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ABSTRACT OF THE DISCLOSURE

[0016] A control system for a downhole tool, such as a subsurface safety valve,
features an operating piston that is insensitive to tubing pressure in the valve. The
hydrostatic forces from the single control line from thc surface are significantly reduced
with a branch line to a piston bottom that is slightly smaller than the piston top. A
variable volume between piston seals is connected to a low pressure compressible fluid
reservoir to permit piston movement. The piston can be modular to facilitate assembly or

bore offsets in the valve body. Failsafe closure upon seal failures is contemplated.
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APPLICATION FOR PATENT
Title: Control Line Hydrostatic Minimally Sensitive Control System

Inventors: David Z. Anderson; Edward W. Welch; Alan N. Wagner; Darren E. Bane
and Clifford H. Beall

FIELD OF THE INVENTION

[0001] The field of this invention is control systems for downhole valves and

more particularly for subsurface safety valves where the system is tubing pressure

insensitive.

BACKGROUND OF THE INVENTION

[0002]  Subsurface safety valves are used in wells to close them off in the event of
an uncontrolled condition to ensure the safety of surfaée personnel and prevent property
damage and pollution. Typically these valves comprise a flapper, which is the closure
element and is pivotally mounted to rotate 90 degrees between an open and a closed
position. A hollow tube called a flow tube is actuated downwardly against the flapper to
rotate it to a position behind the tube and off its seat. That is the open position. When the
flow tube is retracted the flapper is urged by a spring mounted to its pivot rod to rotate to

the closed position against a similarly shaped seat.

[0003] The flow tube is operated by a hydraulic control system that includes a
control line from the surface to one side of a piston. Increasing pressure in the control
line moves the piston in one direction and shifts the flow tube with it. This movement
occurs against a closure spring that is generally sized to offset the hydrostatic pressure in
the control line, friction losses on the piston seals and the weight of the components to be

moved in an opposite direction to shift the flow tube up and away from the flapper so that

the flapper can swing shut.

[0004])  Normally, it is desirable to have the flapper go to a closed position in the
event of failure modes in the hydraulic control system and during normal operation on
loss or removal of control line pressure. The need to meet normal and failure mode

requirements in a tubing pressure insensitive control system, particularly in a deep set
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safety valve application, has presented a challenge in the past. The results represent a
variety of approaches that have added complexity to the design by including features to.
insure the fail safe position is obtained regardless of which seals leak. Some of these
systems have overlays of pilot pistons and several pressurized gas reservoirs while others
require multiple control lines from the surface in part to offset the pressure from control

line hydrostatic pressure. Some recent examples of these efforts can be seen in USP

6,427,778 and 6,109,351.

[0005]  Despite these efforts a tubing pressure insensitive control system for deep
set safety valves that had greater simplicity, enhanced reliability and lower production
cost remained a goal to be accomplished. The present invention provides for a tubing
pressure insensitive operating piston. It neutralizes the hydrostatic forces in the control
line to a significant extent while running a single control line to the surface. It provides a
low pressure compressed gas volume to allow the piston to move when such movement
reduces the volume of a cavity between piston seals. These and other features of the
present invention will become more apparent to those skilled in the art from a review of
the description of the preferred embodiment and the associated drawing of the control

system, while recognizing that the full scope of the invention is to be found in the claims.

SUMMARY OF THE INVENTION

[0006] A control system for a downhole tool, such as a subsurface safety valve,
features an operating piston that is insensitive to tubing pressure in the valve. The
hydrostatic forces from the single control line from the surface are significantly reduced
with a branch line to a piston bottom that is slightly smaller than the piston top. A
variable volume between piston seals is connected to a low pressure compressible fluid
reservoir to permit piston movement. The piston can be modular to facilitate assembly or

bore offsets in the valve body. Failsafe closure upcn seal failures is contemplated.

BRIEF DESCRIPTION OF THE DRAWING

[0007]  FIG. 1 is a schematic system diagram of the control system.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0008] The present invention can be used as a control system for a subsurface
safety valve (SSSV) or for that matter other types of downhole tools that are
hydraulically operated from the surface, generally via a control line 10. In a SSSV
application the end component is a flapper 12 that is pushed open by a flow tube 14 that
moves against the bias of a power spring 16. Since the present invention has applications
beyond SSSVs any reference to flow tube is intended to generically refer to a part of a
tool that is actuated by a piston assembly 18 of a contrel system. Since those skilled in
the art are well aware of common components of SSSVs, they are omitted from the
drawing to allow greater clarity in understanding the operation of the control system. For
example, it is well known that the flapper 12 in the position shown in FIG. 1 is in the
closed position against a seat that surrounds a passage in a valve housing. That passage is
exposed to internal tubing pressure while being isolated from pressure in the control line
10. The flow tube 14 and parts of the piston assembly 18 are similarly exposed to tubing
pressure in the passage. Only a portion of the valve housing adjacent the piston assembly

18 is shown for clarity.

[0009]  With that as an introduction, it can be seen that an upper housing 20 is
juxtaposed opposite a lower housing 22. They may be in one piece or two pieces that are
connected. There are opposed spaced bores 24 and 26 that accept the piston assembly 18.
Preferably, the bores 24 and 26 are aligned but some offset can be accommodated with a
modular design of the piston assembly 18. A connector 28 can be used to connect upper
piston 30 to lower piston 32. Due to the channels at the ends of connector 28 the upper
piston 30 can be connected to the lower piston 32 with a centerline offset. Although a rod

piston design is preferred, other piston shapes are contemplated.

[0010] Lower piston 32 has a seal 34 to define a third variable volume chamber
36. Control line 10 has a branch 38 connected at connection 40 to chamber 36 and a
branch 39 connected to connection 46. They form a junction 41 in close proximity to
upper housing 20. Options exist as to how to route branch 38. It can be routed so that
connection 40 is exposed to tubing pressure that affects the flow tube 14 and the flapper

12, for example. Optionally, branch 38 can be routed outside the valve housing in the
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surrounding annular space. Depending on what choice is made there will be different
considerations regarding how the system responds if a component fails, as will be
explained below. The preferred embodiment is to run branch 38 to connection 40 along a
route that has exposure to either tubing pressure or annulus pressure with annulus

pressure preferred to assure desired failure modes in the event of leakage.

[0011]  Pressure applied to the control line 10 goes through branch 38 to chamber
36 where it will exert an uphole force on lower piston 32. Upper piston 30 has a seal 42
that is a larger diameter than seal 34. Upper piston 30 has another seal 44 that is
preferably the same or very close to the same size as seal 34. Since both seals 44 and 34
are on the piston assembly 18 and are exposed on one side to the same tubing pressure,
the piston assembly 18 experiences no net force from exposure to tubing pressure and can
be referred to as tubing pressure insensitive for that reason. However, seal 42 is made
larger than seal 34 by design and both are exposed to pressure in control line 10 and its
branch 38. While there is but a single control line 10 that runs from the surface that
terminates at connections 40 and 46, it can be seen that hydrostatic pressure in control
line 10 is substantially offset by this arrangement. There is a net force from hydrostatic
pressure in control line 10 on the piston assembly 18 in a downhole direction equal to the
pressure near the connections 40 and 46, which should be identical, divided by the area
difference of seal 34 subtracted from the area of seal 42. Of course, on application of
pressure to control line 10 the net downhole force on piston assembly 18 increases to
overcome the power spring 16 to shift the piston assembly 18 until shoulder 48 on the

lower piston 32 engages shoulder 50 on flow tube 14 to rotate the flapper 12 to the open

position.

[0012] In between seals 42 and 44 is a first variable volume chamber 52 that gets
smaller as the piston assemi)ly 18 is displaced against spring 16. In order to allow the
piston assembly 18 to move in that direction without getting bound, connection 54 has a
line 56 leading to a reservoir 58 which is preferably at least 4 times the volume of
chamber 52. Line 56 continues to a valve 60 that is normally closed and whose purpose
will be later explained. Beyond valve 60 line 56 ties into control line 10. Reservoir 58 is

preferably at atmospheric pressure or slightly higher and contains a compressible fluid. In
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normal operation, movement of the piston assembly 18 against spring 16 slightly raises
the pressure in reservoir 58 to a degree related to the volume ratios between chamber 52

and reservoir 58 but in no way measurably impeding the movement of piston assembly

18.

[0013]  If there is a seal failure of seal 34 high tubing pressure can get into
chamber 36 and from there through connection 40 and branch 38 to connection 46 and
into chamber 62. Since the pressure is now the same in third chamber 36 and second
chamber 62 (i.e. tubing pressure)there would be a net opening force on piston assembly
18 due to the diameter of seal 42 being larger than the diameter of seal 34 (that has now
failed). Without valve 60 in the system, the flapper 12 could be held open upon failure of
seal 34 or, for that matter, failure of connections 40 and 46. Valve 60 senses a pressure
buildup in line 56 that occurs due to failure of seal 34 and tubing pressure migrating that
far through branch 38. Valve 60 can be a rupture disc or a piston held by a pin that shears
or any other equivalent device that goes open at a predetermined pressure. When valve 60
opens the pressure at connections 46 and 54 equalizes removing any influence of tubing
pressure on the piston assembly 18 that occurred due to failure of seal 34. At that point

~ the spring 16 pushes the piston assembly 18 to the valve closed position shown in FIG. 1.
From that point the piston assembly 18 can no longer be operated from control line 10

and flapper 12 is in its fail safe closed position.

[0014]  Those skilled in the art will appreciate that the present invention illustrates
a downhole tool control system that can run off a single control line from the surface 10
and that is further configured to address opposing ends of a piston assembly in a way that
minimizes the effect of control line hydrostatic pressure. This reduction of the net effect
of hydrostatic pressure despite use of a single control line to the surface allows the use of
a lower pressure to move the piston assembly 18. Differing diameters of the opposed
ends of the piston assembly allow a sufficient net opening force to be applied to move the
piston assembly 18 against the spring 16. The piston assembly is insensitive to tubing
pressure which dramatically lowers the required opening pressure as compared to
conventional subsurface safety valves. The movement of the piston assembly 18 reduces

the volume of a chamber 52 but with the addition of a reservoir of fairly large volume the
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resistance to movement from the compression effect of volume reduction in chamber 52
is madé insignificant by the presence of large reservoir 58 which operates at an initial
pressure that is close to atmospheric. With very high tubing pressures in the order of
20,000PSI or more seals 44 and 34 see fairly large pressure differentials to help them seal
more effectively. Failure of seal 34, connection 40, or connection 46 opens valve 60 to
equalize pressure across seal 42 to let the spring 16 urge the flapper 12 to the fail safe
closed position. Piston bores 24 and 26 may have a misalignment that can be
compensated for by making the piston assembly 18 modular using a connector 28 that

tolerates offset between the upper piston 30 and the lower piston 32.

[0015] The above description is illustrative of the preferred embodiment and
various alternatives and is not intended to embody the broadest scope of the invention,
which is determined from the claims appended below, and properly given their full scope

literally and equivalently.
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We claim:
1. A control system for a downhole valve operated from the surface, comprising:

a housing having a though bore to contain tubing preésure and a valve member
therein;

a piston assembly, in a wall that forms said housing, having an upper and a lower
end and operably connected to said valve member;

a first connection in said housing in fluid communication with said upper end of
said piston assembly and a 'second connection in said housing in fluid communication
with said ’lower end of said piston assembly, a passage between said first and second
connections to provide offsetting forces on said piston assembly from pressure in said
passage.

2. The system of claim 1, wherein:

said upper and lower ends of said piston assembly have different diameters.
3. The system of claim 2, wherein:

said piston assembly is disposed in upper and lower opposed and spaced bores
and further comprises an upper bore seal and a lower bore seal exposed to tubing
pressure.

4. The system of claim 3, wherein:

said upper and lower bore seals exposed to tubing pressure are substantially the
same dimension, making said piston assembly insensitive to tubing pressure.
5. The system of claim 4, wherein:

said piston assembly comprises a control line pressure seal in said upper bore
having a larger dimension than said upper bore seal.
6. The system of claim 5, wherein:

said control line pressure seal and said upper bore seal define a first variable
volume chamber in said upper bore, said first variable volume chamber containing a
compressible fluid.

7. The system of claim 6, wherein:

said first variable volume chamber in fluid communication with a larger reservoir.

8. The system of claim 7, wherein:

said reservoir operates at least at atmospheric pressure.
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9. The system of claim 7, wherein:

said control line pressure seal defines a second variable volume chamber in said

upper bore accessed through said first connection;

said lower bore seal defines a third variable volume chamber in said lower bore
accessed by said second connection.
10.  The system of claim 9, wherein:

said reservoir is in selective flow communication with said passage.
11. The system of claim 10, wherein:

said selective flow communication between said reservoir and said passage
comprises a pressure sensitive normally closed valve.
12. The system of claim 11, wherein:

said normally closed valve comprises a rupture disc.
13.  The system of claim 12, wherein:

said piston assembly comprises two parts joined by a connector that can
accommodate misalignment of said bores.
14.  The system of claim 13, wherein:

said piston assembly is operatively engaged, between said spaced bores, to a
biased flow tube that is operably connected to said valve member that comprises a
flapper.
15.  The system of claim 1, further comprising:

a single control line from the surface connected to said passage.
16.  The system of claim 1,wherein:

said passage is at least in part exposed to pressure in said through bore.
17.  The system of claim 1, wherein:

said passage extends substantially in said wall of said housing.
18.  The system of claim 7, wherein:

said reservoir is at least as large as the volume of said first variable volume
chamber.
19.  The system of claim 9, wherein:

failure of said lower bore seal puts said piston assembly in a position where said

valve member is closed.
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20. The system of claim 11, wherein:
failure of said lower bore seal or said first or second connection pressurizes said

passage and opens said pressure sensitive normally closed valve.



PCT/US2007/084514

WO 2008/070409

111

0 09
96 |
oc ¥S ] 2
29 ;
A I 96 -
; 95
; L
Ut X ,4_/9\ o.,m Iy 4
vy
s o\ i
¢ —




"INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/084514

A. CLASSIFICATION OF SUBJECT MATTER
INV. E21B34/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED'

Minimum documentation searched (classification system followed by classification eymbole)

E21B

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

EPO-Internal

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

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X GB 2 423 780 A (WEATHERFORD LAMB [UST)
6 September 2006 (2006-09-06)
paragraphs [0033], [0040], [0042];
figures 5,6

the whole document

X GB 2 322 652 A (BAKER HUGHES INC [US])
2 September 1998 (1998-09-02)

A page 6, lines 3-9; figure 2
the whole document

X  GB 2 371 060 A (SCHLUMBERGER HOLDINGS
[VG]) 17 July 2002 (2002-07-17)

A the whole document ’

X GB 2 418 939 A (SCHLUMBERGER HOLDINGS
[VG]) 12 April 2006 (2006—04-12)»

figure 3

-/

1-5,
15-17

Further documents are listed in the confinuation of Box G. See patent family annex.

* Special categories of cited documents :

"A" document defining the general stale of the art which is not
considered to be of particular relevance

*E" eatlier document but published on or afterthe international e
filing date

Invention

* *T* later document published after the international filing date
or priotity date and not in conflict with the application but
cited to undsrstand the principle or theory underiying the

document of particular relevance; the claimed invention
cannot be considerad novel or cannot be considered to
*L* document which may throw doubts on pricrity claim(s) or . involve an inventive step when the docurnent is taken alone

"Y{‘ai?h is C“etﬁ to estaplilsh the publication date-of another *Y* document of particular relevance; the claimed invention
citattion or ather spacial reason (as spedified) cannot be considersd to involve an inventive step when the
*O" document referring 1o an oral disclosure, use, exhibition or document is combined with one or more other such docu-—
other means ments, such combination being obvious to a person skilled
*P* document published prior o the international filing date but in the art
later than the priotity date claimed "&* document member of the same patent family
Date of the actuatl completion of the international search Date of malling of the International search report
18 March 2008 28/03/2008
Name and mailing address of the 1SA/ Authorized officer
European Patent Cffice, P.B. 5818 Patentiaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, A
Fax: (+31-70) 340-3016 van Berlo, André

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/084514

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

bategory*

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

Relevant to claim No.

A

US 5 564 501 A (STRATTAN SCOTT C [US] ET
AL) 15 October 1996 (1996-10-15)
figure 4 :

© abstract; figures 3-12

GB 2 419 363 A (SCHLUMBERGER HOLDINGS
[VG]) 26 April 2006 (2006~04-26)
figure 3

US 2003/168219 A1l (SLOAN JAMES T [UST)
11 September 2003 (2003-09-11)
paragraphs [0016] -~ [0038]

1,2

Form PCTASA/210 {continuation of seoond sheet) [April 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

i International application No

PCT/US2007/084514
Patent document Publication Patent family Publication

cited in search report date ‘member(s) date
GB 2423780 A 06-09-2006 CA 2538411 Al 01-09-2006
' Us 2006196669 Al 07-09-2006
GB 2322652 A 02-09-1998 AU 718343 B2 13-04-2000
AU 3156497 A 12-02-1998
CA 2211884 Al 08-02-1998
NO 973641 A 09-02-1998
us 5897095 A 27-04-1999
GB 2371060 A 17-07-2002 CA 2358809 Al 13-04-2002
us 6513594 Bl 04-02-2003
GB 2418939 A 12-04-2006 US 2006076149 Al 13-04-2006
US 5564501 A 15-10-1996 CA 2175940 Al 16-11-1996
GB 2301383 A 04-12-1996
GB 2419363 A 26-04-2006 US 2006086509 Al - 27-04~-2006

US 2003168219 Al 11-09-2003  NONE

Fom PCT/iSA/210 {patent family annsx) (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 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report

