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(57) Abrégée/Abstract:

Apparatus and methods for constructing a valve comprising a sealing member and a hollow ball operable to sealingly engage the
sealing member. A guide housing disposed about said hollow ball and does not constrain rotation of said hollow ball. A spring is
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(57) Abrege(suite)/Abstract(continued):

disposed between the hollow ball and the guide housing so as to bias the hollow ball into sealing engagement with the sealing
member. The hollow ball iIs constructed from two unequal sized portions and may comprise a hollow, spherical body having an
aperture and a plug sized so as to closely fit within the aperture.
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ABSTRACT
Apparatus and methods for constructing a valve comprising a sealing member and a
hollow ball operable to sealingly engage the sealing member. A gwde housing disposed
about said hollow ball and does not constrain rotation of said hollow ball. A spring is
disposed between the hollow ball and the guide housing so as to bias the hollow ball into
sealing engagement with the sealing member. The hollow ball 1s constructed from two
unequal sized portions and may comprise a hollow, spherical body having an aperture and a

plug sized so as to closely fit within the aperture.
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HOLLOW BALL VALVE ASSEMBLY
BACKGROUND

The present invention relates generally to methods and apparatus for controlling
flow in a pump. More particularly, the present invention relates to suction and discharge
valves for reciprocating pumps used to pump abrasive fluids.

Suction and discharge valves are used in reciprocating pumps to control the flow
of fluid into and out of the cylinders in which the fluid is pressurized. Reciprocating
pumps are used by in various operations to pressurize an often abrasive slurry mixture of
solids and liquids. For example, reciprocating pumps are used in drilling operations to
pressurize a slurry mixture of solids and liquids known as drilling mud to the bottom of a
hole drilled into the earth. The pressurized mud is used to lubricate and cool a downhole
drill bit as well as to carry loosened sediment and rock cuttings back to the surface. At the
surface, the cuttings and sediment are removed from the returning drilling mud for
examination and the filtered drilling mud is able to be reused. In many cases, highly
abrasive particles are present in the fluids that are being pumped through the system.

Because of these highly abrasive components, valves and seals of reciprocating
pumps must be designed to resist harsh abrasion, while maintaining positive sealing
action and withstanding high operating pressures. Due to the abrasive and corrosive
nature of most drilling fluids, these valves have a finite service life and must be replaced
when the leakage rate increases to a point that the pump will not maintain satistactory
pressure for the drilling conditions. These valves and seats normally fail due to a

deterioration of the elastomer sealing element of the valve, erosion cause by fluid cutting

of the valve & seat metal contact surfaces or a combination of these two. Because, the
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maintenance of these valves is a time consuming and expensive process, valves having an
increased service life are desirable

Thus, there remains a need to develop methods and apparatus for suction and
discharge valves, which overcome some of the foregoing difficulties while providing
more advantageous overall results.

SUMMARY OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention are directed toward apparatus and
methods for constructing a valve comprising a sealing member and a hollow ball operable
to sealingly engage the sealing member. A guide housing disposed about said hollow ball
and does not constrain rotation of said hollow ball. A spring is disposed between the
hollow ball and the guide housing so as to bias the hollow ball into sealing engagement
with the sealing member. The hollow ball is constructed from two unequal sized portions
and may comprise a hollow, spherical body having an aperture and a plug sized so as to
closely fit within the aperture.

In certain embodiments, a pump assembly comprises a fluid-end assembly having
a conduit in fluid communication with a reciprocating piston. A fluid supply and a fluid
outlet are in fluid communication with the conduit. The pump assembly also comprises a
suction valve having a hollow ball biased into sealing engagement with a sealing member
so as to prevent fluid communication between said fluid supply and the conduit. A
discharge valve comprises a hollow ball biased into sealing engagement with a sealing
member so as to prevent fluid communication between said fluid discharge and the
conduit. The hollow balls of the discharge valve and the suction valve are each

constructed from two unequal sized portions.
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Thus, the present invention comprises a combination of features and advantages
that enable it to overcome various problems of prior devices. The various characteristics
described above, as well as other features, will be readily apparent to those skilled 1n the
art upon reading the following detailed description of the preferred embodiments of the
invention, and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more detailed description of the preferred embodiment of the present
invention, reference will now be made to the accompanying drawings, wherein:

Figure 1 is a partial sectional view showing a pump assembly constructed in
accordance with embodiments of the invention;

Figure 2 is a cross-sectional elevation view of a valve assembly constructed mn
accordance with embodiments of the invention; and

Figures 3 and 4 are cross-sectional views of a hollow ball constructed 1n
accordance with embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 1, pump fluid-end assembly 10 comprises suction valve

12 and discharge valve 14 that are hydraulically connected to a piston and cylinder (not

shown) via conduit 16. Suction valve 12 is connected to fluid supply 18. Discharge
valve 14 is connected to fluid outlet 20. Each valve 12, 14 comprises a closure member

22 that is urged into sealing engagement with a sealing member 24 by a biasing member
26. Valves 12 and 14 are opened by pressure acting on closure member 22 so as to
compress biasing member 26 and move the closure member out of engagement with

sealing member 24. Thus, each valve 12 and 14 only allows flow in one direction
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through the valve and are arranged such that suction valve 12 allows fluid to flow into
conduit 16 and discharge valve 14 allows fluid to flow out of conduit 16.

As piston moves and expands the volume within the cylinder, discharge valve 14
closes and suction valve 12 opens so that fluid flows from fluid supply 18 into conduit
16. The piston then reverses direction, decreasing the volume within the cylinder and
thus increasing the pressure within conduit 16 so that suction valve 12 closes and
discharge valve 14 opens so as to allow fluid to flow into flmid outlet 20. The cycle
repeats, often at a high cyclic rate, as fluid 1s being pumped.

Referring now to Figure 2, ball valve assembly 30 compnses ball 32, sealing
member 34, spring 36, and guide housing 38. Valve assembly 30 1s disposed within flow
body 40 comprising inlet 42 and outlet 44. Sealing member 34 further comprises seat 46
and seal 48 that are disposed about inlet 42 of body 40. Guide housing 38 comprises
ﬂange 50 that attaches to body 40, upper spring retainer 52, and ball cage 54. Spring
member 36 interfaces with upper spring retainer 52 and may also comprise lower spring
retainer 56 that provides an interface between biasing member 36 and sealing member 34.

Spring 36 may be a coil spring having a stiffness selected to provide sufficient
sealing at a desired pressure. For example, the higher the stiffness of the selected spring
the more pressure the valve will hold before opening. Spring 36 biases ball 32 against
seal 48, which is constructed of a resilient material that 1s bonded to seat 46, so as to
compress the resilient seal material and create a seal between seal 48 and ball 34. As
long as the force generated by spring 36 exceeds the force generated by fluid pressure in

inlet 42 against ball 34, the ball will remain engaged with seal 48.
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Once the pressure within inlet 42 reaches a certain level, the force generated by
the pressure acting on ball 32 will compress spring 36 and move the ball out of
engagement with seal 48 allowing flow from inlet 42 to outlet 44. The flow of fluids will
continue as long a pressure differential exists between inlet 42 and outlet 44. Once the
pressure differential decreases, spring 36 will move ball 32 back 1nto sealing engagement
with seal 48. When used in a pump application, as described in reference to Figure 1,
valve assembly 30 cycles, i.e. opens and closes, with every stroke of a piston, as often as
several times a second.

Guide housing 38 is arranged so as to not constrain rotation of ball 32. The fluid
flow around ball 32 will cause a slight rotation during the opening & closing cycle of
valve 30, allowing for a slightly different portion of the ball to contact seal 48 on every
opening and closing cycle. Ball 32 can seal equally effectively on its entire surface and,
because it is allowed to rotate, it is not limited to hitting the same surfaces every cycle.
This results in a significant reduction in the wear rate on the ball when compared to the
current valve configurations. The end result of the reduced wear and erosion rate 1s much
longer valve life when operating under like conditions.

Because valve assembly 30 is expected to be able to cycle rapidly, the mass of
ball 32 limits the size of valve assembly. Once the mass of a ball becomes too high, the
inertia of the ball prohibits rapid cycling of the valve. Therefore, in order to reduce the
mass of a ball of a given size, a hollow ball may be used. In certain sizes, a ball valve

utilizing a hollow ball may be lighter than a comparable sized plug-type valve. Although

the use of a hollow ball may reduce the mass of the ball, other problems become
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apparent, especially when the valve is used with an abrasive fluid at high pressures and
flow rates.

Hollow balls are often formed by welding together two semi-spherical halves to
form a ball. Welding together the two halves results in a circumferential seam and a
corresponding heat affected zone in the each half. The material within the weld and the
heat affected zones will have different material properties from the other material 1n the
halves and will therefore tend to wear at a different rate than the remainder of the ball.

As the materials wear at different rates, a large portion of the ball, such as the
weld and/or heat affected zone, may not provide a surface suitable to sealing and the
sealing reliability of the valve decreases. This decrease in reliability is especially evident
in high flow applications where the fluid tends to rotate the ball such that the portion of
the ball that contacts the seal is constantly changing. Because the ball 1s constantly
rotating the chance that a portion of the welded or heat affected zone may be 1n contact
with the seal 1s increased.

One way to increase the reliability of the valve is to decrease the welded area and
corresponding heat affected zone. This can be accomplished by forming the hollow ball

from two unequal sized portions, such as 1s shown in Figures 3 and 4. Hollow ball 60 1s

constructed from a cast body 62 and a plug 64. Cast body 62 1s formed as a hollow,
spherical piece having a post 66 and an aperture 68. Plug 64 comprises a post 70
protruding from a spherical section 72 sized so as to closely fit within aperture 68. Hole
74 provides fluid communication across plug 64.

Plug 64 is welded into body 62 to form a complete spherical ball 60. Ball 60 may

also be heat treated to provide desirable material characteristics. Once welding and heat
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treating are complete, the outside surface of ball 60 1s machined to smooth the surface
and remove posts 66 and 70. Hole 74 provides a vent from the inside of ball 60 during
the welding and heat treating processes. Once welding and machining are complete,
dowel 76 1s inserted into hole 74 and welded in place to seal the hole.

Ball 60 thus provides a hollow ball with a minimized welded area and heat
affected zone. For example, a 57 diameter ball may be constructed having a 2" wall
thickness in order to provide a ball with a mass that enables fast actuation of the valve.
The plug for the 57 diameter ball may be a circular plug having a diameter of
approximately 1.5”. A 57 diameter ball constructed with a 1.5” plug will have a hnear
weld length of less than 5 while a 57 diameter ball constructed from two semi-spheres
will have a weld length greater than 15”. Since the welded area 1s reduced the frequency
that the weld comes 1n contact with the seat 1s also reduced, thus providing an extended
service life.

While preferred embodiments of this invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the
scope or teaching of this invention. The embodiments described herein are exemplary

only and are not limiting. Many variations and modifications of the system and apparatus

are possible and are within the scope of the invention. For example, the relative
dimensions of various parts, the materials from which the various parts are made, and

other parameters can be varied, so long as the methods and apparatus retain the
advantages discussed herein. Accordingly, the scope of protection 1s not limited to the
embodiments described herein, but 1s only lmited by the claims that follow, the scope of

which shall include all equivalents of the subject matter of the claims.
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WHAT IS CLAIMED IS:
A valve comprising:

a sealing member;

a hollow ball having an outer circumference and operable to sealingly
engage said sealing member, wheren said hollow ball 1s constructed from unequal
sized portions comprising:

a hollow, spherical body having an aperture therethrough;

a plug sized so as to closely fit within the aperture, the plug having a
hole therethrough; and

a dowel inserted into the hole; and

a guide housing disposed about said hollow ball, wherein said guide
housing does not constrain rotation of said hollow ball; and

a spring disposed between said hollow ball and said guide housing, wherein
said spring 1s operable to bias said hollow ball into sealing engagement with said
sealing member.

2. The valve of claim 1 wherein the hollow, spherical body and the plug are welded
together.
3. The valve of claim 1 further comprising a body having an inlet and an outlet,

wherein fluid flow between the inlet and outlet 1s prevented when said hollow ball 1s

engaged with said sealing member.
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A pump assembly comprising:

a fluid-end assembly having a conduit in fluid communication with a
reciprocating piston;

a fluid supply in fluid communication with the conduit;

a fluid outlet in fluild communication with the conduit;

a suction valve comprising a hollow ball having a circumference and
biased into sealing engagement with a sealing member so as to prevent fluid
communication between said fluid supply and the condut;

a discharge valve comprising a hollow ball having a circumference and
biased into sealing engagement with a sealing member so as to prevent fluid
communication between said fluid discharge and the conduzit;

wherein the hollow ball of said discharge valve and the hollow ball of said
suction valve are each constructed from two unequal sized spherical portions

having spherical outer surfaces that are non-threadingly engaged.

The pump assembly of claim 4 wherein the two unequal sized portions of the

hollow balls are welded together.

6.

7.

The pump assembly of claim 4 wherein the hollow balls comprise:
a hollow, spherical body having an aperture therethrough; and

a plug sized so as to closely fit within the aperture.

A method for constructing a valve comprising;:
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joining two unequal sized spherical portions to form a hollow balli;

forming a post on one spherical portion;

disposing the hollow ball within a gurde housing; and

disposing a spring between the hollow ball and the guide housing so as to

5 urge the hollow ball into sealing engagement with a sealing member.

8. The method of claim 7 further comprising disposing the valve in a body having an
inlet and an outlet, wherein fluid flow between the inlet and outlet 1s prevented when the

hollow ball 1s 1n sealing engagement with the sealing member.

10

9. The method of claim 8 wherein the body 1s a fluid end assembly of a reciprocating

10. The method of claim 7 wherein joining two unequal sized spherical portions to
15  form a hollow ball further comprnises:
forming a hollow, spherical body having an aperture therethrough;
forming a plug sized so as to closely fit within the aperture; and

fixing the plug within the aperture.

20  11. The method of claim 7, further comprising removing the post.

12. The method of claim 11, wherein said removing is performed by machining.

10
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13. The pump assembly of claim 6, wherein at least one of the hollow balls has an outer

diameter of 5.0 inches and an interface length of 1.5 inches.

14. The pump assembly of claim 4, wherein at least one of the sphernical portions

5  further comprises a plugged aperture.

15. The valve of claim 1, wherein the hollow, sphencal body and the plug have

spherical outer surfaces that are non-threadingly engaged along an mnterface.

10 16. The valve of claim 15, wherein said ball has an outer diameter that 1s at least three

times larger than said interface length.

17. The valve of claim 15, wherein said interface length i1s greater than one inch and

less than two inches.

15
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