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This invention relates to new and useful improve-
ments in devices for automatically filling well conduits.

One object of the invention is to provide an improved
device for automatically controlling the filling of a string
of well casing, or the like, as it is being lowered in the
well bore, the fluid level internally of the casing being
prevented from rising above a predetermined level which
is below the fluid level in the well bore externally of the
well.

Various types of devices for controlling the filling of
well casing have come into general use and employ valves
which are operated by the pressure differential there-
across. One such type of device is illustrated in the
patert to Baker, No. 2,717,647, wherein a tubular valve
member presenting different areas at its upper and lower
ends is actuated by the differential in pressure acting
upon said ends. However, in order to assure actuation
by the pressure differential it is necessary that the ex-
terior of the vaive member and the inner surface of the
housing in which the member is slidable be shouldered
or stepped with suitable ssaling means being provided
between said member and housing. This arrangement
results in an annular space between a portion of the
valve member and its housing which is necessarily at
substantially atmospheric pressure. When the device is
lowered into the well, the interior of the tubular valve,
as well as its ends, are subjected to the well pressures
and to the relatively high hydrostatic head pressures of
the fluid within the well. However the annular space
surrounding a portion of the valve is at substantially
atmospheric pressure and this condition produces an
excessive differential across the sealing means on the
exterior of the valve member which may cause leakage;
further, the lesser pressure surrounding a portion of the
member with the higher pressure acting internally there-
of, may result in an outward or radial distortion or
expansion of the member to such an extent that free
movement of the member within its housing is interfered
with.,

1t is, therefore, an important object of this invention
to provide a device, of the character described, which
employs a tubular or sleeve-like valve member but
which is so cosnstructed that detrimental and undesir-
able pressure differentials interiorly and exteriorly there-
of are eliminated and also excessive pressure differentials
across the sealing elements of the valve member are not
present.

Another object is to provide a device for controllably
fiiling a well casing, wherein a tuobular valve member,
having its wall of a substantially constant, effective cross-
sectional area, is movable within .a housing and is ar-
ranged to co-act with a valve seat to control flow into
the well casing; the device also including a novel force-
transmitting assembly which is associated with one end

of the valve member and which functions in co-opera-.

tion with the member to control the position thereof in

accordance with the differential in pressures interiorly.
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and exteriorly of the casing to conirol filling in a desired
manner. !

A further object is to provide a device of the char-
acter described, wherein the uppsr end of the tubular
valve member is slidable within an annulus, with said
annulus having an enlarged upper end within which a
force-transmitting element of larger cross-sectional area
than the valve member is reciprocable; that portion of
the annulus between the upper end of the valve mem-
ber and the lower end of the force-transmitting element
containing a nomn-compressible liquid which functions
to transmit movement of the member and element to.
cach other, whereby different effective areas may be
presented to the pressures interiorly and exteriorly of
the well casing without requiring a valve member of
varying cross-sectional area which results in the require-
ment of an air space in surrounding relationship to a-
portion of the valve member.

A particular object is to provide a device, of the:
character described, which includes a hinged type valve
seat element, together with an improved means for nor-
mally maintaining the seat element in position to co-act
with the valve member; said seat element being releas-
able from its normal position by the application of a
predetermined pressure so that said seat element may
thereafter function as an upwardly closing back-check
valve through which a cementing operation may be
carried out. .

A further object is to provide a seat element which
is hinged adjacent the lower end of the valve member
and is engaged by disconnectable means connected to
the housing, whereby movement of the member within
the housing results in a movement of said member rela-
tive to the seat element; disengagement of the discon-
nectable means freeing said seat element to function
solely as a hinged back check valve at the lower end of
the member. .

The construction designed to carry out the invention.
will be hereinafter described, together with other fea--
tures thereof.

The invention will be more readily understood from
a reading of the following specification and by reference
to the accompanying drawings forming a part thereof,
wherein an example of the invention is shown, and
wherein: : -

Figure 1 is a longitudinal sectional view of a device,
constructed in accordance with the invention and illus--
trating the valve member in closed pesition preventing
upward flow of fluid into the casing, ' :

Figure 2 is a transverse, sectional view, taken on the
line 2—2 of Figure 1, :

Figure 3 is a transverse, sectional view, taken on the
line 3—3 of Figure 1,

Figure 4 is a partial longitudinal sectional view, il-
lustrating the movement of the valve member with:
respect to the valve seat element, the latter being in a-
position connected with the housing, and .

Figure 5 is-a view, similar to Figure 4, with the valve
seat element in released position.

“The device constituting the present invention is what
is commonly referred to as a casing or cementing shoe
or collar and is arranged to be connected near or to the-
lower end of a string of well casing or pipe 106 which is
adapted to be lowered through the fluid within a well bore.
It is pointed out, however, that the device may be con-.
nected at any desired intermediate point in the casing or-
pipe so that in such event it may be considered as a casing
collar forming part of the string. -

_-As illustrated in Figure 1, the device includes an outer:

_tubular body 11 which has a threaded box 12 at its upper -

“-end for connection with the lower end .of the casing or:
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plpe 10. The lower end of the tubular body may be
tapered and threaded as illustrated at 13, A valve assem-
bly, generally indicated by the letter “A,” is mounted
within the tubular body 11 and is secured. therein by
an ‘annular layer of cementitious material 14, and this
material functions to bond or secure the valve assembly
A within the body 1%. As illustrated, the cementitious
material 14 may overlie the upper end of the valve
~ assembly and may be provided with an axial bore 14a.
The “valve assembly is of the type which will control
the entry of fluid from the well bore into the casing
or well pipe 10 during the lowering movement, but when
‘the string has been lowered to- the desired elevation in
the well bore, the valve assembly can be placed in a'condi-
tion in which tpward flow ¢f fluid into the 'well casing
will be shuit off; however, fiuid ‘may ‘be pumpéd down-
’ wardly through the "asmo or pzpe to perform a cementmfr
or other operation..

" The valve assembly A inciudes an outer shell or casing
15 which has'a bore 16 exiending entirely therethrough.
‘The upper portion 17 of the bore of the shell is enlarged

in diameter; whereby an internal annular shoulder 18-

is formed therein. As illustrated, the lower end ‘of the
shell - 15 terminates in alignment with the lower end of
the cementitious material 14 which is at a point spaced
above the extreme lower end of the outer body 11,

Co-acting with the shell 15 to form an annular space
or chamber 19 which will hereinafter be referred to as
an annulus 1% is an inner sleeve member 20 and as
illustrated this sleeve is provided with an annular flange
21 at its upper end which overlies and rests upon the

upper end of the shell 15; however for convenience of

manufacture ‘the flange may be made separately from
the sleeve with a suitable interconnection therebetween.
The flange as ‘well as the shell are surrcunded by the
cementitious material 14 so as to maintain the parts il
position with respect to each other. The slesve 20 has
an axial bore 22 which is. of substantially the same
diameter as the bore 14a through the material 14 50 that

an upward passage through the device is prov1de4 The -

lower .end of the sleeve 20 terminates. at some distance
above the lower end of the shell 15 as is clearly shown
_-in Figure 1.
radially through the sleeve 28 just below the flange 21
-and -these openings establish a communication between
the bore 22 of the sleeve and the upper end of the annulus
19 which is formed between the sleeve 29 and the shell 15.

By reason of the annular shoulder or off-set 18, it will
be evident that the annulus 19 is of greater cross-sectional
area above said shoulder so that the lower portion of the
annulus ‘is in fact somewhat reduced in cross-sectional
area. An annular value member 24 has its upper portion

slidable within the lower portion of the annulus 19 and-

A plurality of openings or ports 23 .extend -
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said valve member is movable axially within the annulus. .

A sealing ring 25 seals between the bore of the valve
member and the exterior of the sleeve 20, while sealing

rings 26 -seal between the exterior of the valve member

‘and the bore of the shell. An inwardly directed flange 27
_is formed on the lower end of the valve member and
is provided with a bevelled seating surface 28 on its under
side. The flange functions to limit the upward move-
ment of the valve member 24 by engagement with the
lower end of the sleeve 20; downward movement of the

valve member is limited by a stop- screw 29 which ‘is-
" suitably secured within the lower portion of the wall-

of the outer shell 15,

~The effective cross-sectional -area of the valve member
24 is substantially the same at its upper and lower end
and, as has beén noted, its upper end is slidable withid
the reduced lower portion of the annulus 19, “Movable
within the upper portion of the annulus 19, which is of
larger cross-sectional area, is an annular piston or ‘collar
30." Sealing vings 31 and 32 mounted on the piston seal
with the walls of the sleeve 29 and shell 15, ~Since the
pxston ‘or collar 30 is dlsposed within the larger upper

60

pbrtion of annulus 19, it has an effective cross-sectional

.area which is greater than the effective cross-sectional

area of the valve member 24. Confined between the
piston 30 and the upper end of the valve member is a
suitable liquid 33 which: may be cil or some other non-
compressible fluid. Since the openings or ports 23, which
extend through the upper end of the sleeve 29, com-
municate with the upper end of the annulus 19, it is
apparent that the upper surface of the piston or collar 38
is exposed to the pressure within the bore of the sleeve 28,
which, as has been stated, is in communication with the-
bore of the well casing or pipe 10 in which the device is
connected.” To assure that- the  pressure interiorly of
the well casing will act upon the piston or collar 36 at
all times, the upper surface of the piston or ‘collar is
prov1ded with an annular. projection 34 which, when the
piston is in its fully raised position, will “engage the
under side of the flange 21 of the sleeve 28, and will
prevent ‘the upper. surface of said piston frorri sealing
with the under side of the flange. Any pressure acting
upon the uppér surface of the piston 3¢ will be trans-
mitted through the hquld 33 to the upper end of the valve
member 24; similarly, any pressure acting against the

- under side’ of ‘the valve member 24, which would tend

to urge the valve upwardly, will be transmitted through
the liquid 33 to the under side of the piston 3¢ and will
tend to slide the same in dn upward direction.
““Secured to the lower end of the valve member 24 is a
va‘ve seat element 25, This element is generally circular
in shapé and is ‘provided with an éxtension or mounting
lug 36 which is located at one radial-point and this lug
is adame* o be plvoted on a pin 37 between suppor tmg
ears’ 38 (Figure 3), whereby the valve seat element is
hinged to the lower end of the valve member, the sup-
porting ears 38 bemg suitably secured or formed integral
with said valve member.  The element 35 is formed with
an annular surface 39, which is engageable with the seat-
ing ‘surface 28, at the lower end of the valve.” Since the
element 35 is ylVOted at 37 to'the vaive member 24, it
will bg': apparent that up*vard movement of the valve mem-
ber -will ‘result: in an upward movement cf the lug 386,
which will tend to move the seat element up Nardly with
the valve member.

In order to disengage the seating surface 28 of the
valve mmeber 24 from the co—actmg surfacs 39, upon a
upward movement of the vaive member, the valve seat
e?ement 35 is formed with longitudinal grooves 41 pro-
vided in opposite sides of a portion 48 of the valve (Fig-
ure 3). Engaged within each groove 41 is a restraininig
pin 42, each pin having its cuter end threaded mrough
the outer shell 15 of the valve assembly. With the pins
42 engaged within their respective grooves, as shown in
Figure 3, an upward movement of the valve member,
which will result in an upward movement of the hinge ylﬂ
37 will cause. the valve seat element 35 to be swung in
the manner shown in Figure 4. At this time the retaining
pins 42 will prevent upward travel of the valve seat ele-
ment 35 but will pernnt a swinging movement thereof be-
cause the pins will in effect move along their respective
grooves 41. - Therefore, so long. as the pins 42 are en-
gaged with the-grooves, ‘an upward movement of the
valve member 24 will resulf in an unseating of the valve
member from the seat element and will allow a flow

" through the bore of the valve assembly.
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The restraining pins 42 are capable of being fractured
or broken, and if desired, may be provided with annular
grooves 43 which will facilitate. fracture -at this point.
By apblymg a downward pressure from -within the well
casing or pipe against the valve seat clement, the valve
member having the valve seat element secured thereto-is
urged downwardly. - The application of pressure against
the valve member and against the seat element to. a pre-
determined degree will result in fracturing cr breaking
the connecting pins 42 and thereafter the valve seat ele-

snt'35 may be swung downwardly. in the manner shown
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in Tigure 5. Thereafter, the seat element is merely
hinged at 37 to the valve member and will function as a
back check valve to preven: upward flow into the casing
or pipe string. If desired, a spring (not shown) may
surround the hinge pin in the usual manner and may urge
the seat element toward a closed position. However, any
pressure below the valve member and seat element will
function to move the seat element to a closed position.
It is noted that the exiension 4§ on the lower surface of
the seat element may have an inclined or bevelled end as
indicated at 44, and when the valve swings to an open
position as shown in Figure 5, the bevelled surface is dis-
posed below the lower end of the shell 15, With this
arrangement any upward movement of the valve member
24 within the annulus will cause this bevelled surface 44
to engage the lower end of the shell and this will result
in moving the element 35 intc the path of the pressure.
Therefore it is assured that the valve seat element 35 will
move to a closed position.

The operation of the device is believed obvicus from
the foregoing. The parts are in the position shown in
Figure 1 and the device is connected to the well casing or
pipe which is to be lowered into the well. The lower end
of the valve member 24 is being acted upon by the pres-
sure of the fluid which is present in the area outside of
the well casing or pipe and this pressure is urging the
valve member to a raised position so that the upper por-
tion of the valve member is being urged upwardly within
the annulus 9. At the same time the pressure within
the well casing or pipe is acting through the ports 23
against the upper surface of the piston or collar 3% and is
urging the collar dowawardly. The forces applied to the
upper surface of the piston, which is of a larger cross-sec-
ticnal area than the effective cross-sectional area of the
valve member 24, are transmitted downwardly through
the liguid 33 to the valve member; at the same time the
upward forces acting against the valve member are also
transmitted through the liquid to the piston or collar.
By controlling the areas of the piston or collar 3% and
the effective cross-sectional area of the valve member 24,
a desired operation of the valve assembly may be
accomplished.

Assuming that the pressure exteriorly of the casing or
pipe, that is, the pressure acting cn the under side of the
valve member 24, is sufficiently greater than the pressure
acting against the piston or collar, the valve member is
moved upwardly within the annulus 19 and such upward
movement results in a swinging of the valve seat element
33 in the manner shown in Figure 4. This permits the
entry of fluid into the well casing or pipe and entry of
the fluid continues until the pressure within the pipe builds
up sufficiently to urge the piston or collar 36 in a down-
ward direction against the pressure acting on the valve
member. When this occurs ihe parts are returned to the
position shown in Figure 1. This action of the valve con-
tinues as the pipe or casing is lowered within the well bore
and thus fuid is aviomatically admitted to the interior
of the casing or pipe during the lowerng operation. = The
relationship of the area of the upper end of the piston
or collar 38 to the effective cross-sectional area of the
tubunlar valve member 24 will determine just how much
fluid is admitted and what the relationship of the fluid
column inside the well pipe or casing to the fiuid level
outside the casing will be.

It might be pointed out that by providing the liquid
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edium 33 as the force transmitting means between the

piston or collar 39 and the upper end of the valve mem-
ber, the pressure inside the cylinder 19 is always equalized
with the pressure outside therecf. In other words, the
pressure which would act against the bore of the sleeve
29 would tend to distort this sleeve in an outward direc-
tion, but since this same pressure is acting upon the piston
30 and is applied o the liquid 33 in the space between
the piston and valve member, the wall of the sleeve 26 is
subjected to exactly the same pressure. If there was

70

75
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an air space between the piston 36 and valve member,
instead of being substantially filled with liquid, a pressure
differential across the wall o the sleeve would be present
and there would be a tendency for the sleeve to be dis-
torted radially outwardly so as to cause a binding of the
movement of both the piston and the valve member with-
in the "annular cylinder. Furthermore, because of the
same forces being present on each side of the piston at
all times, the sealing rings 31 and 32 of the piston are
never subjected to a pressure differential thereacross.
With respect to the seals 25 and 26 on the valve mem-
ber, the maintenance of the pressure in the area be-
tween the upper end of the valve member 24 and the
lower surface of the annular collar 3¢ reduces or mini-
mizes the pressure differential which will be present across
these seals under all operating conditions.

After the device has been lowered to the desired posi-
tion, within the well bore, a pressute may be built up
within the well casing or drill pipe and this pressure will
be directly applied to the valve seat element 35. Through
this element the pressure is transmitted to the frangible
pins 42 and upon these pins being fractured, the valve
seat element 35 is released for actuation as a back check
to prevent upward flow of fluid into the well casing or
pipe. It is noted that when the pins 42 are engaged with-
in their respective grooves 41, in the valve seat element
35, these pins function as the downward limit of move-
ment of the annular valve member 24. However, after
these pins have been fractured, the downward move-
ment of the valve member 24 is limited by the stop 29
(Figure 5). After the valve seat element 35 has been
released, it may fall to the position shown in Figure 5
if the pressure within the pipe is greater than that below
the assembly, and therefore a free downward flow of
fluid may occur. In the event of a build up of a greater
pressure below the assembly, the valve seat element 35
will be swung upwardly to engage the seating surface
28. As explained, this movement of the valve seat ele-
ment would be assisted by the bevelled or inclined sur-
face 44 striking the lower end of the shell 15 as the valve
member 24 began tc move upwardly. The co-action be-
tween this inclined surface and the lower end of the shell
would swing the valve seat element into the path of the
pressure and would assure closing. However, if desired,
a small spring could surround the pin 37 which would
tend to constantly urge the seat element toward a closed
position.

The liquid 33 which is disposed between the piston or
collar 30 and the upper end of the tubular valve mem-
ber 24 may completely fill this space. However, if de-
sired, a slight air space could be provided. The provision
of a slight air space between the upper surface of the
liquid 33 and the under surface of the piston or collar 30
would result in 2 slower opening of the tubular valve
member 24 because pressure acting against the under
side of the valve would have to move upwardly a sufficient
distance to first compress the slight amount of air be-
fore any upward movement would be accomplished to
move the piston or collar 38 upwardly within the an-
nulus. Of course, after the valve once opens, the oper-
ation would be identical. .

The foregoing disclosure and description of the in-
vention is illustrative and explanatory thereof and various
changes in the size, shape and materials, as well as in
the details of the illustrated construction, may be made
within the scope of the appended claims without depart-
ing from the spirit of the invention.

What I claim is:

1. A device for controlling the filling of a well pipe
including a tubular body having a valve assembly there-
in comprising, a tubular member having a bore there-
through, an annulus within sald tubular member sur-
rounding said bore and having an open lower end and
a closed upper end, a tubular valve member having its
upper portion reciprocable within the lower portion of
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- the annulus, means limiting the movement of said valve
member with respect to the annulus, a valve seat ele-
ment within thé tubular member and below the valve
member, said valve member being movable relative to

thé valve seat element to control flow through the tubular:

‘member, an annular piston reciprocable within the upper
portion of the annuius, a liquid within the an mulus be-

" tween the piston and the upper end of the valve mem-.

ber, the lower end of the valve member havhg an effec-
tive pressure area exposed to the pressure of the fluid
below the body, and port ‘means establishing commauni-
cation between the iaterior of the tubular member and
that area of the annulus above the piston whereby the
upper ‘effective area of the piston is exposed to the pres-
sure of the fluid within the well pipe, said upper effective
area of the piston being greater than the effective pres-
sure arca of the lower end of the valve member.

2. ‘A device as.set forthin claim 1 together with means
for pivotally securing the valve seat element to the valve
member, and means for releasably securing said valve seat
element to the tubular member whereby upwardmove-
ment of the valve member causes a swinging of the valve
seat element to disengage the valve member from said
seat.

3. A device as set forth in claim 1, tog\,’cher with means
for pivotally securing the valve seat element to the valve
member and means for releasably securing said valve seat
“glement to the tubular member Whereby upward move-

ment of the valve member ‘causes a swinging.of the valve

_seatelement to disengage said rlember from said seat,
the releasable securing means for the valve seat element
~ being disconnected by application of downward pressure
thereto, whereby said valve may subsequently function
asa chk check prevemh,g upward flow through the tubu-
lar ‘member.

4. A device of the charact‘=r descrlbed compnsvng, a
tabular body, a tubular casing axially mounted in the
body, a cylindrical sleeve mounted axially within the
casing and spaced from. the internal wall thereof, the
annular space between said tubular member and- slesve
forming an annulus open at its lower end, a tubular valve
member having its upper end slidable between predeter-
mined limits within the lower porticn of the annulus, a
valve'seat within the casing below the valve member and
engageable by the lower end cf the valve member to
close off flow through the sleeve, disengagement of said
valve member from the valve seat allowing flow through
. the sleeve, an annular piston within the upper portion of

the: ahnulus; a hqmd between said piston and the upper
end ‘of the valve member, and port means for establish-
ing communication between the interior of the sleeve and
the upper end-of the annulus above the piston so that
the upper surface of the piston is exposed to the pressure
of the fluid within the sleeve, the lower end of the valve
member being exposed to the pressure of the fluid below
the body, said -pisten, lignid and valve member being

* movable with respect to the valve seat by the pressures .

acting upon the surface of said piston and the lowsr sur-
- face of said valve member.

" 5.-A device as set forth in claim 4 wherein the effective
. pressure area of the upper end of the piston is greater than
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the effective pressure area of the lower end of the valve
member. o

6. A device for automatically filling well conduits in-
cluding, a tubular body adapted to. be secured to a con-
duit section to be disposed in a well bore and having a
valve. assembly therein. comprising, a tubular member
having a bore therethrough, a valve seat in the lower
portion of said bore in the tubular member, said tubular
member having an annulus formed therein, which an-
nulus is spaced upwardly from-said valve seat, the upper
portion of said annulus being of a larger cross sectional
area than the lower portion thereof, ap annulus valve
member having its upper portion slidable within the
lower end of the annulus and movable relative to the valve
seat to open or close off flow through the tubular mem-
ber, the lower end of the annular valve member being-
exposed to the pressure of fluid below the body, a force-
transmitting elemsnt slidable in the upper enlarged por-
tion of the annulus, a liquid in said annulus between
said element and the upper ¢nd of the annular valve mem-
ber, and port means conducting the pressure of the fluid
above the tubular member within the conduit against the
upper surface of the force-transmitting element.

7. A device for automatically filling well conduits in-
cluding, a tubular body adapted to be secured to a con-
duit section to be disposed in a well and having a valve
assembly therein comprising, a tubular member,  said
tubular member having a bore therethrough, a valve seat
mounted in the lower portion of the bore and extending
part way thereacross, said tubular member having an an-

-nalus formed therein which is spaced upwardly from said

valve seat, an annular valve member having its upper
portion slidable within the lower end of the annulus and
movable relative to the valve seat to open or.close off
flow through the tubular member, an anaular piston stida-
ble within the upper portion of ithe annulus and having an
effective cross. sectional area larger than the effective
cross sectional area of the lower end of the tubular valve
member; and a liguid within said annulus between the
upper end of the valve-member and the lower end of the -
piston for transmitting movement from one to the other,

the lower end of the valve member being exposed to the

pressure of the fluid below the body, and port means in

the upper portion of the tubular member and establish-

ing communication between the bore above the valve seat

and the annulus above the piston.

8. A device as set forth in claim 7 together with'a
pressure seal means carried by the valve member for
s_ealing between the walls of the annulus and the surfaces -
of the valve member, and additional seal means on said
plston for sealing between the piston and the annulus
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