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PRESSURE ENERGIZED RADIAL SEAL
BACKGROUND OF INVENTION

Field of the Invention

Embodiments disclosed herein generally relate to blowout preventers used in
the oil and gas industry. Specifically, embodiments selected relate to blowout
preventers with a novel seal assernbly to seal between high-pressure and low-

PIEsSUre Zones.

Background Art

Well control is an important aspect of oil and gas exploration. When drilling 2
well, for example, safety devices must be put in place to prevent injury to personnel
and damage to equipmeni resulting from unexpected events associated with the

drilling activities.

Drilling wells involves peneirating a variety of subsurface geologic structures,
or “layers.” Occasionally, a wellbore will penetrate a laver héving a formaiion
pressure substantially higher than the pressure maintained in the wellbore. When
this occurs, the well is said to have “taken a kick.” The pressure increase associated
with a kick is generally produced by an influx of formation fluids (which may bea

ligmid, a gas, or & combination thereoi) inic the wellbore. The relatively high-

“pressure kick tends to propagate from a point of entry in the wellbore uphole (from a

high-pressure region to a low-pressure region). If the kick s allowed to reach the
surface, drnlling fluid, well tools, and other drilling structures may be blown out of
the wellbore. Such “blowouts” may result in catastrophic destruction of the drilling
equipment (including, for example, the drilliﬁg rig) and substantial injury or deaih of

rig personnel.

Because of the risk of blowouts, devices known as blowout preventers
(“BOPs”) are installed above the wellhead at the surface or on the sea floor in deep
water drilling arrangements to effectively seal a wellhore until active measures can
be taken to control the kick. BOPs may be activated so that kicks are adequately
controlled and “circulated out” of the system. There are several types of BOPS, the

most common of which are anmular blowout preventers and ram-tvpe blowout
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preventérs. From this point further, ram-type blowout preventers will be discussed

In more detail.

Referring to Figare 1, an example of a ram-type BOP 100 is shown. Ram-type
BOP 106 typically includes a body 102 and at least two oppogitely disposed bonnets
104, Bonnets 104 ma}} be secured to body 102 with, for example, bolts and/or a

“hinge so that bonnet 104 may be removed for maintenance.  Alternatively, as shown

i Figure 1, bonnets 104 may be secured to body 102 using radial lock mechanisin

106 to enable bonnets 104 to slide and rotate when necessary for maintenance.

| Engaged within sach bonnet 104 1s a piston actuated ram 108, Typically, rams
108 are either pipe or variable bore rams which, when activated, move to engage and
surround drillpipe and/or well tools to seal the wellbore, shear rams which, when
activated, move to engage and physically shear any drillpipe and/or well tools in the
wellbore, or blind rams which, when activated, move to engage and close the

wellbore when no drillpipe is present. Rams 108 may be located opposite of each

other along an axis 112 and may seal against one another proximate a center of a

wellbore 110, More discussion of ram-type blowout preventers and high-pressure
seals is pmvided i U.S. Patent 6,554,247 (“the ‘247 patent™), issued to

Berckenhoff, assipned to the assignee of the present invenfion, and incorporated

heretn by reference in its entirety.

As with any tool used in drilling oil and gas wells, blowout preventers must be
sealed and secured to prevent potential hazard to the sumounding enviromment and
persommel.  For example, ram-type BOPs may include high-pressure seals between
the bonnets and thé body of the BOP to prevent leakage of finids. In many
instances, the high-pressure seals are elastorneric seals and should be checked
regularly to ensure that the elastorneric components have not been cut, permanently
deformed, or deteriorated by, for example, 2 chemical reaction with the drilling fluid

in the wellbore,

Referring now to Figure 2 (taken from the ‘247 patent), an example of a ram-

type BOP 200 includes a high-pressure face seal carrier 202 fo seal befween a

bonnet 104 and a body 102. Face seal camer 202 is diép-osed m a gropve 204

formed iIn vormmet 104 about axis 112. Face seal carrier 202 includes two elastomeric

o-ring scals 206, 208 and 2 biasing mechanism 210. O-ring seals 206, 208 sealingly
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engage surfaces of body 102 and bonnet 104, while biasing mechanism 210 biases
face seal carrer 202 from bonnét 104 towards body 102. One concermn with a seal of
this typeisthat in a BOP, the bonniet and the body of the BOP may need to be larger
to accommodate 2 face seal. For example, face seal carrier 202 is retained W;t}nn a
face surface 212 of bonnet 104 to seal against body 102, This requires bonnet 104
{and corresponding body 1062) o be radially larger to retain face seal assembly 104
than may be necessary for a radial seal. Purthermore, face seals may be more
susceptible to a loss of seal integrity. For example, when sealing across
imperfections aﬁd defects {e.g., scratches, gouges, abrasions) in seal surfaces, face

seals may be more susceptible to have leak across the seal.

Referring now to Figure 3A, an example of a radial seal 302 is shown

schematically. Figure 3A is taken from U.S. Patent 3,887,198 (issued to McClure et

al. and incorporated herein by reference in its entirety). As shown, tadial seal 302 is

{00101

disposed in a groove 306 of a shaft 304 and seals between shaft 304 and body 308.
A fluid F enters through a clearance 310 between shaft 304 and body 308 into

' gmove 306, Fluid ¥ enters under high pressﬁre and thrusts radiat seal 302 to

sealmgly engage with another clearance 312 between shaft 304 and body 308.
Similarly, in another schematic example shovwn in Figure 3B, a radial seal 302 may
further include a ring 314 to ensure proper spacing of radial seal 302 between body
308 and shaft 304. Figure 3B ig faken from U.S. Patent 3,970,321 (issued io
Pechavamne and incorporated herein by reference in its emtirety). A comcern with
these types of sealing assemblies, though, may relate to the inability to seal at low
pressures. For example, under low pressure, radial seal 302 may not have enough
fluild F to pressurize and thrust radial seal 302 into sealing engagement with

clearance 312.

Referring now to Figure 4, another exampie of a ram-type BOP 400 including
a radial seal 408 i3 shown. Radial seal 408 is disposed in 2 groove 406 formed is a
bounet 404 about axis 112, Retainer 407 is used to retain radial seal 408 within
groove 406. Radial seal 408 seals between bonnet 404 and & body 402, As shown,
radial seal 408 includes multiple rings 410 that may provide structural support for
radial seal 408, A concern with radial seals 1s that under high pressure, body 402

may expand about axis 112, while bonnet 404 remams relatively dimensionally
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stable. In such a condition, radial seal 408 may not be able to effectively seal

between body 402 and bonnet 404,

6011} Accordingly, there exists a need for a sealing assembly to seal between
surfaces under high pressure without sacrificing sealing capabilities under low

pressure.
SUMMARY OF INVENTION

[0011a] In accordance to a first aspect of the present invention, there is
provided a seal assembly disposed within a radial seal groove to sealingly engage a
bonnet within a bore, the seal assembly comprising: a radial seal surface; an axial seal
surface; a vent surface opposite to the radial seal surface, the vent surface having a
first recessed area and a first raised area; an axial preload surface having a second
recessed area and a second raised area, the axial preload surface being opposite to the
axial seal surface; and a backup ring at least partially bonded adjacent to the axial seal
surface, wherein at least one vent of the bonnet is configured to allow communication
between a high-pressure zone and the first recessed area but not the first raised area of
the vent surface, wherein the radial seal surface sealingly engages against the bore and
the axial seal surface sealingly engages against a longitudinal wall of the radial seal
groove, wherein the seal assembly is thrust towards the longitudinal wall and away
from a radial wall of the radial seal groove when pressure in the high-pressure zone

increases, and wherein the first raised area is adjacent to the second raised area.

[0012] Embodiments disclosed herein relate to an apparatus to isolate a high-pressure
zone from a low-pressure zone. The apparatus comprises a bonnet engaged within a
bore along an axis, a vradial seal groove located in one of the
bonnet and the bore wherein the radial seal groove comprises a radial wall and a
longitudinal wall, and a seal assembly disposed in the radial groove. The seal
assembly comprises a radial seal surface, an axial seal surface, a vent surface, an
axial preload surface, and a backup ring adjacent to the longitudinal wall and at least
partially bonded to the seal assembly. At least a portion of the vent surface and the
radial seal surface are radially preloaded, and at least a portion of the axial preload

surface and the axial seal surface are axiaily preloaded.




[0613] Embodiments disclosed herein relate to a seal assembly disposed within a
radial seal groove to sealingly engage a bonnet within a bore. The seal assembly
comprises a radial seal surface, an axial seal surface, a wvent surface,
an axial preload surface, a backup ring at least partially bonded adjacent to the axial
seal surface, and at least one vent to allow communication between a high-pressure
zone and the vent surface. The radial seal surface sealingly engages against the bore
and the axial seal surface sealingly engages against a longitudinal wall of the radial
seal groove. Further, the seal assembly is thrust towards the longitudinal wall and
away from a radial wall of the radial seal groove when pressure in a high-pressure

ZONE increases.

[6G14] Embodiments disclosed herein relate to a seal assembly disposed within a
radial seal groove to sealingly engage a bonnet within a bore. The seal assembly
comprises a seal carrier, a radial seal surface, an axial seal surface, a vent surface, an
axial preload surface, a sealing element disposed on the radial seal surface, and a

sealing element disposed on the axial seal surface. The sealing
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element disposed on the radial seal surface sealingly engages against the bore and the
sealing element disposed on the axial seal surface sealingly engages against a
longitudinal wall of the radial seal groove. Further, the seal assembly is thrust
towards the longitudinal wall and away from a radial wall of the radial seal groove

when pressure in a high-pressure zone increases.

10615] Other advantages of the invention will be apparent from the following

description and the appended claims.
BRIEF DESCRIPTION OF DRAWINGS
{6016] Figure 1 is a perspective view of a prior art ram-type blowout preventer.

[0017] Figure 2 is a cross-sectional view of a prior art high-pressure seal carrier

disposed between a bonnet and a BOP body of a ram-type blowout preventer.

[0018] Figure 3A is a cross-sectional view of a prior art high-pressure seal disposed

nt a groove about a shaft.

[06019] Figure 3B is a cross-sectional view of prior art high-pressure seal with a ring

to seal about a shaft.

{0020] Figure 4 1s a cross-sectional view of a prior art seal disposed between a bonnet

and a BOP body of a ram-type blowout preventer.

10021) Figure 5A is a cross-sectional view of a seal assembly in accordance with an

embodiment of the present disclosure.

[0022] Figure 5B 1s a perspective view of a seal assembly in accordance with an

embodiment of the present disclosure.

[0023] Figure 6 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

[0024] Figure 7 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

[0025] Figure 8 is a cross-sectional view of a seal assembly disposed in a radial seal
groove under low-pressure in accordance with an embodiment of the present

disclosure.
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Figure ¢ is a cross-sectional view of a seal assembly disposed in a radial seal
groove under high-pressure in accordance with an embodiment of the present

disclosurs.

Figure 10 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

Figure 11 is a cross-sectional view of @ seal assembly in accordance with an

embodiment of the present disclosure.

Figure 12 ig a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure,

Figure 13 13 a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

Figure 14 is z cross-sectional view of a seal assembly in accordance with an

embodiment of the present disclosure.

Figure 15 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

In one aspéct, emnbodiments disclosed herein provide for an apparatus to seal
between high-pressure and low-pressure zones. In another aspect, embodiments
discloged herein provide for an apparatus to seal beiween a bonnet and a bore of a
ram-type blowout preventer. Further, in another aspect, embodiments disclosed
herein provide a sealing apparatus 10 seal between a bonnet and a bore of a ram-type

blowout preventer nnder both high pressure and low pressure.

Referring now to Figures 5A and 5B, a seal assembly 500 in accordance with
an embodiment of the present disclosure is shown. Figure 5A shows a ¢ross section
of the entire seal assembly 500 shown in Figure 5B. In Figure 5B, seal assembly 1s
depicted as having an oval shape, as may be used about a bonnet of a ram-type
blowout preventer, but those having ordinary skill in the art will appreciate that the
present invention is not limited to any particular shape. For example, in another

embodiment, the seal assembly may be of # circular shape.
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As such, seal assembly 500 includes a seal body 504 with a backup ring 502 at
Ieast partially bonded thereto. In one embodiment, only a portion of backup ring
502 may be bonded to seal assemibly 500, Alternatively, in another embodiment, all
of backup ring 502 may be bonded to seal assembly 500. Regardiess, backup ring
502 may be bonded to seal assembly 500 by any means known in the art, incleding,
hut not hmmited to, by adhesion or vulcanization. Seal assembly 500 further includes
a radial seal surface 506, an axial seal surface 508, a vent surface 510, and an axial
preload surface 512, In ome embodiment, vent surface 510 may include 2 vent
surface relief groove 514. In another embodiment, axial preload surface 512 may
include an axial preload surface relief groove 516, Further, seal assembly 500 may
comprise any viscoelastic material known in the art {e.g., rubber, éiast{)m‘srs).
Furthermore, backup ring 502 may comprise any metallic ina*teﬁai known in the art
{e.g., steel, tilanium), in addition to any thermoplastic or thermoset resin and

material reinforcement known in the art (eg., epoxy with carbon fiber or fiber
glass). |

Referring now to Figure 6, a cross-sectional of seal assembly 500 disposed
hetween a bore 604 and a bounet 602 in accordance with an embodiment of the
present disclosure is shown. As shown, bonnet 602 engages bore 604 about an axis
600 such that seal assembly 500 sealingly engages bore 604 to isolate a high-
pressure zong 605 from a low-pressurs zone 606. While embodiments of the present
disclosure are described herein in terms of their applicability to a BOP apparatos,
those having ordinary skill in the art will appreciate that the present invention may
be used in any pressure seal application. As such, the terms “bonnet” and “bore” are
used generically and should not be hmited to a blowout preventer application.
Therefore, the term “bonnet” may be used o describe a male member and the term
“bore” may be used fo describe a female member in a male-to-fernale seal

applicaion,

As shown, seal assembly 500 is disposed int a rabbeted radial seal groove 608
of bonnet 602. Radial seal groove 608 ncludes a longitadinal wall 609 and a radial
wall 610. As used herein, the term “groove” is used generically to define any
chazmel, rabbet, step, or offset that may allow the seal assembly to be disposed
within, In one embodiment, seai assembly 500 may be retained within radial seal

groove 608 by a seal retainer 607. Scal retainer 607 may be removably secared to
7



bonmet 602 by, for example, a bolt, as shown in Figure 6. In another embodiment, a
high-pressure vent 612 may be used to allow fluid to communicate and between
high-pressure zone 605 and vent surface 510 of seal assembly 500, Further, high-
pressure vent 612 may supply high-pressure fluid to vent surface relief groove 514
(if present) of seal assembly 500, In another embaodiment, a high-pressure clearance
614 and a low-pressure clearance 616 may be isolated by seal assembly 500. High-
pressure clearance 614 may supply the high-pressure fluid from high-pressure zone
605 to axial preload surface relief groove 516 (if present) of seal assembly 300, As

shown in Figure 6, axial seal surface 508 of seal assembly 500 sealingly engages

. against longitudinal wall 609 of radial seal groove 608. Similarly, radial seal surface

[0038]

[0039]

306 of seal assembly 500 sealingly engages against 2 surface of BOP bore 604.

Referring now to Figure 7, a2 cross-sectional view of seal assembly 500
disposed between bonnet 602 and BOP bore 604 in accordance with an embodiment
of the present disclosure is shown. As shown, seal assembly 500 is disposed within
a radial seal groove 608 of bonnet 602. However, those having ordinary skill in the
art will appreciate that embodiments of the present invention are not limited to the
radial seal groove disposed within the bonnet. Alternatively, the seal assembly may
be disposed within a radial seal groove of the BOP bore. Regardless, as shown in
Figure 7, in place of a seal retainer {e.g., 607 of Figure 6), a ledge 702 of BOP bore
604 may be used to refaimn seal assembly 500 between bomet 6062 and BOP bore
604. Thus, those having ordinary skill in the art will appreciate that embodiments of
the present invention are net Hmited to the use of a seal retainer to refain the seal

assembly between the bonnet and the BOP bore.

As shown, a high-pressure clearance 614 may allow fluid from high-pressurs
zone 605 to communicate with venf surface relief groove 514 and axial preload
surface relief groove 516 of seal assembly 500, Specifically, vent surface 510 may
comprise a high-pressure vent 612A to allow fluid from high-pressure zone 605
communicate with reliel groove 514 through high-pressure clearance 614, and
preload surface 512 may comprise a high-pressure vent 612B to allow fluid from
high-pressure zone 635 communicate with relief groove 514 through high-pressure
clearance 614. Thus, those having ordinary skiil in the art will appreciate that
embodiments of the present disclosure may have the high-pressure vent disposed

within the bonnet (as shown in Figure 6) or bore of the BOP, or may have the high-
g .
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pressure vent disposed within the seal assembly itself {as shown in Figure 7).
Further, those having ordinary skill in the axt will appreciate that the present
irrvention is not limited to a number of presswre vents, as also indicated with

Figure 7.

Referring now to Figure 8, a cross-sectional view of seal assembly 500 in a
preloaded state between bonnet 602 and BOP bore 604 in accordance with an
embodiment of the presént disclosure is shown. Specifically, as shown, scal
assembly 500, bounet 602, and BOP bore 604 are exposed to relatively low
operating pressure such that high-pressure clearance 614 and low-pressure clearance
616 may be small or completely closed. Under low operating pressures, seal
assembly 500 is capable of containing the fluids from high-pressure zone 605
without radial expansion of BOP body about axis 600, Under such low operating

pressures, seal assembly 500 sealingly enzages between bonnet 602 and BOP bore

- 604, thus isolating high-pressure zone 605 from low-pressure zone 606. Thus, seal

assembly 500 is in a preload state such that seal assembiy 500 is elastically
deformed within radial seal groove 608, Specifically, when elastically deformed in
the nreload state, seal assembly 500 has forces 54-84 acting upon surfaces 506, 508,
51{}, and 512 of seal assembly 500. Radial seal surface 506 has a preload force §
exerted by the surface of BOP bore 604 in the direction of vent surface 510. Axial
seal surface 508 has a preload force S; exerted by longitudinal wall 609 n the
direction of preload sorface 512, Vent surface 510 has a preload force S; exerted by
radial wall 610 of radial seal groove 608 inn the direciion radial seal swrface 506,
Additionally, axial preload surface 512 has a2 preload force S: exerted by seal

retainer 607 in the direction of axial seal surface 508.

When elastically deformed m a preloaded state at low operating pressure,
relief grooves 514, 516 (if present} may provide relief for seal assembly 500.
Because seal assembly 500 may be volumetrically restricted when contained within
radial seal groove 608 under low operating pressures, relief grooves 514, 516 may
provide regions of excess volume, thus allowing the material of seal assembly 50{ to

flow when elastically deformed.

Further, in some embodiments, backup ring 502 of seal assembly 500 may
provide structural support for seal assembly 500. For example, as shown in

Figure 8, seal assembly S00 may eigsticaliy deform under low operating pressure
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when restricted within radial scal groove 608. To prevent the material of seal

" assembly 500 from displacing into low-pressure clearance 616, backnp ring 562 may

be positioned adjacent to longitudinal wall 609 to support the body of seal assembly
500. Preferably, backup ring 502 may be comprised of & lower moduins of elasticity
material than bore 604 of BOP body. Additionally, as shown, backup ring 502 has
an aspect ratio of about 2:1 to maximize ﬁgicﬁ’cy and bonding area while minimizing
size. However, those having ordinary skill in the art will appreciate that the
embodiments of the present invention are not limited to a particular size, shape, or
configuration of the backup ring. For example, in another embodiment, the backup
ring may be segmented, such that the seal assembly has the backup ring along
selected portions of the seal assembly instead of a continuous ring around the
entirety of the seal assembly. In such an embodiment, selected portions of the
backup ring may be alternated with p@rﬁ@ng of an elastomer to enable the backup .
ring to radially expand and compress as necessary. The porfions of the backup ring
and the portions of the elastomer may interlock or bond with one another. This may
allow for a more econonyical seal assembly to be manufactured, with siastbmer
substituted for metal for selected portions of the baclonp ring. Fugther, in another
embodiment, the backup ring may be a rolled spring so that it may also radially

expand and compress as necessary.

Referring now to Figure 9, a cross-sectional view of seal assembly SGE}
disposed between bonnet 602 and BOP bore 604 i accordance with an embodiment
of the present disclosure is shown. In Figure 9, seal assmnbiy 500, bonnet 602, and
bore 604 of BOP body are exposed to relatively high operating pressure. As a result
of the elevaled operating pressure, BOP body expands or swells in size about axis
600 such that bore 604 may enlarge in size. ?or example, in a 15,000 psi (103,400
kPa) rated BOP body experiencing pressures in excess of 20,000 psi (137,900 kPa)
for pressure testing as required for by the American Petrolewm Institute, the BOP
bore and body have been cbserved radially expanding over 0.080 in (0.203 cm}. As
BOP bore 004 increases in size, high-pressure clearance 614 and low-pressure
clearance 016 may increase in size compaa:"ed to those shown in Figure 8. Similarly,
the effective volume of radial seal groove 608 may increase in size compared to that

shown in Figure 8.
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In Figure 9, fluids from the high-pressure zone 603 are able to enter radial seal
sroove 608, Specifically, fluids enter through high-pressure clearance 614 to act
upon relief groove 516 of axial preload sorface 512 and enter through high-pressure
vent 612 to act upon relief groove 514 of vent surface 510. The pressures of fluids
acting upon surfaces 512, 514 result in & pressure resultant force P acting upon seal
assembly 500 that thrusts seal assembly 500 toward radial seal surface 506 and axial
seal surface 508. Furihermore, as bore 604 of BOP body increases in size, seal
assembly 500 may no longer be in a preloaded state. Thus, when in a low operating
pressure conﬁgufétion as shown i Figure §, seal assembly 500 may be elagtically
preloaded by the volume restriction within the radial seal groove, the bonnet, and the
BOP bore to sealingly isolate the high-pressure and low-pressure zones. In contrast,
under relatively high operating pressure, fluids from the high-pressure zone act upon

seal assembly 500 fo sealingly engage the bonnet and the BOP bore.

Referring now to Figure 10, a seal assembly 300 in accordance Wi‘éh_ an
embodiment of the present disclosure is shown. As shown, seal assembly 500
comprises multiple compounds. The multiple compounds may mclude a low-
durometer compound 1002 and a high-durometer compound 1004. Low-durometer
compound 1002 ﬁlay mclude radial seal surface 506 and axial seal surface 508.
Furthermore, high-durometer compound 1004 may woclude vent surface 510, axial
preload surface 512, and relief grooves 514, 516. Thus, low-durometer compound
1002 may sealingly engage the surface of BOP bore 604 and longitudinal wall 609
of radial seal groove 608, while high-durometer compound 1004 may sealingly
engage the surface of seal retainer 607 and radial wall 610 of radial seal groove 608.
It should be understood that those having ordinary skill in the art will appreciate that
the present invention is nect limited to a specific c:onﬁguration or number of the
multiple compounds for the seal assembly. For example, in ancther embodiment,
the seal groove may ichude three or more differing compounds with the highest
durometer compound inchuding the vent swface and the axial preload surface, a
medium durometer compound including the radial seal surface, and the lowest
durometer compound including the axial sea] surface. Further, as shown in Figure
10, two pressure vents 6124, 6128 are used to vent fluids from high-pressure zone

605 to seal assembly 500, a first pressure vent 6124 in communication with relief
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groove 514, and a second pressure veni 612B in commumication with relief

groove 516.

Referring now to Figure 11, a cross-sectional view of 4 seal assembly 500 in
accordance with an embodiment of the present disclosure is shown. Specifically,
seal assembly 500 is comprised of a single multi~durometer compound, wherein the
durometer of scal assermbly 500 increases in the direction D, Thus, the durometer of
éeal assembly 500 increases from radial seal surface 506 to vent surface 510 and
from axial seal surface 508 to axial preload surface 512. However, those having
ordinary skill in the art will appreciate that the present invention is not limited to any

particular mulfi-durometer compound or any particular durometer gradient.

Referring now to Figure 12, a cross-sectional view of a seal assembly 500
having biasing mechanisms 1202 in accordance with an embodiment of the present
digclosure is shown. As shown, biasing mechanisms 1202 are disposed upon vent
surface 310 and axial preload surface 512. Thus, biasing mechanisms 1262 thrust
seal assembly 500 towards longitadinal wall 609 and away from radial wall 610 of
radial seal groove 608, Theose having ordinary skill in: the art will appreciate that the
biasing mechanisms may be of any known in the art (e.g., springs or elastomers). As
such, the spring constant or durometer of biasing mechanisms 1202 may be selected

to result in a preferred amount of preload for seal assembly 500.

Referring now to Figure 13, a cross-sectional view of seal assembiy 500
having a fabric reinforcement 1302 in accordance with an embodiment of the
present disclosure is shown. As shown, fabric reinforcement 1302 extends from

radial seal surface 506 to axial seal surface 508 of seal assembly 500. Thus, in this

. embodiment, backup ring 502 is at least partially bonded to fabric reinforcement

1332 of seal assemnbly 500. The fabric reinforcement may be used to reinforce the

seal assernbly when sealing between the high-pressure zone and the low-pressure
zone. The falwic reinforcement material may also be comprised of any fabric
material known in the art, such as KEVLAR®, available from DuPont. Further, as
shown in Figure 13, seal assembly 5300 may siso include 2 basing mechanism 1202
located at the intersection of vent surface 510 and axial preload surface 512. Similar
to the embodiment shown in Figure 12, biasing mechanism 1202 thrusts seal
assembly 560 toward longitadinal wall 605 and away from radial wall 610 of radial

seal groove 608. Those having orclig}azy skill in that art will appreciate fhat the
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present invention is not limited to any particolar configuration for biasing

mechanisms 1202 or fabric reinforcement 1302,

ﬁeferring now to Figure 14, a seai assembly 1400 including a seal carrier 1404
and a plurality of sealing elemenis 1410A, 1410B in accorciance with an
embodiment of the present disclosure 18 shown. Specifically, a sealing element
1410A is disposed in a radial seal surface groove 1406 of seal assembly 1400 and a
sealing element 1410B is disposed in axial seal surface groove 1408 of seal
assembly 1400. Sealing elements 14104, 1410B may be of any known in the art,
such as o-rings or molded rubber. As shown in Figure 14, sealing element 14104 is
an o-ring and sealing element 1410B is molded rubber. Seal carrter 1404 may then
be comprised of any material known in the art. Preferably, seal carrier 1404 may be
comprised of a lower modulus of elasticity maferial than the bonnet or the BOP bore
of the BOP body. For example, seal carrier 1404 may be comprised of titaniwn
when the BOP bore 1s comprised of steel. Further, seal assembly 1400 may include

biasing mechanisms 1202,

fn one embodiment, under low operating pressures, biasing mechanisms 1202
may be vsed to have sealing elements 14104, 1410B sealingly engage BOP bore
604 and bonnet 602. Under high' 0p61'ét”iﬂg pressures, in which BOP bore 604
radially expands, fluid from I:xigh@ressure zone may thrust seal caxrier 1404 of seal |
éssambiy 500 towards radial seal surface 506 and axial seal surface 508. n baoth
circumst_anoes, s&aiiﬁg clements 1410A, 14108 of seal carner 1404 may be used to

sealingly engage BOP bore 604 and bonnet 602 fo isolaie high-pressure and low-

pressure zones.

As discussed above, those having ordinary skill in the art will appreciate that
in an embodiment of the present disclosure, the radial seal groove may be disposed
in either the BOP bore or the bonnet. For example, as shown in Figure 15, radial
seal groove 608 having longitudinal wall 609 and radial wall 610 is disposed in BOP
bore 604. Under high operating pressures, fluids from high-pressure zone 605 are
communicated with relief groove 514 of seal assembly 500 through high-pressure
vent 612. Further, tluids from high-pressure zone 605 may be supplied to axial
preload surface relief groove 516 through high-pressure clearance 614, Thus, with

the elevated pressures acting upon seal assembly 500, seal assembly 500 is thrust
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towards longitudinal wall 609 and away from radial wall 610 of radial seal
groove 608.

Those having ordinary skill in the art will appreciate that the present invention
is not Iimited to use within the oilfield industry, but may be used in any field where
radial sealing of an expanding surface is necessary. Addifionally, though
embodiments of the present disclosure have thus far shown the seal assembly to be a
static seal in which the bornet has remained substantially stationary relative to the
BOP bore, seal assexublies in accordance with an embodiment of the present
disclosure may also be used in dynamic seal applications. For example, a circolar
bonnet may rotate about an axis, in a matter similar to a shaft rotating about an axis,
with respect to a bore. Alternatively, 2 bonnet may reciprocate slong an axis, similar
to a piston reciprocating along an axis, with respect to a bore. In such embodments,
a seal assembly in accordance with an embodiment of the present disclosure may be
used to dynamically seal engage the bomnet with the bore. However, iv such
applications, the bonnet preferably rotates at a low angular velocity or reciprocates

with a low frequency relative to the bore to maximize the life of the seal assembly.

Additionally, those having ordinary skill in the art will appreciate that
embodiments of the present disclosure may be used to repeatably provide sealing

engagement between the BOP body and the bonnet. Because the seal assembly may

‘only elastically deform when restricted within the radial seal groove, the seal

assembly may dvoid permanent deformation. Thus, the seal assembly may be used
to repeatably provide a sealing engagement under many cycles of low operatmg

pressure and high operating pressure without risking integrity of the seal assembly.

Further, those having ordinary skill in the art will appreciate that embodiments
of the present disclosure may be used in conjunction with other seals. For example,
an embodiment of the present disclosure may be used with a face seal or other radial
seals. As such, the invention is not linrited to the use seal assemblies disclosed

herem.

Advantageously, embodiments disclosed herein may provide for a seal
assemibly to effectively seal between a BOP body and a bonnet at low operating
pressure. Further, embodiments disclosed herein may provide for a seal assembly

that may effectively seal between a BOP body and a bonnet at high operating
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pressures, particularly if the BOP body has the tendency fo expand under such
pressures.  Hurthermore, embodiments diét:losed herein may provide for a seal
assembly to effectively seal between a BOP body and a bonnet at both low and high
operating pressures in which one of the BOP body and the bonnet rotates with

respect to the other.

While the invention has been described with respect to a limited number of

ernbodiments, those skilled in the art, having benefit of this disclosure, will

appreciate that other embodiments may be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the invention

should be limnited only by the attached claims.
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CLAIMS

What is claimed is:

1. A seal assembly disposed within a radial seal groove {o sealingly engage a bonnet .
within a bore, the seal assembly comprising:

a radial seal surface;

an axial seal surface;

a vent surface opposite to the radial seal surface, the vent surface having a
first recessed area and a first raised area;

an axial preicad surface having a second recessed area and a second raised
area, the axial preload surface being opposite o the axial seal surface; and

a backup ring at least pariially bonded adjacent to the axial seal surface,
wherein at least one vent of the bonnet is configured fo aliow communication
between a high-pressure zone and the first recessed area but not the first raised
area of the vent surface,

wherein the radial seal surface sealingly engages against the bore and the
axial seal surface sealingly engages against a longitudinal wali of the radial seal
groove, wherein the seal assembly is thrust towards the longitudinal wall and away
from a radial wall of the radial seal groove when pressure in the high-pressure zone
- increases, and

wherein the first raised area is adjacent to the second raised area.
2. The seai assembly of claim 1, further comprising 2 seal retainer removably
secured to one of the bonnet and the bore {o retain the seal assembly within the

radial seal groove.

3. The seal assembly of claim 1, wherein the seal assembly comprises at least one

of the group cohsisting of elastomers, synthetic rubber, and natural rubber.

4. Tne seal assembly of claim 1, wherein the seal assembly comprises multiple

compounds.

16



5. The seal assembly of claim 1, wherein the seal assembly is a multi-durometer

compound.

6. The seal assembly of claim 1, wherein the vent surface comprises a relief groove.

7. The seal assembly of claim 1, wherein the preload surface comprises a relief

groove,

8. The seal assembly of claim 1, wherein the backup ring comprises one of a

continuous ring, a segmented ring, and a rolied spring.

17



PRESSURE ENERGIZED RADIAL SEAL

Abstract

A seal assembiy disposed within a radial seai groove io sealingly engage a bonnet
within a bore. The seal assembly includes a radial seal surface, an axial seal surface,
a vent surface, and an axial preload surface. The seal assembly is thrust towards a
longitudinal wall and away from a radial wall of the radial seal groove when pressure
in a high-pressure zone increases.

Fig. 6
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