tube having a plurality 10
of circumferential inner grooves extending from the inner wall outward a
selected distance; the deflecting section having a plurality of circum-
ferential outer grooves extending from the outer wall in- ward, the inner
grooves and outer grooves alternating from 15 each other in an axial
direction; each of the inner and outer grooves having an axial thickness,
and each of the inner grooves being axially 



spaced from one of the outer grooves an axial distance, said axial
thickness being less than said axial distance; 20         the length of the
tube being selected so as to axially compress the deflecting section
slightly to provide an axial preload force of the second end of the tube
against the shoulder of the second member; the outer grooves each having a
base at an inner ra- 25 dial distance from the inner wall of the tube; the
inner grooves each having a base at an outer ra- dial distance from the
outer wall of the tube; and said inner radial distance and said outer
radial dis- tance each being greater than said axial thickness of the 30
grooves. 4. In a first member mounted to a second member, both members
having substantially coaxial bores which are axially spaced from each
other, an improved means for con- necting the bores, comprising in
combination:    - 10 - a metal tube having an inner wall, an outer wall, a
first end and a second end; means on the first end of the tube for
connecting the first end of the tube to the first member with the in- 5
terior of the tube in sealing communication with the bore of the first
member; a conical shoulder in the second member; the second end of the tube
extending into the se- cond member, with the outer wall of the tube
sealingly en- 10 gaging the bore of the second member and with the second
end bearing against the shoulder in the second member; a deflecting section
in the tube having a plurality of circumferential inner grooves extending
from the inner wall outward a selected distance; 15           the
deflecting section having a plurality of cir- 



cumferential outer grooves extending from the outer wall in- ward, the
inner grooves and outer grooves alternating from each other in an axial
direction; each of the inner and outer grooves having an axial 20
thickness, and each of the inner grooves being axially spaced from one of
the outer grooves an axial distance, said axial thickness being less than
said axial distance; the length of the tube being selected so as to axially
compress the deflecting section slightly to provide 25 an axial preload
force of the second end of the tube against the shoulder of the second
member; the outer grooves each having a base at an inner radial distance
from the inner wall of the tube; the inner grooves each having a base at an
outer 30 radial distance from the outer wall of the tube; said inner radial
distance and said outer radial distance each being greater than said axial
thickness of the grooves; the base of each of the inner grooves having a
dia-    - 11 - meter, the bore of the second member immediately above the
shoulder having an inner diameter that is less than the dia- meter of the
base of each inner groove, so that pressure within the tube urges the
second end of the tube more 5 tightly against the shoulder; and the base of
each of the outer grooves having a dia- meter that is less than said inner
diameter of the bore of the second member.    


