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BLOWOUT PREVENTER WITH RAM SOCKETING

BACKGROUND OF THE INVENTION

Field of the Invention

This present invention is directed to blowout preventers; to blowout preventers with
opposed rams; to blowout preventers with seal structure on one ram which is received and

held in corresponding space in an opposing ram; and methods of their use.

Description of Related Art

There is a wide variety of known blowout preventers, blowout preventer rams and

seals, and methods for closing rams on a pipe.

Typical blowout preventers have selectively actuatable rams. Many such rams have a
ram body with a top seal and a packer or seal holder that holds a face seal. With the rams
closed on a pipe, the face seals on opposing rams contact and seal against each other. Such
seals can be subject to high pressures and to chemical reaction with drilling fluids which
can damage the seals. Pressure applied to a blowout preventer - either in a test or in an
actual blowout situation - can cause the rams to move and wobble, which in turn causes the

face seals to move with respect to each other which can result in damage to the face seals.

Fig. 1 shows parts of a prior art blowout preventer which includes two ram bodies or
“blocks” (one, on the left, shown in an exploded view) each with a top seal and a face seal.
Each face seal is held in a seal holder (or holders).

As shown in Figs. 2A and 2B in a prior art blowout preventer BP, plates P of a first
seal holder structure of a first ram R abut plates L of a second seal holder structure of a
second ram M. Also, face seal F of the first ram R abuts a face seal C of the second ram
M. Face seal portions of a single face seal are in a single plane. Similar contacts occur

with the face seals and seal holders of Fig. 1.
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Pressure on the blowout preventer BP, indicated by the arrows P, causes the plates on
both sides 5a and 5b of the blowout preventer BP to move against each other and causes
the face seals to move against each other. This movement can result in damage to the face
seals. Face seal portions on both sides of a pipe (on both sides 5a, 5b) can move against

and damage each other.

Prior patents disclose a variety of blowout preventers, and seals for them, including,
but not limited to, U.S. Patents 2,194,256; 2,752,119; 3,946,806; 4,043,389; 4,313,496;
4,132,267; 4,437,643; 4,456,215; 4,558,842; 4,969,390; 4,492,359; 4,550,895; 4,504,037,
3,272,222; 3,744,749, 4,253,638; 4,332,367; 4,523,639; 5,011,110; 5,025,708; 5,056,418;
5,064,164; 5,400,857; 5,515,916; 5,575,452; 5,655,745; 5,918.,851; 7,207,382; 7,243,713;
and 7,464,765 (all said patents incorporated fully herein for all purposes.

There has long been a need, recognized by the present inventor, for a blowout
preventer in which the damaging effects of pressure applied to rams and face seals are
reduced or eliminated. There has long been a need, recognized by the present inventor, for
a blowout preventer which effectively and efficiently deals with pressure imposed on the
blowout preventer, both in testing and in an actual blowout situation, in which unwanted

movement of the rams closed on a pipe, and of their face seals, is inhibited or reduced.

SUMMARY OF THE PRESENT INVENTION

In one aspect, the present invention discloses a blowout preventer with opposing ram
face seals that are a part of seal structure that includes extrusion plates. The extrusion
plates are sized and configured so that, with the rams of the blowout preventer closed on a
pipe, projecting portions of the extrusion plates on one ram project or are “socketed” into

corresponding spaces within the opposing ram.

In methods according to the present invention for inhibiting the movement of closed
rams with respect to each other due to pressure applied to the rams, part of one ram are

received and held in (“socketed within™) an opposing ram.

The present invention discloses, in certain aspects, a ram for a blowout preventer, the

ram including: a ram body with a front surface; seal structure on the ram body having two
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front faces including a first face and a second face and a projection; the first face on the
projection; and the projection with the first face projecting out beyond a plane in which the
second face is located. Such a ram may have a recessed portion formed by the seal
structure for receiving part of a projection of an opposing ram; the recessed portion defined
in part by the second face; and the second face positioned for sealing contact with a face of

the projection of an opposing ram.

The present invention discloses, in certain aspects, a seal structure for a ram of a
blowout preventer, the seal structure including: a body having two front faces including a
first face and a second face; a projection projecting out from the body; the first face on the
projection; the second face in a plane; and the projection with the first face projecting out
beyond the plane. Such a seal structure may have a recessed portion in the body for
receiving part of a projection of an opposing ram; the recessed portion defined in part by
the second face; and the second face positioned for sealing contact with a face of a

projection of an opposing ram.

The present invention discloses, in certain aspects, a blowout preventer with two
opposing rams, each ram including: a ram body, each ram body having a front surface; seal
structure on each ram body; each seal structure having two front faces including a first face
and a second face; the seal structure having a projection projecting out therefrom; the first
face on the projection; and the projection with the first face projecting out beyond the plane
in which the second face is located. Such a blowout preventer may have a recessed portion
formed by each seal structure for receiving part of a projection of an opposing ram, each
recessed portion defined in part by a second face of a seal structure, each second face
positioned for sealing contact with a face of a projection of an opposing ram, a recess in
each ram body, each recessed portion formed by a seal structure disposed in a recess of the
ram body, each recess in a ram body located for receiving part of a projecting portion of an
opposing ram and for supporting said part therein, and each recess sized for sealing contact

with part of a projecting portion of an opposing ram.

Accordingly, the present invention includes features and advantages which are
believed to enable it to advance blowout preventer technology. Characteristics and

advantages of the present invention described above and additional features and benefits
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will be readily apparent to those skilled in the art upon consideration of the following

description of detailed preferred embodiments and referring to the accompanying drawings.

Certain embodiments of this invention are not limited to any particular individual
feature disclosed here, but include combinations of them distinguished from the prior art in
their structures, functions, and/or results achieved. Features of the invention have been
broadly described so that the detailed descriptions of embodiments preferred at the time of
filing for this patent that follow may be better understood, and in order that the
contributions of this invention to the arts may be better appreciated. There are, of course,
additional aspects of the invention described below and which may be included in the
subject matter of the claims to this invention. Those skilled in the art who have the benefit
of this invention, its teachings, and suggestions will appreciate that the conceptions of this
disclosure may be used as a creative basis for designing other structures, methods and
systems for carrying out and practicing the present invention. The claims of this invention
are to be read to include any legally equivalent devices or methods which do not depart

from the spirit and scope of the present invention.

What follows are some of, but not all, the objects of this invention. In addition to the
specific objects stated below for at least certain embodiments of the invention, other
objects and purposes will be readily apparent to one of skill in this art who has the benefit
of this invention's teachings and disclosures. It is, therefore, an object of at least certain
embodiments of the present invention to provide the embodiments and aspects listed above
and: new, useful, unique, efficient, nonobvious blowout preventers and methods of their
use; and such blowout preventers which have opposed rams with socketing structures and

corresponding recesses.

It is, therefore, an object of at least certain embodiments of the present invention to
provide: new, useful, unique, efficient, nonobvious rams for blowout preventers and new,
useful, unique, efficient, nonobvious seal structures for rams for blowout preventers; and

methods of their use.

The present invention recognizes and addresses the problems and needs in this area
and provides a solution to those problems and a satisfactory meeting of those needs in its

various possible embodiments and equivalents thereof. To one of skill in this art who has
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the benefits of this invention's realizations, teachings, disclosures, and suggestions, various
purposes and advantages will be appreciated from the following description of certain
preferred embodiments, given for the purpose of disclosure, when taken in conjunction
with the accompanying drawings. The detail in these descriptions is not intended to thwart
this patent's object to claim this invention no matter how others may later attempt to

disguise it by variations in form, changes, or additions of further improvements.

The Abstract that is part hereof is to enable the U.S. Patent and Trademark Office and
the public generally, and scientists, engineers, researchers, and practitioners in the art who
are not familiar with patent terms or legal terms of phraseology to determine quickly, from
a cursory inspection or review, the nature and general area of the disclosure of this
invention. The Abstract is neither intended to define the invention, which is done by the
claims, nor is it intended to be limiting of the scope of the invention or of the claims in any

way.

It will be understood that the various embodiments of the present invention may
include one, some, or all of the disclosed, described, and/or enumerated improvements

and/or technical advantages and/or elements in claims to this invention.

Certain aspects, certain embodiments, and certain preferable features of the invention
are set out herein. Any combination of aspects or features shown in any aspect or

embodiment can be used except where such aspects or features are mutually exclusive.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

A more particular description of embodiments of the invention briefly summarized
above may be had by references to the embodiments which are shown in the drawings
which form a part of this specification. These drawings illustrate embodiments preferred at
the time of filing for this patent and are not to be used to improperly limit the scope of the
invention which may have other equally effective or

legally equivalent embodiments.
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Fig. 1 is a perspective exploded view of parts of a prior art blowout preventer.

Fig. 2A is a partial perspective view of the blowout preventer of Fig. 1, partially
cutaway.

Fig. 2B is a cross-section view of the blowout preventer of Fig. 2A.

Fig. 3A is a top view of a blowout preventer according to the present invention.

Fig 3B is a perspective view of part of the blowout preventer of Fig. 3A.

Fig. 3C is a perspective view, partially cutaway, of the blowout preventer of Fig. 3A.

Fig 3D is a cross-section view of the blowout preventer of Fig. 3C.

Fig 3E is a cross-section view of a prior art blowout preventer of Fig. 3C.

Fig 3F is a cross-section view of the blowout preventer of Fig. 3C.

Fig. 4A is a front perspective view of a face seal according to the present invention of
the blowout preventer of Fig. 3A.

Fig. 4B is a rear perspective view of the face seal of Fig. 4A.

Fig. 4C is a top view of the face seal of Fig. 4A.

Fig. 4D is a partial view of parts of two face seals as in Fig. 4C.

Fig. 5A is a front perspective view of a face-seal/top-seal combination according to
the present invention of the blowout preventer of Fig. 3A.

Fig. 5B is a top view of the combination of Fig. SA.

Fig. 5C is a rear perspective view of the combination of Fig. SA.

Fig. 6A is a perspective view of an extrusion plate structure for a blowout preventer

according to the present invention.

Fig. 6B is a top view of the structure of Fig. 6A.
Fig. 7A is a perspective view of a prior art extrusion plate structure for a blowout
preventer.

Fig. 7B is a top view of the structure of Fig. 7A.

Certain embodiments of the invention are shown in the above-identified figures and
described in detail below. Various aspects and features of embodiments of the invention
are described below and some are set out in the dependent claims. Any combination of
aspects and/or features described below or shown in the dependent claims can be used
except where such aspects and/or features are mutually exclusive. It should be understood
that the appended drawings and description herein are of certain embodiments and are not

intended to limit the invention or the appended claims. On the contrary, the intention is to
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cover all modifications, equivalents and alternatives falling within the spirit and scope of
the invention as defined by the appended claims. In showing and describing these
embodiments, like or identical reference numerals are used to identify common or similar
elements. The figures are not necessarily to scale and certain features and certain views of
the figures may be shown exaggerated in scale or in schematic in the interest of clarity and

conciseness.

As used herein and throughout all the various portions (and headings) of this patent,
the terms "invention", "present invention" and variations thereof mean one or more
embodiments, and are not intended to mean the claimed invention of any particular
appended claim(s) or all of the appended claims. Accordingly, the subject or topic of each
such reference is not automatically or necessarily part of, or required by, any particular
claim(s) merely because of such reference. So long as they are not mutually exclusive or

contradictory any aspect or feature or combination of aspects or features of any

embodiment disclosed herein may be used in any other embodiment disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

What follows are the descriptions of embodiments preferred at the time of filing for

this patent.

Figs. 3A - 3D show a blowout preventer 10 according to the present invention which
has two opposed movable rams each with a ram block 12. Each ram block 12 has a top

seal 16 (see Fig. 3D) in a recess 17 in a ram block 18.

Each ram block 12 has a face seal 20 with an extrusion plate structure 30 adjacent a
projecting portion 22 of the face seal 20. Each ram block has a recess 15 which receives
part of an opposing structure 30, as shown in Fig. 3C which is partially cutaway to reveal
this reception of part of the structure 30 in a recess 15, and as shown in Fig. 3D. Thus a
face 24 of each face seal 20 sealingly contacts an opposing face 26 of an opposing face seal

20 and this contact occurs within a recess 15.
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Each extrusion plate structure 30 includes a top plate 31 and a bottom plate 32 spaced-
apart by a base 34, as shown, e.g., in Figs. 3C and 3D parts of the plates 31, 32 have a tight

fit with engineered tolerance in the recesses 15.

Fig. 3E illustrates the contact of face seals FS in rams W of a prior art blowout
preventer. Even with plates LT in place, extrusion occurs (with seal deformation under

pressure) between the plates LT (e.g. along a line LN).

Fig. 3F shows the socketing of the plates PS of a structure SR according to the present
invention of a ram block RK projecting into and within a recess RC of a ram block RM
according to the present invention. A face seal FL sealingly contacts a corresponding face
seal FA within the recess RC. In such a design, there are no exposed or unsupported seal

junctures.

As shown in Figs. 4A - 4C, the face seals 20 are, in one aspect, a single molded or
machined piece of material such as nitrile rubber, elastomer, other molded material, or
suitable plastic. Rear shafts 41, 42 are secured within a ram block to hold the face seal in
place. A body 44 has recesses 43 for metal inserts 46 (see Fig. 4C). A portion 48 of the

face seal 20 forms a pipe bore for a pipe (not shown).

Fig. 4D illustrates how a structure 30 of one face seal 20 moves adjacent a face 26 of an

opposing face seal 20.

Figs. 5A - 5C show the combination of a face seal 20, a top seal 16, and an extrusion
plate structure 30. This 3-part combination can be connected together prior to installation
(e.g. with a bonding agent and/or by heat-curing adhesion) in a ram block or the three parts

can be installed separately.

Figs. 6A and 6B show an extrusion plate structure 30 according to the present
invention. The structure 30 has a significantly larger width “a” as compared to certain
prior structures (e.g. one prior structure V with a width “b” as shown in Figs. 7A, 7B). In
one aspect such structures according to the present invention are at least 25% wider as
viewed from above than are certain prior art structures. In one particular aspect such

structures according to the present invention are about 50% wider (or more) as viewed

-8-
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from above as compared to certain prior art structures. In one aspect, a width “a” of a seal
structure’s top plate (i.e. a width of the seal projection) according to the present invention
is at least about thirty five percent of a length “c” (see Fig. 6B) of a seal projection
according to the present invention and in one particular aspect the width “a” is about sixty
percent of the length “c”.

The present invention, therefore, provides in some, but not in necessarily all
embodiments a ram for a blowout preventer, the ram having: a ram body, the ram body
having a front surface; seal structure on the ram body; the seal structure having two front
faces including a first face and a second face; the seal structure having a projection
projecting out therefrom; the first face on the projection; and the projection with the first
face projecting out beyond a plane in which the second face is located. Such a ram may
one or some, in any possible combination, of the following: a recessed portion formed by
the seal structure for receiving part of a projection of an opposing ram, the recessed portion
defined in part by the second face, and the second face positioned for sealing contact with a
face of the projection of an opposing ram; a plurality of recesses for holding inserts for
contacting a portion of a tubular adjacent the ram; the projection including a top plate
connected to a base, and a bottom plate connected to the base; the top plate has a width and
a length, the width at least thirty five percent of the length; wherein the width is about sixty
percent of the length; a recess in the ram body, the recessed portion formed by the seal
structure disposed in the recess of the ram body; the recess in the ram body is located for
receiving the part of the projecting portion of an opposing ram and for supporting said part
therein; and/or the recess is sized for sealing contact with said part of the projecting portion

of an opposing ram.

The present invention, therefore, provides in some, but not in necessarily all
embodiments a ram for a blowout preventer, the ram including: a ram body, the ram body
having a front surface; seal structure on the ram body; the seal structure having two front
faces including a first face and a second face; the seal structure having a projection
projecting out therefrom; the first face on the projection; the projection with the first face
projecting out beyond a plane in which the second face is located; a recessed portion
formed by the seal structure for receiving part of a projection of an opposing ram; the
recessed portion defined in part by the second face; the second face positioned for sealing
contact with a face of the projection of an opposing ram; a recess in the ram body; the

recessed portion formed by the seal structure disposed in the recess of the ram body; and

-9.
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the recess in the ram body located for receiving part of a projecting portion of an opposing

ram and for supporting said part therein.

The present invention, therefore, provides in some, but not in necessarily all
embodiments a seal structure for a ram of a blowout preventer, the seal structure having: a
body having two front faces including a first face and a second face; a projection projecting
out from the bodys; the first face on the projection; the second face in a plane; and the
projection with the first face projecting out beyond the plane. Such a seal structure may
one or some, in any possible combination, of the following: a recessed portion in the body
for receiving part of a projection of an opposing ram, the recessed portion defined in part
by the second face, and the second face positioned for sealing contact with a face of a
projection of an opposing ram; a plurality of recesses for holding inserts for contacting a
portion of a tubular adjacent the ram; a base, the projection including a top plate connected
to the base, a bottom plate connected to the base, the top plate having a width and a length,
and the width at least thirty five percent of the length; wherein the width is about sixty
percent of the length; a recess in the body, the recessed portion formed by the seal structure
disposed in the recess of the ram body; and/or the recess in the ram body is located for
receiving part of a projecting portion of an opposing ram and for supporting said part
therein, and the recess sized for sealing contact with said part of a projecting portion of an

opposing ram.

The present invention, therefore, provides in some, but not in necessarily all
embodiments a blowout preventer with two opposing rams, each ram having: a ram body,
each ram body having a front surface, seal structure on each ram body, each seal structure
having two front faces including a first face and a second face, the seal structure having a
projection projecting out therefrom, the first face on the projection, and the projection with
the first face projecting out beyond the plane in which the second face is located. In such a

blowout preventer each ram may be any ram disclosed herein.

The present invention, therefore, provides in some, but not in necessarily all
embodiments a method for sealing rams of a blowout preventer against a portion of a
tubular located between the rams, the method including: moving opposing rams of a

blowout preventer into contact with a portion of a tubular located between the rams, each

-10 -
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ram being any ram disclosed herein according to the present invention; and moving each

ram so a first face of each ram contacts a second face of an opposing ram.

In conclusion, therefore, it is seen that the present invention and the embodiments
disclosed herein and those covered by the appended claims are well adapted to carry out
the objectives and obtain the ends set forth. Certain changes can be made in the subject
matter without departing from the spirit and the scope of this invention. It is realized that
changes are possible within the scope of this invention and it is further intended that each
element or step recited in any of the following claims is to be understood as referring to the
step literally and/or to all equivalent elements or steps. The following claims are intended
to cover the invention as broadly as legally possible in whatever form it may be utilized.
The invention claimed herein is new and novel in accordance with 35 U.S.C. § 102 and
satisfies the conditions for patentability in § 102. The invention claimed herein is not
obvious in accordance with 35 U.S.C. § 103 and satisfies the conditions for patentability in
§ 103. This specification and the claims that follow are in accordance with the
requirements of 35 U.S.C. § 112. The inventors may rely on the Doctrine of Equivalents to
determine and assess the scope of their invention and of the claims that follow as they may
pertain to apparatus and/or methods not materially departing from, but outside of, the literal
scope of the invention as set forth in the following claims. All patents and applications
identified herein are incorporated fully herein for all purposes. It is the express intention of
the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for any limitations of any of the
claims herein, except for those in which the claim expressly uses the words 'means for'
together with an associated function. In this patent document, the word "comprising" is
used in its non-limiting sense to mean that items following the word are included, but items
not specifically mentioned are not excluded. A reference to an element by the indefinite
article "a" does not exclude the possibility that more than one of the element is present,

unless the context clearly requires that there be one and only one of the elements.

Whereas the present invention has been described in particular relation to the
drawings attached hereto, it should be understood that other and further modifications apart
from those shown or suggested herein, may be made within the scope and spirit of the

present invention.
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CLAIMS
What is claimed is:
1. A ram for a blowout preventer, the ram comprising
a ram body, the ram body having a front surface,
seal structure on the ram body,
the seal structure having two front faces including a first face and a second face,
the seal structure having a projection projecting out therefrom,
the first face on the projection, and
the projection with the first face projecting out beyond a plane in which the second

face is located.

2. The ram of claim 1 further comprising

a recessed portion formed by the seal structure for receiving part of a projection of an
opposing ram,

the recessed portion defined in part by the second face, and

the second face positioned for sealing contact with a face of the projection of an

opposing ram.

3. The ram of claim 1 further comprising
a plurality of recesses for holding inserts for contacting a portion of a tubular adjacent

the ram.

4.  The ram of claim 1 further comprising
the projection including a top plate connected to a base, and

a bottom plate connected to the base.

5. The ram of claim 4 wherein
the top plate has a width and a length,
the width at least thirty five percent of the length.

6. The ram of claim 5 wherein the width is about sixty percent of the length.

7. The ram of claim 1 further comprising

a recess in the ram body,

-12 -
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the recessed portion formed by the seal structure disposed in the recess of the ram

body.

8. The ram of claim 7 wherein
the recess in the ram body is located for receiving the part of the projecting portion of

an opposing ram and for supporting said part therein.

9. The ram of claim 8 wherein
the recess is sized for sealing contact with said part of the projecting portion of an

opposing ram.

10. A ram for a blowout preventer, the ram comprising

a ram body, the ram body having a front surface,

seal structure on the ram body,

the seal structure having two front faces including a first face and a second face,

the seal structure having a projection projecting out therefrom,

the first face on the projection,

the projection with the first face projecting out beyond a plane in which the second
face is located,

a recessed portion formed by the seal structure for receiving part of a projection of an
opposing ram,

the recessed portion defined in part by the second face,

the second face positioned for sealing contact with a face of the projection of an
opposing ram,

a recess in the ram body,

the recessed portion formed by the seal structure disposed in the recess of the ram
body, and the recess in the ram body located for receiving part of a projecting portion of an

opposing ram and for supporting said part therein.

11. A seal structure for a ram of a blowout preventer, the seal structure comprising
a body having two front faces including a first face and a second face,
a projection projecting out from the body,
the first face on the projection,

the second face in a plane, and

- 13-
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the projection with the first face projecting out beyond the plane.

12. The seal structure of claim 11 further comprising
a recessed portion in the body for receiving part of a projection of an opposing ram,
the recessed portion defined in part by the second face, and
the second face positioned for sealing contact with a face of a projection of an

opposing ram.

13. The seal structure of claim 11 further comprising
a plurality of recesses for holding inserts for contacting a portion of a tubular adjacent

the ram.

14. The seal structure of claim 11 further comprising
a base,
the projection including a top plate connected to the base,
a bottom plate connected to the base,
the top plate having a width and a length, and
the width at least thirty five percent of the length.

15. The seal structure of claim 11 wherein the width is about sixty percent of the length.

16. The seal structure of claim 12 further comprising
a recess in the body,
the recessed portion formed by the seal structure disposed in the recess of the ram

body.

17. The seal structure of claim 16 wherein the recess in the ram body is located for
receiving part of a projecting portion of an opposing ram and for supporting said part
therein, and

the recess sized for sealing contact with said part of a projecting portion of an

opposing ram.

18. A blowout preventer with two opposing rams, each ram comprising

a ram body, each ram body having a front surface,
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seal structure on each ram body,

each seal structure having two front faces including a first face and a second face,

the seal structure having a projection projecting out therefrom,

the first face on the projection, and

the projection with the first face projecting out beyond the plane in which the second

face is located.

19. The blowout preventer of claim 18 further comprising

a recessed portion formed by each seal structure for receiving part of a projection of
an opposing ram,

each recessed portion defined in part by a second face of a seal structure,

each second face positioned for sealing contact with a face of a projection of an
opposing ram,

a recess in each ram body,

each recessed portion formed by a seal structure disposed in a recess of the ram body,

each recess in a ram body located for receiving part of a projecting portion of an
opposing ram and for supporting said part therein, and

each recess sized for sealing contact with part of a projecting portion of an opposing

ram.

20. A method for sealing rams of a blowout preventer against a portion of a tubular
located between the rams, the method comprising

moving opposing rams of a blowout preventer into contact with a portion of a tubular
located between the rams, each ram comprising a ram body, each ram body having a front
surface, seal structure on each ram body, each seal structure having two front faces
including a first face and a second face, each seal structure having a projection projecting
out therefrom, each first face on a projection, and each projection with a first face
projecting out beyond a plane in which each second face is located, and

moving each ram so a first face of each ram contacts a second face of an opposing

ram.

- 15 -
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