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APPLICATION FOR PATENT
Title: Tubing Retrievable Injection Valve
Inventors: Edward J. O’Malley; Ranjan Priyesh and Douglas J. Murray

FIELD OF THE INVENTION

[0001] The field of the invention is downhole safety valves and more particularly

valves that are used to control one way flow in injection well service.

BACKGROUND OF THE INVENTION

[0002] Safety valves have been used in wells to control them in emergenby
situations. They typically- feature a disc known as a flapper that is biased agéinst a seat
above it by a torsion spring mounted on a pivot pin. In maxiy designs a hydraulic system
creates pressure at the surface that is transmitted tlﬁough a control line to a piston in the

. housing of the valve. The piston is typically coupled to a flow tube for tandem
movement. Typically the flow tube and operating piston combination is moved against
the bias of a closure spring so that when hydraulic pressure is removed or lost in the
control line, the closure spring can move the flow tube and piston back against any net
force such as the net hydrostatic pressure in the control line. In some designs the
hydrostatic forces in the control line are balanced with a second control line from the
‘surface or a pressurized chamber within the valve housing downhole. When the flow tube
moves away from the open flapper, the torsion spring is sufficient to urge the flapper
against its seat to keep the well under control.

[0003] In wells that are in injection servibe, such valves are also in use. In
injection service the flow is from the surface into the well so as to stimulate production to
another well communicating with the same formation. In these applications, flapper
valves were used that were. controlled by hydraulic control lines from the surface. The
present invention addresses ways to hold the valve in the open position while minimizing
chatter created by the velocity of the traveling fluid. It also provides for a technique to
hold the valve locked open to accommodate through tubing activities further downhole.
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.In so doing the present invention employs forces that can act through the wall of the
valve housing without making penetrations into the flow path internal to the housing, one
such force being a magnetic force. These and other features of the present invention will
be more readily understood from a review of the description of the preferred embodiment
and the associated drawings that appear below with the understanding that the claims

define the full scope of the invention.

[0004]  Relevant as background to this invention is USP 7,213,653 which deals
with use of magnetic force to operate a subsurface safety valve between an open and a

closed position.

SUMMARY OF THE INVENTION

[0005] A flapper type downhole valve is opened by flow against the flapper. The
flapper and the housing contain magnets that hold the flapper open after it has been
opened by flow to keep the flapper from chattering from the flow going past it. The
strength of the force is not sufficient to hold the flapper open against a torsion spring on a
pivot pin, when there is no flow through the valve. The valve can still be held in the
locked open position with no flow through the housing by pressurizing the surrounding
annulus to position another magnet to increase the holding force to a level greater than
the force of the torsion spring. The additional magnet is spring biased so that upon
removal of annulus pressure it shifts to allow the flapper to close. Alternative designs
with and without a flow tube are possible. Fixed or movable restrictions can be associated

with the flow tube to create a force to shift it to open a flapper with flow into the well.

BRIEF DESCRIPTION OF THE DRAWINGS

f0006]  FIG. 1 is a section view of an embodiment of the valve with no flow tube

and in the closed position;

[0007])  FIG. 2 is the view of FIG. 1 with the valve in the open position held open

by a combination of flow and magnetic force;

[0008]  FIG. 3 is the view of FIG. 2 with an auxiliary magnet forced into position

so that the flapper stays open with no flow;
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[6009]  FIG. 4 is an alternative embodiment with a flow tube and shown with the
flapper closed under a no flow condition; \

[0010]  FIG. 5 is the view of FIG. 4 showing the flow tube shified by flow through
it to align a magnet in it with another that is movable into position by application of
annulus pressure so as to hold the flow tube in position against the bias of a closure

spring;

[0011}]  FIG. 6 shows the flow tube of FIG. 4 with a fixed orifice in it to create a

moving force using flow through it;

[0012]  FIG. 7 is an alternative to FIG. 6 showing an articulated orifice that canbe

deployed by shifting position of a magnet such as by annulus pressurization; and

[0013]  FIG. 8 is the view of FIG. 7 with the magnet shifted by annulus pressure

to deploy the orifice components irito a restrictive position.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] FIG. 1 illustrates a housing 10 having a passage 12 and a seat 14 mounted
inside. A flapper 16 is pivotally mounted on a pin 18 around which is mounted a closure
device schematically illustrated as a torsion spring 20. The flapper 16 has a magnet 22
that it supports or alternatively the flapper 16 can be made at least in part or totally of a
magnetic material. In the preferred embodiment the magnet 22 is imbedded in the flapper
16. A magnet 24 is supported by housing 10 and in the preferred embodiment is outside
the passage 12 in the wall of the housing 10. Housing 12 is preferably built of a non-
magnetic material that can endure the service requirements of the application from the
perspective of mechanical loads, pressures applied and exposure to well conditions. In the
preferred embodiment the housing 10 is made of Inconel®. Also within the wall of the
housing 10 is a magnet 26 in a recess 28 and biased by a spring 30. Recess 28 is open at
32 to the surrounding amulus 34. Those skilled in the art will appreciate that the
surrounding wellbore and the éupporting tubing string for the housing 10 have been
eliminated to allow focus on the assembly that is incorporated into the housing 10.
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[0015]  Spring 30 is preferably a coiled spring but other types of biasing devices

are contemplated.

[0016]  Magnets 22 and 24 are orientated to attract each other but the attraction
force is limited to a force that does not exceed the force for closure of the flapper 16
provided by torsion spring 20. Thus, without flow through passage 12, the torsion spring
20 is in control and the flapper 16 stays against the seat 14, as shown in FIG. 1.

[0017] In FIG. 2 flow represented by arrow 36 has been initiated forcing the
flapper 16 to pivot about pin 18 to wind up the torsion spring 20 that is shown in FIG. 1.
As long as flow 36 is maintained, the strength of the attraction of the magnets 22 and 24
holds the flapper 16 in the fully open position and against any tendency to chatter from
the passing flow 36. Note that at this time magnet 26 has not moved from the FIG. 1
position because the annulus 34 has not been pressurized. In the FIG. 2 position, if the
flow 36 were to be stopped or significantly reduced, tﬁe attraction force between magnets
22 and 24 would not be strong enough to hold the flapper 16 in the open position of FIG.
2 and the force in the wound torsion spring 20 is intended to take over to bias the flapper

16 to the closed position.

[0018] In FIG. 3 the flow 36 has been cut off and the pressure in annulus 34 has
increased so as to apply a force 38 onto maghet 26 and to compress spring 30. Magnet 26
is now in alignment with magnets 22 and 24 and the alignment of those three magnets
keeps the flapper 16 from closing against seat 14 because the force from torsion spring 20
is overcome. It should be noted that the proper sequence of events is to pressurize
annulus 34 while there is still flow 36 in passage 12 so that the flapper 16 is wide open as
in FIG. 2. With the annulus 34 then being pressurized and magnets 22, 24 and 26 in close
proximity, the flapper is held open even with no flow 36. This allows tools to be lowered
past the open flapper 16 for performing another downhole operation. While magnet 26
has been shown to move axially against a spring 30 it is also possible to harness the
pressure built up in the annulus 34 to get the magnet 26 to move along a spiral path, for
example, so that it goes into the FIG. 3 position by a combination of rotation and

translation. Spring 30 can be replaced by a pocket of compressible gas. Magnet 26 can be
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moved by other means such as a control line from the surface or a locally mounted
stepper motor, for example. Also shown schematically in FIG. 3 is a contour feature 40
on the front or rear or both sides of the flapper 16 to use the flowing fluid past the flapper
16 when in the open position of FIG. 2 to create a net lateral force on the flapper 16
toward the wall defining passage 12 so as to reduce chatter beyond the magnetic
attraction of magnets 22 and 24 in the FIG. 2 position.

[0019] FIG. 4 is an alternative embodiment that features a flow tube 42 that is
biased uphole by a spring 44. It supports a magnet 46 and when forced in a downhole
direction shown in FIG. S by virtue of flow through it, it makes contact with flapper 48
that supports a magnet 50. FIG. 5 illustrates that flow through the flow tube 42 shifts
~ magnet 50 due to flapper rotation and shifis magnet 46 by flow tube translation to the
point where magnets 46 and 50 are close enough to be attracted to each other and hold
the flow tube 42 in the FIG. § position with the assistance of flow going through the flow
. tube 42. Spring 44 is not strong enough to overcome the attraction of magnets 46 and 50
when there is flow through flow tube 42. If flow through flow tube 42 is stopped or
materially reduced then spring 44 overcomes the attraction of the magnets 46 and 50 and
the flow tube 42 is biased up. If, with flow continuing through the flow tube 42, the
annulus 52 is pressuﬁ'zed to move mégrlet 54 against the bias of spring 56 so that magnets
46, 50 and 54 are aligned, then flow through the flow tube 42 can be stopped and the flow
tube 42 will not move so that the flapper 48 will stay in the open position and tools can
be lowered through the flow tube 42 for operations further downhole to flapper 50. At
least some options discussed before for FIGS. 1-3 are applicable to FIGS. 4 and 5.

[0020]  Those skilled in the art will appreciate that passage 58 in the flow tube 42
functions as a restriction orifice when flow passes through it to develop a force to
overcome the force of spring 44. This can be accomplished in several ways. One way
shown in FIG. 4 is to use a straight bore 58. Another way shown in FIG. 6 is to add a
fixed restriction 60 to act as the restricting orifice. The orifice size does not have to be
fixed, as shown in FIG. 6. It can be variabie, as shown if FIGS. 7 and 8. In FIG. 7 there
are a series of arms or-petals 62 that are mounted on pivots 64 and have a magnet 66 that

they support, preferably near the free end to aid in mechanical advantage. A magnet 68
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can be mounted in a surrounding housing (not shown) in a manner where 1t 1s responsive
" to move with pressurization and removal of pressure in the sp:'rrounding annulus 70. In
FIG. 7- magnets 68 and 66 are misaligned. These magnets are positioned to repel each
other when brought iﬁ close proximity. Upon pressurization of the annulus 70 the
. magnets 68 shift to an aligned position with magnets 66 that is shown in FIG. 8. Since
- magnets 66 and 68 are mounted so that they repel each other, a moment is created about
pivot 64 for the petals 62 forcing them to rotate toward each other to now form a
restriction passage 72. The petals 62 can have an overlapping relationship so that flow
through flow tube 74 is directed through the created orifice 72. As long as pressure is
maintained on the annulus 70 and magnets 66 and 68 continue to repel each other, the
orifice 72 will restrict flow and help to overcome the force of spring 44 shown in FIG. 4.
The flow though orifice 72 may enlarge it, but it will still serve as a restriction whose size

can vary with the flow and applied pressure to create the flow though it.

[0021] In an alternative operating mode, in FIGS. 4 and 5 the pressure applied to .
the annular space 52 can first shift magnet 54 which can be strong enough to move flow
tube 42 against spring 44 to open flapper 48. Flappér 48 would then stay open as long as
pressure in annulus 52 overcame spring 56 holding the FIG. 5 position independently of

any flow in the flow tube 42.

[0022] Alternatives or variations on FIGS. 7 and 8 are also possible. Petals 62 can
be in a recess in the FIG. 7 position so that they don’t obstruct the inner passage 76
unless repelled by magnets 68. Alternatively, magnets 66 can attract each other so that
there is an orifice 72 presented at all times unless the annulus 70 is pressurized and
magnets 68 are now designed to attract magnets 66 to overcome any force that creates the
orifice 72, when .magncts 66 and 68 align. Optionally, the petals 62 can be sprung with a

torsion spring at pivot 64.

[0023]  Those skilled in the art will also realize that in FIGS. 1-3 it may be
possible to eliminate magnet 24 whose main purpose is to reduce flutter or chatter of the
open flapper 16 when flow is going through it. Elimination of this magnet 24 can be

accompanied by a dampener acting in conjunction with the schematically represented
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torsion spring 20. This dampener then could be the device that holds the flapper 16 in the
open position steady enough to prevent chatter during flow conditions and to prevent
slamming shut of flapper 16 against seat 14 which can adversely affect the performance
of the magnets from the resulting shock loading. Also helping in this regard is surface
shaping or texturing schematically illustrated as 40 that is preferably on the back side of
the flapper and is in the shape of a scoop or textliring to increase drag and to create a net
force from flow that pushes the flapper 16 toward the wide open position to reduce

chatter.

[0024] The above description is illustrative of the preferred embodiment and
many modifications may be made by those skilled in the art without departing from the
invention whose scope is to be determined from the literal and equivalent scope of the

claims below.
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We claim:
1. A downhole valve, comprising:

a housing having a flow passage therethrough and a valve member movable
between an open and a closed position with respect to a seat, said valve member biased
toward said closed position by a first spring;

selectively retaining said valve member in said open position against a tendency
to chatter from said flow.

2. The valve of claim 1, wherein:

at least one housing magnet and at least one thagnet on said valve member or
intrinsically as at least a part of said valve ‘member; _

whereupon flow through said passage forcing said valve member away from said
seat brings said magnets closer such that the attraction between said magnets reduces the
tendency of said valve member to chatter from said flow.

3. The valve of claim 2, wherein:
said at least one housing magnet is movably mounted.
4, The valve of claim 3, wherein:

said housing comprises an exterior' port leading to said at least one housing
magnét so that pressure applied to said port moves said housing magnet toward said valve
member magnet when said valve member is displaced from said seat. |
5. The valve of claim 4, wheréin:

said valve member comprises a flapper that pivots on a pin that supports said first
spring;

said housing comprises a biasing member acting against said at least one housing
magnet in opposition to force applied at said port;

whereupon rotation of said flapper by flow though said passage said flapper
magnet is rotated and is substantially aligned with said at least one housing magnet only
when pressure at said port displaces said at least one housing magnet against said biasing
member.

6. The valve of claim 5, wherein:
said at least one housing magnet comprises a fixed magnet positioned in said

housing to be in alignment with said flapper magnet when flow through said passage
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rotates said flapper away from said seat and a movable magnet sclectively positioned into
alignment with said fixed magnet.
7. The valve of claim 6, wherein:

the attraction force between said flapper and said fixed magnet when brought
toward each other is less than.the force of said first spring on said flapper trying to move
said flapper against said attraction force.
8. The valve of claim 7, wherein:

said flapper stays open off its seat with said flapper magnet and said fixed magnet
aligned only if flow of é predetermined quantity is passing through said passage.
9. The valve of claim 8, wherein:

alignment of said movable magnet with said fixed magnet provides a sufficient
attractive force for said flapper to hold it against the opposing force from said first spring.

said first spring comprises a forsion spring with an associated dampener.
10.  The valve of claim 4, wherein:

said flapper is shaped or has a surface treatment in a manner that creates a net
opening force from flow going past it in said passage.
11. A downhole valve, comprising:

a housing having a flow passage therethrough and a flapper movable between an
Opén and a closed position with respect to a seat by a flow tube, said flapper biased
toward said closed position by a flapper spring; ,

said flow tube is biased away from said flapper by a closure spring and further
comprises a flow path therethrough that serves as a restriction to flow to allow flow
through said flow path to overcome the force of said bias and move said flapper off said
seat.
12..  The valve of claim 11, wherein:

said housing further comprises at least one housing magnet to selectively hold
said flow tube against the bias of said closure spring with said flapper off said seat.
13.  The valve of claim 12, wherein: -

said flow tube comprises at least one flow tube magnet to selectively interact with
said housing magnet to hold the flow tube against the bias of said closure spring with said

flapper off said seat.
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14.  The valve of claim 13, wherein:

said housing magnet is axially movable into alignment with said flow tube magnet
when said flow tube is moved against the bias of said closure spring with said flapper off
the seat. |
15. The valve of claim 14, wherein:

said housing comprises an exterior port to communicate pressure to said housing
magnet to create said axial movement against a housing spring.
16.  The valve of claim 11, wherein:

l said flow tube comprises at least one flow tube magnet to selectively interact with
said housing magnet to hold the flow tube against the bias of said closure spring with said
flapper off said seat;

‘ said flapper comprises a flapper magnet;

said flow tube, when urged against said flapper and advancing to cover said
flapper, positions said flow tube magnet in alignment with said flapper magnet to reduce
flapper chatter from flow.
17. - The valve of claim 11, wherein:

said flow path has a uniform dimension over its length.
18. The valve of claim 11, wherein:

said flow path has a fixed orifice therein.
19. The valve of claim 11, wherein:

said flow path has a variable orifice therein.
20.  The valve of claim 19, wherein:

said orifice is actuated to change size with magnetic force.
21.  The valve of claim 20, wherein:

said orifice comprises a plurality of movable members having a free end and at
least a portion thereof comprising a member magnet; '

said housing comprises at least one housing inagpet to selectively move said
members by interaction with said member magnets to define an orifice with the free ends
of said members. '
22.  The valve of claim 21, wherein:

said housing magnét is axially movable.

10
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23, Thevalve of claim 22, wherein:

said housing comprises an exterior port to communicate pressure to said housing
magnet to move it axially against a bias force.
24.  The valve of claim 23, wherein:

said housing magnet when moved axially toward said member magnets repels
said member magnets to form said orifice.
25. The valve of claim 23, wherein:

said movable members are sprung toward forming said orifice;

said housing magnet when moved axially toward said member magnets attracts
said member magnets to retract them and enlarge said orifice.
- 26. The valve of claim 21, wherein:
said movable members have a retracted positidn where they do not protrude into

said flow path.

138
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