HYBRID SEAL Field of the Disclosure This disclosure relates in general to subsea wellhead seals,
particular to a hybrid seal that has a metal-to-metal primary sealing portion and a secondary portion
that serves as an emergency seal. Background During creation of a subsea well, a wellhead
assembly including a wellhead housing is located at the upper end of the wellbore at the sea floor. As
the well is drilled deeper, a drill string passes through the wellhead housing. One or more casing
strings are lowered through the wellhead housing, each supported with a casing hanger that lands in
the bore of the wellhead housing. A packoff or ca5|r]|)q hanger seal is set in a seal pocket between a
side surface of the

Field of the Disclosure

This disclosure relates in general to subsea wellhead seals, particular to a hybrid seal that
has a metal-to-metal primary sealing portion and a secondary portion that serves as an

emergency seal.

Background

During creation of a subsea well, a wellhead assembly including a wellhead housing is
located at the upper end of the wellbore at the sea floor. As the well is drilled deeper, a drill
string passes through the wellhead housing. One or more casing strings are lowered through the
wellhead housing, each supported with a casing hanger that lands in the bore of the wellhead
housing. A packoff or casing hanger seal is set in a seal pocket between a side surface of the
casing hanger and a sidewall of the bore. The casing hanger seal is preferably a metal-to-metal
seal, which bests seals if the sealing surfaces on the casing hanger and on the sidewall of the bore

are in good condition.

Wellhead drilling operations may cause damage to the sidewall of the wellhead housing
bore before the casing hanger seal is installed. In particular, casing hangers and the high
pressure wellhead housing can be damaged with scratches and gouges that range from minor
scratches, such as a few thousandths deep, to major scratches, as much 0.1" deep. To seal a
casing hanger annulus that has been damaged, it may be necessary that the seal is constructed of

a compliant material that can extrude and fill the scratches and gouges. If the desired metal-to-



casing hanger and a sidewall of the bore. The casing hanger seal is preferably a metal-to-metal seal,
which bests seals if the sealing surfaces on the casing hanger and on the sidewall of the bore are in
good condition. Wellhead drilling operations may cause damage to the sidewall of the wellhead
housing bore before the casing hanger seal is installed. In particular, casing hangers and the high
pressure wellhead housing can be damaged with scratches and gouges that range from minor
scratches, such as a few thousandths deep, to major scratches, as much 0.1" deep. To seal a casing

hanger annulus that ha en ged it may be necessary that the seal is constructed of a
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seal. Normally, emergency seals consisting of elastomeric seal elements are used to seal the
casing hanger annulus. The emergency seal may also have metal sealing elements combined

with the elastomeric element.

Retrieving a primary metal-to-metal seal that fails to meet a pressure test is a time-
consuming task. The operator has to release the primary seal from its set condition and retrieve
it with a string of drill pipe. The operator then has to run an emergency seal with a running tool
on a string of drill pipe. In deep water, the cost to trip a string of drill pipe from the drilling

vessel to the subsea wellhead housing is expensive.

Summary

The seal assembly disclosed herein is designed to seal between inner and outer tubular
members of a subsea wellhead assembly. The seal assembly includes a primary seal ring and a
secondary seal ring. The primary and secondary seal rings are energized from a run-in to a set
position by applying an energizing force. The energizing force required to move the secondary
seal ring to the set position is less than the energizing force required to move the primary seal
ring to the set position. After the seal assembly has landed between the inner and outer
members, an energizing force applied to the primary seal ring transfers to the secondary seal ring
to cause the secondary seal ring to move to the set position before the primary seal ring moves to
the set position.

In the preferred embodiment, the primary seal ring has inner and outer annular legs that
are separated from each other by an annular slot. An energizing ring with greater thickness than
the slot is carried in a run-in position with its end engaging an entrance end of the slot. An

energizing force supplied to the energizing ring, after the secondary seal ring has landed, initially
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metal seal is unable to seal adequately, it is normally removed and replaced with an emergency seal.
Normally, emergency seals consisting of elastomeric seal elements are used to seal the casing hanger
annulus. The emergency seal may also have metal sealing elements combined with the elastomeric
element. Retrieving a primary metal-to-metal seal that fails to meet a pressure test is a time-
consuming task. The operator has to release the primary seal from its set condition and retrieve it with
a string of drill pipe. The operator then has to run an emergency seal with a running tool on a string of

drill pipe. In deep water, the cost to tri string of drill pipe from the drilling vessel to the suhsea
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to move to the set position. A continuing force applied to the energizing ring after the secondary
seal ring is in the set position pushes the energizing ring into the slot to move the primary seal
ring to the set position.

Annular channels may be located on the inner side surface of the primary seal ring. An
inlay of a metal softer than the metal of the primary seal ring is located within the channels. The
primary seal ring has an annular force transferring leg that extends downward below these
channels. The force transferring leg has a lower end that transfers setting force to the secondary
seal ring.

The secondary seal ring preferably has a lower portion that provides sealing engagement
with the inner and outer tubular members when the secondary seal ring is moved to the set
position. An annular neck protrudes upwards from the lower portion alongside a side surface of
the force transferring leg. A coupling device between the side surface of the force transferring
leg and a side surface of the neck secures the secondary seal ring to the primary seal ring. The
downward force supplied to the primary seal ring preferably does not pass through the coupling

device.



Summary The seal assembly disclosed herein is designed to seal between inner and outer tubular
members of a subsea wellhead assembly. The seal assembly includes a primary seal ring and a
secondary seal ring. The primary and secondary seal rings are energized from a run-in to a set
position by applying an energizing force. The energizing force required to move the secondary seal
ring to the set position is less than the energizing force required to move the primary seal ring to the
set position. After the seal assembly has landed between the inner and outer members, an energizing
force applled to the prlmary seal rlng transfers to the secondary seal ring to cause the secondary seal
¥ DsLA 1eprimary seal ring moves to the set position.

Figure 1 is a sectional view showing a portion of casing hanger within a wellhead
housing and a seal assembly constructed in accordance with this disclosure and shown in the run-
in position.

Figure 2 is an enlarged view of the lower portion of the lower seal ring of the seal
assembly of Figure 1.

Figure 3 is a sectional view showing a portion of a casing hanger within a wellhead
housing and an alternate embodiment of a seal assembly constructed in accordance with this

disclosure, shown in the run-in position.



In the preferred embodiment, the primary seal ring has inner and outer annular legs that are separated
from each other by an annular slot. An energizing ring with greater thickness than the slot is carried in
a run-in position with its end engaging an entrance end of the slot. An energizing force supplied to the
energizing ring, after the secondary seal ring has landed, initially transfers through the primary seal
ring to the secondary seal ring, causing the secondary seal ring to move to the set position. A
continuing force applied to the energizing ring after the secondary seal ring is in the set position

pushes the energizing ring into the slot to move the primary seal ring to the set position.  Annular
channelgﬁﬁyﬂé&m% the inner side surface of the primary seal ring. An inlay of a metal softer
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preferably has a lower portion that provides sealing engagement with the inner and outer tubular
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upwards from the Tower portion alongside a side surface of the force transferring leg. A coupling device
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secondary seal ring to the primary seal ring. The downward force supplied to the primary seal ring

preferably deesdnt pass el thensOMPBIELASMISeall 17 that is spaced radially inward from bore
sidewall 13. Outer sidewall 17 may have a central conical portion 17a that tapers downward to a
cylindrical portion 17b of smaller diameter. A larger diameter cylindrical portion 17c extends
upward from conical portion 17b. Bore sidewall 13 is typically cylindrical in this portion of
wellhead housing 11. A seal pocket 19 is defined by the annular space between outer sidewall
17 and bore sidewall 13. Seal pocket 19 has a lower end defined by an upward facing shoulder
21 that is located on the exterior of casing hanger 15. Seal pocket 19 has a smaller radial width
in the lower portion 17b of casing hanger 15 below conical portion 17a than in the upper portion
17¢ above conical portion 17a.

In this example, wellhead housing 11 has a set of wickers 23 located on bore sidewall 13.
Additionally, casing hanger 15 may have a set of wickers 25 spaced directly across from wickers
23 on cylindrical portion 17c. Wickers 23 and 25 comprise small circumferential grooves
extending around their respective surfaces. Normally, wickers 23 and 25 will have a saw tooth
shape when viewed in cross section.

A seal assembly 27 is shown in a run-in position being lowered into seal pocket 19 prior
to being set. Seal assembly 27 has an upper seal ring 29 and a lower seal ring 31. Upper seal
ring 29 is a primary seal ring, and lower seal ring 31 is an auxiliary seal ring in this embodiment.
Upper seal ring 29 has an upper portion 33 that sealingly engages wickers 23 and 25 when in the

set position. Upper portion 33 has an inner leg 35 and an outer leg 37, both being annular,

-5-



A Brief Description of the Drawings Figure 1 is a sectional view showing a portion of casing hanger
within a wellhead housing and a seal assembly constructed in accordance with this disclosure and
shown in the run-in position. Figure 2 is an enlarged view of the lower portion of the lower seal ring
of the seal assembly of Figure 1. Figure 3 is a sectional view showing a portion of a casing hanger
within a wellhead housing and an alternate embodiment of a seal assembly constructed in accordance
with this disclosure, shown in the run-in position. Detailed Description Referring to Figure 1, wellhead

housing 11 is a tubular member that is located at th
g cy ind%ceLd members separated from each other %y an annular slot 39. In this example, several

annular channels 41 are formed on the outer diameter of outer leg 37. Channels 41 are axially
separated from each other and are in planes perpendicular to the axis of bore sidewall 13. An
inlay 43 of a soft metal alloy is located within each of the channels 41. In the preferred
embodiment, inlay 43 comprises an alloy of tin and indium. When in the set position, inlay 43
will imbed into wickers 23 to enhance sealing. The material of inlay 43 is softer than the
material of seal ring 29, which is typically formed of a steel alloy.

An energizing ring 45 serves to move upper seal ring 29 to the set position. Energizing
ring 45 is engaged by a running tool (not shown) to lower seal assembly 27 into seal pocket 19
after casing hanger 15 has been cemented. The running tool also will apply a downward force to
energizing ring 45 and upper seal ring 29 to energize lower seal ring 31. Continuing the
downward force at a higher level will then energize upper seal ring 29. Energizing ring 45 has a
radial thickness that is greater than the radial dimension of slot 39. In the run-in position, the
lower end of energizing ring 45 is located at the upper end or entrance of slot 39 in abutment
with upper ends of both legs 35, 37. When setting lower seal ring 31, energizing ring 45 remains
in engagement with the upper ends of legs 35, 37. When setting upper seal ring 29, energizing
ring 45 will extend into slot 39 a considerable distance, forcing inner leg 35 inward and outer leg
37 outward. The radial deformation of inner leg 35 and outer leg 37 exceeds the yield strength
of the material of upper seal ring 29. Energizing ring 45 is secured to seal assembly 27 by a
retainer ring 47 that has mating threads that engage threads on an upper extension 49 of outer leg
37.

Upper seal ring 29 has a force transfer leg 51 that extends downward from upper portion

33. Forced transfer leg 51 extends below the junction of inner leg 35 with outer leg 37 and in



upper end of a well at the sea floor. Wellhead housing 11 has a bore with a sidewall 13. A casing
hanger 15 is lowered into wellhead housing 11 and landed on a shoulder (not shown). A string of
casing (not shown) attaches to a lower end of casing hanger 15. The casing is cemented in the well.
Casing hanger 15 has an outer sidewall 17 that is spaced radially inward from bore sidewall 13. Outer
sidewall 17 may have a central conical portion 17a that tapers downward to a cylindrical portion 17b of
smaller diameter. A larger diameter cylindrical portion 17c extends upward from conical portion 17b.
Bore sidewall 13 is typically cylindrical in this partion of wellhead housing.11. A seal pocket 19 is
defined By th&amRlar BRSNS Hewa e P A %P@egﬁaa%amffs@&a?% Ret 1d%has a

lower end defined by an upward facin ShOldlder 21 that is IOfatejd]o he.exteri&)r of (:asi?gf hanger 15.
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transfer leg 51 is approximately the same as the inner diameter of outer leg 37. The thickness of
force transfer leg 51 is thus considerably smaller than the radial dimension of seal upper portion
33 measured from the inner diameter of inner leg 35 to the outer diameter of outer leg 37. The
difference in radial thickness results in a downward facing shoulder 53 at the lower end of upper
portion 33 of upper seal ring 29. Force transfer leg 51 serves to set lower seal ring 31.

Lower seal ring 31 has a lower portion 55 that is at least partially
elastomeric/thermoplastic and is deformed radially inward and outward to seal between casing
hanger 15 and wellhead housing 11. Lower portion 55, better shown in Figure 2, has a nose 57
on its lower end. Nose 57 has a downward facing shoulder 58 that lands on upward facing
shoulder 21 (Figure 1). A vertical cylindrical dividing wall 59 extends upward from nose 57
concentric with bore sidewall 13. Vertical dividing wall 59 is located an equal distance between
the inner diameter and the outer diameter of nose 57. A lower sealing ring set 61 has seal rings
located both on the inner diameter and the outer diameter of vertical dividing wall 59. An upper
sealing ring set 63 is located above lower sealing ring set 61 and has seal rings both on the inner
and outer diameters of dividing wall 59. Each sealing ring set 61, 63 is made up of V-shaped
metal rings 65 and V-shaped elastomeric/thermoplastic rings 67. Metal rings 65 and
elastomeric/thermoplastic rings 67 alternate with one another and are stacked on each other.
The number can vary, and in this example, each set 61, 63 comprises three metal rings 65 and
two elastomeric/thermoplastic rings 67 on the inner diameter and the same number on the outer
diameter of dividing wall 59. In this example, rings 65, 67 of lower sealing ring set 61 face

downward, and rings 65, 67 of upper sealing ring set 63 face upward. Horizontal dividing rings



in the lower portion 17b of casing hanger 15 below conical portion 17a than in the upper portion 17¢
above conical portion 17a. In this example, wellhead housing 11 has a set of wickers 23 located on
bore sidewall 13. Additionally, casing hanger 15 may have a set of wickers 25 spaced directly across
from wickers 23 on cylindrical portion 17c. Wickers 23 and 25 comprise small circumferential grooves
extending around their respective surfaces. Normally, wickers 23 and 25 will have a saw tooth shape
when viewed in cross section. A seal assembly 27 is shown in a run-in position being lowered into seal
pocket 19 prior to being set. Seal assembly 27 has an upper seal ring 29 and a lower seal rir‘lég] 31.
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embOdmgSchérs 69 have concave V-shaped recesses on both the upper and lower sides. Metal lower end

rings 71 are located at the lower ends of the lower sealing ring set 61. Metal upper end rings 73
are located at the upper end of upper sealing ring set 63. Each end ring 71, 73 is flat on one end
and V-shaped on the other end. Flat washers or spacers 75 may be located above upper end rings
73. When a downward force of sufficient magnitude is applied to spacers 75, seal ring sets 61,
63 move axially relative to dividing wall 59 and deflect radially outward and inward to seal
between dividing wall 59, casing hanger 15 and wellhead housing 11.

Referring to Figure 1, an outer spring member 77 may be located on the outer side of
dividing wall 59 in contact with the outer spacer ring 75. Similarly, an inner spring member 79
may be located on the inner spacer ring 75. In this example, outer spring member 77 is abutted
by the lower end of force transfer leg 51. Each spring member 77, 79 in this example comprises
a cylinder that has slits on its inner and outer diameters that alternate with each other to allow
resilient axial deflection. Outer spring member 77 has a greater axial dimension than inner
spring member 79 in this example to accommodate different setting strokes between sealing
rings sets 61, 63 on the inner side of dividing wall 59 and those on the outer side of dividing wall
59.

A neck 81 extends upward from the upper end of inner spring member 79. In this
example, neck 81 is a cylindrical ring that is formed separate from inner spring member 79.
Neck 81 has an upper end that is in substantial abutment with downward facing shoulder 53.
Neck 81 extends alongside and within the inner diameter of force transfer leg 51. The outer
diameter of neck 81 is less than the inner diameter of force transfer leg 51, creating a cylindrical

gap 83. Vertical dividing wall 59 extends upward within gap 83.



Upper seal ring 29 has an upper portion 33 that sealingly engages wickers 23 and 25 when in the set
position. Upper portion 33 has an inner leg 35 and an outer leg 37, both being annular, cylindrical
members separated from each other by an annular slot 39. In this example, several annular channels
41 are formed on the outer diameter of outer leg 37. Channels 41 are axially separated from each
other and are in planes perpendicular to the axis of bore sidewall 13. An inlay 43 of a soft metal alloy is
located within each of the channels 41. In the preferred embodiment, inlay 43 comprises an alloy of tin
and indium. When in the set position, inlay 43 will imbed into wickers 23 to enhance sealing. The
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seal ring 31, energizing ring 45 remains in engagement with the upper ends of legs 35, 37. When
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inner leg 35 inward and outer leg 37 outward. The radial deformation of inner leg 35 and outer leg 37
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assembly 27 by a retainer ring 47 that has mating threads that engage threads on an upper extension
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upper portion 33. Forced transfer leg 51 extends below the junction of inner leg 35 with outer leg 37
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51 is thus considerably smaller than the radial dimension of seal upper portion 33 measured from the
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results in a downward facing shoulder 53 at the lower end of upper portion 33 of upper seal ring 29.
Force trandfaniadiibofsbevewto mutilower dfdaivéngealiting Alower seal ring 31 has a lower portion 55
that is at least partially elastomeric/thermoplastic and is deformed radially inward and outward to seal
between casindhapgferas afierwadineduiasusindasibeawastpledonhs petibeashbosiigHigand 2, has a
nose 57 on its lower end. Nose 57 has a downward facing shoulder 58 that lands on upward facing
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diameter_and the outer diameter of vertical dividing wall 59. An upper sealing ring set 63 is located
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ClastomHUARGHREFIAAT HALS S Pt S Kt S LI SRP BB B RER 65 Bfefnate
with one.another and % gttgf,kfytg each other. The number, i:an Va@f’ tﬁggl t'ﬂet is examE_)rlgd ?Oach set

61, 63 ccl)rrlﬁlﬁrri%ré% three rings Cand B S aé%ocr%résrllc%ﬁté rfﬁlastic rings 7 oh e et

ciameter and the samg UmbPLOp the auter diarpeter.of divding. wall 59, I his xample, ings 65, 67
of lower seaﬁng rng set 5 face downward, and rngs 8%%1 of upper sepaﬁlng nﬁ’g sé ce%pward.
Horlzontﬁg q{/\ﬂfjfﬂglﬁﬂgﬁass through neck 81 and force transfer leg 51 through spring members 79, 77 to

lower seal ring 31. Once the downward force is at a level sufficient to cause radial deformation

of sealing ring sets 61, 63, upper end rings 73 will begin moving downward relative to nose 57

and vertical dividing wall 59. This downward movement causes metal rings 65 and



or spacers 69 separate lower sealing ring set 61 from upper sealing ring set 63. Horizontal spacers 69
have concave V-shaped recesses on both the upper and lower sides. Metal lower end rings 71 are
located at the lower ends of the lower sealing ring set 61. Metal upper end rings 73 are located at the
upper end of upper sealing ring set 63. Each end ring 71, 73 is flat on one end and V-shaped on the
other end. Flat washers or spacers 75 may be located above upper end rings 73. When a downward
force of sufficient magnitude is applied to spacers 75, seal ring sets 61, 63 move axially relative to

dividing wall 59 and deflect radially outward and inward to seal between dividing wall 59, casjng
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extends upward from the upper end of inner spring member 79. In this example, neck 81 is a
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in substantial abutment with downward facing shoulder 53. Neck 81 extends alongside and within the
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force transfer leg 51, creating a cylindrical gap 83. Vertical dividing wall 59 extends upward within gap
83. Aoupling deyice, Wiighrisdisthisigxamle sarises ahiraded jasiengr Bbemdends through
a circular hole in neck 81 outward into a threaded receptacle in the inner diameter of force transfer leg
51. Fastensy48, exighdsdhrasghgap83 natddaisn thwatlghsarsedaagetath apsrtwtend /sipnvgeigal dividing
wall 59. Fastener 85 thus secures lower seal ring 31 to force transfer leg 51. Neck 81 and force
transfer iggrvaidwill desvabieddinaugpovsenlaickredatiliette yesfiead dvaltbdibecalise af edngated
aperture 87. The downward force passing through force transfer leg 51 and neck 81 does not pass
through festengrif§ beoathseorepir8dnand fartre tramsfewldy15h adwetomaliviand Thaegegenide radial
width of seal assembly 27 measured from an inner diameter of neck 81 to an outer diameter of force
transfer leigubpeisspd grepiorhdhirmackensid3satfiall widehves appdodedd windgo2@aifmn daiawidthifrom the
inner diameter of neck 81 to the outer diameter of force transfer leg 51, measured at the upper end of
neck 81,34 tréeetimapidoaxaNegledhaipiing raeiidlonsdih &f wnsl [olveroporioass deleswernsélldag 31.

In operation, after casing hanger 15 has been installed within wellhead housing 11 and the casing
cementedlliArplesatethedinserhtasng hitigel cosiiah 88E#BIY 27. The operator actuates the casing hanger
running tool (not shown) to lower seal assembly 27 into seal pocket 19. Nose 57 will land on shoulder
21. The running{B& BF5SRES £HEMANGLSFH 3 d s b HYHiAG AEN SURKASE asFeRPeh &R idBo inner
and outer legs 35, 37 of upper seal ring 29. The force to move inner and outer legs 35, 37 to the set
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hanger vg%lleg%@??ﬂ}%é/yellhead housing bore wall 13. Sealing engagement is also formed by the edges
of rings 65, 67 ort the inner and outer diameters of vertical dividing wall 59. Spring members 77 and 79
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is in the set position, the force required by the running tool will increase. Continued application of the
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deflecting inward and outer leg 37 expanding outward, sealing against wickers 25 and 23. Wickers 23
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embodiment, lower seal ring 31 seals against smooth bore portions of casing hanger wall 17b and
bore wall 13. The engagement of upper seal ring 29 with wickers 23, 25 also serves as a lock down to
maintain lower seal ring 31 in the set position. Neck 81, spring members 77, 79 and a lower portion of
force transfer leg 51 are located adjacent casing h ngr conical portion 17a.



When pressure tested, lower seal ring 31 assists in preventing leakage past upper seal ring 29. If
upper seal ring 29 forms a good metal-to-metal seal, lower seal ring 31 will have no function. However,
if upper seal ring 29 fails to seat properly due to damage to the sealing surfaces, the emergency seal
provided by lower seal ring 31 will assist in allowing a good pressure test to occur. It should not be
necessary to retrieve seal assembly 27 and return with an emergency seal.  Various other types of
auxiliary seal rings can be utilized. For example, rather than inner and outer sets of seal rings

separated by vertical dividing wall, a single set of V-shaped metal and elastomeric/thermoplastic rings
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band 103 extends between upper ring 99 and nose ring 101, securing nose ring 101 to upper ring 99.

Flexible pandi03 s MBS v tin Q. CRAlal PRS ﬁEﬁnuﬂ?e?tQéQPﬁf??@@.19@@@9&?1&&%@'6 of

changes in axial distance between upper ring 99 and nose ring 101. Elastomeric band 105 has a

run-in radigjsthigkngssthat ﬁi&h@@:”&i%?éﬁéﬁhﬁ?eﬂl%m@@' dbigknessob sealApcket 27 as indicated by
e

the dotted lines. When pushed into pocket 27, elastomeric band 105 will deform. A downward force of

upper ring 99 againgt Rlasteeniahang dipeafies nose Miahasdandsd anshouldes glndthpush upper

ring 99 toward nose ring 101 to cause elastomeric band 105 to seal between casing hanger surface
17b and ferdwalinkdaFaferadiyexigrBrosngeln apstnase omgntOdobavia drieta| dinpsidaly ibat fage toward
each other. An outer one of the metal lips 107 will seal and engage the inner wall of wellhead housing
11. An inrtdr ongppéredat 99.thelexidial biprl 103 wsiltséal dsitiveitgageceastigpbaigesfouiel sidewall 17b.
As in the first embodiment, lower seal ring 91 is spaced below wickers 23, 25. A neck 109
protrudebamgwardairdns ogpdlainfB8nziongside bdidtavithibetiveénngpdiamet®y ehfonoesctrarsiérleg 97. A
coupling device to secure neck 109 to force transfer leg 97 comprises threads 110 in this example. A
downwarddstoingrishbandel 43 habatswminppdabnbidineeck0ds Theddywerete ohiordeetradster leg 97
abuts an upward facing shoulder 113, which is located outward of neck 109. The radial width from an
inner diatetaesst abekal 0velscan? d e iwimaiedebyitherdetirdnkines leMgrismehgredtter tegkca An-in
radial width of upper seal ring 89 or lower seal ring 91.  As in the first embodiment, the force
required tBsSenRsgIa8d I Anvjib Hedorans fdavine st derrsilivpaorEe Uhpetaelatgnegic band
Consequently, the downward force of the running tool applied to energizing ring 96 will cause lower
seal ring 99 fftsenaret Hohtmladedtichawidcsr olmutarBreding? AePgrdaeiasng, Ml then
force inner and outer legs 93, 95 apart to set upper seal ring 89. Preferably, the downward force of
energizifd it H6 BBEE AR PAsLhSudt trheusm fsipaHEngsssaEtfeldh dbReesealitd o1

because ot e goutment of donmyard Faeng RIS AT TSRS 102 A0 ahument g oree

outer one of the metal lips 107 will seal and engage the inner wall of wellhead housing 11. An
inner one of each of the metal lips 107 will seal and engage casing hanger outer sidewall 17b.
As in the first embodiment, lower seal ring 91 is spaced below wickers 23, 25.

A neck 109 protrudes upward from upper ring 99 alongside and within the inner diameter
of force transfer leg 97. A coupling device to secure neck 109 to force transfer leg 97 comprises

threads 110 in this example. A downward facing shoulder 111 abuts an upper end of neck 109.

-11-



While this disclosure has been shown only two of its forms, it should be apparent to those skilled in the
art that it is not so limited but it susceptible to various changes without departing from the scope of
disclosure. Claims 1. A seal assembly for sealing in a seal pocket between inner and outer tubular
members of a subsea wellhead assembly, comprising: a metal-to- metal primary seal ring having an
axis; a secondary seal ring secured to and spaced axially from the primary seal ring; and  the
primary and secondary seal rings being energized from a run-in to a set position by applying an

energizing force to the seal assembly, which causes the secandary seal ring to move to the set
position B8fo V%ﬁeeaﬂerﬂsr%@smﬁ Tri6gey Pt %ngﬁ%ﬁczﬁﬁ@g a %&I%%F&to claim

L wheren e PSSR PRLCOPAYseR, 1o STIMALMISE 20 OVIRLIEAR SPARIR e agen oter
of force transfer leg 99 is no greater than a run-in radial width of upper seal ring 89 or lower seal
ring 91.

As in the first embodiment, the force required to set lower seal ring 91 is less than the
force required to set upper seal ring 89. Consequently, the downward force of the running tool
applied to energizing ring 96 will cause lower seal ring 91 to set first. Continued application of a
downward force, but at a greater level, will then force inner and outer legs 93, 95 apart to set
upper seal ring 89. Preferably, the downward force of energizing ring 96 does not pass through
threads 110, rather passes directly to lower seal ring 91 because of the abutment of downward
facing shoulder 111 with neck 109 and the abutment of force transfer leg 97 with shoulder 113.

While this disclosure has been shown only two of its forms, it should be apparent to those

skilled in the art that it is not so limited but it susceptible to various changes without departing

from the scope of disclosure.
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an energizing ring having a radial thickness greater than the run-in radial width and carried in a run-in
position with an end engaging an entrance of the annular slot; and wherein the energizing force is an
axially-directed force applied to the energizing ring. 3. The seal assembly according to claim 1, further
comprising: a plurality of annular channels on an inner side surface of the primary seal ring; -13-

an inlay of a metal softer than the metal of the primary seal ring located within the channels; wherein
the primary seal ring has an annular force transferring leg extending from the channels, the force
transferring leg having an end in operative engagement with the secondary seal ring; and the
energizir%E?BFEe is an axially directed and applied to the primary seal ring.

1. A seal assembly for sealing in a seal pocket between inner and outer tubular members of a

subsea wellhead assembly, comprising:
a metal-to- metal primary seal ring having an axis;
a secondary seal ring secured to and spaced axially from the primary seal ring; and

the primary and secondary seal rings being energized from a run-in to a set position by
applying an energizing force to the seal assembly, which causes the secondary seal ring to move

to the set position before the primary seal ring moves to the set position.

2.The seal assembly according to claim 1, wherein the primary seal ring comprises:

annular inner and outer legs separated from each other by an annular slot having a run-in

radial width;

an energizing ring having a radial thickness greater than the run-in radial width and

carried in a run-in position with an end engaging an entrance of the annular slot; and

wherein the energizing force is an axially-directed force applied to the energizing ring.

3. The seal assembly according to claim 1, further comprising:

a plurality of annular channels on an inner side surface of the primary seal ring;
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4. The seal assembly according to claim 1, wherein the primary seal ring comprises:  an upper
portion that provides sealing engagement with the inner and outer tubular members when the primary
seal ring is moved to the set position;  an annular force transferring leg extending downward from
the upper portion, the force transferring leg having a lower end in operative engagement with the
secondary seal ring; and  the energizing force is downward directed and applied through the force
transferring leg before the primary seal ring moves to the set position, thereby causing the secondary

seal ring to move to the set position first. 5. The seal assembly according to claim 4, wherein the
secondary seal Mg &b EEE! SO%%%@#%%%ﬁ ﬂfﬁiﬁmwég %eé"ﬁﬁwg %&a&d@%@m i the inner

and outer tubulla_r nflembers when the secondary seal ring is moved to the set position; an annular
neck pro?Pﬁaﬁ\egsu‘ﬁlwe&%nfrom the lower portion alongside a side surface of the force transferring leg;

and a coupling device between the side surface of the force transferring leg and a side surface of

the neck for Se%iﬁﬁg@%@Eﬂ?@ﬂééﬁf‘LﬁMapﬁ% WAH@ME@%Q B@tending from the channels,

the force transferring leg having an end in operative engagement with the secondary seal ring;

and

the energizing force is an axially directed and applied to the primary seal ring.

4. The seal assembly according to claim 1, wherein the primary seal ring comprises:

an upper portion that provides sealing engagement with the inner and outer tubular

members when the primary seal ring is moved to the set position;

an annular force transferring leg extending downward from the upper portion, the force

transferring leg having a lower end in operative engagement with the secondary seal ring; and

the energizing force is downward directed and applied through the force transferring leg
before the primary seal ring moves to the set position, thereby causing the secondary seal ring to

move to the set position first.

5. The seal assembly according to claim 4, wherein the secondary seal ring comprises:

a lower portion that provides sealing engagement with the inner and outer tubular

members when the secondary seal ring is moved to the set position;
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6. The seal assembly according to claim 5, wherein the end of the force transferring leg transfers the
energizing force imposed on the force transferring leg to the lower portion of the secondary seal ring,
bypassing the coupling device. 7. The seal assembly according to claim 5, wherein a combined radial
width of the neck and the force transferring leg is no greater than a radial width of the upper portion of
the primary seal ring measured in the run-in position. 8. The seal assembly according to claim 5,
wherein: the upper portion of the primary seal ring has a downward facing shoulder on a lower end

of the upper portion; the neck has an upper end that is in abutment with the rd facing
Choulder whon & uBHRsS I/ REEP RS PR Ce BSSISHT POrHe s i gé&a 6o claim
1, here : the outer Iub Iar m mber comprises an outer wellhead housing havmg a bore; the

inner tublﬁ)lralgliﬁ%n gﬂ% s a casing hanger landed within the bore, the casing hanger having an

external shoulder that deflnes a lower end of the pocket; the secondary seal ring is carried below

the primary sea] (ifigy1#5 24 EREIHRANBINR GRIONAIC. BRFhARAS ARANR RIS Mk casing hanger,

of the neck for securing the secondary seal ring to the primary seal ring.

6. The seal assembly according to claim 5, wherein the end of the force transferring leg transfers
the energizing force imposed on the force transferring leg to the lower portion of the secondary

seal ring, bypassing the coupling device.

7. The seal assembly according to claim 5, wherein a combined radial width of the neck and the
force transferring leg is no greater than a radial width of the upper portion of the primary seal

ring measured in the run-in position.

8. The seal assembly according to claim 5, wherein:

the upper portion of the primary seal ring has a downward facing shoulder on a lower end

of the upper portion; and

the neck has an upper end that is in abutment with the downward facing shoulder when

the secondary seal ring is in the set position.
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the primary and secondary seal rings are movable from the run-in position to the set position by
applying a downward force, the downward force required to move the secondary seal ring to the set
position being less than the downward force required to move the primary seal ring to the set position;
and wherein a downward force applied to the primary seal ring after the secondary seal ring has
landed on the shoulder transfers to the secondary seal ring to cause the secondary seal ring to move
to the set position before the primary seal ring moves to the set position. 10. The seal assembly
accordin% to claeigi 9, wherein the primary seal ring comprises: annular inner and outer legs

separated BFF SRS THRY BE QH HSHAISPUD nAARSE run-in radial width;  an energizing ring

having a radial thickness greater than the run-in radial width and carried in a run-in position with a

lower end engaging an HRRGH: %k%%@%@?ﬁ#ﬁ%g‘;aﬂ%ter we‘i‘fﬁ‘%?s E%%s%%‘%ﬂ‘{}‘lﬁ d ipice applied to the

energizing ring after the secondary seal ring anded on t r initiafly transfers through the
primary seal ring to the secondary seal ring to cause the secondary seal ring to move to the set

position; and  thamadditenal dewswahinise appind tibe enIZingiHnB-fteE, e sasandary seal
ring is in the set position moves the energizing ring into the slot to move the primary seal ring to the set
position. hbhgdiftersegl asse sy shoattelinignte eliaikn LlowbeeathdhePpsorey, seal ring comprises: an
upper portion that seals between the casing hanger and the wellhead housing when the primary seal
ring is moved to the set position; and

the secondary seal ring is carried below the primary seal ring, is at least partially

elastomeric, and lands on the shoulder of the casing hanger;

the primary and secondary seal rings are movable from the run-in position to the set
position by applying a downward force, the downward force required to move the secondary seal
ring to the set position being less than the downward force required to move the primary seal

ring to the set position; and

wherein a downward force applied to the primary seal ring after the secondary seal ring
has landed on the shoulder transfers to the secondary seal ring to cause the secondary seal ring to

move to the set position before the primary seal ring moves to the set position.

10. The seal assembly according to claim 9, wherein the primary seal ring comprises:

annular inner and outer legs separated from each other by an annular slot having a run-in

radial width;

an energizing ring having a radial thickness greater than the run-in radial width and

carried in a run-in position with a lower end engaging an upper end of the annular slot;
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an annular force transferring leg extending downward from the upper portion, the force transferring leg
having a lower end that transfers to the secondary seal ring a downward force applied to the primary
seal ring. 12. The seal assembly according to claim 11, wherein the secondary seal ring comprises:

a lower portion that provides sealing engagement with the casing hanger and the wellhead housing
when the secondary seal ring is moved to the set position; an annular neck protruding upward from
the lower portion alongside a side surface of the force transferring leg; a coupling device between
the side surface of the force transferring leg and a side surface of tpe neck for securing the secondary
seal ring to theﬁﬁ?ﬁw mm@r%&{ﬁwﬁﬁ?ﬁ;taﬁ energRangiHRaISWAF e Ui 18l & Aksterring
leg transferg %dot nwl?ri orce.img)oised on the f?,éeEGt transferring Ile totth$ lower ortionlof. the
secondary/'$€ Pﬁrvmé? BYPASSIAY R CBHBHRY HEOHE! e rRar LS5t AL B AXEB g 8 ¢k o,
wherein: the econd%% sea rin%gas an %\(I)atﬁte%gteric Qortjon nd a metal portion such that while in

to cause the Seco Sg€al ring 1o, Mmov osition; a . .
the set p05|ﬁon, e meta [:?(’)rﬁon andthe efastormen porhoh of the secondary seal ring sealingly

engage a sidewall of the casing hanger and a sidewall of the bore.

an additional downward force applied to the energizing ring after the secondary seal ring
is in the set position moves the energizing ring into the slot to move the primary seal ring to the

set position.

11. The seal assembly according to claim 9, wherein the primary seal ring comprises:

an upper portion that seals between the casing hanger and the wellhead housing when the

primary seal ring is moved to the set position; and

an annular force transferring leg extending downward from the upper portion, the force
transferring leg having a lower end that transfers to the secondary seal ring a downward force

applied to the primary seal ring.

12. The seal assembly according to claim 11, wherein the secondary seal ring comprises:

a lower portion that provides sealing engagement with the casing hanger and the

wellhead housing when the secondary seal ring is moved to the set position;

an annular neck protruding upward from the lower portion alongside a side surface of the

force transferring leg;
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14. A method of sealing between inner and outer tubular members of a subsea wellhead assembly,
comprising: (a) providing a metal-to-metal primary seal ring of a type that expands radially inward
and outward, relative to an axis of the primary seal ring, in response to an axially directed primary
setting force relative to an axis of the primary seal ring; (b) providing a secondary seal ring that
expands radially inward and outward in response to an axially directed secondary setting force that is
less than the primary setting force; (c) securing the secondary seal ring to the primary seal ring to
define a seal assembly; (d) Iowerlng th assembly between the inner and outer tubular
members; (‘eSOHBBEﬁr‘i'ﬁVécﬁr RGNS %%?%Qf?g:ﬁqérﬁ?&%tﬁf%&lgr {Fg fl.@dgtﬁgﬁéff‘equm to
the seco g % force c sm seco da aI r|n to radjall and inward gnd outward to
seallngly nga mncélpgﬁ dter ]'tllfl%rL}igF H%@r ary S??J gﬁl rﬁm%%gclgh%ngmally directed

force to the primary seal ring that is at least equal to the prlmary setting force, causing the primary seal

ring to radially expang {HWBRQe?QHd%{WH@%J& FEAURONENREE G IR AR A ST RLRE e mbers.

15. The method according to claim 14, wherein:
on the force transferring leg to the lower portion of the secondary seal ring, bypassing the

coupling device.

13. The seal assembly according to claim 9, wherein:

the secondary seal ring has an elastomeric portion and a metal portion such that while in
the set position, the metal portion and the elastomeric portion of the secondary seal ring sealingly

engage a sidewall of the casing hanger and a sidewall of the bore.

14. A method of sealing between inner and outer tubular members of a subsea wellhead

assembly, comprising:

(a) providing a metal-to-metal primary seal ring of a type that expands radially inward
and outward, relative to an axis of the primary seal ring, in response to an axially directed

primary setting force relative to an axis of the primary seal ring;

(b) providing a secondary seal ring that expands radially inward and outward in response

to an axially directed secondary setting force that is less than the primary setting force;

(c) securing the secondary seal ring to the primary seal ring to define a seal assembly;
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step (c) connecting the secondary seal ring and the primary seal ring with a coupling device; and
steps (d) and (e) comprise transferring the first and second axially directed forces to the secondary
seal ring without any portion of the first and second axially directed forces passing through the
coupling device.

(d) lowering the seal assembly between the inner and outer tubular members;

(e) applying a first axially directed force to the primary seal ring that is at least equal to
the secondary setting force, causing the secondary seal ring to radially expand inward and

outward to sealingly engage the inner and outer tubular members; then

(f) applying a second axially directed force to the primary seal ring that is at least equal
to the primary setting force, causing the primary seal ring to radially expand inward and outward

to sealingly engage the inner and outer tubular members.

15. The method according to claim 14, wherein:

step (c) connecting the secondary seal ring and the primary seal ring with a coupling

device; and

steps (d) and (e) comprise transferring the first and second axially directed forces to the
secondary seal ring without any portion of the first and second axially directed forces passing

through the coupling device.
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