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POPPET VALVE FOR PUMP SYSTEMS WITH NON-RIGID
CONNECTOR TO FACILITATE EFFECTIVE SEALING

BACKGROUND OF THE DISCLOSURE

Field Of The Disclosure
This present disclosure is directed {o drilling wellbores in the earth, to sysiems for
pumping drilling fuid ("mud"} for such operations, 1o mud pumping systems and valves for
them, and to a poppet valve that has a non-rigid connector 1o facilitate effective sealing, and

mmethods of their use,

Description of Related Arxt

The prior art discloses a wide variety of drilling systerns, apparatuses, and methods
including, but not limited to, the disclosures in U8, Patents 6,944,547, 6,518,453, 6,802,378,
6,050,348; 5,465,799, 4,995,465, 4,854,397, and 3,658,138, all incorporated fully herein for
all purposes. The prior art discloses a wide variety of drilling fluid pumps ("mud pomps”)
used in drilling operations and pump systoms, for exargple, and not by way of Hnutation,
those pumnps and systems disclosed in US, Patents 6,257,354, 4,295,366; 4,527,959,
5,616,009, 4,242,057, 4,676,724, 5,823,093; 5,960,700; 5,059,101, 5,253,987, in U.S.
Applications Ser. No. 19/833,921 filed Apeil 28, 2004(all said U8, references incorporated
fully herein for all purposes).

A drill bit carried at an end of a drilisiring is rotated to form wellbores in the earth,
Certain drillsirings tnchude tubulars which may be drill pipe made of jointed sections or a
contimious coiled tubing and a drilling assembly that has a drill bit at ifs bottom end, The
drilling assembly is attached to the bottom end of the tubing or drillstring. In certain systems,
1o drill a wellbore, the drill bit is rotated {e.g., by a top drive, a power swivel, a rotary table
systern, or by a downhole mud motor carvied by the drilling assembly). Drilling fluid, also
referred 10 as "mud,” is pumped through the wellbore under pressure from a pit or container
at the surface by a pumping system at the surface.

In certgin known mud pump systems, suction and discharge modules have valves
therein that selectively control fluid flow through the module in an intake (suction) mode in

which piston apparatus creates a vacuum drawing drilling fluid info the module and in an
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output mode (Discharge) in which the piston apparatus creates pressure forcing drilling fluid
out of the module. In the suction mode, a suction valve opens allowing drilling fluid into the
module while a discharge valve remains closed. In the discharge mode, the pressure of the
drilling fluid closes the suction valve and opens the discharge valve.

Both valves, the suction valve and the discharge valve, are subjected to the erosive
and damaging effects of the flow of drilling fluid. The drilling fluid contains drilled cuttings
and debris which can erode valve parts (e.g. seats, stems, valve members, seals, guide
bushings, insert, liners, wear plates etc.). Also, mud pumps which can pump relatively hot
drilling fluid at, e.g., 500 to 2000 gallons per minute, force the erosive drilling fluid against
the valve parts at high velocities which add to the fluid's damaging effects.

In many valves used in mud pump systems, a guide in the valve which is disposed
across a flow path or guide fingers extending from a valve member into a valve seat guide a
valve member so that valve member seats correctly and effectively against the valve seat. In
many valves, the valve seat surface against which the valve member (or poppet) seats is,
ideally, flat; and the surface of the valve member which sealingly abuts the flat seat surface
of the valve seat is, correspondingly, and ideally, flat. A guide or guide fingers facilitate
correct seating of the valve member's flat seating surface against the valve seat's flat seat
surface. If either surface is not flat, or if one surface does not contact the other in a
substantially parallel (flat surface to flat surface) manner, ineffective or inefficient valve
operation may result.

The erosive and/or damaging effects of drilling fluid flow through a valve can damage
the seating surfaces so that the ideal flat-surface-to-flat surface seating is not achieved. Also,
the drilling fluid can damage a guide (e.g. ribs and a channel for receiving a stem or rod
projecting from a valve member) or guide fingers so that the ideal surface seating is not
achieved. In some instances, damage to a guide or to guide fingers results in a flat valve
member surface contacting a flat seating surface at an angle so that effective valve closure is
not possible or so that the valve is insufficiently closed for efficient operation. In some
aspects, crosive drilling fluid flow renders initially-flat seating surfaces non-flat with
resulting ineffective sealing and valve closure.

For these reasons in many mud pump systems, suction and discharge valves are

repaired or replaced on a regular basis.
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In many known mud pump valves, the valves are opened and closed by mechanically
creating a vacuum or fluid pressure increase in the valve that overcomes a spring to allow a
valve member to move. The movement of the valve member is not controlled, i.c., it is
subject to a surge of fluid under pressure. As fluid pressure builds up to move a valve
member, a corresponding amount of fluid builds up adjacent the valve. When the pressure is
high enough, a relatively large charge of fluid goes through the valve at high velocity. This
surge of fluid can have deleterious effects on valve parts, for example, such as the banging of
the sealing surfaces together as a result of fluid rushing in because of a delay in the timing of
the opening of the valve.

The present disclosure is directed to various methods and devices that may avoid, or

at least reduce, the effects of one or more of the problems identified above.

BRIEF SUMMARY OF THE DISCLOSURE

The following presents a simplified summary of the invention in order to provide a
basic understanding of some aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or critical elements of the inven-
tion or to delineate the scope of the invention. Its sole purpose is to present some concepts in
a simplified form as a prelude to the more detailed description that is discussed later.

In one illustrative embodiment, the present disclosure is related to, in certain aspects,
a drilling fluid pumping system and valve, also known as a mud pump system, for pumping
drilling fluid or mud used in wellbore operations. In one illustrative example, the present
disclosure is related to a poppet valve wherein, among other things, the poppet has a non-
rigid connection that thereby facilitates sealing with a corresponding valve seat. More
specifically, in one illustrative example of the valve disclosed herein, the valve includes a
valve body with a valve seat and a valve member adapted to sealingly engage the valve seat.
The valve also includes an actuator operatively coupled to the valve member via a non-rigid
connector, wherein the actuator is adapted for selectively moving the valve member relative

to the valve seat.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like
elements, and in which:

Fig. 1 is a schematic view, partially cutaway, of a system according to one illustrative
embodiment of the present disclosure.

Fig. 1A is a schematic view of a mud pump system according to one illustrative
embodiment of the present disclosure.

Fig. 2A is a perspective view of a pump apparatus according to one illustrative
embodiment of the present disclosure.

Fig. 2B is a side view of a pump apparatus of Fig. 2A.

Fig. 2C is a perspective view of part of the apparatus of Fig. 2A.

Fig. 2D is a perspective view of part of the apparatus of Fig. 2C.

Fig. 2E is a top cross-section view of the part of the apparatus of Fig. 2C.

Fig. 2F is a perspective view, partially cutaway, of a pump module with valve
assemblies according to one illustrative embodiment of the present disclosure.

Fig. 2G is a perspective view of two valve assemblies according to one illustrative
embodiment of the present disclosure.

Fig. 2H is a side view of the valve assemblies of Fig. 2G.

Fig. 21 is a cross-section view of the valve assemblies of Fig. 2G.

Fig. 3A is a perspective view of a valve assembly according to the present disclosure.

Fig. 3B is a cross-section view of the valve assembly of Fig. 3A.

Fig. 4 is a side perspective view, partially cutaway, of part of the valve assembly of
Fig. 3A.

Fig. 4A is a cross-sectional view of one illustrative embodiment of a valve seat with
an illustrative curved valve seat as described herein;

Fig. 4B is a cross-sectional view of one illustrative embodiment of a poppet valve
disclosed herein,;

Fig. 4C depicts one illustrative example of a valve disclosed herein wherein a snap-
ring is employed to retain a seal used in the valve;

Fig. 5 is a perspective view of an actuator of a valve assembly as in Fig. 3A.
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Fig. 6 is a side view of a spring according to one illustrative embodiment of the
present disclosure.

Fig. 7A is a perspective view of a spring according to one illustrative embodiment of
the present disclosure.

Fig. 7B is another perspective view of the spring of Fig. 7A.

Fig. 8A is a side view, partially cutaway, showing a step in the operation of a valve
according to one illustrative embodiment disclosure of the system of Fig. 7A.

Fig. 8B is a side view, partially cutaway, showing a step in the operation of the valve
of Fig. 8A showing a step following the step of Fig. 8A.

Fig. 9A is a side view, partially cutaway, of a system according to one illustrative
embodiment of the present disclosure.

Fig. 9B is a side view, partially cutaway, of a system according to the illustrative
embodiment shown in Fig. 9A with an open valve.

Fig. 9C is a side cross-section view of a poppet of the system of Fig. 9A.

Fig. 9D is a side cross-section view of a poppet in a system according to one
illustrative embodiment of the present disclosure.

Fig. 9E is a side cross-section view of a poppet in a system according to one
illustrative embodiment of the present disclosure.

Fig. 10A is a side view of a poppet and spring for systems according to one
illustrative embodiment of the present disclosure.

Fig. 10B is a cross-section view of the poppet and spring of Fig. 10A.

Fig. 10C is a cross-section view of the poppet and spring of Fig. 10A.

Fig. 11A is a side view of a support of the poppet of Fig. 10A.

Fig. 11B is a top view of the support of Fig. 12A.

Fig. 11C is a bottom view of the support of Fig. 12A.

Fig. 12 is a perspective view of the spring of Fig. 10A.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the

particular forms disclosed, but on the contrary, the intention is to cover all modifications,
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equivalents, and alternatives falling within the spirit and scope of the invention as defined by

the appended claims.

DETAILED DESCRIPTION OF THE DISCLOSURE

Various illustrative embodiments of the invention are described below. In the interest
of clarity, not all features of an actual implementation are described in this specification. It
will of course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that
such a development effort might be complex and time-consuming, but would nevertheless be
a routine undertaking for those of ordinary skill in the art having the benefit of this
disclosure.

The present subject matter will now be described with reference to the attached
figures. Various structures, systems and devices are schematically depicted in the drawings
for purposes of explanation only and so as to not obscure the present disclosure with details
that are well known to those skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the present disclosure. The words
and phrases used herein should be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those skilled in the relevant art. No
special definition of a term or phrase, i.e., a definition that is different from the ordinary and
customary meaning as understood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent that a term or phrase is intended
to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such
a special definition will be expressly set forth in the specification in a definitional manner
that directly and unequivocally provides the special definition for the term or phrase.

The system 500 shown in Fig. 1 includes a derrick 502 from which extends a
drillstring 504 into the earth 506. The drillstring 504, as is well known, can include drill
pipes and drill collars. A drill bit 512 is at the end of the drillstring. A rotary system 514, top
drive system 526, and/or a downhole motor 532 ("fluid motor", "mud motor") may be used to
rotate the drillstring 504 and the drill bit 512. A typical drawworks 516 has a cable or rope
apparatus 518 for supporting items in the derrick 502. A mud pump system 522 according to
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the present disclosure with one, two, three-to-ten, or more mud pumps 521 according to the
present disclosure each with pumping modules with one, two or more valves per module
according to the present disclosure supplies drilling fluid 524 to the drillstring 504. Drilling
forms a wellbore 530 extending down into the earth 506. Each mud pump 521 has at least
one valve 501 according to the present disclosure or (as shown in Fig. 1A schematically)
multiple pumping modules 503 each with a suction valve 505 according to the present
disclosure and a discharge valve 506 according to the present disclosure . Each mud pump
521 has a main crank shaft 521c or axial camshaft or other equivalent mechanisms that would
impart a translational motion to a piston.

During drilling, the drilling fluid 524 is pumped by pump(s) 521 of the mud pump
system 522 into the drillstring 504 (thereby operating a downhole motor 532 if such an
optional motor is used). Drilling fluid 524 flows to the drill bit 512, and then flows into the
wellbore 530 through passages in the drill bit 512. Circulation of the drilling fluid 524
transports earth and/or rock cuttings, debris, etc. from the bottom of the wellbore 530 to the
surface through an annulus 527 between a well wall of the wellbore 530 and the drillstring
504. Cuttings and debris are removed from the drilling fluid 524 with equipment and
apparatuses not shown, and it is re-circulated from a mud pit or container 528 by the pump(s)
of the mud pump system 522 back to the drillstring 506. Also, some desirable solids may be
added to the drilling fluid.

A system 10 according to one illustrative embodiment of the present disclosure as
shown in Figs. 2A and 2B has a main housing 12 mounted on a base 8 with an optional crane
system 20 for lifting and moving system parts. Drilling fluid enters the system 10 through an
inlet 7 and is pumped out via the modules 650 to a main outlet 609.

The modules 650 have a body 602 with a first bore 602a and a second bore 602b. In
one illustrative example, a discharge valve assembly according to the present disclosure is in
the first bore 602a and a suction valve assembly according to the present disclosure is in the
second bore 602b. As shown in Figures 2C-2e, using a piston fluid is pumped into a chamber
652 of the module 650 via an inlet port 604 and is discharged from the module 650 into a
discharge conduit (not shown) via an outlet port 609.

Fig. 2F shows one illustrative example of the relative positions of two valve
assemblies 100a, 100b (like the illustrative valve assembly 100) according to the present

disclosure as they are present in a block of a mud pump module. The valve assemblies 100a,
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100b (which may be any valve assemblies disclosed herein) are in bores 642, 643,
respectively, in a block 644. The block 644 can be used in a system like that of Fig. 2A.

Figs. 2G - 2I show two illustrative valve assemblies 100x, 100y (like the valve
assembly 100a, Fig. 9A) as they are disposed in a block (not shown) of a mud pump system.
Fluid is sucked in by action of the suction valve assemblies 100x through a suction inlet 400
and discharged by action of the discharge valve assembly 100y through a discharge outlet
402. The fluid is received in a pumping chamber 404.

Fluid pumped from the chamber 404 can impact parts of the discharge valve 100x.
Optionally, an accumulator/dampener 410 is in fluid communication with the pumping
chamber 404. The accumulator/dampener 410 reduces undesirable pulsations of fluid under
pressure from the pumping chamber 404. Any suitable known accumulator/dampener may
be used.

Figs. 3A and 3B show an illustrative embodiment of a valve assembly 100 according
to the present disclosure which can serve as a suction valve or a discharge valve for a mud
pump system (e.g., but not limited to, the suction valve assembly 602b and the discharge
valve assembly 602a described above; or the suction valve 100x and the discharge valve 100y
described above). Fig. 4 shows top portions of one illustrative embodiment of the valve
assembly 100.

The valve assembly 100 has a hollow cartridge stem 102 with an interior channel 104
within which are located a valve actuator 130 and an adapter 106. A spring support 108 is
connected to a flange 110 of the cartridge stem 102 that has an end 112 which is
encompassed by part of an expansion spring 120 an end of which abuts the spring support
108. In one illustrative embodiment, the spring support 108 may be coupled to the flange 110
by a threaded connection and/or by a plurality of bolted connections (not shown for purposes
of clarity).

A poppet (or curved valve member) 114 rests on a support 116. The poppet 114 is
coupled to the support 116. In one illustrative embodiment, the poppet 114 is coupled to the
support 116 (around the perimeter thercof) with a plurality of fasteners (not shown for
clarity), e.g., screws and/or bolts. An end 122 of the spring 120 abuts and is biased against a
bottom of the support 116. A ball 118 rests on a ball support 124 which rest on the support
116. In one illustrative embodiment, the ball support 124 may be a Belleville washer. A

non-rigid connector 128 (e.g., a cable, a wire, etc.) (made of any known material) is
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connected to the ball 118. In one illustrative embodiment, the non-rigid connector 128 passes
through a hole 140 in and through the support 124, through a hole 142 in the support 116,
through the spring 120, through a hole 143 in the spring support 108, and through a hole 144
in the adapter 106 which is threadingly connected to an illustrative coupling 139 of an
actuator 130 (see Figure 5).

An illustrative Belleville washer 151 above the ball 118 abuts an underside 115 of the
poppet 114, A recess 152 within the poppet 114 houses the ball 118, the washer 151 and the
support 124. The poppet 114 has a curved surface 136 for sealingly abutting a curved
surface 166 of a valve seat 160 and, in some embodiments, a seal 169 positioned in the valve
scat 160 as described below. When the support 116 is coupled to the poppet 114, the ball
support 124 and the washer 151 are secured in position. This arrangement of the non-rigid
connector 128, the ball 118, and the two illustrative Belleville washers permits the poppet
114 to move laterally (from side to side in the drawing views) and to pivot or oscillate
relative to the ball 118. This movement facilitates sealing even when the poppet 114 is not
precisely aligned with the valve seat 160. The combination of the two illustrative Belleville
washers and the ball 118 are thus means for operatively coupling the poppet 114 to the non-
rigid connector 128 such that the poppet 114 has freedom of movement to facilitate sealing
between the valve seat 160 and the poppet 114.

The poppet 114 is movable toward and away from a valve seat 160. The valve seat
160 has a channel 162 for fluid flow therethrough (see Figures 4 and 9b). The poppet 114
selectively closes off and opens up the channel 162 to fluid flow. Part of the channel 162 is
sized and configured for the poppet 114. The curved surface 166 of the valve seat 160 is
positioned to seal against the curved surface 136 of the poppet 114. In one illustrative
embodiment, there are no guide fingers projecting from the poppet 114 (although they may
be employed if desired), and there are no arms or ribs across the valve seat 160. Thus, the
valve seat 160 is essentially unobstructed for receiving and stabilizing a rod, stem or neck
projecting from the poppet 114. However, in the illustrative example depicted herein, there
is no such rod, neck or stem projecting from the poppet 114. Thus, flow through the channel
162 is unobstructed by such parts which are present in many prior valves.

In one illustrative embodiment, a recess 168 is formed in the valve seat 160 holds a
seal 169. Part of the curved surface 136 of the poppet 114 sealingly abuts the seal 169 when

the valve assembly is closed, preventing fluid flow. Thus, in one illustrative embodiment, the
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engagement between the curved surface 136 and the seal 169, in conjunction with the seal
established between the curved surfaces 136, 166, provides for a dual sealing arrangement.

The poppet 114 has a range of freedom of movement within the channel 162 of the
valve seat 160. The relative freedom of movement of the poppet 114 disclosed herein, as
compared to prior art poppet valves, is desirable because it permits or enables the poppet 114
to effectively seal with the valve seat 160 even under less than ideal conditions, ¢.g., where
there is axially offset misalignment — the longitudinal axis of each of the valve seat and the
poppet are not parallel or are positioned at an angle relative to one another - between the
poppet 114 and the valve seat 160 as the sealing relationship is being established. This
increased freedom of movement of the ball 118 in the illustrative poppet 114 disclosed
herein, is provided for, in whole or part, by various structures disclosed herein and by the
relative arrangement of those structures. For example, in the presently disclosed example, the
ball 118 is coupled to the non-rigid connector 128, e.g., a cable. When the poppet 114 is
disengaged from the valve seat 160, the non-rigid connector 128 permits the poppet 114 to
move or pivot (on the ball 118) in contrast to prior art poppet valves where the poppet is
rigidly coupled to a rod or other similar rigid structure. In the example depicted herein, the
poppet 114 is able to pivot or rotate (to some degree) by virtue of the engagement of the ball
118 with the washer 124 and/or the washer 151. It should be noted that the spring 120 is sized
and configured such that the non-rigid connector is always in tension. Even though the non-
rigid connector 128 is in tension, the poppet 114 is still able to move (relative to prior art
valves with rigid connection members) to thereby facilitate sealing.

As noted earlier, the poppet 114 is located within and with respect to the valve seat
160, and part of the outer curved surface 136 of the poppet 114 will sealingly abut the seal
169 and the curved surface 136 will sealingly abut the curved surface 166. The poppet 114
can be aligned (or not) with the valve seat 160, but either way an effective seal is maintained
with part of the surface 136 secaled against the seal 169. Movement of the poppet 114 on the
ball 118 and the sizing and configuration of the various parts contribute to permissible
freedom of movement of the poppet 114 without sacrificing the sealing necessary to close the
valve assembly.

Figure 4A depicts one illustrative embodiment of a valve seat 160 with curved
surfaces 166 as disclosed herein. As shown therein, the curved surface 166 of the valve seat

160 has a radius of curvature 166R. The magnitude of the radius of curvature 166R may
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vary depending upon the particular application, the size of the valve and the size and
configuration of the poppet 114. In one illustrative embodiment, for an illustrative 4.7 inch
valve, the radius 166R may be approximately 2.5 inches.

Figure 4B is a cross-sectional view depicting one illustrative embodiment an
illustrative poppet 114 disclosed herein. As shown therein, the curved surface 136 has a
radius of curvature 136R. The magnitude of the radius of curvature 136 may vary depending
on the particular application, as well as the size and configuration of the poppet 114. In one
illustrative embodiment, the radius 136R may be approximately 2 inches.

Relative to the centerline of the valve, the curve surface 166 is an outwardly curved
convex surface, while the curved surface 136 of the poppet 114 is an inwardly curved
concave surface. Stated another way, in the illustrative embodiments disclosed herein, the
curved surface 166 and the curved surface 136 are opposed curved surfaces that, when
engaged, can, at least initially, form a line of contact around the exterior of the poppet 114.

Figure 4c depicts one illustrative embodiment of the valve seat 160 have the
illustrative seal 169 positioned in the seal recess 168. Additionally, as shown in Figure 4C,
an illustrative snap-ring 176 may be positioned adjacent the seal 169 to secure the seal 169 in
the recess 168. The size, shape and configuration of the snap-ring 176 may vary depending
on the particular application.

Fig. 5 shows the valve actuator 130 which can be, in certain aspects, any suitable
known controllable, valve actuator, e.g., but not limited to “muscle” apparatuses, pneumatic
cylinder actuators, hydraulic cylinder actuators, and electromagnetic actuators.

In one aspect, as shown in Fig. 5, the valve actuator 130 is a controlled, pneumatically
powered actuator known as a FESTO (TRADEMARK) “muscle” actuator. In this illustrative
example, the actuator 130 has an expandable hose 132 mounted between two bases 134, 135.
Air under pressure is introducible into the interior of the hose 132 through a channel 137 in a
pneumatic coupling 139. The upper base 134 is connected to a pneumatic coupling 139 to
which the adapter 106 is secured.

As shown in Figure 5, and in connection with Figures 3A, 3B, 8A and 8B, air under
pressure has not yet been applied within the hose 132. In the illustrative example where the
base 135 is fixed, once air is applied the hose 132 expands outwardly, effectively pulling the
top base 134, and thus the adapter 106, toward the lower base 135. These actions

correspondingly exert a pulling force on the non-rigid connector 128 which causes the poppet
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114 to disengage from its sealing contact with the valve seat 160. During this process, the
spring 120 acts to resist all of these pulling forces that cause the poppet 114 to disengage.

Fig. 6 shows one illustrative embodiment, spring 120a, of a spring 120 that may be
employed with the valve described herein. As compared to prior known spring designs, the
spring 120a has a spring body with a smaller spring diameter, “b”, and with a higher spring
force; but the wire diameter, “a”, is relatively large, e.g. .22 inches, which results in a higher
spring force. Use of an actuator like the actuator 130, Fig. 5, makes it possible to use a spring
with the increased spring force (with the increased wire diameter). The overall diameter, b,
of the spring 120a is relatively smaller than prior springs because the spring 120a does not
have to accommodate the relatively large necks of certain prior valve members. For example,
in one illustrative embodiment, for an illustrative 7 inch poppet valve, the spring 120 may
have a wire diameter (“a”) of about 0.262 inches, a spring constant of about 55 lbs/in, an
overall diameter of about 3.4 inches, an overall length (relaxed) of about 5.43 inches, and an
installed length of about 4.3 inches.

Certain prior mud pump valve springs reached a known resonant frequency (e.g.
about 40 Hz to 43 Hz) creating poppet oscillations that resulted in an improperly seated
poppet and in fluid pulsations transmitted downstream of a valve assembly. Due to its size
and weight, the spring 120a has a higher natural frequency than those prior springs which
resonate around 40 Hz and, thus, more force is required to resonate the spring 120a. In
certain aspects the spring 120 (or 120a; or the spring 120b, Fig. 7A) is sized and configured
so its natural resonant frequency is about 25% higher than that of certain known springs (e.g.,
in one aspect 50 Hz vs 43 Hz). This reduces the chance of flow-induced resonance in the
valve assembly with such a spring; provides better, more stable control of the valve
assembly's poppet; and provides more positive seating of the poppet against the valve seat.

Figs. 7A and 7B show an illustrative spring 120b according to one example of the
present disclosure which has a spring body 120c¢ and an end tapered portion 120d which
abuts a support (e.g. like the support 116, Fig. 3A). The tapered portion 120d, since it is
narrower than a base 120e of the spring 120b, contributes to the freedom of movement of the
poppet 114 (e.g. as in Fig. 8A). The following table reflects some data for one illustrative
embodiment of a spring 120a as disclosed in Figures 7A-7B (dimensions in inches) having an

illustrative wire diameter of 0.25 inches:
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Coil Rev. | 0-1.5 1.5-4.5 4.5-5.5 5.5-7.0 7.0-9.0 9.0(-10) |10
Starting | 3.0 3.0 2.875 2.75 2.25 1.688 1.688
Pitch
Ending 3.0 2.875 2.75 2.25 1.688 1.688
Pitch
Pitch 188 388 .750. 750 500 266 250
Length 432 1.706 754 933 766 278
Overall 432 2.139 2.893 3.826 4.592 4.87
Length

Figs. 8A and 8B illustrate steps in the operation of a valve assembly 100 (which has
an illustrative tapered spring 120b, although any suitable spring may be used). The operation
of the valve will depend upon whether the valve is used as a suction valve or a discharge
valve in the illustrative pumping modules described herein. As shown in Fig. 8A, air under
pressure has not yet been applied within the hose 132 and the spring 120b urges the poppet
114 into sealing contact with the seal 169 and with the valve seat 160. In the position shown
in Figure 8A, the valve assembly 100 is closed to fluid flow therethrough.

During operation, when the valve is positioned as a suction valve, fluid pressure from
the pumping chamber forces the poppet 114 against the valve seat 160, while incoming fluid
(that will flow into the pumping chamber) tends to act to open the suction valve. This
opening force on the suction valve is resisted by the spring and pressure from the fluid in the
pumping chamber below the poppet 114. Conversely, the opposite is true when the valve is
positioned as a poppet valve. In that case, pressure within the pumping chamber tends to
open the discharge valve while the spring and the fluid pressure from the discharge manifold
that interconnects all of the pumping modules tends to close the discharge valve. To explain
the operation of the valves disclosed herein, it will be assumed the pumping chamber is full
of liquid and both the suction valve and the discharge valve are closed. As pressure in the
pumping chamber increases, the discharge valve will eventually open and fluid from the
pumping chamber will flow through the discharge valve to the discharge manifold. When the
discharge stroke of the pump is completed, and the piston motion is reversed, fluid pressure
in the pumping chamber decreases and the discharge valve eventually closes. As the pressure

in the pumping chamber decreases, the fluid pressure beneath the suction valve decreases to a
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value such that the suction valve opens and fluid from the suction manifold enters the
pumping chamber. At this point the process repeats. In some cases, when the piston just
begins its reverse travel, both the discharge valve and the suction valve may be slightly open
simultaneously.

When the “muscle” of the actuator 130 is not expanded, i.e., when the actuator 130 is
not energized, there is residual air trapped between the commanding valve and the actuator
130. The pressure of this trapped air is close to the pressure that existed in this line at the
moment of exhausting the air and closing off the valve’s exhaust port. When the actuator 130
is actuated, i.c., when the hose 132 expands, there is air at a pressure that is sufficient to open
the valve, e.g. 110 psi. The actuator 130 and air lines are filled in order to decrease the
actuator’s response time - the time to respond to a commanding pressure. If the actuator 130
is completely empty or, with, e.g. air at atmospheric pressure, it will take slightly longer for
the actuator 130 to respond, because when such a high pressure is applied the cavity would
have to be filled with air first, then compress the air just introduced to a high enough pressure
to barely stretch or expand the hose 132 and only after that will the hose 132 change its
length or respond to a commanding pressure.

As shown in Fig. 8B, air under pressure from an air supply 200 (with a proportional
control valve 200p) has been applied within the hose 132 causing it to expand and pulling the
non-rigid connector 128 away from the valve seat 160. In so doing, the poppet 114 is moved
out of sealing contact with the valve seat 160 and the seal 169 of the valve seat 160 and the
valve assembly is opened to fluid flow permitting fluid to flow into and out from a mud pump
module housing the valve assembly.

In one illustrative example, the poppet 14 is part of the valve cartridge 110a. With
reference to Figure 9A, in one illustrative embodiment, the valve cartridge 100a may
comprise a single unit that includes a mounting flange 101a, a cartridge body 101D, the
actuator 106, the spring 120b, the non-rigid connector 128, the poppet 114 and the ball 118,
and associated structure. During assembly, when the pump is assembled for the first time, it
1S much ecasier to have a preassembled valve cartridge 110a and, without adjustments, to
insert and bolt it in and have it immediately become functional. Moreover, in servicing the
valve, it is much easier to extract the entire cartridge 100a, versus bits, individual parts,
and/or pieces. In certain current designs, a poppet/valve has a pseudo cartridge design in the

sense that the valve has no restricting elements to keep it attached to the cartridge. In other
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words, the cartridge in prior art devices can be loosely put together prior to assembly and it
can be inserted as a cartridge being secured to the body by bolts. However, if during this
assembly process, or later on during servicing the valve, this cartridge is turned upside down,
the valve itself can become loose and fall to the ground.

Often in such prior systems there is no element like a snap ring to secure the valve to
the cartridge 100a. In one embodiment, the seal 169 is part of the valve housing. It is easier
to have the valve seat 160 be part of a block that can be preassembled to the pump and, later
on, during a later step in manufacturing, to bolt on to it a subassembly like the valve cartridge
100a.

In designs according to the present disclosure, seals, ¢.g. the seal 169, do not resonate.
According to the present disclosure, such seals are surrounded by a support and have no
extraneous or “banging” features which could be excited by a surrounding flow stream.

In certain aspects according to the present disclosure, poppets 114 and seats 160 are
made, at least partially, of ceramics which do not rust. In certain particular aspects, an
alumina based ceramic offers very high strength and good wear resistance. In other aspects, a
boron carbide ceramic can be used which has excellent erosion wear resistance. Both of
these two ceramics have a higher erosion resistance then steel. In certain aspects the poppets
114 of assemblies according to the present disclosure are made with a steel core surrounded
by a ceramic. The steel core supports the Belleville washers and can have cut threads into it.
A ceramic outer skin provides erosion resistance. In certain aspects, the special profiles
facilitate the flow opening and closing the valve gradually.

In certain prior art designs, poppet valves have two parallel sealing surfaces. Often
these surfaces form a seal that is part of conical bodies; i.e. the seal has a conical machined
surface against which is pushed a poppet. The poppet’s sealing surface is also conical so that,
at every instance, the seat’s and poppet’s sealing surfaces are parallel. During discharge,
when the two bodies are separating and, thus, allowing the fluid to flow from the pumping
chamber into the discharge manifold, the fluid is squeezed in between these flat surfaces.
During this phase the fluid’s velocity can be greatly increased as it passes from a large cross
sectional flow area of the pumping chamber outlet into a smaller cross-sectional flow arca
substantially defined by the parallel sealing surfaces of the valve’s passage way. Moreover,
because there is no controlling actuator, such a prior art valve can open suddenly when the

fluid’s pressure exerts onto the face of the poppet a force slightly higher than that developed
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by the spring acting on the opposite face of the poppet. As the fluid leaves the flow areca
defined by the parallel sealing surfaces at high velocity, it enters into a larger cross sectional
flow area that is the discharge manifold. The high velocity and energy fluid acts almost like a
piston in this case and pushes an adjacent block of fluid along the discharge line. This
sudden move of a significant block of fluid can create a “bang” or a specifically loud noise
almost like a pounding. This repeated banging/pounding can have detrimental effects on the
drill line or other equipment.

As noted earlier, in certain valve assemblies according to the present disclosure, the
flat parallel sealing surfaces are replaced by curved sealing surfaces 136, 166. Additionally,
there is a controlling actuator 130 that can open the valve before pressure in the pumping
chamber reaches a value high enough to counteract the spring 120 and, thus, to open the
valve. Accordingly, the pressure at which the fluid leaves the pumping chamber is greatly
reduced. In the presently disclosed valve, since the flow path between the poppet 114 and the
valve seat 160 is at least partially defined by the two curved sealing surfaces 136, 166, the
valve’s passage way flow characteristics do not impart a high velocity/energy to the fluid
stream exiting the valve. Consequently, the fluid enters and leaves the discharge manifold
and line respectively in a more dispersed manner. There is no “bang” as in certain previous
valves because the fluid does not flow in discrete “blocks”.

The control system CS controls the air supply 200 and, thus, controls the valve
assembly 100. This is in contrast to prior valves in which fluid flow (and associated
pressures) itself opens and closes the valve by virtue of overcoming certain static forces, like
a spring holding a poppet in sealing engagement with a valve seat. In one aspect, the control
system controls the speed with which the parts move and thereby controls the speed of
opening and of closing off the valve. Using appropriate software programming of
programmable media in the control system, the control system controls an electro
proportional valve control (e.g. the valve 200p, Fig. 8B) that, in turn, controls the amount of
air that enters or leaves the actuator 130, and the timing when the air enters or leaves the
actuator 130. Consequently, the control system 200 controls how fast, how long and how
much the valve is opened. Gradual opening and closing is possible which reduces pressure
pulsations and the resulting impact and banging between sealing surfaces, as is present in
prior art pumps and valves. Each pump shaft (crankshaft) may have a speed sensor in

communication with the control system 200 (e.g. a sensor 521s, Fig. 1). In systems with
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electric motors that drive the crankshaft(s), the motors are commanded through software in
the control system and the same speed control signal can be broadcast to the control system.
A dedicated speed sensor or a linear displacement transducer installed in every cylinder
provides information for a closed loop control system (usable, e.g., to diagnose a pump in
case of failure). With valve assemblies according to the present disclosure, the valves may
not be connected to the crankshaft. Certain aspects of the control system and control
methodology that may be employed with the valve and pumping systems disclosed herein is
disclosed in U.S. Application Serial No. 12/971,757 filed on December 17, 2010, entitled
Pulsation Dampening System for a Reciprocating Pump, which is hereby incorporated by
reference in its entirety.

The control system 200 has programmable media, e.g. in a computer, computers,
and/or PLC(s). In one aspect, the control system is preloaded with a program that includes a
defining equation and a curve fitter. The defining equation is a function of pump shaft speed.
The curve fitter compares the curve generated by the defining equation with an “ideal” curve
desired to drive the valve. The ideal curve usually represents the valve’s speed, or
acceleration, or opening and/or, a different relevant parameter plotted versus time. The
output from the control system drives a proportional valve, a valve that controls the actuator
130, e.g., in one aspect, supply air into a FESTO (TRADEMARK) “muscle”. Thus, the valve
being actuated closely follows the preprogrammed curve/equation and the valve opens or
closes at a certain velocity or acceleration, or that it opens at a certain rate over the duration
of a pumping cycle. The opening or closing rate can be constant or variable. That is, the
valve can start opening at a certain low rate followed by a higher rate followed by a different
rate, and so on.

In one aspect, during a cycle the valve tends to follow a certain bell-shaped curve.
Thus, the valve starts opening at a low rate followed at the very next instance by a slightly
higher rate and in the next instance by an even higher rate and so on. All this is followed on
the descending side of the curve by a lower rate followed by a slightly lower rate and so on
until the valve closes. By introducing or expelling fluid into or from the pumping chamber at
certain times the pump’s behavior is changed or the pump’s flow is measurable.

The mechanical equivalent of controlling a valve’s opening rate is a cam. The cam,
through its profile, controls how fast and in what relationship relative to another element, ¢.g.

a crankshaft, the valve will open or close. In other words, it controls the valve’s rate
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(displacement versus time). However, a cam’s profile cannot be changed very easily because
it is cut in metal. A practical method is to introduce a hydraulically actuated push rod or cam
follower in between the cam and valve. Thus, the rate can change at will within a limited
range. In the control strategy according to the present disclosure there is no piece of
hardware/cam that limits the valve’s rate. Consequently, in the proposed actuation and
control strategy, the desired curve can be changed on the fly as long as the controller, e.g. a
computer or PLC, can accept/support it. Programmability makes this equivalent to an
infinitely variable profile cam shaft and the pump’s output flow and vibration can be
controlled. (An undesirable consequence of output flow in certain prior systems is
component failure, ¢.g. due to cavitation.)

With the curved mating sealing surfaces 166, 136 of the valve seat 160 and poppet
114, any contact results in an effective seal. Pressure fluctuations generated in or by prior art
valves are reduced or eliminated and valve control reduces pressure fluctuation in the
discharge line during pump operation.

Systems according to the present disclosure provide a fail safe mode. If a valve
assembly according to the present disclosure that is inserted fails, then, for safety reasons, the
pump continues working at either reduced or normal parameters until it is safe to stop it for
service. In systems according to the present disclosure, if the actuator 130 fails, e.g. if the
muscle fails, it breaks or bursts, the valve will operate in an unrestricted manner (e.g. as a
current known design valve). Thus, the pump can continue working at almost the same
parameters until it is safe to stop it.

Figs. 9A and 9B show a valve assembly 100a, like the valve assembly 100 (like
numerals indicate like parts) with a spring 120b and a poppet 114a. The poppet 114a has a
nose 114n projecting from a poppet body 114b. The nose 114n projects into the flow channel
162 of the valve seat 160. In certain aspects, in systems according to the present disclosure
the surface 166 on the valve seat 160 becomes, advantageously, more elastic. In a seal, two
surfaces or edges are pushed against each other by a force. This acting force can be
perpendicular to or at an arbitrary angle relative to the sealing surfaces. In illustrative
systems according to the present disclosure the sealing bodies are the rubber seal 169 and the
poppet 114 in one instance and, the sealing surface 166 in the valve seat 160 itself and the
poppet 114 in a second instance. During a valve closing cycle, the first seal occurs in

between a rubber O-ring 169 and poppet 114. The acting force is axial relative to the poppet
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114, but it is at an angle relative to the edge of contact between the two curved surfaces of the
O-ring 169 and poppet 114, respectively. When the O-ring 169 and the poppet 114 come into
contact, at the edge or area (e.g., when deformed or worn) of contact, the vector components
of this acting force are a normal to curved surfaces of the two components and tangential to
such curved surfaces. The tangential vector will tend to stretch the rubber O-ring 169 (the
overhanging part of it) instead of purely compressing it. With the rubber O-ring 169 being
surrounded/supported by the seat’s rigid body, the rubber will take a very high force in
compression as the normal-to-curved surfaces vector component. The rubber becomes
difficult to compress when it is surrounded by a rigid wall. Thus a mechanical maze is
formed and, thus, the fluid encounters a high flow resistance. There is a sequence of high
pressure (inside the pumping chamber), followed by a no flow area (where the rubber O-ring
contacts 169 the poppet 114), followed by a low pressure area (right after the rubber seal 169)
and finally, followed by a no flow area at a contact between the surface 136 of the poppet 114
and the surface 166 of the valve seat 160. Also, the shape of the deformed rubber O-ring 169
at the leading edge toward the impinging fluid does not allow the fluid to enter in between the
poppet 114 and seal 169.

Valve “shivering” occurs when a valve is not actuated (pushed or pulled onto its seat)
with a high enough force, and flow induced forces fully or partially unseat or seat the valve in
a rapid sequence. Thus, the valve cannot fulfill its primary function of separating two
cavities. In systems according to the present disclosure, the actuator 130 working against a
spring 120 reduces or eliminates valve “shivering” because two main forces are acting upon
the valve’s poppet 114- the force generated by a compressed spring and, in opposite
direction, the force developed by the FESTO (TRADEMARK) “muscle” or an equivalent
actuator 130 . Secondary forces that are pulling and pushing the poppet 114 are those flow
induced because of the high mainly axial forces generated by the two components, spring 120
and actuator 130, any minute force variation induced by flow is counteracted by either one of
the two large forces. The spring 120 will oppose the motion if it tends to unseat the poppet.
Conversely, the actuator 130 will oppose any pulling or seating of the poppet 114; and thus
the poppet 114 has a very stable attitude in flow.

Fig. 9B shows the actuator 130 activated; air applied to the hose 132 has expanded the
hose 132 making it contract down, thereby, unseating the poppet 114a from the valve seat

160. Of course, as will be recognized by those skilled in the art after a complete reading of
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the present application, the actuator 130 may also be a hydraulic actuation instead of the
illustrative pneumatic actuator discussed above.

A valve assembly according to the present disclosure with a poppet like the poppet
114a provides uniform and stable poppet positioning and movement. Fig. 9D illustrates a
velocity profile of incoming fluid E flowing around a poppet 114a. In Figure 9D and 9E, the
curved surface 166 of the valve seat 160 is not depicted as a curved surface for simplicity
sake. Two rings A of high velocity fluid flow surround the poppet 114a. The rings A are
continuously and uniformly distributed all around the poppet 114a, creating elastic cushions
B that surround and stabilize the poppet 114a, ¢.g. in the event of a disturbing force acting in
a direction other than in an axial direction. A reverse fluid flow C (part of the flow E which
has changed direction) acting on a back side of the poppet 114a tends to push the poppet 114a
into the closed position shown against the incoming flow E and against the two elastic
cushions B. The uniformity and distribution of the flow C also facilitate the maintenance of
the poppet 114a in a stable attitude.

Fig. 9E illustrates pressure distribution of an incoming flow E around the poppet
114a. High pressure elastic fluid cushions D that surrounds and stabilize the poppet 114a.
The incoming flow E has a smooth transition around the nose 114m of the poppet 114a and
the ensuing flow sticks (binds to or tends to flow along adjacent a curved surface) to the
curved poppet surfaces. A reverse flow C will not suffer a sudden change in direction, but a
gradual one (e.g. as illustrated by the curved arrows W of the flow C at the back of the
poppet). In certain prior valves such a flow hits a poppet’s back surface and flows at or near
a ninety degree angle to the back of the poppet. With the poppet valves disclosed herein,
wobbling of the poppet 114a is reduced or eliminated and it will maintain a stable position
with its vertical axis concentric with that of the tubular within which it is positioned.

In contrast, in certain prior art valve assemblies with typical plain rounded-head
poppets, there are sudden ninety degree changes of fluid flow direction on both faces of the
poppets. Sudden changes in the direction of fluid flow, as well as turbulence behind the
poppet, can generate some flow-induced destabilizing forces. Also, with such typical plain
rounded-head poppets with relatively large flat end surfaces, two arcas of low pressure
(vacuum or close to vacuum) are developed around sharp edges of the poppets. These areas
are within and surrounded by high pressure. This pressure distribution can lead to cavitation

and unstable attitude in flow. Also, discrete veins of flow can occur where these low pressure

20



10

15

20

25

30

WO 2012/125286 PCT/US2012/026947

arcas take place. Consequently, because of a non-uniform distribution around the body, the
prior art poppets will have a precession motion. This effect is amplified by the geometrical
dimensions of the poppets. Non-uniform flow distribution results on the back side of the
prior art poppets.

Figs. 10A - 10D illustrate a poppet 114b on a base 114s on a spring 120c (see also
Fig. 13) according to the present disclosure. The spring 120c has an end 120g with
projections 120k. Optionally, there are one or three projections 120e The projections 120k
have curved portions 120m which enhance freedom of movement of the poppet 114b so it
can be self-centering. It is within the scope of the present disclosure to at least one, one, two,
or more projections 120k.

A pin 120f rests in a recess 120r of a support 120h. The pin 120f projects through
openings in the projections 120k to secure the spring 120c to the support 120h. A cable (not
shown) is wrapped around (or connected to) the pin 120f and extends down through the
spring 120c. A hole 120u houses a set screw 120w to secure the base 114s to support 120h.

In certain particular aspects, two first coils 120j of the spring 120c, optionally of high
clasticity material allow the poppet 114D to center itself on a seat. After seating of the poppet
114b against a seat, the coils 120j are completely compressed and in contact. The remaining
coils of the spring 120c take the load and thus elastically support the poppet 114b.

The support 120h (see, e.g., Figs. 11A - 11C) has a base 120m with two holes 120z
for the spring projections 120k. The projections 120k with the curved portions 120m are
another means for operatively coupling the poppet 114 such that the poppet 114 has freedom
of movement to facilitate sealing between the valve seat 160 and the poppet 114.

The present disclosure, therefore, provides in at least some illustrative embodiments, a
valve that includes a valve body with a valve seat and a valve member adapted to sealingly
engage the valve seat. The valve also includes an actuator operatively coupled to the valve
member via a non-rigid connector, wherein the actuator is adapted for selectively moving the
valve member relative to the valve seat.

In conclusion, therefore, it is seen that the present disclosure and the embodiments
disclosed herein are well adapted to carry out the objectives and obtain the ends set forth.
Certain changes can be made in the subject matter without departing from the spirit and the
scope of this disclosure. It is realized that changes are possible within the scope of this

disclosure and it is further intended that each element or step recited herein is to be
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understood as referring to the step literally and/or to all equivalent elements or steps. This
specification is intended to cover the disclosure as broadly as legally possible in whatever

form it may be utilized. All patents and applications identified herein are incorporated fully

herein for all purposes.
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WHAT IS CLAIMED IS:

1. A valve, comprising:

a valve body;

a valve seat disposed within said valve body;

a valve member adapted to sealingly engage said valve seat; and

an actuator operatively coupled to said valve member via a non-rigid connector, said
actuator adapted for selectively moving said valve member relative to said

valve seat.

2. The valve of claim 1, further comprising a spring adapted to urge said valve

member against said valve seat.

3. The valve of claim 2, wherein said spring is substantially tapered along its

axial length, a smaller end of said tapered spring being positioned proximate said valve

member.
4. The valve of claim 1, wherein said actuator is pneumatically actuatable.
5. The valve of claim 4, wherein said actuator comprises an expandable hose that

is operatively coupled to said non-rigid connector.

6. The valve of claim 1, wherein said non-rigid connector is a cable.

7. The valve of claim 1, further comprising a ball that is at least partially
positioned in a recess in said valve member, said ball being operatively coupled to said non-

rigid connector.

8. The valve of claim 7, wherein said valve member is adapted to pivot relative

to said ball.

9. The valve of claim 1, wherein said valve member is a poppet.
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10.  The valve of claim 7, further comprising means for permitting said valve

member to move relative to said ball.

11.  The valve of claim 1, further comprising means for permitting said valve

member to move relative to said valve seat.

12. A valve, comprising:

a valve body;

a valve seat disposed within said valve body;

a poppet valve adapted to sealingly engage said valve seat;

a spring adapted to urge said valve member against said valve seat; and

an actuator operatively coupled to said valve member via a flexible cable, said
actuator adapted for selectively moving said valve member relative to said

valve seat.

13.  The valve of claim 12, wherein said actuator is pneumatically actuatable.

14.  The valve of claim 12, further comprising a ball that is at least partially
positioned in a recess in said poppet valve, said ball being operatively coupled to said flexible

cable.

15.  The valve of claim 14 further comprising a Belleville washer positioned in

said recess between said poppet valve and said ball.

16. The valve of claim 14, wherein said poppet valve is adapted to pivot relative

to said ball.
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