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A reciprocating pump assembly having a power end housing and a fluid end housing and a cylinder having at least a portion within
the power end. A plunger assembly reciprocates between the power end housing and the fluid end housing of the pump assembly,
the plunger assembly having a crosshead, a first section limited to movement within the power end and a second section moveable
within the fluid end housing. The pump assembly also includes a seal housing disposed within the cylinder, the seal housing having
a proximal end adjacent an entrance to the cylinder, and a distal end disposed within the cylinder.
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ABSTRACT

A reciprocating pump assembly having a power end housing and a tluid end
housing and a cylinder having at least a portion within the power end. A plunger
assembly reciprocates between thé power end housing and the fluid end housing
of the pump assembly, the plunger assembly having a crosshead, a first section
limited to movement within the power end and a second section moveable within
the fluid end housing. The pump assembly also includes a seal housing disposed
within the cylinder, the seal housing having a proximal end adjacent an entrance to

the cylinder, and a distal end disposed within the cylinder.
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RECIPROCATING PUMP ASSEMBLY

TECHNICAL FIELD
[0001] This invention relates to pump assemblies for well servicing applications, and
In particular, to pump assemblies having two pumps mounted back-to-back on a platform for

transport to and from a well-site,

BACKGROUND OF THE DISCLOSURE

[0002] In conventional drilling and completion of a well, cement is pumped into an
annulus between a wellbore casing and the subterrancan surface. Once the cement is
sutficiently set, the cement can support and protect the casing from exterior corrosion and
pressure changes.

[0003] A reciprocating or positive displacement pump is typically used for cementing
and wellbore treatments and has three or five reciprocating element. The reciprocating pump
includes a power end and fluid end section. The power end of the pump includes a housing
having a crankshaft mounted thercin. A connecting rod is connected to the crankshaft. The
connecting rod includes a crankshaft end and a crosshead end. The crosshead end of the
connecting rod is located in a cylinder and connected to a crosshead to reciprocatingly drive a
plunger into the fluid end section.

[0004] The plunger typically extends through a wall of the power end section and into
a wall of a manifold or fluid end scction. A fluid scal contained within the fluid end section
surrounds the plunger to prevent or limit fluid leakage into the power end housing. A power
end seal contained within the power end section also surrounds the plunger at or near an

opposed end of the plunger to prevent or limit fluid contamination into the power end section.

[0005] Reciprocating pumps can be mounted on a trailer or a skid in a back-to-back
configuration. The overall width of the pumps, when configured in the back-to-back
configuration, cannot exceed roadway requirements. For example, for travel on roads in the
United States, the pumps cannot extend laterally across the trailer in a back-to-back
configuration that is longer than 102 inches. Thus, in order to meet these width requirements,
pumps have been designed with reduced sizes (i.e., the pumps are shortened, mounted closer
together, designed with shorter stroke lengths, etc.), which oftentimes results in damage to
the power end seal and contamination of the power end housing. For example, due to the

shortened length of the pumps, fluid proppant oftentimes propagatcs along the plunger from

CA 2991828 2018-01-12



WO 2014/143094 PCT/US2013/040106

the fluid end housing and contacts the power end seal, thereby damaging the power end seal
and eventually contaminating the power end housing. Furthermore, such plungers and
associated mounting component are susceptible to fatigue failure and/or high bending
moments, which decreases the reliability of such pump assemblies. Thus, there is a need to
for a pump design that can be mounted in a back-to-back configuration on a truck or skid
type configuration in compliance with roadway requirements while also preventing and/or
substantially eliminating damage to the power end seal, the plunger and the associated

mounting components.

SUMMARY
[0006] In a first aspect, there is provided a reciprocating pump assembly having a
power end housing and a fluid end housing and a cylinder having at least a portion within the
power end. A plunger assembly reciprocates between the power end housing and the fluid
end housing of the pump assembly, the plunger assembly having a crosshead, a first section
limited to movement within the power end and a second section moveable within the fluid
cnd housing. The pump assembly also includes a scal housing disposed within the cylinder,
the seal housing having a proximal end adjacent an entrance to the cylinder, and a distal end
disposed within the cylinder. A power end seal is secured to the seal housing proximate the
distal end and a fluid end seal is disposed within the fluid end housing. The power end seal
sealingly engages an outer surface of the first section and the fluid end seal sealingly engages
an outer surface of the sccond section such that during the reciprocating movement of the
plunger assembly, fluid end proppant is deterred from contaminating the outer surface of the
first section and thus, contaminating the power end seal.

[0007] In certain embodiments, the pump assembly includes a crankshaft rotatably

mounted in the housing for reciprocatingly moving the plunger as sembly.
[0008] In other certain embodiments, the pump assembly also includes a connecting
rod having a crankshaft end connected to the crankshaft and a connecting rod end connected

to the crosshead by a wrist pin.

[0009] In yet another embodiment, the pump assembly also includes a gap formed
between the first and second sections to deter the fluid end proppant from contaminating the
outer surtace of the first section and thus, contaminating the power end seal.

[0010] In still yet another embodiment, the first section includes an outside diameter

that is the same size as an outside diameter of the second scction.

CA 2991828 2018-01-12



WO 2014/143094 PCT/US2013/040106

[0011] In yet another embodiment, the first section includes an outside diameter that
1§ a different size from the second section outside diameter. '

[0012] In still another embodiment, the pump assembly also includes a retainer
configured to secure the first section and the second section to the cross-head.

[0013] In other certain embodiments, the retainer is tensioned such that the second
section compresses the first section against the crosshead.

[0014] In still another embodiment, the crosshead includes a recessed portion to
receive at least a portion of the first section therein.

[0015] In a second aspect, there is provided a reciprocating pump assembly having a
power cnd housing and a fluid end housing and a cylinder having at least a portion within the
power end housing. A plunger assembly reciprocating between the power end housing and
the fluid end housing of the pump assembly, the plunger assembly having a crosshead, a first
section limited to movement within the power end and a second section moveable within the
fluid end housing. The assembly also includes a retainer extending from the crosshead,
through the first section, and at least partially through the second section, the retainer
compressing the first and sccond sections against the crosshead to securely fasten the second

section and the first section to the cross head.

[0016] In certain embodiments, the crosshead includes a recessed portion and the first
section 1s disposed at least partially within the recessed portion.

[0017] In other certain embodiments, the crosshead includes a boss and the first
scction includes a counter bore sized to overlay the boss to create a scaling surface of

increased length.

[0018] In still other embodiments, the retainer is threadingly secured to the fluid end
section,

[0019] In yet another embodiment, the retainer is disposed within, and longitudinally
extends through, the first section.

[0020] In still another embodiment, the retainer is disposed along a central axis of the
plunger assembly.

[0021] In still other embodiments, the pump assembly includes a fluid end seal

disposed within the fluid end housing, the fluid end seal adapted to sealingly engage an outer
surface of the second section.

[0022] In other certain embodiments, the pump assembly includes a seal housing

disposed within the cylinder, the seal housing having a proximal end adjacent an entrance to
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the cylinder, and a distal end disposed within the cylinder, a power end seal secured
proximate the distal end to sealingly engage an outer surface of the first section.

[0023] In yet another embodiment, the pump assembly also includes a crankshaft
rotatably mounted in the housing for reciprocatingly moving the plunger assembly.

[0024] In still other embodiments, the pump assembly includes a connecting rod
having a crankshaft end connected to the crankshaft and a connecting rod end connected to
the crosshead by a wrist pin.

[0025] In other certain embodiments, the first section includes an outside diameter
that is the same size of an outside diameter of the second section.

[0026] In a third aspect, there is provided a method of manufacturing a reciprocating
pump assembly having a power end housing and a fluid end housing. The method includes
forming cylinder in the power end, inserting a plunger assembly for reciprocating movement
within the cylinder, the plunger assembly having a crosshead, a first section and a second
section and securing a seal housing in the cylinder such that a proximal end is disposed
adjacent an entrance to the cylinder and a distal end is disposed within the cylinder. The
method also includes securing a power end seal proximate the distal end of the scal housing
and securing a fluid end seal within the fluid end housing such that the power end seal
sealingly engages an outer surface of the first section and the fluid end seal sealingly engages
an outer surface of the second section such that during the reciprocating movement of the
plunger assembly, fluid end proppant is deterred from contaminating the outer surface of the
first scction and thus, contaminating the power end scal.

[0027] In certain embodiments, the metho.d includes providing a first section having
an outside diameter that is the same size as the second section outside diameter.

[0028] In still another embodiment, the method includes providing a second section

having an outside diameter that is a different size from the first section outside diameter.

[0029] In yet another embodiment, the method includes securing a first end of a
retainer to the cross head and securing a second end of the retainer to the fluid end section to
secure the fluid end section and the power end section to the cross-head.

[0030] In certain embodiments, the method includes tensioning the retainer such that
the retainer compresses the first section against the crosshead.

[0031] In other certain embodiments, the method includes tforming a recessed portion

in the crosshead to receive at least a portion of the plunger assembly.
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[0032] In still another embodiments, the method includes forming a boss in the
recessed portion, forming a counter bore in the first section and positioning the counter-bore
to overlay the boss.

[0033] According to a fourth aspect, there is provided a reciprocating pump assembly,
the assembly having a first pump and a second pump disposcd in a back-to-back assembly
having a width that is less than about 102 inches, each of the first and second pump having a
power end housing and a fluid end housing, a cylinder having at least a portion within the
power end and a plunger assembly reciprocating between the power end housing and the fluid
end housing of the pump assembly. The plunger assembly includes a crosshead, a first
scction limited to movement within the power end and a second scction moveable within the
fluid end housing. Each pump includes a seal housing disposed within the cylinder, the seal
housing having a proximal end adjacent an entrance to the cylinder, and a distal end disposed
within the cylinder. The pumps further include a power end seal secured to the seal housing
proximate the distal end and a fluid end seal disposed within the fluid end housing. The
power end seal sealingly engages an outer surface of the first section and the fluid end seal
scalingly engages an outer surface of the second scction such that during the reciprocating
movement of the plunger assembly, fluid end proppant is deterred from contaminating the
outer surface of the first section and thus, contaminating the power end seal. .

[0034] According to a fifth aspect, there is provided a reciprocating pump assembly,
the assembly comprising a first pump and a second pump disposed in a back-to-back
asscmbly having a width that is less than about 102 inches, cach of the first and second pump
includes a power end housing and a fluid end housing, a cylinder having at least a portion
within the power end and a plunger assembly reciprocating between the power end housing
and the fluid end housing of the pump assembly. The plunger assembly includes a crosshead,
a first section limited to movement within the power end and a second section moveable
within the fluid end housing, the first and second sections having the same outside diameter.
The pumps further include a power end seal secured to the power end housing and a fluid end
seal disposed within the fluid end housing. The power end seal sealingly engages an outer
surface of the first section and the fluid end seal sealingly engages an outer surface of the
second section such that during the reciprocating movement of the plunger assembly, fluid
end proppant is deterred from contaminating the outer surface of the first section and thus,

contaminating the power end seal.
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[0035] According to a sixth aspect, there is provided a reciprocating pump assembly
having a power end housing and a fluid end housing and a cylinder disposed within the power
end. A plunger assembly reciprocates between the power end housing and the fluid end
housing of the pump assembly, the plunger assembly having a crosshead, a first section
limited to movement within the power end and a sccond section moveable within the fluid
end housing. The pump assembly includes a means for retaining the first and second sections
to the crosshead, the retaining means extending through the first section and at least partially
through the second section, the retaining means compressing the first and second sections
against the crosshead to securely fasten the second section and the first section to the
crosshead.

[0036] Other aspects, features, and advantages will become apparent from the
following detailed description when taken in conjunction with the accompanying drawings,
which are part of this disclosure and which illustrate, by way of example, principles of the

inventions disclosed.

DESCRIPTION OF THE FIGURES

[0037] The accompanying drawings facilitate an understanding of the various
embodiments.

[0038] FIGURE 1 is a schematic view of a pair of pumps mounted in a back-to-back
configuration on a platform.

[0039] FIGURE 2 is a scctional view of a pump of FIGURE 1 1n a fully retracted or
bottom dead center position.

[0040] FIGURE 3 is a sectional view of the pump assembly of FIGURE 2 in a mid-
cycle position,

[0041] FIGURE 4 is a sectional view of the pump assembly of FIGURE 2 in a fully
extended or top dead position

[0042] FIGURE 5 is an enlarged view of a portion of the pump assembly of
FIGURES 2-4,

DETAILED DESCRIPTION
[0043] FIGURE 1 is an illustration of a back to back pump assembly 8 according to
one or more aspects of the present disclosure. In particular, FIGURE 1 depicts a pair of

pumps 10, such as, for example, reciprocating plunger pumps or a well service pumps, which
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are mounted in a back-to-back configuration on a platform 12 (e.g., a skid, truck bed, trailer,
etc.). In the embodiment illustrated in FIGURE |, the pumps 10 are identical pumps
although they may be of different types and/or inverted relative to one another. The pumps
10 together with a prime mover (not illustrated) are mounted on the platform 12 to provide a
portable sclf-contained pumping assembly 8 that is casily transported to and from a well site
for pumping operations. The prime mover is, for example, an electric motor or an internal
combustion engine (e.g., a diesel engine) connected to a gear reducer 14 for reciprocating the
pump assembly 10. In the embodiment illustrated in FIGURE 1, the pumps 10 are depicted
as triplex pumps; however, other types of pumps 10 (i.e., duplex, quintuplex, etc.) are
suitable depending on the desired pumpihg requirements.

[0044] As illustrated in FIGURE 1, the pumps 10 are compact in size to permit the
pumps 10 to be oriented in a back-to-back assembly for legal travel on United States
roadways when transported to and from well sites. For example, government regulations
often provide vehicle width restrictions. In the depicted example, the width restriction is the
same or smaller as the width of the platform 12 and is required to be 102 inches or less.
Thus, the pump assembly 8 has an end-to-end Iength limitation of less than 102 inches.

[0045] Referring now to FIGURES 1-4, at least one of the pump assemblies 10
includes a plunger assembly 60 operable between a fully retracted or bottom dead center
position (FIGURE 2), a mid-cycle position (FIGURE 3), and a fully extended or top dead
position (FIGURE 4) for pumping fluid under high pressure into an oil or gas well, for
cxample. Referring specifically to FIGURE 2-4, pump asscmbly 10 includes a power end
housing 16 coupled to a fluid end housing 18. Each pump 10 includes an inboard end 20 and
an outboard end 22. For example, in FIGURES 2-4, the inboard end 20 is the terminal end,
or edge, of the power end housing 16, and the outboard end 22 is the terminal end, or edge, of
the fluid end housing 18. Thus, as illustrated in FIGURE 1, the fluid end housings 18 are
disposed at an outside lateral edge 24 of the platform 12 to facilitate easy access to the fluid
end 18 for the connection of hoses and the like thereto.

[0046] The power end housing 16 for each pump 10 includes a crankshaft 26
rotatably mounted in the power end housing 16. The crankshaft 26 has a crankshaft axis 28
about which the crankshaft 26 rotates. The crankshaft 26 is mounted in the housing 16 with
bearings 30 and is rotated via the gear train 14 (FIGURE 1). The crankshaft 26 also includes

a journal 32, which is a shaft portion to which a connecting rod 34 is attached.
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[0047] In the embodiment illustrated in FIGURES 2-4, the connecting rod 34 includes
a crankshaft end 36, which is connected to the crankshaft 26, and a crosshead end 38, which
1S rotatably connected to a wrist pin 40 of a crosshead 42. In operation, the crosshead 42
reciprocates within a cylinder 48 that is mounted in the power end housing 16. As illustrated
i FIGURES 2-4, the wrist pin 40 includes a wrist pin axis 50 that is perpendicular to and
located on (e.g., co-planar) a cylinder or central axis 52 (e.g., axis of reciprocation). In
FIGURE 2, for example, the pump includes an offset axis (i.e., wherein the wrist pin axis S0
and the cylinder axis 52 are offset from the crankshaft axis 28). Alternatively, the pump
assembly includes a zero offset, whereby the cylinder axis 52, the wrist pin axis 50 and the
crankshaft axis 28 arc co-axially aligned.

[0048] The cylinder 48 is configured to receive at least a portion of the plunger
assembly 60, which includes the crosshead 42 and a first or power end section 62 coupleable
to a second or fluid end section 64. In operation, the power end section 62 is limited to
movement within the power end housing 16 and the fluid end section 64 is movable within
the fluid end housing 18. As illustrated in FIGURES 2-5, the power end section 62 includes
an outcr diameter that is different than the outer diameter of the fluid end section 64. For
example, in FIGURES 2-5, the power end section 62 has a diameter that ig larger than the
diameter of the fluid end section 64. In one alternate embodiment, the outer diameter of the
fluid end section 62 is équal to the outer diameter of the power end section 64. The
segmented configuration (i.e., the separate power end and fluid end sections 62 and 64),
including the differing sized diameters of the powcr end section 62 and the fluid end section
64 and/or a gap or seam 65 (FIGURE 5) that is formed between the abutting sections 62 and
64, both act to prevent contamination of the power end section 62 by fluid end media.

[0049] The fluid end housing 18 is configured to receive suction and discharge valves
(not illustrated) that are in fluid communication with a vertical bore 54 that is intersected by a
crossbore 56. A fluid end scal 58 is disposed generally adjacent an entrance to the crossbore
50 of the fluid end housing 18. In the embodiment illustrated in FIGURE 2, the fluid seal 58,
typically in the form of an O-ring, is positioned within the crossbore 56 to form a fluid seal
between the inner diameter of fluid end housing 18 and the outer diameter/surface 66 of the
fluid end section 64.

[0050] In operation, a plunger assembly 60 reciprocates between the power end
housing 16 and the fluid end housing 18 of the pump assembly 10. A power end seal 68

scalingly engages an outer surface 70 of the powcer cnd scction 62 and, as discussed above,
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the fluid end seal 58 sealingly engages the outer surface 66 of the fluid end section 64. Such
separate sealing surfaces prevent, during the reciprocating movement of the plunger ass embly
60, cross contamination of the respective surfaces 66 and 70. In particular, this specific
configuration prevents the travel of proppant from the fluid end section 64 to the power end
scction 62, which over time, deteriorates and degrades the power cnd scal 68, and ultimately
contaminates the power end housing 16.

[0051] As shown in FIGURE 5, for example, the power end seal 68 is secured to a
seal housing 72, which is disposed within the cylinder 48. The seal housing 72 includes a
proximal end 74 adjacent an entrance 75 of the cylinder 48, aﬁd a distal end 76 that is
disposed within the cylinder 48 and otherwise spaced apart from the entrance 75. The scal
housing 72 is secured to the power end housing 16 via a flange 78. As illustrated in FIGURE
5, the power end seal 68 is secured to the housing 72 at the distal end 76 such that the seal 68
1s spaced apart from the entrance 75 of the cylinder 48. This configuration allows the stroke
length to be increased such that during reciprocation of the plunger assembly 60, the fluid end
section 64 is able to travel within the power end section 62, and in particular, within the seal
housing 72, without contacting the power end scal 68, cven if specific configurations of the
plunger assembly 60 have identical outer diameters for the power end section 62 and the fluid
end section 64, '

[0052] As illustrated in FIGURES 2-5, the crosshead 42 includes a recessed portion

150 that is formed on a fluid facing end (i.e., the side of the crossbore that faces the fluid end

housing 18). The recessed portion 150 is formed such that a boss 84 cextends therein to
receive the power end section 62 of the plunger assembly 60. As illustrated in FIGURE 3§,
for example, the recessed portion 150 extends into the crosshead 42 and is formed by an outer
wall 152 and an end wall 154 and is recessed a sufficient distance such that a portion of the
power end section 62 extends therein. Accordingly, the recessed portion 150 is sized such
that during operation, and in particular, when the pump assembly 10 is in the top dead
position (FIGURE 3), the recessed portion 150 accommodates and/or otherwise receives at
least a portion of the seal housing 72 to allow a lengthened stroke by increasing a sealing
surface between the outer surface 70 of the power end section 62 with the power end seal 68
S0 as to prevent proppant from propagating inside the power end housing 16.

[0053] According to some embodiments disclosed herein, in order to maintain
separate sealing surfaces 62 and 64 during reciprocation of the plunger assembly, the length

of the power end section 62 is approximatcly cqual to the stroke length plus two times the
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length of the power end seal 68. Likewise, the length of the fluid end section is one and a
half times the stroke length of the pump assembly 10. According to embodiments disclosed
herein, the stroke length of pump assembly 10 is at least six inches; however, the stroke
length is otherwise variable depending on the size of the pump assembly 10. For example, in
some cmbodiments, the stroke length is approximately 8 inches, in other embodiments, the
stroke length is less than six inches.

[0054] Referring specifically to FIGURE 5, the plunger assembly 60 is secured to the
crosshead 42 via a retainer member 80. Briefly, the plunger assembly 60, and in particular,
the power end section 62 includes a counterbore 82 that is sized to receive and/or otherwise
ovcerlay the boss 84, The power end section 62 includes a corresponding bore or throughhole
86 such that the retainer member 80 extends therethough and at least partially into the fluid
end section 64 of the plunger assembly 60. As seen in FIGURE 5, for example, the retainer
member 80 includes threaded ends 88 and 90 that are configured to threadingly engage bores
92 and 94 of the crosshead 42 and the fluid end section 64, respectively. The retainer
member 80, when installed through the plunger assembly 60, is aligned on the axis 52 of the
plunger assembly 60 and is configured to compress the power end scction 62 and the fluid
end section 64 against the crosshead 42 in order to securely fasten the fluid end section 62
and the power end section 64 to the cross head 42. For example, when assembling the
plunger assembly 60, the counterbore 82 is aligned with and inserted over the boss 84 of the
crosshead 42. The retainer member 80 is inserted through the throughole 86 of the power end
scction 62 and threadingly sccured to the bore 92 such that the threaded end 90 of the retainer
member 80 is exposed and extends from the power end section 62. Once sufficiently
tightened, the fluid end section 64 is secured to the exposed threaded end 90 of the retainer

member 80. In particular, the threaded bore 94 of the fluid end section 64 is aligned with and
secured to the plunger assembly 60 by threadingly engaging the retainer member 80. The

fluid end section 64 is tightened onto the threaded end 90, which tensions the retainer
member 80. Such tensioning of the retainer member 80 causes the fluid end section 64 to

move 1n the direction of arrow 100 in order to compress or otherwise “sandwich” the power

end section 64 against the crosshead 42.

[0055] In FIGURE §, the retainer member 80 includes enlarged guide portions 200
and 202, which are employed to facilitate alignment of the power end section 62 with the
central axis 52. In particular, as the retainer member 80 is secured to the crosshead 42, guide

portion 202, includes an outer diameter sized to be slightly smaller than the inner diameter of

-10-
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the throughhole 86 at a terminal end 206 of the power end section 62. These close tolerances
etfectively guide and/or otherwise support the power end section 62 in a generally horizontal
position so that the a central axis of the power end section 62 is generally aligned with the
central axis 52.

[0056] The rctaincr member 80 includes a relief or mid-scction 206, which extends
between the enlarged guide portions 200 and 202. The relief section 206 includes a diameter
that is smaller than the diameter of the enlarged guide portions 200 and 202 so as to enable
deformation of the retainer member 80 along the cylinder axis 52 in response to tensioning
the retainer member 80. For example, as the fluid end section 64 is tightened and compresses
the power end scction 62 against the crosshead 42, the retainer member 80 is tensioned such
that it is deformed and/or otherwise “stretched” generally along the relief section 206. As
such, the tensioned retainer member 80 is configured to accommodate and counter the
‘compressive forces that result from high fluid pressures generated in the fluid end housing
18, which act on and are otherwise transmitted through the fluid end section 64 against the
crosshead 42. In particular, the tensioned retainer member 80 is able to etfectively counter
the compressive forces exerted on the retainer member 80 in order to minimize fatigue failure
of the retainer member 80 and thus, the failure of the plunger assembly 60, For example, the
retainer member 80 is, as described above, tensioned a selected amount that is greater than
the typical fluid compressive forces acting on the retainer member 80 and crosshead 472
generated from the fluid end housing 18. As such, the retainer member 80 is always in a
“tensioned” state, rather than alternating between a tensioned and compressed state, since the
tension force is greater than the highest compressive force. This configuration substantially
eliminates the likelihood of fatigue failure of the retainer member 80 resulting from
prolonged operation of the pump assembly 10,

[0057] In addition to the above, the retainer member 80 is sized and shaped to
accommodate bending moments acting on the plunger assembly 60. For example, in the
event the plunger becomes misaligned with the cylinder axis 52 due to, for example, forces
acting on the fluid end 64 section during pumping, the relief section 206 is shaped and sized
to bend or otherwise “flex” to accommodate the bending moment acting on the plunger
assembly 60.

[0058] Embodiments provided herein include a method of manufacturing a
reciprocating pump assembly 10. The method includes forming or otherwise installing the

cylinder 48 in thc power end housing 16 and inserting a plunger assembly 60 for

-11-
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reciprocating movement within the cylinder 48, the plunger assembly 60 including the
crosshead 42, the power end section 62 and the fluid end section 64. The method also
includes securing the seal housing 72 in the cylinder 48 such that the proximal end 74 of the
seal housing 72 is disposed adjacent the entrance 75 to the cylinder 48 and the distal end 76 is
disposed within the cylinder 48. The method further includes sccuring the power end scal 68
proximate the distal end 76 of the seal housing 72 and securing a fluid end seal 58 within the
fluid end housing 18 such that the power end seal 68 sealingly engages an outer surface 70 of
the power end section 62 and the fluid end seal 58 sealingly engages the outer surface of the
flutd end section 66 such that during the reciprocating movement of the plunger assembly 60,
fluid cnd proppant is deterred from contaminating the outer surface 70 of the power end
section 62 and thus, contaminating the power end seal 68.

[0059] The various embodiments and aspects described herein provide multiple
advantages such as, for example, preventing or substantially reducing the likelihood of fluid
end proppant propagating from the fluid end 16 to the power end 18 via the configuration of
the plunger assembly 60 having the gap or seam 65 that redirects fluid proppant from passing
from the fluid end section 64 to the power end section 62. Furthermore, cmbodiments
lustrated herein provide separate sealing surfaces (i.e., the power end seal 68 contacting the
power end section 62 and the fluid end seal 58 only contacting the fluid end section 64) due
to, for example, the recessed power end seal 68 and the recessed portion 150 on the crosshead
52. Furthermore, embodiments of the retainer member 80 enable the plunger assembly to
withstand bending moments associated with the misalignment of the plunger asscmbly 60 and
the compressive forces generated in the fluid end housing 18.

[0060] In the foregoing description of certain embodiments, specific terminology has
been resorted to for the sake of clarity. However, the disclosure is not intended to be limited
to the specific terms so selected, and it is to be understood that each specific term includes
other technical equivalents which operate in a similar manner to accomplish a similar
technical purpose. Terms such as “left” and right”, “front” and “rear”, “above" and “below”
and the like are used as words of convenience to provide reference points and are not to be
construed as limiting terms.

[0061] In this specification, the word “comprising” is to be understood in its “open”
sense, that is, in the sense of “including”, and thus not limited to its “closed” sense, that is the
sense of “consisting only of’, A corresponding meaning is to be attributed to the

corresponding words “comprise”, “comprised” and “compriscs” where they appear.

-12-
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[0062] In addition, the foregoing describes only some embodiments of the
invention(s), and alterations, modifications, additions and/or changes can be made thereto
without departing from the scope and spirit of the disclosed embodiments, the embodiments
being illustrative and not restrictive.

[0063] Furthermore, invention(s) have been described in connection with what are
presently considered to be the most practical and preferred embodiments and it is to be
understood that the invention is not to be limited to the disclosed embodiments, but on the
contrary, 1s intended to cover various modifications and equivalent arrangements included
within the spirit and scope of the invention(s). Also, the various embodiments described
above may be implemented in conjunction with other embodiments, c.g., aspects of one
embodiment may be combined with aspects of another embodiment to realize yet other
embodiments. Further, each independent feature or component of any given assembly may

constitute an additional embodiment.

-13-
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CLAIMS

1. A reciprocating pump assembly, comprising:

a power end housing;

a fluud end housing having a vertical bore intersected by a crossbore, the vertical bore
including a suction valve and a discharge valve to facilitate fluid flow through the fluid end
housing;

a cylinder having at least a portion within the power end,

a plunger assembly reciprocating between the power end housing and the fluid end housing
of the pump assembly, the plunger assembly having a crosshead, a first section secured to the
crosshead and l‘imited to movement within the power end and a second section moveable within
the crossbore of the fluid end housing, the second section secured against the first section by a
retainer member disposed inside the first and second sections;

a seal housing disposed within the cylinder, the seal housing having a proximal end
adjacent an entrance to the cylinder, and a distal end disposed within the cylinder,

a power end seal secured to the seal housing proximate the distal end;

a fluid end seal disposed within the crossbore of the fluid end housing;

wherein the power end seal sealingly engages an outer surface of the first section and the
fluid end seal sealingly engages an outer surface of the second section such that during the
reciprocating movemenf of the plunger assembly, fluid end proppant is deterred from
contaminating the outer surface of the first section and thus, contaminating the power end seal;
and

wherein the retainer member is configured to secure the first section and the second section

to the cross-head.

14
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2. The pump assembly of claim 1, wherein the first section includes an outside

diameter that is a different size from the second section outside diameter.

3. The pump assembly of claim 1, wherein the retainer member is tensioned to a

selected amount greater than typical fluid compressive forces acting on retainer member and the

crosshead to mimimize fatigue in the retainer member.

4. The pump assembly of claim 1, wherein the crosshead includes a recessed portion

to receive at least a portion of the first section therein.

3. The pump assembly of claim 1, wherein the first section includes a bore
therethrough, the bore configured to allow the retainer member to extend through the first section

and at least partially into the second section.

6. The pump assembly of claim 5, wherein the retainer member includes a relief
section extending between a first guide portion and a second guide portion, the relief section having

a smaller diameter than the diameter of the first and second guide portions.

7. The pump assembly of claim 1, wherein crossbore is disposed perpendicular to the

vertical bore.

8. A reciprocating pump assembly, comprising:

15
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a power end housing and a fluid end housing;

a cylinder having at least a portion within the power end;

a plunger assembly reciprocating between the power end housing and the fluid end housing
of the pump assembly, the plunger assembly having a crosshead, a first section limited to
movement within the power end and a second section moveable within the fluid end housing;

a retainer member disposed within the first and second sections, the retainer member
positioning the first section against the second section and further, positibning ihe first section

against the crosshead to securely fasten the second section and the first section to the crosshead.

0. The pump assembly of claim 8, wherein the crosshead comprises a recessed

portion, the first section disposed at least partially within the recessed portion.

10.  The pump assembly of claim 8, wherein the crosshead comprises a boss and the
first section includes a counter bore sized to overlay the boss to create a sealing surface of increased

length.

11. The pump assembly of claim 8, wherein the retainer member is threadingly secured

to the second section.

12.  The pump assembly of claim 8, wherein the retainer member is disposed within,

and longitudinally extends through, the first section.

16
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13.  The pump assembly of claim 8, wherein the retainer member is disposed along a

central axis of the plunger assembly.

14.  The pump assembly of claim 8, further comprising a fluid end seal disposed within
the fluid end housing, the fluid end seal adapted to sealingly engage an outer surface of the second

section.

15.  The pump assembly of claim 14, further comprising a seal housing disposed within
the cylinder, the seal housing having a proximal end adjacent an entrance to the cylinder, and a

distal end disposed within the cylinder, a power end seal secured proximate the distal end to

sealingly engage an outer surface of the first section.

16.  The pump assembly of claim 8, wherein the first section includes an outside

diameter that is the same size of an outside diameter of the second section.

17. A reciprocating pump assembly, the assembly comprising a first pump and a second
pump disposed in a back-to-back assembly havirig a width that is less than or equal to 102 inches,
each of the first and second pump comprising:

a power end housing and a fluid end housing;

a cylinder having at least a portion within the power end;

a plunger assembly reciprocating between the power end housing and the fluid end housing
of the pump assembly, the plunger assembly having a crosshead, a first section secured to the

crosshead and limited to movement within the power end and a second section moveable within

17
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the fluid end housing, the second section secured against the first section by a retainer member
disposed inside the first and second sections;

a seal housing disposed within the cylinder, the seal housing having a proximal end
adjacent an entrance to the cylinder, and a distal end disposed within the cylinder,
a power end seal secured to the seal housing proximate the distal end,

a fluid end seal disposed within the fluid end housing;

wherein the power end seal sealingly engages an outer surface of the first section and the
fluid end seal sealingly engages an outer surface of the second section such that during the
reciprocating movement of the plunger assembly, fluid end proppant is deterred from
contaminating the outer surface of the first section and thus, contaminating the power end seal;
and

wherein the retainer member is configured to secure the first section and the second section

to the cross-head.

18.  The reciprocating pump assembly of claim 17, wherein the first section is formed

having an outer diameter different than an outer diameter of the second section.

19.  The reciprocating pump of claim 1, wherein the retainer member 1s disposed within,

and longitudinally extends through, the first section.

18
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