METAL- TO- METAL SEAL FOR SMOOTH BORE Field of the invention Thi s
invention relates in general to subsea oil and gas well production, and in
particular to a netal-lo-netal seal for use in a tieback connector.
Background, of the Invention Metal -to-netal sealing is commonly used
i n subsea hydrocarbon production assenblies. For exanple, subsea wells
typically have a subsea wel | head assenbly at the seatloor with a subsea
production tree nounted on the well head assenbly. The tree has val ves
connected to tlowines for controlling flow fromthe well. In another type,
of installation, a string of tieback conduit extends fromthe subsea
wel | head assenbly to a platfoon. at the surface. A surface. tree is nounted
on the upper end of METAL-GOaYKETAhGHAL FGRRMOGHEIL BOREens have i nner and
outer tieback conduits, each of which is run separately and connected by a
ti eback connector. The inner and outer tieback conduits make up the tieback
riser in that type of system The inner tieback conduit /8 installed
by connegikhid it the fiveR@sk connector to the [ower end of the conduit and.
lowering 1t Tnto the bore of the subsea well head housi ng assenbly. The

ti eback connector has a | ocking nenber that |ocks to the subsea well head
housi ng or t orHihenveafar efdatsd e gendrali 13t subbeat bie daatdagmyvelfl piddactuit ehd tineback
conduit. The inner tieback connectaqor also includes a seal between where the
ti eback R {IOR Mehipsmgit 52k iRBuse i & H5PARE LIS assenbl y. The seal is

pr ef er abhy1@rfRidd thOmVeh@dn S€al . and it seals to an internal conponent of
t he subsea we €ea ousing assenbly. Metal-to-netal seals have a variety
of configurations. Wile nany work well, inprovenents are desired. Sunmmary
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valves connected to flowlines for controlling flow from the well. In another type of
installation, a string of tieback conduit extends from the subsea wellhead assembly to a
platform at the surface. A surface tree is mounted on the upper end of the tieback conduit.
Some riser systems have inner and outer tieback conduits, each of which is run separately and
connected by a tieback connector. The inner and outer tieback conduits make up the tieback
riser in that type of system.

The inner tieback conduit is installed by connecting a tieback connector to the lower
end of the conduit and lowering it into the bore of the subsea wellhead housing assembly.
The tieback connector has a locking member that locks to the subsea wellhead housing or to
the tapered stress joint at the bottom of the outer tieback conduit. The inner tieback
connector also includes a seal between where the tieback connector lands onto the subsea
wellhead assembly. The seal is preferably a metal-to-metal seal, and it seals to an internal
component of the subsea wellhead housing assembly. Metal-to-metal seals have a variety of

configurations. While many work well, improvements are desired.

Summary of the Invention

The seal assembly includes a tubular member having a longitudinal axis and a tubular
member seal profile. A metal seal ring having a proximal base and a distal end has a seal ring

seal profile between the proximal base and distal end that contacts the tubular member seal



profile. A distal annular recess is in one of the seal profiles, the distal
annul ar recess being spaced axially fromthe distal end of the seal ring,
defining a primary seal surface between the distal end of the sea; ring and
the distal annular recess. The seal surflice engages a seal surface of the
tubul ar nenber seal profile. The contacting portions of the seal surfaces
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The distal annular recess may be in the seal ring seal profile or it may be in the tubular
member profile. The proximal annular recess may be in the seal ring seal profile or in the
tubular member seal profile. If the proximal annular recess is in the tubular member seal
profile, an additional proximal annular recess may be formed in the seal ring seal profile
opposite the proximal annular recess in the tubular member séal profile.

In one embodiment, the distal and proximal annular recesses are in the tubular
member seal profile. The seal ring seal profile comprises a conical surface that is
substantially straight from the metal-to-metal sealing area to the proximal annular recess in
the tubular member seal profile.

Brief Description of the Drawings

Figure 1 is a sectional view illustrating a tieback connector, having a seal assembly,
landing on a wellhead assembly.

Figure 2 is a sectional view illustrating the tieback connector of Figure 1 in a landed
position.

Figure 3 is an enlarged sectional view of the seal assembly of Figure 1.



igure, 2 is a sectional viewillustrating the tieback connector of Figure 1
in a landed position. Figure 3 is an enlarged sectional view of the seal

assenbly of Figure |. Figure 4 is an enlarged sectional view of the seal
assenbly of Figure 2. Figure 5 is a sectional view of an alternate
enbodi nent of the seal assenbly oire 4. Figure 6 is a sectional view

of another alternate enbodi nent of the seal assenbly of Figure 4.
Figure 7 is ameuwsnf tragealasgedspdinasl Wevenf B seahassaahly iflgﬁffr:{l on of the seal

assenbly of E"léﬂi’é €idh sectional view of an alternate embodiment of the seal assembly of Figure
4.
Figure 6 is a sectional view of another alternate embodiment of the scal assembly of
Figure 4. ;
Figure 7 is an enlarged sectional view of the mandre} portion of the seal assembly of
Figure 6.

Detailed Description of the Invention

Referring to Figure 1, a tieback connector 20 for a subsea wellhead is illustrated in
side cross-sectional view landing to a wellhead housing (not shown). The tieback connector
20 comprises a tubular mandrel 22, an actuator sleeve 34 circumscribing the mandrel 22
lower portion, a sleeve 32 formed around both the upper portion of the actuator sleeve 34 and
the mandrel 22, and a casing hanger lockdown member 28 coaxially circling the sleeve 32.
Opposing mating surfaces of the mandrel 22 and the sleeve 32 respectively include a mandrel
groove 23 and a sleeve groove 33. As shown, these grooves 23, 33 are aligned with a split
ring 30 extending into both the mandrel groove 23 and the sleeve groove 33. The mandrel 22
and the sleeve 32 are coaxially coupled by the presence of the split ring 30 within the grooves
23, 33.

The tieback connector 20 further includes a seal assembly 50 affixed to the lower end
of the mandrel 22. Figures 1 and 3 illustrate seal 50 prior to energizing the seal 50. Figures 2
and 4 depict seal 50 in engagement with a casing hanger 38. With reference now to Figure 3,
an enlarged side cross-sectional view of the seal assembly 50 is illustrated. The seal
assembly 50 comprises a metal seal member that may have an annular rib, base or web 54 on
its outer side extending radially outward from its mid section and an upper leg 56 extending
from the midsection substantially perpendicular to the web 54. Optionally included is a
lower leg 58 extending in an opposite direction from the upper leg 56. An outer surface of
the upper leg 56 has portions in sealing contact with a lower terminal end of the mandrel 22.
Although the mandrel 22 is shown as a part of the tieback connection 20, the seal assembly
50 can be coupled with any annular member and used for sealing there between.

Mandrel 22 preferably has a lower cylindrical sealing surface 29a, a central
cylindrical or slightly conical support surface 29b and an upper conical sealing surface 29c¢.

Lower cylindrical sealing surface 29a has a diameter larger than central cylindrical support



Det ai | ed Description of the Invention Referring to Figure 1, a

ti eback connector 20 for a subsea wellhead is illustrated in side
cross-sectional view |l anding to a wel |l head housing (not shown). The tieback
connector 20 conprises a tubular nmandrel 22, an actuator sleeve 34
circunscri bing the mandrel 22 |ower portion, a sleeve 32 forned around both
t he upper portion of the actuator sleeve 34 and the mandrel 22, and a
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Upper leg 56 deflects elastically when being installed on mandrel 22, with
sealing area 62 deflecting radially inward slightly to huma netal -to-netal
seat with sealing surface 29c. Support area 66 preferably deflects a very
smal | amount conpared to the deflection of sealing area 62. Prior to being
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Wth reference nowto Figure 2, the 'tieback connector 20 is shown | anded
on the wel |l head housing andin contact with inner or second oasis! hangar
38. The seal assenbly 50 is wedged between the |ower terminal end 27 (Fig.
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dianeter. Seal profile 96 has a prinmary seal area 98 that in this

enbodi ment is a conical surface at theg upper end of seal profile 96. In
this exanple, a cylindrical surface 100 extends downward from prinmary seal.
area 98. An annul ar recess 102, referred to herein as a proximl recess, is
formed at the | ower end of cylindrical surface 100. Proximal recess 102 is
preferably forned as a continuous curve when viewed in the axial
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A seal ring 106 has a base 108, a distal -end 110, and a seal profile 109
ext endi ng between base 108 and distal end 110. In this exanple, base 108
could be an end of seal ring 106 opposite distal cad 110, Alternately, base
108 coul d conprise a m d-section between two distal ends if the seal ring
had two | egs, such as the seal ring shown in the first enbodi nent. A web,

such as web 54 of the first e diment, could extend |aterally from base
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it could have ot her shapes. A seal proximal recess 116 |s spaced a
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the contact..force between support area 118 and cylindrical surface 100 w |
be | ess ﬁﬁlrlf ?Fﬁeérel(t:lbnt act forces between primary seal. areas 98 and 114.
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t ubul ar nenber C%l indrical surface 104. El astorneric seal 124 serves as a

backup demppres apdowarspepce; enipuisa| Adataral feyeeraxerioy te dhg exdsriog of ggherie 114,

Cont act i i . i i xt ent
or 1 ongt T8 25 0Bl e AR 48 P Ban® (PoRR erbpry BB A Rosth
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greater than ial exten 26. f e an axial extent 130
that is rFSésgg‘g?%%fﬁf %&Ye%aern %/Ofioélglmea%% g&tféﬁ%éenc?toiég 0?‘%Et hi s exanpl e. Proxi nal
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Liquid would tend to be trapped in distal recess 112 and proxi mal recesses
102 and 116 as seal ring 106 and tubul ar nmenber 94 nove axially relative to
each other. Proximal recess 102 reducés the possibility of hydraulic |ock
occurring as elastoneric seal 124 and netal -to-netal seal areas 98 and 114
slide into engagenent with each other, Figures ( and 7 illustrate

anot her alternate enbodi nent of a seal assenbly. Referring nore
particularly to Figure 7, tubular nmenber 134 could be either mandrel 22 or




in the other enbodinents, distal recess 140 is annul ar and preferably a.
continuous curve fromits upper edge to its |ower edge. A proximal recess
142 is located in seal profile 136 a sel ected axial distance bel ow di st al
recess 140. Proximal recess 142 has approximately the same configuration
and axi al extent as distal recess 140. An annul ar support area 144 is

| ocat ed between distal recess 140 and proxinmal recess 142. Support area 144
may be cyptimagrdcaladre0 P8 shait ghtHiy eabodimadt.is Thenkxl airfaexhietht uppersamdpdrsealar ea
144 is less, than either of the.recess or 142. A cylindrical surface
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| eg than shown, and vice-versa. Also, in the first enbodi nent, the upper

seal | ekby lpceembalejiibesy 108 ifsierldRO msriny atedp dhossems tynperiemnd lomermde ied upper
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only a singl'e seal leg and no rib or web Is e, particularly if
t he seal locsted dosretb erdarthek fpmdnsalQsl eeve. The clip for retaining the seal
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primary seal area 98 illustrates how much deflection or preload is required of seal ring 106
when it is installed. Seal profile 109 deflects to the left as shown in Figure 5 when it is
installed by an amount equal to the overlapped lines shown in Figure 5. In this embodiment,
seal primary seal area 114 is slightly rounded but it could have other shapes.

A seal proximal recess 116 is spaced a distance below seal distal recess 112, resulting
in an annular support area 118 between them. In this embodiment, annular support area 118
is a cylindrical surface, but it could be tapered. Seal proximal recess 116 has approximately
the same curved configuration as seal distal recess 112 and is located directly opposite
tubular member proximal recess 102. Seal proximal recess 116 is located closer to base 108

than seal distal recess 112.



a cylindrical portion on the outer surface of the |leg proximte the base
and having a seal groove containing an elastoneric seal ring; and a second
recess formed on the outer surface of the | eg between the cylindrical
portion and the support area, wherein the first recess has a | ength,
measured al ong an axis of the seal body, that exceeds a |l ength of the
sealing area. 2. The seal assenbly of claim1l, wherein the second recess
has a | engt h Wieatsedxingd@6 is indialle ingtaiedin whidargaembes §4aonsignallyza prryien 963
assembl y, MorChh Tid-witNBHEL s tBAIAH hbfalhedcifitnlAGuliss fod aRfE angl e
measur ed between a l1ne tangent to the sealing area and the support area
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t he sec area on the s
A cylindrical surface 120 extends from proximal recess 116 into base 108.

Cylindrical surface 120 could alternately be conical. An optional seal groove 122 is formed
in cylindrical surface 120 in this example. An elastomeric seal 124 locates within seal groove
122 and seals against tubular member cylindrical surface 104. Elastomeric seal 124 serves as
a backup seal to the metal-to-metal scal formed by secal arcas 98 and 114. Contacting
portions of primary seal areas 98 and 114 have an axial extent or length 126 measured along
a longitudinal axis of seal ring 106 and tubular member 94. Distal recess 112 has an axial
extent 128 that is greater than axial extent 126. Support area 118 has an axial extent 130 that
is less than primary seal axial extent 126 in this example. Proximal recesses 102 and 116
have an axial extent 132 that in this example is about the same as axial extent 128 and greater
than axial extents 126 and 130.

When seal ring 106 is installed in tubular member 94, liquid would be present if it is a
tieback seal arrangement as in the first embodiment. Liquid would tend to be trapped in
distal recess 112 and proximal recesses 102 and 116 as seal ring 106 and tubular member 94
move axially relative to each other. Proximal recess 102 reduces the possibility of hydraulic
lock occurring as elastomeric seal 124 and metal-to-metal seal areas 98 and 114 slide into
engagement with each other.

Figures 6 and 7 illustrate another alternate embodiment of a seal assembly. Referring
more particularly to Figure 7, tubular member 134 could be either mandrel 22 or casing
hanger 38 of the first embodiment or a tubular member for other purposes. Tubular member
134 has a seal profile 136 on its inner diameter that includes a conical surface 138 at the
upper end of tubular seal profile 136. Alternately, conical surface 138 could be cylindrical.

A distal recess 140 is formed in seal profile 136 at the lower edge of conical surface 138. As



5. The seal assenbly of claim4, wherein the sealing area on the second |eg
has a taper angle neasured between a line tangent to the sealing area and

t he support area on the second leg relative to a line parallel to the axis
of e seal that is not greater than 2 and is in reverse to the taper angle
of the first leg. 6. The seal assenbly of claim1, wherein the sealing
area is curved. 7. A seal assenbly conprising: an annular netal sea
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second | egs extending in opposite directions fromthe m ddle rtion; and a
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wherein the sides are disposed oblique to the axis and converge towards one
1
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outer surface between the mddle portion and the seallng area.
cylindrical or slightly conical. The axial extent of support area 144 is less than either of the
recesses 140 or 142. A cylindrical surface 146 extends downward from proximal recess 142.
Cylindrical surface 146 could alternately be slightly conical.

Referring to Figure 6, seal ring 148 has a base 150 and a distal end 152. Seal ring 148
has a seal profile 154 on its outer surface that engages seal profile 136 of tubular member
134. In this embodiment, seal profile 154 is a smooth surface, free of any recesses except for
an optional seal groove that contains an elastomeric seal ring 156. The portion of seal profile
154 containing elastomeric seal ring 156 may be cylindrical or slightly conical. The portion
of seal profile 154 beginning at the lower end of proximal recess 142 to approximately distal
end 152 is a straight conical surface when viewed in the axial cross-section shown in Figure
6. The overlapped lines in Figure 6 illustrate that the primary metal-to-metal seal surface will
exist at conical surface 138. Support area 144 may be contacted by a portion of seal profile
154. As in the other embodiments, support arca 144 does not necessarily form a metal-to-
metal seal.

While the invention has been shown in a few forms, it should be apparent to those
skilled in the art that it is not so limited but susceptible to various changes without departing
from the scope of the invention. For example, the lower seal leg could be mounted to a seal
ring having a considerably different upper seal leg than shown, and vice-versa. Also, in the
first embodiment, the upper seal leg is configured to allow rotation between the mandrel and
the upper seal leg prior to full setting, but this not need be the case. A seal with only a single
seal leg and no rib or web is also feasible, particularly if the seal is formed as a lip on a
sleeve. The clip for retaining the seal member during deployment could be replaced with a

threaded fastener.
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8. The seal assenbly of claim7, wherein the angle between the upper side
and the axis differs fromthe angle between the | ower side and the axis.
9. The seal assenbly of claim7 further conprising a first recess forned on
the first leg outer surface fromthe support area to the sealing area. 10.
In a sugl'séenc;;ts wel | apparatus having first and second tubul ar nenbers, each
havi ng a B8 e, the first and second tubul ar menbers bei ng in end-to-end
abut ment, , an, i rEDrbi.erd Sfealt a§sberlrblny tbhgtcorﬁeralns, bet ween the first and second
TeHBers, " Conpr i sing® “an Aannul ar “HeRal"seal body having a niddle
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t he secgémrééaaqga,out er surface between the mddle portion and the second | eg
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a second recess formed on the outer surface of the leg between the cylindrical portion and the

support area, wherein the first recess has a length, measured along an axis of the seal body, that
exceeds a length of the sealing area.

2. The seal assembly of claim 1, wherein the second recess has a length that exceeds the length of
the sealing area.

3. The seal assembly of claim 1, wherein the sealing area on the leg has a taper angle measured
between a line tangent to the sealing area and the support area relative to a line parallel to the axis
of the seal that is from about 8° to about 15°.

4. The seal assembly of claim 3 further comprising:

a second leg extending from the base in an opposite direction to the first leg and having a tip with a
sealing area on an outer surface proximate the tip of the second leg for sealing engagement with a
second tubular member;

a support area on the outer surface of the second leg between the base and the sealing area of the
second leg for contact with the second tubular member, the support area of the second leg
configured to contact the second tubular member but exert less force against the second tubular
member than the sealing area of the second leg exerts against the second tubular member;

a third recess on the outer surface of the second leg and extending from the base to the support
area on the second leg; and

a fourth recess on the outer surface of the second leg and extending from the support area on the
second leg to the sealing area on the second leg.

5. The seal assembly of claim 4, wherein the sealing area on the second leg has a taper angle
measured between a line tangent to the sealing area and the support area on the second leg relative

11



a second recess fornmed on the first |leg outer surface fromthe support area
to the mddle portion, wherein the first recess has an axial |ength,
nmeasured al ong the axis of the seal body, that exceeds an axial |length of a
contact area of the first sealing area; a third recess fornmed on the
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area; secon g outer surface

second SUYPBHFLt®Brea to the middl e portion, wherein the fourth recess has an
axi al th, neasured al ong the axis _of the seal body, that exceeds an

axi al Iénﬁleﬁe‘iﬁ?ssﬁmé'dﬁf%{?ﬁ“ ]aY"B%{etS‘fth‘i HRIBAEHECUES i ng area.  11. The subsea
wel | gar atus of claim 10, further conprising a web extending radially

out ward f‘f?ﬁﬂ%“‘[‘f‘é“wmpé's'ﬁ%rtl on of the seal body, the web having a first
side that is engaged by an end of the first tubul ar nmenber and a second

si de t haf anry'aéﬁgeagéaalﬁycwcms Y fshEhesed Savng & B PerEiamhand firshPdvReandi n

t he fir &iBs erehdygdoorbositaidicsctgrs frdivsthe sédtileaisiriiquend o t he axis. 12. The
subsea wel | apparatus of claim 10, wherein the first recess and the second
recess eawdb mambemextending fram giehmidudet perkice eerperdicudaitalthe exigtthe efebtrhemiérr st
support té@mirating 33 wdthep SADISRRE \WBhdr 2AP RAWeRkidss, Aheinaih8siliBs drddispé¥ed oblique
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axi al length that exc an axi al 1engt port "area. 14.

The SUbﬁ(gé:’ahY\\ELr]ea %Qﬁra?ettld% tf?)fofﬁleqrgple]ggand\mer ein

a support area on the first leg outer surface between the middle portion and the sealing area.

8. The seal assembly of claim 7, wherein the angle between the upper side and the axis differs from
the angle between the lower side and the axis.

9. The seal assembly of claim 7 further comprising:
a first recess formed on the first leg outer surface from the support area to the sealing area.

10. In a subsea well apparatus having first and second tubular members, each having a bore, the first
and second tubular members being in end-to-end abutment, an improved seal assembly that seals
between the first and second tubular members, comprising:

an annular metal seal body having a middle portion and first and second legs extending in opposite
directions from the middle portion, the seal body circumscribing an axis;

a first sealing area on an outer surface of the first leg proximate to a tip of the first leg and in sealing
engagement with a conical portion of the bore of the first tubular member;

a second sealing area on an outer surface of the second leg proximate to a tip of the second leg and
in sealing engagement with a cylindrical portion of the bore of the second tubular member;

a first support area on the first leg outer surface between the middle portion and the first leg sealing
area and in contact with the bore of the first tubular member, the first support area exerting less
force against the first tubular member than the first sealing area;

a second support area on the second leg outer surface between the middle portion and the second
leg sealing area and in contact with the bore of the second tubular member, the second support
area exerting less force against the second tubular member than the second sealing area;

a first recess formed on the first leg outer surface from the first support area to the first sealing area;

a second recess formed on the first leg outer surface from the support area to the middle portion,
wherein the first recess has an axial length, measured along the axis of the seal body, that exceeds
an axial length of a contact area of the first sealing area;
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the sealing area on the first |leg has a taper angle neasured between a line
tangent to the sealing area and the support area on the first leg relative
toaline parallel to the axis of the seal body; the sealing area on the
second | eg has a taper angle neasured between a line tangent to the sealing
area and support _are t he second Ie relative to ar a| t he
i o of SERETBET PaT of &rs SOy RVEE St SreHer T bR 5P PRE S Meseeehlg.
and t heseafipdaiea;@8hdt he taper angle of the second leg is less than the amount
of the taper angle of the first leg, 15. The subsea wel| apparatus of
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t he seakyceeds an axial length of a contact area of the second sealing area.

11. The subsea well apparatus of claim 10, further comprising a web extending radially outward from
the middle portion of the seal body, the web having a first side that is engaged by an end of the first
tubular member and a second side that is engaged by an end of the second tubular member, and
wherein the first and second sides are disposed oblique to the axis.

12. The subsea well apparatus of claim 10, wherein the first recess and the second recess each has
an axial length that exceeds an axial length of the first support area.

13. The subsea well apparatus of claim 10 further comprising:

wherein the third recess and the fourth recess each has an axial length that exceeds an axial length
of the second support area.

14. The subsea well apparatus of claim 10, wherein

the sealing area on the first leg has a taper angle measured between a line tangent to the sealing
area and the support area on the first leg relative to a line parallel to the axis of the seal body;

the sealing area on the second leg has a taper angle measured between a line tangent to the sealing
area and support area on the second leg relative to a line parallel to the axis of the seal that is in
reverse to the taper angle on the first leg; and

the amount of the taper angle of the second leg is less than the amount of the taper angle of the
first leg.

15. The subsea well apparatus of claim 10, wherein the first tubular member is rotatable relative to
the seal assembly after engaging the lower tubular member and while energizing the seal.
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