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FIG. 1

o (57) Abstract: Disclosed herein is a downhole valve. The downhole valve includes, a flapper seat, a flapper sealable against the
flapper seat, a spring housing in axial alignment with the flapper seat and a metal-to-metal seal disposed between the flapper seat and
the spring housing. The metal-to-metal seal is sealable to both the flapper seat and the spring housing when in an energized position.
Additionally, the metal-to-metal seal is a separate component from both the flapper seat and the spring housing.
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A DOWNHOLE VALVE AND METHOD OF MAKING

BACKGROUND OF THE INVENTION

[0001] In the downhole industry, valves are a common part of a system.
Valves come in a variety of configurations; all intended to control the flow of fluid in
one direction or another. One such configuration is known in the vernacular as a
flapper valve. Such valves generally open to fluid flow in one direction (for example
downhole direction) while closing to flow in an opposite direction (for example an
uphole direction). Most commonly flapper valves are a part of a commercial product
known as a safety valve, which allows an operator to maintain a flow passage only
while an external input is maintained on the valve. For example, the valve may be a
hydraulically operated valve that stays open as long as hydraulic pressure is supplied
thereto through a hydraulic control line. The flapper will automatically close in the
event that the hydraulic pressure is released. Such valves are very effective for their

intended purposes.

[0002] Construction of safety valves is undertaken by utilizing a number of
individual components and fastening them to one another to build the final product.
In order to produce a commercially acceptable product, special threads with tight
tolerances have been used to provide for sealing at one or more of the connection sites
to prevent fluid migration therethrough. One such connection site is the interface
between a flapper seat and a spring housing. Because special threads are expensive
and require extra care during manufacture, a lower cost alternative at such interfaces

would be welcomed by the art.
BRIEF DESCRIPTION OF THE INVENTION

[0003] Disclosed herein is a downhole valve. The downhole valve includes, a
flapper seat, a flapper sealable against the flapper seat, a spring housing in axial
alignment with the flapper seat and a metal-to-metal seal disposed between the flapper

seat and the spring housing. The metal-to-metal seal is sealable to both the flapper
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seat and the spring housing when in an energized position. Additionally, the metal-to-

metal seal is a separate component from both the flapper seat and the spring housing.

[0004] Further disclosed herein is a method of making a valve. The method
includes positioning a non-energized tubular member radially between a flapper seat
and a spring housing. Wherein the tubular member has at least one line of weakness
on an outside surface and at least one line of weakness on an inside surface. The
method further including energizing the tubular member with the flapper seat and the
spring housing. The energizing being accomplished by deforming a first portion of
the tubular member radially outwardly, to sealbly engage one of the flapper seat and
the spring housing, and by deforming a second portion of the tubular member radially
inwardly, to sealably engage the other of the flapper seat and the spring housing that

is not sealably engaged with the first portion.

[0005] Still further disclosed herein is a method of sealing valve components.
The method including energizing a tubular metal-to-metal seal between a flapper seat
and a spring housing to thereby sealingly engage the metal-to-metal seal with the
flapper seat and the spring housing. The energizing further includes radially
compressing the metal-to-metal seal in an annular opening between the spring

housing and the flapper seat.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The following descriptions should not be considered limiting in any
way. With reference to the accompanying drawings, like elements are numbered

alike:

[0007] FIG. 1 depicts a partial cross sectional view of a downhole valve

disclosed herein;

[0008] FIG. 2 depicts a magnified cross sectional view of the metal-to-metal

seal of the valve of FIG. 1 shown in a non-energized position; and

[0009] FIG. 3 depicts a magnified cross sectional view of the metal-to-metal

seal of the valve of FIG. 1 shown in an energized position.

2
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DETAILED DESCRIPTION OF THE INVENTION

[0010] A detailed description of an embodiment of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with

reference to the Figures.

[0011] Referring to FIG. I, an embodiment of the downhole valve 10 is
illustrated. The valve 10 is configured such that when it is open the valve 10 allows
fluid to flow in either an uphole or a downhole direction. When the valve 10 is
closed, however, it prevents fluid flow in an uphole direction. The valve 10 includes
a flapper seat 14, a flapper 18, a spring housing 22 and a metal-to-metal seal 26, all of
which are located in this embodiment within a flapper housing 30. Each of these
components will be recognized by one of ordinary skill in the art as parts of a
commercially available flapper or safety valve. In this embodiment the flapper seat
14 is a metallic tubular member with a sealing surface 34 on an axial end 38 thereof.
The flapper 18 may also be made of metal and is sealable to the sealing surface 34.
The flapper 18 is rotatable between a sealed position (as shown) and an open position
by rotation about a hinge 42. The hinge 42 may be integrally formed as part of the
flapper seat 14 or may be attached to a separate hinge mount 46, as shown. Fluid
pressure in a hydraulic control line (not shown) urges the flapper 18 in an open
direction. Fluid pressure downhole of the valve 10 urges the flapper 18 to a closed

position when the pressure in the hydraulic control line is reduced.

[0012] The valve 10 being in a closed position prevents flow of fluid in an
uphole direction. With the valve in this position a substantial amount of pressure can,
under some circumstances, build uphole of the valve 10. While higher pressure
downbhole of the valve 10 will cause the flapper 18 to more tightly engage the seat 14
thereby creating a tighter seal, that pressure is also transmitted to the threaded
connection between the flapper seat 14 and the spring housing 22. And while a
threaded arrangement with a seal nose metal-to-metal interference is capable of
holding pressure it requires a much more expensive manufacturing process due to
much tighter tolerances that are required to be held in addition to requiring a greater

cross sectional area thereby creating more cost. In order to alleviate the problem, a
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metal-to-metal seal element 26 is taught herein. The seal element 26 is located
between the flapper seat 14 and the spring housing 22, more specifically, in this
embodiment, between an outside surface 50 of the flapper seat and an inside surface
54 of the spring housing 22. It should be noted that in alternate embodiments this
condition could be reversed, that is, the flapper seat 14 could be configured with an
inside surface and the spring housing 22 could be configured with an outside surface.
As one of skill in the art may recognize, this is the same location at which a threaded
sealing arrangement would normally occur but with the invention, manufacturing
tolerances are relaxed substantially. To accommodate the seal 26 and to simplify
construction of the valve, in one embodiment, and as illustrated, a recess 58 on the
inside surface 54 of the spring housing 22 is provided that includes an inside sealing
surface 56 thereat. The recess 58 is sized to receive part of the seal 26 such that the
seal is retained therein when the flapper seat and the spring housing are not yet joined.
In alternate embodiments, the recess 58 could be in the outer surface 50 of the flapper

seat 14 and achieve the same effect.

[0013] Referring to Figures 2 and 3, the metal-to-metal seal 26 is shown in a
non-energized position 62 (FIG. 2) and in an energized position 66 (FIG. 3). In the
non-energized position 62 the metal-to-metal seal 26 is slidably engagable with the
outside surface 50 and the inside surface 54 and is not sealably engaged with either.
In the energized position 66, however, the metal-to-metal seal 26 is sealably engaged

with both the outside surface 50 and the inside surface 54 simultaneously.

[0014] The metal-to-metal seal 26 is formed from a tubular member 70. Axial
compression of the tubular member 70 in this embodiment is due to the relative
motion between the flapper seat 14 and the spring housing 22. A first shoulder 74 on
the flapper seat 14 abuts a first axial end 78 of the tubular member 70 and a second
shoulder 82 on the spring housing 22 abuts a second axial end 86 of the tubular
member 70. Movement of the spring housing 22 towards the flapper seat 14 causes
the first shoulder 74 to move toward the second shoulder 82 causing an axial
compression of the tubular member 70 in the process. This axial compression causes

the tubular member 70 to reposition from the non-energized position 62 to the

energized position 66.
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[0015] The tubular member 70 in the energized position 66 includes three
frustoconical portions. A first frustoconical portion 90 and a second frustoconical
portion 94 increases the radial dimension of the tubular member 70 to a greater radial
dimension than the tubular member 70 has when in the non-energized position 62.
Similarly, the second frustoconical portion 94 and a third frustoconical portion 98
decreases the radial dimension of the tubular member 70 to a smaller radial dimension
than the tubular member 70 has when in the non-energized position 62. As such, in
the energized position 66 the tubular member 70 has a maximum radial dimension
102 that is sealably engaged with the inside sealing surface 56. A sealing force
between the maximum radial dimension 102 and the inside sealing surface 56 is due
to the energizing force of the tubular member 70 being in the energized position 66.
This energizing force is due to the fact that the portion of the tubular member 70, with
the maximum radial dimension 102, has an even greater radial dimension (not shown)
when not constrained by contact with the radial dimension of the inside sealing
surface 56. Similarly, in the energized position 66 the tubular member 70 has a
minimum radial dimension 106 that is sealably engaged with the outside surface 50.
A sealing force between the minimum radial dimension 106 and the outside surface
50 is due to the energizing force of the tubular member 70 being in the energized
position 66. This energizing force is due to the fact that the portion of the tubular
member 70, with the minimum radial dimension 106, has an even smaller radial
dimension (not shown) when not constrained by contact with the radial dimension of

the outside surface 50.

[0016] The metal of the tubular member 70 has elasticity such that the metal-
to-metal seal 26 is flexible enough to allow for minor movements of the flapper seat
14 relative to the spring housing 22 without resulting in leakage thercbetween.
Additionally, the metal of the tubular member 70 can be highly resistant to
degradation with long term exposure to the high temperatures and high pressures
commonly found in downhole environments. The metal can also be highly resistant
to corrosion and caustic fluids that may be experienced downhole as well. As such
the metal-to-metal seal 26 can have a high level of reliability and durability in very

challenging applications.
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[0017] Repositionability of the metal-to-metal seal 26 between the non-
energized position 62 and the energized position 66 is effected by and is enabled by
the construction thereof. The metal-to-metal seal 26 is formed from the tubular
member 70 that has four lines of weakness, specifically located both axially of the
tubular member 70 and with respect to an inside surface 108 and an outside surface
112 of the tubular member 70. In one embodiment, a first line of weakness 116 and a
second line of weakness 120 are defined in this embodiment by diametrical grooves
formed in the outside surface 78 of the tubular member 70. A third line of weakness
124 and a fourth line of weakness 128 is defined in this embodiment by a diametrical
groove formed in the inside surface 108 of the tubular member 70. The four lines of
weakness 116, 120, 124 and 128 each encourage local deformation of the tubular
member 70 in a radial direction that tends to cause the groove to close. It will be
appreciated that in embodiments where the line of weakness is defined by other than a
groove, the radial direction of movement will be the same but since there is no
groove, there is no “close of the groove”. Rather, in such an embodiment, the
material that defines a line of weakness will flow or otherwise allow radial movement
in the direction indicated. The four lines of weakness 116, 120, 124 and 128together
encourage deformation of the tubular member 70 in a manner that creates a feature
such as the energized position 66. The feature is created, then, upon the application of
an axially directed mechanical compression of the tubular member 70 such that the
energized position 66 is formed as the tubular member 70 is compressed to a shorter

overall length.

[0018] It should be noted that in alternate embodiments the tubular member
70 could be axially compressed prior to installation between the flapper seat 14 and
the spring housing 22. In such an instance the maximum radial dimension 102 is not
constrained by the inside dimension of the inside sealing surface 56 until it is
relocated to within the recess 58. Similarly, the minimum radial dimension 106 is not
constrained by the outside dimension of the outside surface 50 until it is relocated to
radially surround the outside surface 50. The metal-to-metal seal 26 of such an

embodiment 1s in the non-energized position 62 when the metal-to-metal seal 26 is
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not constrained and the metal-to-metal seal 26 is in the energized position when the

metal-to-metal seal 26 is relocated to the location wherein it is constrained.

[0019] In other enibodiments a metal-to-metal seal may not require an axial
compression to form a tubular member with maximum radial dimension 102 greater
than the inner sealing surface 56 and the minimum radial dimension 106 that is
smaller than the outer surface 50. For example, the metal-to-metal seal could be
machined to a final shape that includes the maximum radial dimension 102, the
minimum radial dimension 106 and one or more lines of weakness directly. The lines
of weakness can be positioned to control distribution of stress within the metal-to-
metal seal when it is constrained. The foregoing metal-to-metal seal would be non-
energized until it was located within the constrained dimensions of the inside surface
56 and the outside surface 50 at which point the metal-to-metal seal would be in the
energized position. Compression fit of the metal-to-metal seal between the inside
surface 56 and the outside surface 50 can be such that the internal stresses within the
metal-to-metal seal is maintained within an elastic range of the metal. Being within
the elastic range of the metal material of the metal-to-metal seal allows the elasticity
of the metal-to-metal seal to maintain the radial loads desired for the sealing of the
metal-to-metal seal with the inside surface 56 and the outside surface 50 during the

life of the intended application.

[0020] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addition, many modifications
may be made to adapt a particular situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but that the invention will include

all embodiments falling within the scope of the claims.



WO 2008/109189 PCT/US2008/050242

274-44310-US/BAO-0125

What is claimed is:
1. A downhole valve, comprising:
a flapper seat;
a flapper sealable against the flapper seat;
a spring housing in axial alignment with the flapper seat; and

a metal-to-metal seal disposed between the flapper seat and the spring housing
and sealable to the flapper seat and the spring housing when in an energized position,

the metal-to-metal seal being a separate component from both the flapper seat and the

spring housing.

2. The downhole valve of claim 1, wherein the flapper is hingedly

attached to the flapper seat.

3. The downhole valve of claim 1, wherein the flapper is sealable against

an axial end of the flapper seat.

4, The downhole valve of claim 1, wherein the metal-to-metal seal is a

tubular member.

5. The downhole valve of claim 1, wherein the metal-to-metal seal has a
plurality of lines of weakness with at least one line of weakness on an outside surface

thereof and at least one line of weakness on an inside surface thereof.

6. The downhole valve of claim 5, wherein the plurality of lines of

weakness controls the internal stresses of the metal-to-metal seal.

7. The downhole valve of claim 5, wherein the plurality of lines of

weakness comprise circumferential grooves.
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8. The downhole valve of claim 1, wherein the metal-to-metal seal has a

maximum radial dimension constrained when in the energized position.

9, The downhole valve of claim 1, wherein the metal-to-metal seal has a

minimum radial dimension constrained when in the energized position.

10. The downhole valve of claim 1, wherein the metal-to-metal seal is

energizable in response to being compressed axially.

11. The downhole valve of claim 10, wherein the metal-to-metal seal is
axially compressible between a surface on the flapper seat and a surface on the spring

housing.

12 The downhole valve of claim 1, wherein the metal-to-metal seal is

energizable in response to being compressed radially.

13. The downhole valve of claim 12, wherein the metal-to-metal seal is
radially compressible between a surface on the flapper seat and a surface on the spring

housing.

14. The downhole valve of claim 1, wherein the metal-to-metal seal
sealably engages an outside surface of the flapper seat and sealably engages an inside

surface of the spring housing.
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15. A method of making a valve, comprising:

positioning a non-energized tubular member radially between a flapper seat
and a spring housing, the tubular member having at least one line of weakness on an

outside surface thereof and at least one line of weakness on an inside surface thereof;
energizing the tubular member with the flapper seat and the spring housing;

deforming a first portion of the tubular member radially outwardly to sealbly

engage one of the flapper scat and the spring housing; and

deforming a second portion of the tubular member radially inwardly to
sealably engage the other of the flapper seat and the spring housing that is not

sealably engaged with the first portion.

16. The method of making the valve of claim 15, further comprising

machining circumferential grooves into the tubular member to create the lines of

weakness.

17. The method of making the valve of claim 15, further comprising
positioning the tubular member, the flapper seat and the spring housing within a

flapper housing.

18.  The method of making the valve of claim 15, further comprising

hingedly attaching a flapper to sealably engage with the flapper seat.
19. A method of sealing valve components, comprising:

energizing a tubular metal-to-metal seal between a flapper seat and a spring
housing to thereby sealingly engage the metal-to-metal seal with the flapper seat and

the spring housing, the energizing further comprising:

radially compressing the metal-to-metal seal in an annular opening between

the spring housing and the flapper seat.

10
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20. The method of sealing valve components of claim 19, further

comprising:

constraining a first portion of the metal-to-metal seal radially outwardly with a

surface of the flapper seat: and

constraining a second portion of the metal-to-metal seal radially inwardly with

the spring housing.



PCT/US2008/050242

179

WO 2008/109189

= o

¢m. @m

I, r\\\\\\\\\\\\\\ %%

1NN N
\ S //\V\V\////\\ \ 7 \\\\\\

A
, \\ij\wx/w\\\\ \\M.mﬁ\\\\\ \\\w\\/A\/u__/ 2
LTI

=

\\\\\\

ol



Z ol
f

NN <///v NN

\\\

E\\\\\ 07

(R
s\\\\\\\\\/\\\




7 /////k///V/ RN

f %\\\\\\\\L\\

x\\\\\\\\\w\\




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/050242

A
INV.

. CLASSIFICATION O l%UBJECT MATTER

E21B34

According 1o International Patent Classification (IPC) or to both hational ciassiﬁcation and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classmcallon system followed by classification symbols)

'EZIB

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where pradlical, search terms used)

,EPO—Interna], WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT .

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WO 01/16461 A-(HALLIBURTON ENERGY SERV INC
[US]) 8 March 2001 (2001- 03 08)

page 7, lines 22-31

figure 2b

1,15,19

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the arnt which is not
considered to be of particular relevance .

*E* earlier document but published on or after the international
filing date

mventlon

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance the claimed invention
cannot be considered novel or cannol be considered o

*L* document which may throw doubts on priority claim(s) or - . “involve an inventive step when the document is taken alone

which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

in the an.

*Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

*&* document member of the same patent famity ..

Date of the actual completion of the international search

11 March 2008

Date of mailing of the intemational search report

19/03/2008

Name and mailing address of the ISA/

European Patent Offiée, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Authorized officer

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, . Schouten. Adri
. ’

Fax: (+31-70) 340-3016

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

Intorr-natlo.n on patent family members PCT/U52008/050242
. Patent.document . Publication Patent family - Publication
cited in search report i ~ date member(s) date
- WO 0116461 A 08-03-2001 AU 4838200 A - 26-03-2001
BR 0011518 A . 28-05-2002
CA 2373969 Al -08-03-2001
EP 1181434 Al 27-02-2002
-MX  PA01011463 A 30-08-2002
NO 20015476 A 08-01-2002
US 20-09-2001

2001022194 Al

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

