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(57) Abrege/Abstract:
A valve cage device Is adapted for use with a subsurface pump or the like. The valve cage includes a housing and an insert. The
Insert includes a cradle, a plurality of angled ribs, and a base. In one embodiment, the insert may also include an extended nose
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(57) Abrege(suite)/Abstract(continued):

region. A ball and seat may be positioned in the valve cage. During pumping operations, the cradle retains the ball when the ball is
unseated, thereby allowing fluid to pass freely through channels in the insert and around the ball. This eliminates violent action of
the ball, thereby obviating a need for a hard liner to be Included In the valve cage. A port In the cradle allows fluid to pass
therethrough when the ball has been released from the cradle. The angular configuration of the ribs provides for a more laminar
flow of fluid compared with prior art valve cages, thereby providing improved passage of fluid through the valve cage. The base may
Include an angled hook or lip that creates a tight seal, thereby preventing fluid from washing by during pumping operations. During
pumping operations, when the ball is released from the cradle, it Is guided by the Insert and falls straight downward onto the seat,
allowing for faster seating of the ball, and in turn, reducing pump stroke loss and providing for more efficient pumping. The valve
cage may be configured for a traveling valve or standing valve portion of a subsurface pump or the like.
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Abstract

A valve cage device 1s adapted for use with a subsurface pump or the like. The valve

cage includes a housing and an insert. The insert includes a cradle, a plurality of angled ribs, and

a base. In one embodiment, the insert may also include an extended nose region. A ball and seat
may be positioned in the valve cage. During pumping operations, the cradle retains the ball
when thé ball is unseated, thereby allowing fluid to pass freely through channels in the insert and
around the ball. This eliminates violent action of the ball, thereby obviating a need for a hard
liner to be included in the valve cage. A port in the cradle allows fluid to pass therethrough
when the bail has been released from the cradle. The angular configuration of the ribs provides
for a more 1aminar flow of fluid compared with prior art valve cages, thereby providing
improved passage of fluid through the valve cage. The base may include an angled hook or lip
that creates a tight seal, thereby preventing fluid from washing by during pumping operation_s.
During pumping operations, when the ball is released from the cradle, it is guided by the insert
and falls strai ght downward onto the seat, allowing for faster seating of the ball, and in turn,
reducing pump stroke loss and providing for more efficient pumping- The valve cage'may be

configured for a traveling valve or standing valve portion of a subsurface pump or the like.

uuuuuuuu



CA 02665362 2009-05-06

— = 8 - ————— ok m mssmts ®t T e Ti'mimmuriim e = w0

— —— — —— . — " — . ————— . gy s w s ¥ o}

VALVE CAGE FOR A PUMP

Field of the Invention
The present invention relates generally to fluid pumping apparatuses and, more

particularly, to a valve cage for use with a subsurface pump, that allows for improved flow of

fluids during pumping operations.

Background of the Invention

O1l well pumping systems are well known in the art. Such systems are used to
mechanically remove o1l or other fluid from beneath the earth’s surface, particularly when the
natural pressure in an o1l well has diminished. Gener'ally, an o1l well pumping system begins
with an above-ground pumping unit, which may commonly be referred to as a “pumpjack,”
“nodding donkey,” “horsehead pump,” “beam pump,” “sucker i‘od pump,” and the like. The
pumping unit creates a reciprocating (up and down) pumpin g action that moves the o1l (or other
substance being pumped) out of the ground and into a flow line, from which the o1l 1s then taken
to a storage tank or other such structure.

Below the ground, a shaft is lined with piping known as “tubing.” Into the tubing is
mserted a string of sucker réds, which ultimately 1s indirectly coupled at its north end to the
above-ground pumping unit. The string of sucker rods 1s ultimately indirectly coupled at its
south end to a subsurface or “down—holef’ pump that is located at or near the fluid in the oil well.
The subsurface pump has a number of basic components, including a barrel and a plunger. The
plunger operates within the barrel, and the‘ban‘el, in turn, I8 -positioﬁed within the tubing. It is
common for the barrel to include a Standing valve and the plunger to include a traveling valve.

The standing valve has a ball therein, the purpose of which is to regulate the passage of o1l from
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down-hole 1mnto the pump, allowing the pumped matter to be moved northward out of the system
and 1nto the flow line, while preventing the pumped matter from dmppih g back southward into
the hole. Oil is permitted to pass through the standing valve and into the pump by the movement
of the ball off its seat, and o1l 1s prevented from dropping béck into the hole by the seating of the
ball. North of the standing valve, coupled to the sucker rods, is the traveling valve. The

traveling valve re gu]ateé the passage of o1l from within the pump northward in the direction of
the flow line, while preventing the pumped oil from dropping back southward, in the direction of
the standing valve and hole.

Actual movement of the pumpéd substance through the system will now be discussed.
O1l 18 pumped from a hole through a sernes of downstrokes and upstrokes of the pump, which

motion is imparted by the above-ground pumping unit. During the upstroke, formation pressure

- causes the ball 1n the standing valve to move upward, allowing the o1l to pass through the

standin g' valve and imto the barrel of the oil pump. This oil will be held in place between .the
standing Vaive and the traveling val.ve. In the traveling valve, the bal.l 1s located 1n the seated
position, held there by the pressure from the oil that has been previously pumped.

On the downstroke, the ball in the traveling valve unseats, permitting the o1l that has

passed through the standing valve to pass therethrough. Also during the downstroke, the ball in

the standing valve seats, preventing pumped oil from moving back down into the hole. The

es from the hole, 1o

Ug

process repeats itself again and again, with o1l essentially being moved 1n sta

above the standing valve and in the oil pump, to above the traveling valve and out of the o1l

- pump. As the o1l pump fills, the o1l passes throu oh the pump and into the tubing. As the tubing

is filled, the oil passes into the flow line, and is then taken to the storage tank or other such

structure.
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The ball and seat components used in both the traveling valve and the standing valve are
exposed to excessive wear as a result of a number of factors. For example, pumps typically
allow for the turbulent flow of ﬂuids' at high pressures. This turbulent flow promotes wear of
pump components. In particular, in conventional pumping systems, the ball 1s allowed to move
uncontrolled in the valve cage, éventually causing damage to both the ball and valve' cage. In
this regard, while the ball is moving uncontrolled in the valve cage, the fluid must redirect itself
and pas.s by the ball to exit the valve cage. This causes great turbulence and slows the passage of
fluid, reducing the volume of fluid that is allowed to pass. As another example, 1n some t‘ypical
valve cages, the ball maintains a consistent point of contact with the '.interior surféce of the valve
cage during pumping operations. As a result, over time, the action of the ball causes solids to
accurmnulate. Once the solids accumulate, they can prevent the ball from reseating, evcntuaﬂy
causing'the ball to get stuck in the valve cage. Further, when the pumb of conventional pumping
systems is in the upstroke, the ball falls randomly and 1s required to search for the seat area. This
action causes damage to the ball and reduces the efficiency of the pump, as the ball takes longer
to seat. This can be probiematic especially in situations where high amounts of solids are

present, as the ball may stick in the cage.

Eventually, pump components need to be replaced as a result of being exposed to
excessive wear and damage. In the past, valve cages have been equipped with hard liners, in

order to increase valve cage life. However, hard liners can be expensive.
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Summary of the Invention

In accordance with one embodiment of the present invention, a valve cage is disclosed.
The valve cage comprises, in combinéﬁon: a housing. having a north end and a south end; and
an insert adapted to be positioned in the housing, comprising, in combination: a base portion
adapted to abut a séat; a cradle portion adapted to releasably retain a ball; and a plurality of
angled ribs, wherein each r1b of the plurality of ribs extends upwardly from the base portion to
the cradle portion, wherein the plurality of ribs define channels therebetween.

In accordance with another embodiment of the presgnt imvention, a valve cage 18
disclosed. The valve cage comprises, in combination: a‘housing having a north end and a south
end, wherein a first interior portion of the housing proximate the north end includes a first
threaded region and a second interior portion of the housing proximate the south end includes a
second threaded region; and an insert adapted to be pdsitiOned in the housing, comprising, in
combination: a base portion adapted to abut a seat, wherein the base portion includes an angled
lip adapted to abut a third interior portion of the housing; a cradle portion adapted to releasably
retain a ball, wherein the cradle portion$ 1S substantially cup-shaped; and a plurality of angled
ribs, wherein each rib of the plurality of ribs extends upwardly from the base portion to the

cradle portion, wherein the plurality of ribs defmme channels therebetween; wherein an exterior
diameter of the cradle portion is less than an exterior diameter of the base portion, such that the
insert is upwardly tapered.

In accordance with a further embodiment of the present invention, a valve cage is
disclosed. The valve cage comprises, 1n combination: a housing having a north end and a south

end, wherein an interior portion of the housing proximate the south end includes a threaded

region; and an insert adapted to be positioned in the housing, comprising, in combination: a base
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portion adapted to abut a seat, wherein the base portion includes an angled lip adapted to abut

an interior portion of the housing; a cradle portion adapted to releasably retain a ball, wherein
the cradle portion 1s substantially cup-shaped; and a plurality of angled ribs, wherein each rib
of the plurality of ribs extends upwardly from the base portion to the cradle portion, wherein
the plurality of ribs define channels therebetween; wherein an exterior diameter of the cradle
portion 1s less than an exterior diameter of the base portion, such that the insert 1s upwardly

tapered.

According to one aspect of the present invention, there 1s provided a valve cage
for use in a pumping apparatus comprising, in combination: a housing having a north end and
a south end, wherein a first interior portion of the housing proximate the north end includes a
first threaded region and a second interior portion of the housing proximate the south end
includes a second threaded region; and an insert adapted to be positioned in the housing,
comprising, in combination: a base portion adapted to abut a seat, the base portion having an
exterior diameter, wherein a top of the base portion includes an inwardly and downwardly
angled lip adapted to abut a third interior portion of the housing, wherein the lip engages itself
against the third interior portion of the housing when the insert is positioned in the housing; a
cradle portion adapted to releasably retain a ball, wherein the cradle portion is substantially
cup-shaped, and wherein the cradle portion includes one circular port centrally positioned at a
north end of the cradle portion; and a plurality of angled ribs, wherein each rib ot the plurality
of ribs extends rotationally upwards an entire length from the base portion to the cradle

portion, the plurality of angled ribs terminate at a top of the cradle portion, wherein the

plurality of ribs define channels therebetween; wherein a greatest exterior diameter of the

cradle portion is less than a greatest exterior diameter of the base portion, such that the insert

1s upwardly tapered.

According to another aspect of the present invention, there is provided a valve
cage for use in a pumping apparatus comprising, in combination: a housing having a north end

and a south end, wherein an interior portion of the housing proximate the south end includes a
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threaded region; and an insert adapted to be positioned in the housing, comprising, in
combination: a base portion adapted to abut a seat, wherein a top of the base portion includes
an inwardly and downwardly angled lip adapted to abut an interior portion of the housing,
wherein the lip engages itself against the third interior portion of the housing when the insert
is positioned in the housing; a cradle portion adapted to releasably retain a ball, wherein the
cradle portion is substantially cup-shaped, and wherein the cradle portion includes one
circular port centrally positioned at a north end of the cradle portion; and a plurality of angled
ribs, wherein each rib of the plurality of ribs extends rotationally upwards an entire length
from the base portion to the cradle portion, wherein the plurality of ribs define channels
therebetween; wherein a greatest exterior diameter of the cradle portion is less than a greatest
exterior diameter of the base portion, such that the insert is upwardly tapered; wherein the

plurality of angled ribs terminate at a top of the cradle portion.

According to another aspect of the present invention, there is provided an insert
for a valve cage of a pumping apparatus comprising, in combination: a base portion adapted to
abut a valve seat; a cradle portion adapted to releasably retain a ball, wherein the cradle
portion is substantially cup-shaped, and wherein the cradle portion includes one circular port
centrally positioned at a north end of the cradle portion; and a plurality of angled ribs, wherein
each rib of the plurality of ribs extends rotationally upwards an entire length from the base
portion to the cradle portion, wherein the plurality of angled ribs terminate at a top of the
cradle portion, wherein the plurality of ribs define channels therebetween; wherein a greatest
exterior diameter of the cradle portion is less than a greatest exterior diameter of the base

portion, such that the insert is upwardly tapered.

S5a
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Brief Description of the Drawings
Figure 1 1s a perspective view of an insert portion of a valve cage device, consistent with

an embodiment of the present invention.

Figure 2 is a perspective view of a valve cage device, consistent with an embodiment of

the present mvention.
Figure 3 is a bottom view of the insert portion of Figure 1.
Figure 4 1s a top view of the insert portion of Figure 1.
Figure 5 is a top view of the valve cage device of Figure 2.
Figure 6 is a bottom view of the valve cage device of Figure 2.

Figure 7 is a cut away view of the valve cage device of Figure 2, with an insert portion

thereof having been removed.
Figure 8 1s a cut away view of the valve cage device of Figure 2.
Figure 9 1s a side view of the insert portion of Figure 1.
Figure 10 is a cross-sectional view of the insert portion of Figure 9.
Figure 11 is a cut away view of a valve cage device, illustrating the positioning of a ball

and seat therein in a first orientation, consistent with an embodiment of the present invention.

Sb
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Figure 12 is a cut away view of a valve cage device, illustrating the positioning of a ball
and seat therein in a second orientation, consistent with an embodiment of the present invention.
Figure 13 1s a cut away view of a valve cage device, consistent with an embodiment of

the present mvention.

Figure 14 is a perspective view of an insert portion of a valve cage device, consistent
with an embodiment of the present invention.

Figure 15 is a top view of the insert portion of Figure 14.

Figure 16 1s a bottom view of the msert portion of Figure 14.

Figure 17 1s a side view of the insert portion of Figure 14.

Figure 18 is afirst cross-sectional view of the msert poftion of Figure 14.

Figure 19 is a second cross-sectional view of the insert portion of Figure 14.

Detailed Description of the Preferred Embodiments
Referring first to Figures 2 and 8, a valve cage device 10 (“valve cage 10”) consistent
with an embodiment of the present invention is shown. The valve cage 10 generally comprises
the following basic componenté: a housing 12, and an insert 30 (éis seen In Figure 8, for

example). The valve cage 10 is preferably a one-piece structure and may be composed of a

hardened material, such as carbide, an alloy or some other suitable material capable of

conditions present in typical oil well environments. In this embodiment, the valve

cage 10 1s configured as a traveling valve cage.
Turning first to the housing 12, the overall configuration of the housing 12 is

substantially tubular. A longitudinal channel 18 runs through the housing 12, such that the

housing 12 is adapted to receive insert 30 therein. The valve cage 10 includes a north end 14 and
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a south end 16. Referring to Figure 7, an interiorpoﬂion of the housing 12 proximate the north
end 14 preferably includes a threaded region 20, such that 'the north end 14 of the valve cage 10
may be coupled to a southern portion of a conventional pump plunger (not shown) or the like.
Similarly, an interior portion of the housing 12 proximate the south end 16 preferably includes a
threaded region 22, such that the south end 16 of the valve cag.e 10 may be coupled to a
conventional seaf plug (not shown) or the like. In one embodiment, the threaded regions 20 and

22 may comprise threading ranging from approximately 1.0”-14 to 1.25”-14 threading, or some

other suitable threading, as may be suitable for housings having various dimensions. In one

embodiment, the threaded regions 20 and 22 may have an overall height ranging from
approximately .656 to .680 inches, or some other height that may be suitable for.' housings of
various dimensions. The threaded regions 20 and 22 may comprise either male or female

| threading configurations, as desired.

Also 1n an mnterior portion of the housing 12 is a shoulder 2—1 The shoulder 24 15
preferably positioned proximéte threaded region 20. The shoulder 24 is preferably substantially
squared-off. In this way, when the north end 12 of the valve cage 10 is coupled to a
conventional pump plunger or the like, the shoulder 24 may abut the southern portion of the
pump plunger. This assists in rendering a tight fit between the valve cage 10 and the pump

plunger. As seen in this embodiment, preferably the shoulder 24 has an overall diameter that is

greater than the diameter of threaded region 20. In one embodiment, shoulder 24 may have an

S\

overall diameter ranging from 1.015 to 1.265 inches, or some other diameter that may be suitable

for housings of various dimensions.

With respect to the dimensions of the housing 12, in one embodiment, the housing 12

may have an overall length from the north end 14 to the south end 16 ranging from
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approximately 3.3 to 3.562 inches, an exterior diameter ranging fr.om approximately 1.220 to
1.475 inches, and ém interior diameter at threaded regions 20 and 22 ranging from approximately
1.0to 1.25 inches. However, it will be recognized by those skilled in the art that the housing 12
may have various other dimensions, as apprt)priate for diﬁm*ently-sized pumping systems, and as
based on market demand for varioﬁs—sized valve cages 10. For example, in another embodiment,

the housing 12 may have an exterior diameter ranging from approximately 1.125 to 6 or 7 inches

OT more.

Referﬁng now to Figures 1, 3, 4, 9 and 10, the insert 30 is shown in detail. Turning first
to Figures 1 and 9, it can be seen that the insert 30 comprises the 5following main components,
beginning from a north end 32 to a south end 34: a cradle 36., a piurality of ribs 38, and a base_
40. The insert 30 is adapted to be pressed into the housing 12 of the valve cage 10, such that an
outer portion of the insert 30 abuts against an inner portion of the housing 12. In one
embodiment, the insert 30 may have an overall length from the north end 32 to the south end 34
ranging from approximately 1.003 to 1.281 inches. In another embodiment, the insert 30 may
have an overall length that is less than 1.003 inches Or more than 1.281 inches.

Beginning with the cradle 36, it is substantially cup-shaped. In this way, the cradle 36 is
adapted to receive a ball 46 (shown in Figures 11 and 12). The ball 46 may be of a type that is
typically employed in conventional oil pumping systems. When the pump is in a downward
motion, the cradle 36 retains the ball 46. This allows the ball 46 to be held ca}mly 1n position,
thereby allowing fluid to péss freely throu'gh channels 50 and around the ball 46 with ease, as
discussed further be]ovxfz. With the ball 46 being held cajmly 1N position, violent action of the ball

46 1s eliminated, thereby obviating a need for a hard liner to be included in the valve cage 10,

unlike typical prior art valve cages. In one embodiment, the cradle 36 may have a height that is
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approximately .5 inches. In another embodiment, the cradle may have a height that is less than
.5 inches or more than .5 inches. The cradle 36 includes a port 42. In a preferred embodiment,
port 42 is circular. The port 42 may have a diameter of approximately .25 inches. However, the
. port 42 may have a diameter of a different dimension, as desired. During pumping operations,
when the pump 1s in an upward motion and the ball 46 has been released from the eradle 30,
fluid that 1s being pumped may pass through port 42. .

The ribs 38 extend 'upwardly from the base 40 to the cradle 3.6. In this embodiment, the
ribs 38 terminate at the north end 32 of the insert 30. In a preferred embodiment, the ribs 33
extend upwardly frem- the base 40 to the cradle 36 in a clockwise rotational direction at
approximately 30 degrees. However, the orientation of the ribs 38 may deviate from this. As
seen 1n this embodiment, the ribs 38 may protrude from the exterior of the cradle 36. Adjacent
ribs 38 define channels 50 therebetween. As seen in this embodiment, preferably, the width of
the channels 50 is greater than the width of the ribs 38. In one embodiment, the channels 50 may
have a width that 1s approximately five times -greater than a width of the ribs 38. The channels
50 provide a passageway for fluid that is being pumped. Preferably, and as seen in this
embodiment, the ribs 38, and accordingly the channels 50, are angled, thereby providing an
overall radial eonﬁgllration of the insert 30. In this way, as compared with prior art valve cages,
a more laminar flow of fluid may be accomplished. This allows fluid to have passage through a .
space that 18 greater.tha.n a width of a conventional seat opening (not shown), thereby providing
improved passage through the valve cage 10, compared with prior art valve cages. In a preferred
embodiment, three ribs 38 afe employed, but a different number of -fibs 38 could be used, as

desired. Preferably, as shown in this embodiment, the ribs 38 are equidistantly spaced apart.
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The base 40, as seen in this embodiment, 18 substantially ring-shaped. The base 40 1s
adapted to abut a conventional seat 48 (as seen in Figures 11 and 12). In one embodiment, the
base 40 may have an exterior diameter ranging from approximately 0.927 to 1.1692 inches and a
height of approximately .1875 inches. However, the exterior diameter and the hei oht of the base
40 may deviate from these dimensions, even substantially, in either direction. Preferably, the
height of the base 40 is less than the height of the cradle 36. The base 40 preferably includes an
angled hook or lip 44. In oné embodiment, the lip 44 may be angled at approximately 60 degrees
from vertical. When the insert 30 is pressed into the housing 12, the lip 44 engages 1tself against
the interior portion of the housing 12. As a result, once a seat plug (not shown) 1s coupled to the
valve cage 10, a ﬁght seal 1s created, which prevents fluid from washing by during pumping
operations and 1eak'ing. When the pump is on an upstroke, the ball 46 should fall straight
downward onto the seat 48, guided by the insert 30. This allows for faster seating of the ball 46
compared with prior art designs, thereby reducing pump stroke loss and providing for more
efficient pumping.

As shown in the embodiment in Figures 1 and 9, for example, preferably the cradle 36
has an exterior diameter that is less than an exterior diameter of the base 40. In this way, the
insert 30 has an overallhtapered configuration. Coupled with the angling of the ribs 38, this

tapering is helpful particularly when solids begin to accumulate on the ball 46 during pumping

operations. In this regard, even when solids accumulate on the ball 46, the ball 46 should fall
freely back onto the seat 48. Further, the ball 46 makes contact with the ribs 38. With the

angling of the ribs 38, as the ball 46 falls from the direction of the cradle 36 to the seat 48, the
point of contact of the ball 46 with the ribs 38 changes, helping to prevent solids from

accumulating, and thereby, from causing the ball 46 to stick. This 1s an advantage over typical

10
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prior art valve cages in which the inserts thereof are not tapered and do not have angled ribs.

With such typical prior art valve cages, solids are permitted to stack up during pumping

operations and eventually wodge themselves against the ball, thereby preventing the ball from
reseating. . .

Turning now to Figures 11 and 12, the valve cage 10 can be seen with a conventional ball
46 and seat 43 positionod therein. Figure 11 shows the ball 46 resting 'on the seat 48, which
would occur during pumping operations when the p'ump is on an upstroke. During this timo,
fluid that is being pumped would pass freely in a general upward direction around the ball 46 and
through channels 50 and port 42. Figure 12 shows the ball 46 being retained by the cradle 36,
which would oooui during pumping operations when the pump 1s on a downstroke. During
pumping operations, the overall design of the valve cage 10 enables a zone of relatively low
pressure to be created in a center portion of the valve cage 10 and permits high pressure fluid to
move around the ball 46. The ball 46 will fall faster onto the seat 43, comparod with prior art
valve cage designs. As a result, the speed of valve closure 1s increased, thereby increasing
overall effectiveness of the pump.

Referring now to Figure 13, another embodiment of a valve cage device (valve cage 100)
consistent with an ombodimont of the present invehtion is shown. The valve cage 100 is similar
to the valve cage 10, but is designed as a standing valve cage. The valve cage 100 generally
comprises the following basic components: a housing 112, and an insert 130. The valve cage
100 1s preferably a one-piece structure and may be composed of a hardened material, such as
carbide, an alloy or some other suitable material capable of withstanding conditions present in
typical o1l well onvii'onmoms. Turning firs.t'to the housing 112, as with 'the valve cage 10, the

overall ooofiguration of the housing 112 1n the valve cage 100 1s s'ubstantially tubular. A

11
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longitudinal channel 118 runs through the housing 112, such that the housing 112 1s adapted to
recetve insert 130 therein. The valve cage 100 includes a north end 114 and a south end 116. An
interior portion of the housing 112 proximate the south end 116 preferably includes a threaded
region 122, such that the south end 116 of the yalve cage 100 may be coupled to a conventional
seating device (not shown) or the like. In one embodiment, the threaded region 122 may
comprise threadihg ranging_'from'approximately 1.07-14 10 1.257-14 threadin g, Or Some other
suitable threading, as'may be suitable for housings having various dimensions. In one
embodiment, the threaded region 122 may havé an overall height ranging from approximately
656 to .680 inches, o.r some 6ther height that may be suitable for housings of various

dimensions. The threaded region 122 may comprise either a male or female threading

configuration, as desired.

Turning now to the insert 130, as with the valve cage 10, the msert 130 of the valve cage
100 comprises the following main components, beginning from a north end to a south end: a
cradle 136, a plurality of ribs 138, and a base 140. The insert 130 is adapted to be pressed into
the housing 112 of the valve cage 100, such that an outer portion of the insert 130 abuts against
an inner portion of the housing 112. In one embodiment, the insert 130 may have an overall
length from ranging from approximately 1.003 to 1.281 inches. In another embodiment, the
insert 130 may have an overall length that is less than 1.003 inches or more than 1.281 inchés.

Begmning with the cradle 136, again, as with the valve cage 10, the cré.dle 136 of the
valve cage 100 1s substantially cup-shaped. In this way, the cradle 136 i1s adapted to' receive ball
146. Ball 146 may be of a type that is typically employed in Conventi.onal o1l pumping systems.

When the pump 1s in an upward motion, the ball 146 moves upward into the cradle 136, which

retains the ball 146. This allows the ball 146 to be held calmly in position, thereby allowing

12
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fluid to pass freely through channels 150 and éround the ball 146 with ease. With the ball 146
being held calmly in position, violent action of the baﬂ 146 18 eliminated, thefeby obviating a
need for a hard liner to be included in the valve cage 100, unlike typical prior art valve cages. In
one embodiment, the cradle 136 may have a height that is approximately .5 inches. In another
embodiment, the cradle may have a height that is less than .5 inches or more than .5 inches.

The cradle 136 includes a po'rt 142. In a preferred embodiment, port 142 1s circular. Th'e port
142 may have a diameter of approximately .25 inches. However, the port 142 may have a
diameter of é different dimension, as desired. During pumping operations, wheh the pump 18 in

a downward motion, the ball 146 is released from the cradle 136, and fluid that is being pumped

may pass through port 142,

The ribs 138 extend upw-ardly from the base 140 to the cradle 136. In this embodiment,
the ribs 138 terminate at a north end of the insert 130. In a preferred embodiment, the ribs 138
extend upwardly from the base 140 to the cradle 136 1n a clo'ckw‘ise rotational direction at
approximately 30 degrees. Howevér, the orientation of the ribs 138 may deviate from this. As
seen in this embodiment, the ribs 138 may protrude from the exterior of the cradle 136, Adjacent
ribs 138 define channels 150 therebetween. As seen in this embodiment, preferably, the width of
the channels 150 is greater than the width of the ribs 138. In one embodiment, the channels 150
may have a width that.is approximately five times greater than a width of the ribs 138. The
channels 150 provide a passageway for ﬂﬁid that 1s being pumped. Preferably, and as seenin -
- thus embodiment, the ribs 138, and accordingly the channels 150, are angled, thereby providing
an overall radial configuration of the insert 130. In this way, as compared with prior art valve
cages, a more laminar flow of fluid may be accomplished. This allows fluid to have passage

through a space that 1s greater than a width of a conventional seat opening (not shown), thereby

13
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- providing improved passage through the valve 'cage 100, compared with prior art valve cages. In
addition, the an gular configuration of the ribs 138 assists with proper filling of the pump .barrel
(not Shown),’ as 1t provides for faster fluid passage with greater tlow capacity compared with
prior art valve cage designs. In a preferred embodiment, three ribs 138 are employed, but a
different number of ribs 138 coﬁ}d be used, as desired. Preferably, the ribs 138 are equidistantly
spaced apart. -

Preferably, the base 140 is substantially ring-shaped. The base 140 is adapted to abqt a
conventional seat 148. In oﬁe embodiment, the base 140 may have an exterior diameter ranging
from approximately 0.927 to 1.1692 inches and a height of approximately .1875 inches.
However, the exterior diameter and the héight of the base 140 may deviate from these
dimensions, even substantially, 1n either direction. Preferably, the height of the base 140 is less
than the height of the cradle 136; As with the valve cage 10, the base 140 preferably includes an

angled hook or lip 144. In one embodiment, the lip 144 may be angled at approximately 60

degrees from vertical. When the insert 130 is pressed into the housing 112, the lip 144 engages
itself against the interior portion of the housing 112. As aresult, once a._seatin g d‘evi‘ce (not
shown) 1s coupled to the valve cage IOO, a tight seal is created, which prevents ﬂuid from
washing by during pumping operations and leaking. When the pump is on a downstroke, the ball
146 should fall straight downward onto the seat '148, guided by the insert 130. This allows for
faster seating of the ball 146 compared with prior art designs, thereby reducing pump stroke loss
and providing fér more efficient pumping. Further, due to the angular configuration .of the ribs
138, solids may be forced away from the area of the seat 148, allowing the ball 146 to seat with

less debris interference compared with prior art valve cage designs. This assists in providing

longer life for the ball 146 and seat 148.

14
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As shown 1n this embodiment, preferably the cradle 136 has an exterior diameter that 1s
less than an exterior diameter of the base 140. In this way, the msert 130 has an overall tapered

configuration. Coupled with the angling of the ribs 138, this tapering 1s helpful particularly

when solids begin to accumulate on the ball 146 during pumping operations. In this regard, even
when solids accumulate on the 'ball 146, the ball 146 should fall freely back onto the seat 148.

‘ Further, the ball 146 makes contact With the ribs 138. With the angling of the ribs 138, as the
ball 146 falls from the direction of the cradle 136 to the seat 148, the point of co’ntact- of the ball
146 with the ribs 138 changes, helping to. prevent solids from accumulating, and thereby, from
causing th‘e ball 146 to stick. This i1s an advantage over'typical prior art valve cages in which the '
inserts thereof are not tapered and do not have angled ribs. With such typical prior art valve
cages, solids are permitted to stack up during pumping operations and eventually wedge
themselves against the ball, ‘theréby preveming the ball from reseating.

In a preferred embodiment, the valve cage 100 is configured SUCh that when the valve
cage 100 1s employed with a cOnvemional pumping apparatus or the like, any space between the
ball 146 and a compressive area for a traveling valve is relatively limited, or “near zero.” This
may especially provide assistance in gassy conditions, where gas locking may be a problem.

Referring now to Figures 14 through 19, another embodiment of an insert, hereinafter
“insert 60” is shown. The insert 60 is adapted to be a component of the valve cage 10 or valve
cage 100, and may be employed as an alternative to the insert 30 of the valve cage 10 or the
mnsert 130 of the valve cage 100.

Turning first to Figures 14 and 17, it can be seen that the insert 60 comprises the

following main components, beginning from a north end 62 to a south end 64: a cradle 66, a

plurality of ribs 68, and a base 70. The insert 60 1s adapted to be pressed 1nto the housing 12 of

15
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the valve cage 10, or the housing 112 of the valve cage 100, such that an outer portion of the
msert 60 abuts aganst an mner portion of the housing 12 of the valve cage 10 or the housing 112
of the valve cage 100. In one embodiment, the insert 60 may have an overall length from the
north end 62 to the south end 64 ranging from approximately 1.2388 to 3.535 inches. In another

embodiment, the insert 60 may have an overall length that is less than 1.288 inches or more than

3.535 inches.

Generally, the isert 60 1s configured similarly to the insert 30 and insert 130, with the

exception of the cradle 66 of the insert 60.

Beginning with the cradle 66, it 1s substantially cup-shaped. The cradle 66 includes an
extended nose region 66A and a shoulder 66B. As seen in the émbddiment in Figures 14 and 17,
preferably, the nose region 66A tapers upwardly. In one embodiment, the cradle 66 may have an
overall height ranging from approkimately 473 to 1.715 inches, wherein the nose region 66A

ranges from approximately .188 to .625 inches in height. However, the overall height of the

cradle 66 and the height of the nose re gion 66A may deviate from these dimensions, even

substantially, in either direction. The crédle 66 further includes a port 72, as shown in Figures
15, 16, 18 and 19. In a preterred embodiment, port 72 is circular. The port 72 may have a
diameter ranging from approximately .1875 to .5 inches. However, the port 72 may have a
diameter of a different dimension, as desired. The shoulder 66B i1s preferab‘ly positioned
circumferentially along an interior portion of the‘cradle 60, as seen in Figure 14. Preferably, the
éhoulder 66B has a curvature that corresponds to an outer curvatui*e of a ball (suéh as the ball 46,
as shown in Figures 11 and 12, or the béll 146, as shown in Figure 13). In this way; the shoulder
66B 1s adapted to receive the ball during pumpin g operations. With the configuration of the

cradle 66, when the shoulder 66B receives the ball, the ball 18 prevented from traveling further

16
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upwardly into the nose region 66A of the cradle 66. In this way, an bpen area 66C remains
between the nose region 66A and the ball when the ball 18 received by the shoulder 66B. This
open area 66C allows for additional energy to be employed in the area of the cradle 66 during
pumping operations, in that the open area 66C allows for additional pounds per square\inch,
which, in turn, helps push the ball off the cr‘adlé 66 during pumpin g operations. In one

embodiment, open area 66C may have a diameter at its widest point ranging from approximately

4 to 1.180 inches. \H'owever, open area 66C méy have a diameter of a different dimension, as
desired.

When the insert 60 1s employed in a traveling valve, such as the valve cage 10, the
shoulder 66B of the cradle 66 retains the ball when the pump is in 2 downward motion. T his

allows the ball to be held calmly in position, thereby allowing fluid to pass freely through
channels 80 and around the ball with ease. With the ball being held calmly in position, violent
action of the ball is eliminated, thereby obviating a need for a hard liner to be included in the

valve cage 10, unlike typical prior art valve cages. During pumping operations, when the pump

1s in an upward motion and the ball has been released from the shoulder 66B of the cradle 66,
fluid that is being pumped may pass through Opeh area 66C and outward through port 72.

When the insert 60 is employed in a standing valve, such as the valve cage 100, during
pumping operations, when the pump is in an upward motion, the b.a]l moves upward into the
shoulder 66B of the cradle 66, and the shoélder 66B retains the ball. This allows the ball to be -
held calmly in position, thereby allowing ﬂuid to pass freely through channels 80 and around the
ball with ease. With the ball being held calmly in position, violent action of the ball is

eliminated, thereby obviating a need for a hard liner to be included in the valve cage 100, unlike

typical prior art valve cages. During pumping operations, when the pump is in a downward .
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motion, the ball is released from the shoulder 66B of the cradle 66, and fluid that is being
pumped may pass through open area 66C and outward thfough port 72.

The ribs 68 of the insert 60 extend upwardly from the base 70 to the cradle 66. In this
embodiment, the ribs 68 terminate at the north end 62 of the insert 60. In a preferred '
embodiment, the ribs 68 of the insert 60 extend upwardly from the base 70 to the cradle 66 in a
clockwise rotational direction at approximately 30 degrees. However, the orientation of the ribs
68 may deviate from this. As seen in this embodiment, the ribs 68 may protrude from the
exterior of the cradle 66. Adjacent ribs 68 define channels 80 therebetween. As seen in this
embodiment, preferably, the width of the channels 80 is greater than the width of the ribs 68. In
one embodiment, the channels 80 may have a width that is approximately five times greater than
a width of the ribs 68. The channels 80 proﬁdé a passageway for fluid that is being pumped.
Preferably, and as seen in this embodiment, the ribs 68, and accordingly the channels 80, are
angled, thereby providing an overall radial configuration of the insert 60. In this way, as
compared with prior art valve cages, a more laminar flow of fluid may be accomplished. This
allows fluid to have passage through a space that is greater than a width of a conventional seat
Openin g (not shown), thereby providing improved passage throu gh the yalve cage 10 or valve
cage 100, compared with prior art valve cages. In a preferred embodiment, three ribs 68 are

employed, but a different number of ribs 68 could be used, as desired. Preferably; as shown 1n

this embodiment, the ribs 68 are equidistantly spaced apart.

The base 70, as seen in this embodimem, is substantially ring-shaped. The base 70 is

adapted to abut a conventional seat (such as the seat 48 shown in Figures 11 and 12, or the seat

148 shown in Figure 13). In one embodiment, the base 70 may have an exterior diameter

ranging from approximately 0.927 to 1.1692 inches and a height of approximately 188 t0 .688

18
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inches. However, the exterior diameter and the height of the base 70 may deviate from these
dimensions, even substantially, in either direction. Preferably, the height of the base 70 is less
than the height of the cradle 66. The base 70 preferably includes an angled hook or lip 74. In
one embodiment, the lip 74 may be angled at approximately 60 degrees from vertical. When the
msert 60 18 pressed nto the housing 12 of the valve cage 10 or the housing 112 of the valve cage
100, the lip 74 engages itself against the interior portion of the housing 12 or housing 112. As a
result, once a seat plug or other seating device (not shown) is coupled to the valve cage 10 or
valve cage 100, a tight seal 1s created, which .prévents tluid from washing by during pumping
operations and leaking. During pumping operatidns, when the ball 1s released from the shoulder
66B of the cradle 66, the ball shouid tall straight downward onto the seat, guided by the insert
60. This allows for faster seating of the .ball compared with prior art designs, thereby reducing
pump stroke loss and providing for more efficient pumping.

As shown in the embodiment in Figures 14 and 19, for example, preferably the cradle 66
has an exterior diameter that is less than an exterior diameter of the base 70. In this way, the
insert 60 has an overall tapered configuration. Coupled with the angling of the ribs 68, this
tapering 13 helpful particularly when solids begin to accumulate on thé ball during pumping
operations. In. this regard, even when solids accumulate on the ball, the ball should fall freely
back onto the seat. Further, the ball makes contact with the ribs 68. With the angling of the ribs
68, as the ball falls from the direction of the cradle 66 to the seat, the pbint of contact of the ball
with the ribs 68 chan ges, helping to prevent solids from accumulatin g, and thereby, from causing
the ball to stick. This 1s an advantage over typical prior art valve cages in which the inserts

thereof are not tapered and do not have angled ribs. With such typical prior art valve cages,

19
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solids are permitted to stack up during pumping operations and eventually wedge themselves
against the ball, thereby preventing the ball from reseating.

While the invention has been particularly shown and described with reference to the .
preferred émbodimepts thereof, it will be understood by those skilled in the art that the foregoing;
and other changes in form and details may be made therein without departing from the
scope of the inventibn. For example, while the various components of the invention have been
described with reference to various dimensions thereof, it will be recognized by those skilled in
the art that substantial benefit could be derived from alternative configurations of the invention

in which different dimensions are employed, inclﬁding those that deviate from the preferred

dimensions, even substantially, in either direction.
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CLAIMS:

1. A valve cage for use in a pumping apparatus comprising, in combination:

a housing having a north end and a south end, wherein a first interior portion of

the housing proximate the north end includes a first threaded region and a second 1nterior

portion of the housing proximate the south end includes a second threaded region; and
an insert adapted to be positioned in the housing, comprising, in combination:

a base portion adapted to abut a seat, the base portion having an exterior
diameter, wherein a top of the base portion includes an inwardly and downwardly angled lip
adapted to abut a third interior portion of the housing, wherein the lip engages itself against

the third interior portion of the housing when the insert is positioned in the housing;

a cradle portion adapted to releasably retain a ball, wherein the cradle portion
is substantially cup-shaped, and wherein the cradle portion includes one circular port centrally

positioned at a north end of the cradle portion; and .

a plurality of angled ribs, wherein each rib of the plurality of ribs extends

rotationally upwards an entire length from the base portion to the cradle portion, the plurality

of angled ribs terminate at a top of the cradle portion, wherein the plurality of ribs define

channels therebetween;

wherein a greatest exterior diameter of the cradle portion 1s less than a greatest

exterior diameter of the base portion, such that the insert is upwardly tapered.

2. The valve cage of claim 1, wherein the cradle portion includes a shoulder
positioned circumferentially about an interior region of the cradle portion, wherein the

shoulder is adapted to releasably retain a ball.

3. The valve cage of claim 1, wherein the cradle portion includes a nose region,

wherein the nose region tapers upwardly from the plurality of ribs.
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4, The valve cage of claim 1, wherein the first threaded region 1s adapted to be
coupled to a south end of a pump plunger and the second threaded region 1s adapted to be

coupled to a north end of a seat plug.
5. The valve cage of claim 1, wherein the insert includes three ribs.
0. A valve cage for use in a pumping apparatus comprising, in combination:

a housing having a north end and a south end, wherein an interior portion of

the housing proximate the south end includes a threaded region; and
an insert adapted to be positioned in the housing, comprising, in combination:

a base portion adapted to abut a seat, wherein a top of the base portion includes
an inwardly and downwardly angled lip adapted to abut an interior portion of the housing,
wherein the lip engages itself against the third interior portion of the housing when the insert

is positioned in the housing;

a cradle portion adapted to releasably retain a ball, wherein the cradle portion
is substantially cup-shaped, and wherein the cradle portion includes one circular port centrally

positioned at a north end of the cradle portion; and

a plurality of angled ribs, wherein each rib of the plurality of ribs extends
rotationally upwards an entire length from the base portion to the cradle portion, wherein the

plurality of ribs define channels therebetween;

wherein a greatest exterior diameter of the cradle-portion 1s less than a greatest

exterior diameter of the base portion, such that the insert is upwardly tapered;

wherein the plurality of angled ribs terminate at a top of the cradle portion.

7. The valve cage of claim 6, wherein the threaded region of the interior portion

of the housing proximate the south end is adapted to be coupled to a seating device.
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8. The valve cage of claim 6, wherein the cradle portion includes a shoulder
positioned circumferentially about an interior region of the cradle portion, wherein the

shoulder 1s adapted to releasably retain a ball.

9. The valve cage of claim 6, wherein the cradle portion includes a nose region,

wherein the nose region tapers upwardly from the plurality of ribs.

10. The valve cage of claim 6, wherein the insert includes three ribs.
1. The valve cage of claim 6 composed of one of carbide and an alloy.
12. An 1nsert for a valve cage of a pumping apparatus comprising, in combination:

a base portion adapted to abut a valve seat;

a cradle portion adapted to releasably retain a ball, wherein the cradle portion
is substantially cup-shaped, and wherein the cradle portion includes one circular port centrally

positioned at a north end of the cradle portion; and

a plurality of angled ribs, wherein each rib of the plurality of ribs extends
rotationally upwards an entire length from the base portion to the cradle portion, wherein the
plurality of angled ribs terminate at a top of the cradle portion, wherein the plurality of ribs

define channels therebetween;

wherein a greatest exterior diameter of the cradle portion is less than a greatest

exterior diameter of the base portion, such that the insert 1s upwardly tapered.

13. The insert of claim 12, wherein the cradle portion includes a nose region,

wherein the nose region tapers upwardly from the plurality of ribs.

14, The insert of claim 12, wherein the cradle portion includes a shoulder

positioned circumferentially about an interior region of the cradle portion, wherein the

shoulder is adapted to releasably retain a ball.

135. The insert of claim 12 comprising three ribs.
23
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16. The 1nsert of claim 12, wherein the plurality of angled ribs extending
rotationally upwards an entire length from the base portion to the cradle portion rotate at an

angle of 30 degrees.

17. The insert of claim 12, wherein the plurality of angled ribs extending
rotationally upwards an entire length from the base portion to the cradle portion rotate

clockwise.

18. The 1nsert of claim 12, wherein the plurality of angled ribs have a width

smaller than the channels defined therebetween.
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