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A float valve can Include a selection mechanism having an open configuration in which flow into and out of the valve Is permitted,
and a closed configuration in which flow out of the valve Is permitted and flow into the valve Is prevented. The selection mechanism
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(57) Abrege(suite)/Abstract(continued):

can be actuated from the closed configuration to the open configuration. A method of actuating a float valve can include actuating
the valve from a closed configuration in which flow into the valve Is prevented but flow out of the valve Is permitted, to an open
configuration in which flow into and out of the valve Is permitted. The valve can actuate from the open configuration to the closed

configuration, and from the closed to the open configuration, In response to a flow rate through the valve being greater than a
predetermined level.
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(57) Abstract: A float valve can include a selec-
tion mechanism having an open configuration in
which flow into and out of the valve 1s permitted,
and a closed configuration in which flow out of
the valve is permitted and flow into the valve is
prevented. The selection mechanism can be actu-
ated from the closed configuration to the open
configuration. A method of actuating a tloat valve
can Include actuating the valve from a closed con-
figuration 1 which flow into the valve 1s preven-
ted but tlow out of the valve 1s permitted, to an
open configuration mm which tlow into and out of
the valve 1s permitted. The valve can actuate from
the open configuration to the closed configuration,
and from the closed to the open configuration, in
response to a flow rate through the valve being
greater than a predetermined level.
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FLOAT VALVE WITH RESETTABLE AUTO-FILL

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, 1n one example described below, more particularly

provides a float valve with a resettable auto-fill feature.

BACKGROUND

A typical float valve can permit cement to be flowed
out of a casing string and into an annulus formed between
the casing string and a wellbore. The float valve prevents
the cement from flowing back into the casing string. While

the casing string is being installed in the wellbore, some

float valves have an auto-fill feature that allows fluid in
the wellbore to flow through the valve into the casing
string, so that the casing string does not have to be filled

from surface as 1t 1s installed.

Thus, it will be readily appreciated that improvements
are continually needed in the art of constructing and
operating float valves. Such improved float valves may be

used 1n cementing and other operations in wells.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional

view of a well system and associated method which can embody

principles of this disclosure.

5 FIG. 2 is a representative enlarged scale cross-
sectional view of a float valve that can be used in the
system and method of FIG. 1, and which can embody the

principles of this disclosure.

FIG. 3 1s a representative further enlarged scale

10 perspective view of a stem of the float valve.

FIG. 4 1s a representative cross-sectional view of the

float valve 1n a closed configuration.

FIG. 5 1s a representative cross-sectional view of the

float valve during flow rate actuation thereof.

15 FIG. 6 1s a representative cross-sectional view of the

float valve 1n an open configuration.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
20 for use with a well, and an associated method, which system
and method can embody principles of this disclosure.
However, 1t should be clearly understood that the system 10
and method are merely one example of an application of the
principles of this disclosure in practice, and a wide

25 variliety of other examples are possible. Therefore, the scope

of this disclosure 1s not limited at all to the details of
the system 10 and method described herein and/or depicted in

the drawlings.

In the FIG. 1 example, a casing string 12 is being

30 1nstalled and cemented in a wellbore 14. As used herein, the
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terms “casing,” “casing string,” and the like, refer to a
generally tubular protective wellbore lining. Casing may be
of the types known to those skilled in the art as casing,
liner or tubing. Casing may be made of metal or other

materials, and may be continuous or segmented.

As used herein, the terms “cement,” “cementing,” and
the like, refer to a hardenable material that i1s flowed 1nto
an anhulus between a casing string and a wellbore (or
another casing string) and hardens in the annulus. When

hardened, the cement secures the casing string in the

wellbore and can perform other functions, such as,
preventing flow through the annulus between 2zones penetrated
by the wellbore, preventing undesired leakage into or out of

the casing string, etc.

Cement 1is not necessarily a cementitious material. For
example, epoxies or other hardenable polymer materials may
be used for cementing. However, 1t should be clearly
understood that the scope of this disclosure is not limited
to use with a cementing operation, or any other particular

operation, in a well.

As depicted in FIG. 1, the casing string 12 includes a
float valve 16. The float valve 16 1s connected at a lower

distal end of the casing string 12 i1n this example, but 1n
other examples the float valve could be connected at another

position 1n the casing string.

The float valve 16 permits flow of fluid 18
longitudinally through the casing string 12, and out of the
casing string into the wellbore 14 via the valve. While the
casling string 12 1s being installed, the fluid 18 may be
circulated through the casing string and an annulus 20
formed between the casing string and the wellbore 14 for

various purposes (for example, to wash the casing string
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past an obstruction, to treat the wellbore with a fluid loss
control agent, to prevent sticking, to maintain a desired

fluid density in the wellbore, etc.).

After the casing string 12 has been appropriately
positioned in the wellbore 14, the fluid 18 can comprise
cement, spacers, gels and/or other materials. In general, in
a cementing operation, 1t 1s desired to place the cement in
the annulus 20, and to allow the cement to harden in the
annulus, thereby securing the casing string 12 in the

wellbore 14.

The fluid 18 can also flow in a reverse direction from
that depicted in FIG. 1. For example, while the casing
string 12 is being installed, the fluid in the wellbore 14
can flow 1nto the casing string via the float valve 16. This
feature 1s known to those skilled in the art as an “auto-
fill” feature, because 1t allows a casing string to
automatically £ill with fluid as it 1s installed in a

wellbore.

However, in a typical float valve construction, the
auto-f1ll feature can only be used once. After the auto~fill
feature 1s disabled, fluid can only exit the casing string--
fluid can no longer enter the casing string via the valve.
In contrast, the float valve 16 of FIG. 1 includes a
resettable auto-fill feature, so that the auto-fill feature

can be enabled multiple times.

Note that the float valve 16 also includes a variety of

other features, described more fully below. It should be
clearly understood that the scope of this disclosure is not
limited to any particular feature or combination of features
in the float valve 16 described herein or depicted in the

drawlings.
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Referring additionally now to FIG. 2, an enlarged scale
cross-sectional view of the float valve 16 1s
representatively illustrated. The float valve 16 of FIG. 2
may be used 1n the system and method of FIG. 1, or it may be

used in other systems and methods in keeping with the

principles of this disclosure.

Only certain components of the float valve 16 are
depicted in FIG. 2. In practice, an assembly depicted in
FIG. 2 may be received 1n an outer housing (not shown)
configured for connection in the casing string 12 (see FIG.
1). For example, a cement or other relatively easily
drillable material (not shown) may be used to secure the

FIG. 2 assembly i1n an outer housing.

The various components of the FIG. 2 assembly may be
made of relatively easily drilled materials (such as,
aluminum, brass, elastomers, other polymers, etc.). In this
manner, the float valve 16 can be drilled through, if
desired, after the casing string 12 (see FIG. 1) has been

cemented.

In the FIG. 2 example, the float valve 16 includes a
closure device 22 reciprocably received in an inner housing
assembly 24. A generally conical seat 26 i1s formed in one

end of the inner housing assembly 24.

The closure device 22 1s blased toward the seat 26 by a
biasing device 28, depicted as a coiled spring in FIG. 2. A
stem 30 of the closure device 22 extends through an inner
support 32 and through the biasing device 28. A retailner 34
on the stem 30 1is configured to allow the biasing device 28

to be compressed between the support 32 and the retainer.

A selection mechanism 36 18 used to control
displacement of the closure device 20 relative to the

housing assembly 24 and 1ts seat 26. In the FIG. 2 closed
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configuration, the selection mechanism 36 allows the biliasing
device 28 to displace the closure device 20 i1nto sealing
engagement with the seat 26, thereby preventing flow into

the valve 16 (e.g., 1n a longitudinal direction 38).

However, 1in the closed configuration, longitudinal flow
out of the valve 16 (e.g., 1n a longitudinal direction 40)
is permitted, since the blasing device 28 can be compressed
to allow the closure device 20 to disengage from the seat
26. Thus, flow through a longitudinal passage 42 of the
valve 16 1s permitted in one direction 40, but 1s prevented

in an opposite direction 38.

The valve 16 can be actuated to the FIG. 2 closed
configuration, for example, during the cementing operation
described above, 1n order to prevent reverse flow of cement
into the casing string 12 (see FIG. 1). This ensures that
cement placed in the annulus 20 (see FIG. 1) will remain in

position while it hardens.

The selection mechanism 36 1in the FIG. 2 example
includes a pin, lug, protrusion or other engagement member
44 and a profile 46. The engagement member 44 extends
inwardly from the support 32 1nto engagement with the
profile 46 formed on the stem 30, as depicted in FIG. 2, but
1n other examples these positions could be reversed. Indeed,
other types of selection mechanisms could be used, and so
the scope of thilis disclosure i1s not limited at all to any of
the speclific detalls of the selection mechanism 36 or other
components of the valve 16 described herein or depicted in

the drawings.

The selection mechanism 36 allows the valve 16 to be
actuated to an open configuration (see FIG. 6), in which
flow 1nto and out of the valve (e.g., in both longitudinal

directions 38, 40) is permitted. In the open configuration,
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the selection mechanism 36 maintains the closure device 20
spaced apart from the seat 26, preventing the biasing device
28 from displacing the closure device into sealing

engagement with the seat.

Referring additionally now to FIG. 3, a further
enlarged scale perspective view of the stem 30 1is
representatively 1llustrated, apart from the remainder of
the valve 16. In this view, the profile 46 formed on the

stem 30 can be more clearly seen.

Although the profile 46 depicted in FIG. 3 includes
multiple separate circumferentially spaced sections, in some
examples the profile can be continuous, as with the type of
profile known to those skilled in the art as a ”“J-slot”
profile. In other examples, the profile 46 could be
configured similar to the type of profile found in a
conventional push-button retractable writing pen (see, for
example, U.S. patent no. 3819282). Thus, the scope of this
disclosure 1s not limited to use of any particular type of

profile in the selection mechanism 36.

The profile 46 provides for a first position 44a of the
engagement member (see FIG. 2) relative to the profile, and
a second position 44b of the engagement member relative to
the profile. When the engagement member 44 1s at the first
position 44a, the biasing device 28 can displace the closure
device 20 into sealing engagement with the seat 26, and the
valve 16 1s 1n the closed configuration of FIG. 2. When the
engagement member 44 1s at the second position 44b, the
selection mechanism 36 prevents the biasing device 28 from
displacing the closure device 20 into sealing engagement
with the seat 26, and the valve 16 is in the open

configuration of FIG. 6.
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The profile 46 example of FIG. 3 provides for multiple
closed positions 44a and multiple open positions 44b. In
this manner, the valve 16 can be actuated to its closed and
open configurations multiple times, as described more fully

below.

To longitudinally displace the stem 30, so that the
engagement member 44 can engage the profile 46 at the
different positions 44a,b, fluid flow through the passage 42
(see FIG. 2) 1s selectively increased and decreased, as
described more fully below. To rotate the stem 30, so that
the engagement member 44 can engage the profile 46 at the
different positions 44a,b, the biasing device 28 or another
device (such as, a torsion spring, a second set of
engagement members and profiles as 1n a retractable pen
mechanism, an inclined portion of a J-slot profile, etc.)

cah be used.

Referring additionally now to FIGS. 4-6, cross-
sectional views of the valve 16 being actuated between the
closed and open configurations are representatively
i1llustrated. FIGS. 4-6 depict the valve 16 being actuated
from the closed configuration to the open configuration, but
it should be clearly understood that the valve can also be

actuated from the open configuration to the closed
configuration. In some examples, these actuations can be
repeated multiple times (e.g., by providing multiple
positions 44a,b), and 1in some examples these actuations can

be repeated indefinitely.

In FIG. 4, the valve 16 1s in the closed configuration.
The closure device 20 is sealingly engaged with the seat 26.
The engagement member 44 is at the first position 44a (see

FIG. 3) in the profile 46. Flow into the passage 42 (e.g.,
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in the direction 38) 1s prevented. Flow out of the passage

42 (e.g., in the direction 40) 1is permitted.

In FIG. 5, flow in the direction 40 1s increased to at
least a predetermined flow rate level. This level can be
adjusted, for example, by adjusting a blasing force exerted
by the biasing device 28. The flow causes the closure device
20 to displace longitudinally, compressing the blasilng
device 28, and causing the stem 30 to rotate, so that the
engagement member 44 is aligned with a next section of the

profile 46 (see FIG. 3).

In FIG. 6, the valve 16 1s 1n the open configuration.
The closure device 20 1s spaced apart from the seat 26. The
engagement member 44 i1s at the second position 44b (see FIG.
3) in the profile 46. Flow into and out of the passage 42

(e.g., in the directions 38, 40) is permitted.

The valve 16 can be returned to the open configuration
of FIG. 4 by again increasing flow in the direction 40 to at
least the predetermined flow rate level. The flow causes the
closure device 20 to displace longitudinally, compressing

the biasing device 28, and causing the stem 30 to rotate, so

that the engagement member 44 1s aligned with a next section
of the profile 46 (see FIG. 3) corresponding to the open

configuration.

The above steps can be repeated as many times as the
chosen configuration/number of profile 46 sections and
engagement member(s) 44 allows, or i1ndefinitely 1in some
examples. Thus, the valve 16 can be actuated to the open
configuration from the closed configuration, and can be
actuated to the closed configuration from the open
configuration, allowing the auto-fill feature to be reset

downhole, 1f desired.
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One feature of the selection mechanism 36 configuration
described above is that it provides for convenient assembly
of the valve 16. For example, the stem 30 can be inserted
through the inner support 32, thereby engaging the
engagement member 44 with the profile 46, prior to
installing the biliasing device 28. There is no need to
compress the biliasing device 28 while the selection mechanism
36 1s assembled. However, as mentioned above, different

types of selection mechanisms may be used in other examples.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
constructing and operating float valves. A float valve 16
example described above and depicted 1n the drawings has a
resettable auto-fill feature, enabling the valve to be
actuated back and forth between open and closed

configurations.

In particular, the above disclosure provides to the art
a float valve 16. In one example, the valve 16 can include a
selection mechanism 36 having an open configuration (see
FIG. 6) 1in which flow i1nto and out of the valve 16 is
permitted, and a closed configuration (see FIGS. 2 & 4) in
which flow out of the valve 16 1s permitted and flow into
the valve 16 1s prevented. The selection mechanism 36 can be
actuated from the closed configuration to the open

configuration.

The selection mechanism 36 can be actuated from the
open configuration to the closed configuration in response
to a flow rate through the valve 16 being greater than a
first predetermined level, and the selection mechanism 36
can be actuated from the closed configuration to the open
configuration in response to the flow rate through the valve

16 being greater than a second predetermined level. The
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first and second predetermined levels may be substantially

equal.

The selection mechanism 36 can comprise an engagement
member 44 engaged with a profile 46, the selection mechanism
36 being in the closed configuration when the engagement
member 44 1s engaged with the profile at a first position
44a, and the selection mechanism 36 being in the open
configuration when the engagement member 44 1s engaged with
the profile 46 at a second position 44b. The profile 46 can

comprise multiple first and second positions 44a,b.

The float valve 16 can include a seat 26 and a closure
device 20 including a stem 30. Longitudinal flow through the
valve 16 1s prevented when the closure device 20 is
sealingly engaged with the seat 26. Longitudinal flow
through the valve 16 1s permitted when the closure device 20

1s spaced apart from the seat 26 by the selection mechanism
36.

In this example, the selection mechanism 36 can
comprise an enhgagement member 44 engaged with a profile 46
formed on the stem 30. The engagement member 44 may engage
the profile 46 1n both of the open and closed configurations

of the selection mechanism 36.

The above disclosure also provides to the art a method
of actuating a float valve 16. In one example, the method
can comprise actuating the valve 16 from a closed
configuration in which flow into the valve is prevented but
flow out of the valve 1s permitted, to an open configuration

in which flow into and out of the valve 16 is permitted.

The actuating step may be performed multiple times. The
actuating step may be performed by flowing through the valve

16 at greater than a predetermined flow rate.
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The method can include actuating the valve 16 from the
open configuration to the closed configuration. The method
can 1nclude actuating the valve 16 from the open

configuration to the closed configuration multiple times.

The method can i1nclude actuating the valve 16 from the
open configuration to the closed configuration by flowing

through the valve at greater than a predetermined flow rate.

The actuating step can include causing relative
displacement between an engagement member 44 and a profile

46 of a selection mechanism 36.

A well system 10 is also provided to the art by the
above disclosure. In one example, the system 10 can include
a float valve 16 connected to a casing string 12, the valve
16 having an open confiquration in which flow into and out
of the casing string 12 through the valve 16 1s permitted,
and a closed configuration 1n which flow out of the casing
string 12 through the valve 16 1s permitted and flow into
the casing string 12 through the valve 16 is prevented. The
valve 16 actuates from the open configuration to the closed
configuration in response to a flow rate through the valve
16 beling greater than a first predetermined level, and the
valve 16 actuates from the closed configuration to the open

configuration in response to the flow rate through the valve

16 being greater than a second predetermined level.

The first and second predetermined levels can be the

same.

The valve 16 can comprise an engagement member 44
engaged with a profile 46, the valve 16 being in the closed
configuration when the engagement member 44 1s engaged with
the profile 46 at a first position 44a, and the valve 16
being 1n the closed configuration when the engagement member

44 1s engaged with the profile 46 at a second position 44b.
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Although various examples have been described above,
with each example having certain features, i1t should be
understood that it 1s not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
1n the drawlings can be combined with any of the examples, in
addition to or 1n substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certalin combination of features, i1t should be understood
that 1t 1s not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as 1nclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

detalils of these embodiments.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used i1n a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., 1s described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can 1nclude that feature or element, and can

also include other features or elements. Similarly, the term
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“comprises” 1s consldered to mean “comprises, but is not

limited to.”

Of course, a person skilled i1n the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detaililed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A float valve, comprising:

a selection mechanism having an open configuration in
which flow into and out of the valve is permitted, and a
closed configuration i1n which flow out of the valve 1is

permitted and flow 1nto the valve 1s prevented, and

wherein the selection mechanism actuates from the

closed configuration to the open configuration.

2. The float valve of claim 1, wherein the selection
mechanism actuates from the open configuration to the closed
configuration 1n response to a flow rate through the wvalve
being increased, and wherein the selection mechanism
actuates from the closed configuration to the open

configuration 1n response to the flow rate through the valve

being increased.

3. The float valve of claim 2, wherein each of the

flow rate 1ncreases comprises an increase in flow out of the

valve.

4. The float valve of claim 1, wherein the selection
mechanism comprises an engagement member engaged with a
profile, the selection mechanism being in the closed
configuration when the engagement member is engaged with the

profile at a first position, and the selection mechanism

being 1n the open configuration when the engagement member

1s engaged with the profile at a second position.
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5. The float valve of claim 4, wherein the profile

comprises a plurality of the first and second positions.

6. The float valve of claim 1, further comprising a
seat and a closure device including a stem, wherein
longitudinal flow through the valve is prevented when the
closure device 1s sealingly engaged with the seat, wherein
longitudinal flow through the valve is permitted when the
closure device is spaced apart from the seat by the
selection mechanism, and wherein the selection mechanism

comprises an engagement member engaged with a profile formed

on the stemn.

7. The float valve of claim 1, wherein the selection
mechanism comprises an engagement member engaged with a
profile, and wherein the engagement member engages the

profile in both of the open and closed configurations of the

selection mechanism.
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8. A method of actuating a float valve, the method

comprising:

actuating the valve in a well from a closed
configuration in which flow into the valve is prevented but
flow out of the valve is permitted, to an open configuration

in which flow into and out of the valve is permitted.

9. The method of claim 8, wherein the actuating is

performed multiple times.

10. The method of claim 8, wherein the actuating is
performed by flowing through the valve at greater than a

predetermined flow rate.

11. The method of claim 8, further comprising
actuating the valve from the open configuration to the

closed configuration.

12. The method of claim 8, further comprising
actuating the valve from the open configuration to the

closed configuration multiple times.

13. The method of claim 8, further comprising
actuating the valve from the open configuration to the
closed configuration by flowing through the valve at greater

than a predetermined flow rate.
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14. The method of claim 8, wherein the actuating
comprises causing relative displacement between an

engagement member and a profile of a selection mechanism.
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15. A well system, comprising:

a float valve connected to a casing string 1n a well,
the valve having an open configuration in which flow into
and out of the casing string through the valve 1s permitted,
and a closed configqguration in which flow out of the casing
string through the valve 1s permitted and flow into the

casling string through the valve 1s prevented,

wherein the valve actuates from the open configuration
to the closed configuration 1n response to a flow rate

through the valve beiling increased, and

whereiln the valve actuates from the closed
configuration to the open configuration in response to the

flow rate through the valve belng i1ncreased.

16. The well cementing system of claim 15, wherein
each of the flow rate 1ncreases comprises an 1lncrease 1in

flow out of the valve.

17. The well cementing system of claim 15, wherein the
valve comprises an engagement member engaged with a profile,
the valve being in the closed configuration when the
engagement member 1s engaged with the profile at a first
position, and the valve being in the open configuration when
the engagement member is engaged with the profile at a

second position.

18. The well cementing system of claim 17, wherein the
profile comprises a plurality of the first and second

positions.
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19. The well cementing system of claim 15, wherein the
valve comprises a seat and a closure device 1ncluding a
stem, wherein longitudinal flow through the valve 1s
prevented when the closure device is sealingly engaged with
the seat, wherein longitudinal flow through the valve 1s
permitted when the closure device is spaced apart from the
seat, and wherein the valve further comprises an engagement

member engaged with a profile formed on the stem.

20. The well cementing system of claim 15, wherein the
valve comprises a selection mechanism including an
engagement member engaged with a profile, and whereln the
engagement member engages the profile in both of the open

and closed configurations of the valve.
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