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(57) ABSTRACT

A well service pump system for supplying working fluid to
a well, the pump system having structural joint coupled to
and extending between the housing of a hydraulic ram
cylinder and the housing of a working fluid end cylinder that
maintains the distance between the housings and stabilizes
the housings relative to one another without interfering with
the operation of the pump system. The structural joint
further permits the use of minimal supporting structures for
securing the hydraulic ram cylinder and working fluid end
cylinder to a surface, such as the bed of a trailer.

1828

1720

1736

1724

LA

1752

1708 1704

1836 1832

1732 1784



Feb. 9,2023 Sheet 1 of § US 2023/0038236 Al

Patent Application Publication

0001

1Ol




Feb. 9,2023 Sheet 2 of § US 2023/0038236 Al

Patent Application Publication

0061

rrrosssorssse,

;.

ey

80LT

0041

R

fposioeiforsd

¥ 5I4

g - .

i
LLT

P0OST

/

9T post

i 5

e

:

i
R

091

fE———"

Eol

-
TN

N

N

§ 5\ .\\\\\§\\

sasssssssssasaaaa




Feb. 9,2023 Sheet 3 of § US 2023/0038236 Al

Patent Application Publication

-
8091
- ¥091
¥Z81 i
9181 0287

181




Feb. 9,2023 Sheet 4 of 5 US 2023/0038236 Al

Patent Application Publication

vOLT

¥8LT

80LT

€8T 9¢€8T

¥ 'S4
zeLT

8TLT

9481

[ATA)

021

8781

0881

081



Patent Application Publication  Feb. 9,2023 Sheet 5 of 5 US 2023/0038236 A1

1868

FIG. 5C

1848

1868

1872
1860

FIG. 5B

1820




US 2023/0038236 Al

WELL SERVICE PUMP SYSTEM JOINT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/396,121, filed Apr. 26, 2019, which
claims priority to U.S. Provisional Application No. 62/664,
074, filed Apr. 27, 2018, of which the entire contents of each
application are specifically incorporated by reference herein
without disclaimer.

FIELD OF INVENTION

[0002] The present invention relates generally to pumping
assemblies used for well servicing applications and, more
particularly, concerns the stabilization and support of pump-
ing assemblies with a structural joint.

BACKGROUND

[0003] Oil and gas wells require services such as fractur-
ing, acidizing, cementing, sand control, well control and
circulation operations. All of these services require pumps
for pumping fluid down the well. Such pumps are generally
part of a pumping system having an engine/motor, pumps,
pump drive, and fluid end assembly. These elements may be
positioned on the bed of a trailer and transported to a well
site. One example of a pumping system is found in U.S.
Patent Application Publication No. US 2015/0192117,
which is incorporated by reference in its entirety.

SUMMARY

[0004] During transport and operation of a pumping sys-
tem, pumping system components may be subject to various
forces, such as vibration and mechanical stresses. Accord-
ingly, it is important to secure and protect pumping system
components such that undesired relative motion (and accom-
panying stress) is minimized. This is especially true for
components of the pump itself, such as a hydraulic ram
cylinder and working fluid ram cylinder, which may have
components, such as a piston rod and plunger rod, that are
subject to continuous and changing forces, usually at high
pressures. However, the addition of traditional bracing typi-
cally adds an undesirable and/or impracticable amount of
additional mass to a trailer, which can make the trailer more
difficult and/or less-efficient to tow.

[0005] Accordingly, embodiments of the present appara-
tuses and methods disclose a structural joint that may be
employed in a pump system between a hydraulic ram
cylinder housing and a working fluid ram cylinder housing
to securely maintain the housings in a spaced relation and to
minimize relative movement of and bending forces experi-
enced by the housings. The structural joint can further
advantageously aid in securing pump components to a
surface, such as the bed of trailer, by reducing the braces that
would otherwise be required to maintain the relative posi-
tions and orientations of the cylinders. Other advantages and
uses of the disclosed structural joint will be apparent to
persons of ordinary skill in the art upon considering the
remainder of this disclosure.

[0006] Some configurations of the present apparatuses and
methods include a system (e.g., a well service pump system)
comprising: a working fluid end cylinder having an end
cylinder housing with a first end, a second end with a fluid
port, and a plunger rod having a proximal end extending
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through the first end of the end cylinder housing, the plunger
rod configured to reciprocate in the end cylinder housing; a
hydraulic ram cylinder having a ram cylinder housing with
a first end and a second end, a ram piston configured to
reciprocate in the ram cylinder housing, and a piston rod
coupled to the ram piston, the piston rod having a distal end
extending from the second end of the ram cylinder housing
and coupled to the plunger rod of the working fluid end
cylinder such that the piston of the hydraulic ram cylinder
can be actuated to move the plunger rod of the working fluid
end cylinder: in a first direction to expel working fluid from
the end of the end cylinder housing during a forward stroke
of'the plunger rod, and in a second direction to draw working
fluid into the end cylinder housing during a return stroke of
the plunger rod; and a structural joint having a joint housing
extending along a length of the first end of the end cylinder
housing, a distance between the end cylinder housing and
the ram cylinder housing, and a length of the second end of
the ram cylinder housing, the structural joint configured to
maintain the distance between and resist bending of the end
cylinder housing and the ram cylinder housing.

[0007] The joint housing can be generally cylindrical in
shape and include connector portions coupled to each of its
ends along its length that can facilitate connection of the
joint housing with the ram cylinder housing and end cylinder
housing, or with other elements of the well service pump
system. The connector portions can integral with the joint
housing, welded to the joint housing, or connected to the
joint housing by other means, such as a bolted or threaded
connection. In some embodiments, the connector portions
include one or more lands and grooves (i.e., radially raised
and recessed portions) that can mate with corresponding
lands and grooves disposed on an interior or exterior surface
of ends of the ram cylinder housing and end cylinder
housing. The joint housing can be coupled to the ram
cylinder housing and end cylinder housing in various ways,
such as with bolts, by threading, with a fastener, and/or by
friction. In some embodiments, the joint housing is con-
nected at one its connector portions to the ram cylinder
housing with a plurality of bolts extending through the
connector portion into the ram cylinder housing. In some
embodiments, the joint housing is connected at one of its
connector portions to the end cylinder housing by a nut
encircling and engaging threads on an outer surface of the
end cylinder housing. The connector portions may include
bolt holes, threads, or taper features to facilitate their con-
nection to the ram cylinder housing and end cylinder hous-
ing.

[0008] The joint housing of the well service pump system
can be a single piece or include a plurality of pieces. If
employing a plurality of pieces, each piece can extend a full
length of the joint housing and be removably coupled
together to define the joint housing, for example, by having
flanged surfaces that can be bolted together The joint hous-
ing pieces can each have a cross-sectional shape with an
arcuate portion such that, when joined together, the pieces
form a cylinder. In some embodiments, the joint housing
pieces are substantially or entirely identical.

[0009] The well service pump system can also include a
bracket positioned within the joint housing and configured to
couple the piston rod to the plunger rod. Such bracket can be
a single piece or made of multiple pieces. In some embodi-
ments, the pump system can further include one or more
supports configured to stabilize the ram housing, joint hous-
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ing, and/or end housing. The supports can have a first end
coupled to and supporting and exterior surface of the hous-
ing, for example with an arcuate shape that mates with the
arcuate shape of the cylinder or joint housing. The supports
can have a second end coupled to a surface, such as a bed
of a trailer. Because the ram cylinder housing, joint housing,
and end cylinder housing are rigidly coupled together, as
described, the supports need not extend the entire length of
any or all of the housing and can support a housing from a
single, discrete location. This configuration can greatly
reduce the structure needed to support hydraulic ram cylin-
der and working fluid end cylinder. In some embodiments,
the supports can further include vibration dampening ele-
ments, such as those described in U.S. Patent Application
Publication No. US 2015/0192117, such that forces from the
movement of the surface, e.g., the bed of a trailer, are not
substantially transferred to the ram cylinder housing, joint
housing, and/or end cylinder housing.

[0010] In some embodiments, the end cylinder housing
can include a radially expanded portion having an interior
surface and an exterior surface. The radially expanded
portion can be configured to receive: a piston wear ring
having an exterior surface and interior surface, the piston
wear ring configured to contact and reduce wear of the
plunger rod as it reciprocates in the end cylinder housing; a
plurality of seals configured to seal an annulus between an
external surface of the plunger rod and an internal surface of
the end cylinder housing, and a nut having an exterior
surface and an interior surface, the nut configured to secure
the piston wear ring and plurality of seals circumferentially
within the radially expanded portion by coupling the exterior
surface of the nut to the interior surface of the radially
expanded portion of the end cylinder housing, and further
coupling the interior surface of the nut to the exterior surface
of the piston wear ring such that piston wear ring and
plurality of seals are disposed circumferentially between the
interior surface of the nut and the exterior surface of the
plunger rod of the end cylinder housing. The nut can be
threaded onto the piston wear ring and/or onto the radially
expanded portion of the end cylinder housing. In some
embodiments, a connector portion can help retain the piston
wear ring, nut, and/or seals circumferentially within the
radially expanded portion of the end cylinder housing when
connected to the end cylinder housing.

[0011] Some embodiments of the present apparatuses and
methods disclose a method of assembling a well service
pump system such as any of the well service pump systems
described herein. In some embodiments the method com-
prises: coupling a first end of a plunger rod of a working
fluid cylinder to a first end of a piston rod of a hydraulic ram
cylinder, the first end of the plunger extending through a first
end of an end cylinder housing of the working fluid cylinder
and configured to reciprocate within the end cylinder hous-
ing, and the first end of the piston rod extending from a first
end of a ram cylinder housing of the hydraulic ram cylinder
and configured to reciprocate within the ram cylinder hous-
ing; coupling the first end of the ram cylinder housing to a
first end of a joint housing of a structural joint; and coupling
the first end of the end cylinder housing to a second end of
the joint housing of the structural joint, where the structural
joint is configured to maintain the distance between and
resist bending of the end cylinder housing and ram cylinder
housing.
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[0012] Some embodiment further include removably cou-
pling a plurality of joint housing pieces together to define the
joint housing. The joint housing pieces can each extend a full
length of the joint housing. Some embodiments further
include coupling connector portions of the joint housing to
an end of the ram cylinder housing and an end of the end
cylinder housing. The connector portions can be at the ends
of the joint housing. Some embodiment further include
securing the connector portions to the ends of the ram
cylinder housing and end cylinder housing for example, by
bolting one of the connector portions to the end of the ram
cylinder housing and then threading a nut onto an outer
surface of the end of the end cylinder housing that holds
another connector portion onto the end of the end cylinder
housing. This method facilitates easier connection of the ram
cylinder housing and end cylinder housing to the joint
housing by requiring specific radial locations (e.g., bolt
holes) in only one end of the joint housing (e.g., the end
closest to the ram cylinder housing) to be lined up with
specific radial locations (e.g., bolt holes) in an adjacent
housing (e.g., the ram cylinder housing) such that the other
end of the joint housing may rotate relative to the end of the
other adjacent housing (e.g., the end cylinder housing) while
it is translationally secured to it.

[0013] Some embodiments further include positioning a
plurality of seals and a piston wear ring within a radially
expanded end portion of the end cylinder housing, the
plurality of seals configured to seal an annulus between an
external surface of the plunger rod and an internal surface of
the end cylinder housing, and the piston wear ring config-
ured to reduce wear of the plunger rod as it reciprocates in
the end cylinder housing; and securing the plurality of the
seals and piston wear ring within the end cylinder housing
with a nut, the nut configured to be coupled to an exterior
surface of the piston wear ring and an interior surface of the
radially expanded portion of the end cylinder housing. Some
embodiments further comprise coupling a first end of a
support to an exterior surface of the ram housing, joint
housing, or end housing and a second end of the support to
a surface, the support configured to span less than the entire
length of a housing.

[0014] Some embodiments of the present apparatus and
methods include a structural joint for a well service pump
system comprising a joint housing configured to be coupled
to and stabilize adjacent cylinder housings, the joint housing
further configured to extend the full distance between the
lengths of the adjacent cylinder housings. The structural
joint can include any of the configurations or elements
explained herein, such as multiple pieces having a cross-
sectional shape with an arcuate portion, connector portions
with lands and grooves, and bolt holes, threads, tapers, or
other features that permit coupling of the joint housing to
other pump system components.

[0015] The term “coupled” is defined as connected,
although not necessarily directly, and not necessarily
mechanically; two items that are “coupled” may be unitary
with each other. The terms “a” and “an” are defined as one
or more unless this disclosure explicitly requires otherwise.
The term “substantially” is defined as largely but not nec-
essarily wholly what is specified (and includes what is
specified; e.g., substantially 90 degrees includes 90 degrees
and substantially parallel includes parallel), as understood
by a person of ordinary skill in the art. In any disclosed
embodiment, the term “substantially” may be substituted
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with “within [a percentage] of” what is specified, where the
percentage includes 0.1, 1, 5, and 10 percent.

[0016] Further, a device or system that is configured in a
certain way is configured in at least that way, but it can also
be configured in other ways than those specifically
described.

[0017] The terms “comprise” (and any form of comprise,
such as “comprises” and “comprising”), “have” (and any
form of have, such as “has” and “having”), and “include”
(and any form of include, such as “includes” and “includ-
ing”) are open-ended linking verbs. As a result, an apparatus
that “comprises,” “has,” or “includes” one or more elements
possesses those one or more elements, but is not limited to
possessing only those elements. Likewise, a method that
“comprises,” “has,” or “includes” one or more steps pos-
sesses those one or more steps, but is not limited to pos-
sessing only those one or more steps.

[0018] Any embodiment of any of the apparatuses, sys-
tems, and methods can consist of or consist essentially
of—rather than comprise/include/have—any of the
described steps, elements, and/or features. Thus, in any of
the claims, the term “consisting of” or “consisting essen-
tially of” can be substituted for any of the open-ended
linking verbs recited above, in order to change the scope of
a given claim from what it would otherwise be using the
open-ended linking verb.

[0019] The feature or features of one embodiment may be
applied to other embodiments, even though not described or
illustrated, unless expressly prohibited by this disclosure or
the nature of the embodiments.

[0020] Some details associated with the embodiments
described above and others are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

[0022] FIG. 1 is a perspective view of one example of the
present well service pump systems.

[0023] FIG. 2 is an enlarged, cross-sectional side view of
a portion of the well service pump system of FIG. 1, taken
along a line extending length-wise across hydraulic ram
cylinder 1602.

[0024] FIG. 3 is an enlarged, cross-sectional side view of
a portion of the well service pump system of FIG. 1 showing
details of a connection of a joint housing with a ram cylinder
housing.

[0025] FIG. 4 is an enlarged, cross-sectional view of a
portion of the well service pump system of FIG. 1 showing
details of a connection of a joint housing with an end
cylinder housing.

[0026] FIGS. 5A to 5C are a perspective view, side view,
and cross-section view (along line A-A of FIG. 5B), respect-
fully, of a piece of one example of the present structural
joints.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0027] Referring now to FIG. 1, shown therein and des-
ignated by the reference numeral 1000 is an embodiment of
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a well service pump system of the present apparatuses and
methods. Pump system 1000 can be used to perform frac-
turing, acidizing, cementing, sand control, well control
and/or circulation operations by pumping working fluids
into a well. Many of the components of pump system 1000
are described in greater detail in U.S. Patent Application
Publication No. US 2015/0192117, and will only be
described briefly herein.

[0028] Pump system 1000 includes a number of compo-
nents, including cooler 1100, reservoir 1200, motor 1300,
pumps 1400, and a series of pump assemblies 1500 (six
shown). Cooler 1100 can remove heat from one or more
components of pump system 1000, such as from motor 1300
and/or reservoir 1200, during a pumping operation. Reser-
voir 1200 can hold hydraulic fluid that is used to actuate
pump assemblies 1500. Motor 1300 can include one or more
sources of mechanical energy, such as a diesel engine,
gasoline engine, and/or an electric motor, and is used to
power pumps 1400 via a pump drive 1404. For example,
each pump 1400 can be powered to drive hydraulic fluid to
a hydraulic ram cylinder, such as hydraulic ram cylinder
1602, to actuate a plunger rod, such as plunger rod 1708, as
described herein. Engine/motor 1300 is coupled to a pump
1400 via a pump drive. Pump assemblies 1500 include
hydraulic ram cylinder assemblies 1600, working fluid end
cylinder assemblies 1700, and structure joints 1800. These
pump assembly components will be described in more detail
with reference to FIGS. 2 to 5C. Pump assemblies 1500 are
connected to fluid end assembly 1900 that facilitates deliv-
ery of working fluid to (via suction manifold 1904) and from
(via discharge manifold 1908) working fluid end cylinder
assemblies 1700. Pump system 1000 also includes other
components, such as crane 1012 for handling pump system
components like components of fluid end assembly 1900.

[0029] Referring now to FIG. 2, hydraulic ram cylinder
assembly 1600 includes a hydraulic ram cylinder 1602
having a ram cylinder housing 1604. Pumps 1400 pump
hydraulic fluid into ram cylinder housing 1604 to drive ram
piston 1616 disposed within ram cylinder housing 1604 in
direction 1020. Ram piston 1616 can include sealing ele-
ments that prevent hydraulic fluid from passing by ram
piston 1616 within ram cylinder housing 1604 such that
substantially all of the force provided by the hydraulic fluid
is transmitted into ram piston 1616. Ram piston 1616 is
coupled to piston rod 1608 which is driven with piston head
1616 in direction 1020. Piston rod 1608 includes a distal end
1644 that protrudes from the distal end of ram cylinder
housing 1608 and is coupled to proximal end 1772 of
plunger rod 1708 of working fluid end cylinder assembly
1700. Plunger rod 1708 protrudes from the proximal end of
end cylinder housing 1704 of working fluid end cylinder
1702. Distal end 1644 of piston rod 1608 can be coupled to
proximal end 1772 of plunger rod 1708 by, for example,
using a bracket 1504. Bracket 1504 can be a single unitary
piece or made from multiple pieces and can be threaded,
bolted, welded, or otherwise coupled to exterior surfaces of
the piston rod 1608 and plunger rod 1708. Bracket 1504 has
a maximum radial diameter less than the inner radial diam-
eter of joint housing 1802 of structural joint 1804, such that
piston rod 1608, bracket 1504, and plunger rod 1708 can
reciprocate within joint housing 1804 without contacting
joint housing 1804.

[0030] When driven by ram piston 1616, piston rod 1608
drives plunger rod 1708 further into end cylinder housing
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1704, which decreases the fluid volume in end cylinder
housing 1704, driving working fluid located in end cylinder
housing 1704 through discharge manifold 1908 of fluid end
1912 of fluid end assembly 1900. The fluid discharged may
be driven, for example, into a well to perform a well
operation. After driving working fluid through discharge
manifold 1908, plunger rod 1708 can be driven in direction
1024 by forcing hydraulic fluid through return line 1628 of
hydraulic ram cylinder assembly 1600 into the annulus
between piston rod 1608 and ram cylinder housing 1604 to
drive ram piston 1616 in direction 1024. Working fluid can
then be supplied (e.g., through suction) into end fluid
cylinder 1704 through suction manifold 1904 in anticipation
of a subsequent piston stroke.

[0031] As shown in FIG. 2, joint housing 1804 of struc-
tural joint 1802 extends along a length of the proximal end
of'the end cylinder housing 1704, a distance between the end
cylinder housing 1704 and the ram cylinder housing 1604,
and a length of the distal end of ram cylinder housing 1604.
Joint housing 1804 is a rigid structure securely coupled to
the proximal end of end cylinder housing 1704 and the distal
end of ram cylinder housing 1604, as explained in more
detail with reference to FIGS. 3 to 5C. Structural joint 1802
therefore maintains the distance between end cylinder hous-
ing 1704 and ram cylinder housing 1604. Structural joint
1802 additionally helps stabilize end cylinder housing 1704
and ram cylinder housing 1604, especially when plunger rod
1708 and piston rod 1608 are reciprocating within joint
housing 1804. Further, structural joint 1802 permits ram
cylinder housing 1604 and end cylinder housing 1704 to be
supported on surface 1016 (e.g., a trailer bed) of trailer 1004
with a minimal amount of structure. Because ram cylinder
housing 1604 is rigidly connected to end cylinder housing
1704 via structural joint 1802, as little as three thin, vertical
supports 15084, 15085, 1508¢ can be used to support ram
cylinder housing 1604, joint housing 1804, and end cylinder
housing 1704, respectfully, on surface 1016. Using only a
small number of supports 1508 greatly reduces the cost and
complexity of supporting pump assembly 1500 on surface
1016. Supports 1508 can include a top end with a mating
surface (e.g., having an arcuate shape) to receive the corre-
sponding lower outer surface of ram cylinder housing 1604,
joint housing 1804, and end cylinder housing 1704, as
appropriate. Supports 1508 can further include other fea-
tures such as vibration dampening elements 1512, which can
be, for example, a pneumatic cylinder. Vibration dampening
elements 1512 can help prevent transmission of forces from
surface 1016 to ram cylinder housing 1604, joint housing
1804, and end cylinder housing 1704, as employed, which
can further aid in stabilizing pump assembly 1500.

[0032] Referring now to FIG. 3, an embodiment of the
connection of structural joint to 1802 to the distal end of ram
cylinder housing 1608 will be described. As shown, joint
housing 1804 of structural joint 1802 includes a first con-
nector portion 1808 at one of its ends. Connector portion
1808 can be integral with joint housing 1804 or otherwise
attached such as by welding or a threaded connection at
location 1824. Connector portion 1808 includes circumfer-
ential lands 1816 and grooves 1820 on an interior surface of
connector portion 1808 that are configured to mate with
grooves 1636 and lands 1640, respectfully, on an exterior
surface of the distal end of ram cylinder housing 1604.
Connector portion 1808 can be secured to the distal end of
ram cylinder housing 1604 by attaching one or more bolts
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through bolt holes 1812 in connector portions 1808 into ram
cylinder housing 1604 such that the bolts do not interfere
with the motion of piston rod 1608. Securing connector
portion 1808 of joint housing 1804 to ram cylinder housing
1604 in this configuration prevents relative motion between
connector portion 1808 of joint housing 1804 in longitudinal
and rotational directions (i.e., secures the ram cylinder
housing from sliding longitudinally or rotating relative to the
joint housing).

[0033] Referring now to FIG. 4, an embodiment of the
connection of structural joint to 1802 to the proximal end of
end cylinder housing 1704 will be described. As shown,
joint housing 1804 of structural joint 1802 include a second
connector portion 1876 at another one of its ends. Like
connector portion 1808, connector portion 1876 can be
integral with joint housing 1804 or otherwise attached such
as by welding or a threaded connection at location 1880.
Also like connector portion 1808, connector portion 1876
includes circumferential lands 1816 and grooves 1820 on an
interior surface of connector portion 1876 that are config-
ured to mate with grooves 1736 and lands 1740, respectfully,
on an exterior surface of the proximal end of end cylinder
housing 1704. Unlike connector portion 1808, connector
portion 1876 does not include bolt holes. Instead, connector
portion 1876 includes tapered surface 1836 at it end that is
configured to mate with a corresponding receptacle 1832 of
a threaded nut 1828. Threaded nut 1828 includes threads
1840 configured to mate with corresponding threads 1720 on
an exterior surface of a radially-expanded portion 1716 on
the proximal end of end cylinder housing 1704. Connector
portion 1876 can therefore be secured to end cylinder
housing 1704 by threading nut 1828 onto the exterior
surface of portion 1716. Securing connector portion 1876 of
joint housing 1804 to end cylinder housing 1704 in this
configuration prevents relative motion between connector
portion 1876 of joint housing 1804 longitudinally, but not
necessarily rotationally. Not securing at least one end of the
joint housing against rotation (at least during assembly),
avoids the need to align the joint housing circumferentially
relative to both cylinder housings and can thereby greatly
simplify the ease of assembly.

[0034] One can more easily secure joint housing 1804 to
ram cylinder housing 1604 and end cylinder housing 1704
when one only end of the joint housing 1804 is secured in
both longitudinal and rotational directions so that both ends
of joint housing 1804 are not required to be radially aligned
with the ends of the housings before being secured thereto.
Such a configuration is shown with reference to FIGS. 3 and
4. In particular, joint housing 1804 can be secured to ram
cylinder housing 1604 with a bolted connection first and
then end cylinder housing 1704 connected to joint housing
1804 with a threaded nut such that only the end of joint
housing 1804 coupled to ram cylinder housing 1604 need be
radially aligned. This permits easier and quicker connection
of the joint housing to the pump assembly.

[0035] Returning to FIG. 4, also shown is a piston wear
ring 1752 that is configured to guide and support plunger rod
1708. Piston wear ring 1752 is made from a material that is
softer than the material of plunger rod 1712, such that piston
wear ring 1752 will wear down from frictional contact with
plunger rod 1708 during reciprocation of plunger rod 1708
rather than plunger rod 1708 wearing down from frictional
contract with piston wear ring 1752. Piston wear ring
includes two pieces (though only one may be employed).
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The first piece 1756 include threads 1764 on an outer surface
of'its end that mate with threads 1768 on an inner surface of
an end of retaining nut 1724. The second piece 1760 does
not include threading and may be replaced more cheaply as
needed from wear than first piece 1756 because it does
require threading. Also shown in FIG. 4 are a plurality of
seals 1776 that are disposed between retaining nut 1724 and
an outer surface of plunger rod 1708 to prevent fluid (e.g.,
working fluid) from flowing from the annulus (formed
between the outer surface of the plunger rod 1708 and the
inner surface of end cylinder housing 1704) into joint
housing 1804.

[0036] Seals 1776 and piston wear ring 1752 are secured
against piston rod 1708 by retaining nut 1724, which, as
explained previously, is secured to the end of piston wear
ring 1752 with a threaded connection. Retaining nut 1724
also includes a shoulder 1780 that retains seals 1776 at an
end of retaining nut 1776 that is spaced apart from the end
of retaining nut having threads 1768. Retaining nut 1724 is
secured to radially-expanded portion 1716 of end cylinder
housing 1704 by a threaded connection. In particular, retain-
ing nut 1724 includes threads 1728 on an exterior surface
that mate with corresponding threads 1732 on an interior
surface of radially-expanded portion 1716 of end cylinder
housing 1704. Retaining nut 1724 is further secured within
radially-expanded portion 1716 by shoulder 1784 of end
cylinder housing 1704 and shoulder 1884 of connector
portion 1876.

[0037] Referring now to FIGS. 5A to 5C, shown there and
designated by reference numeral 1844 is a piece of a joint
housing, such as joint housing 1804 of a structural joint
1802. Joint housing piece 1844 extends a full length of a
joint housing and includes an arcuate portion 1868 and lands
1816 and grooves 1820 on the interior surface of each of its
connector portions 1848, 1852. Connector portions 1848,
1852 may be integral with joint housing 1804 or otherwise
attached such as by welds at locations 1888. Connector
portions 1848, 1852 do not have identical configurations.
Connector portion 1848 includes a plurality of bolt holes
1872 for facilitating a bolted connection of connector por-
tion 1848 and another component of a pump assembly, such
as a ram cylinder housing or end cylinder housing. Connec-
tor portion 1852 includes a tapered surface 1856 for facili-
tating a connection to another component of a pump assem-
bly, such as a ram cylinder housing or end cylinder housing,
by securing a nut (e.g., with a receptacle) into mating contact
with tapered surface 1856. Joint housing piece 1844 may be
coupled (including removably) to a substantially similar
(e.g., identical) joint housing piece 1844 to form a joint
housing, such as joint housing 1804. To facilitate such
coupling, joint housing piece 1844 includes elongated
flanges 1860 having a plurality of bolt holes 1864 that can
align with corresponding structure of another joint housing
piece such that bolts passing through bolt holes 1864 and the
corresponding bolt holes of the other joint housing piece
securely join the joint housing pieces together.

[0038] Forming a joint housing such as joint housing 1804
from multiple pieces such as joint housing pieces 1844
provides the advantage of being able to couple the joint
housing to a ram cylinder housing (e.g., ram cylinder
housing 1604) and end cylinder housing (e.g., end cylinder
housing 1704) after a piston rod and plunger rod of such
housings, such as piston rod 1608 and plunger rod 1708,
respectively, are coupled together. It also allows easier
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access to such components because the joint housing pieces
can be removably coupled (e.g., via bolts through bolt holes
1864). Forming a joint housing further permits easier mating
of lands and grooves of the connector pieces with corre-
sponding grooves and lands of a ram cylinder housing
and/or end cylinder housing by permitting simple insertion
of these corresponding elements.
[0039] The above specification and examples provide a
complete description of the structure and use of illustrative
embodiments. Although certain embodiments have been
described above with a certain degree of particularity, or
with reference to one or more individual embodiments,
those skilled in the art could make numerous alterations to
the disclosed embodiments without departing from the scope
of this invention. As such, the various illustrative embodi-
ments of the methods and systems are not intended to be
limited to the particular forms disclosed. Rather, they
include all modifications and alternatives falling within the
scope of the claims, and embodiments other than the one
shown may include some or all of the features of the
depicted embodiment. For example, elements may be omit-
ted or combined as a unitary structure, and/or connections
may be substituted. Further, where appropriate, aspects of
any of the examples described above may be combined with
aspects of any of the other examples described to form
further examples having comparable or different properties
and/or functions, and addressing the same or different prob-
lems. Similarly, it will be understood that the benefits and
advantages described above may relate to one embodiment
or may relate to several embodiments.
[0040] The claims are not intended to include, and should
not be interpreted to include, means-plus- or step-plus-
function limitations, unless such a limitation is explicitly
recited in a given claim using the phrase(s) “means for” or
“step for,” respectively.
1. A well service pump system comprising:
a working fluid end cylinder having an end cylinder
housing with a first end, a second end, and a plunger
rod having a proximal end extending through the first
end of the end cylinder housing, the plunger rod
configured to reciprocate in the end cylinder housing;
a hydraulic ram cylinder having a ram cylinder housing
with a first end, a second end with a fluid port, a ram
piston configured to reciprocate in the ram cylinder
housing, and a piston rod coupled to the ram piston, the
piston rod having a distal end extending from the
second end of the ram cylinder housing and coupled to
the plunger rod of the working fluid end cylinder such
that the piston of the hydraulic ram cylinder can be
actuated to move the plunger rod of the working fluid
end cylinder:
in a first direction to expel working fluid from the end
cylinder housing during a forward stroke of the
plunger rod; and

in a second direction to draw working fluid into the end
cylinder housing during a return stroke of the
plunger rod; and

a structural joint having a joint housing coupling the end
cylinder housing to the ram cylinder housing such that
the joint housing surrounds a portion of the first end of
the end cylinder housing and a portion of the second
end of the ram cylinder housing.

2. The pump system of claim 1, where the joint housing

comprises a plurality of joint housing pieces each extending
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a full length of the joint housing and removably coupled
together to define the joint housing.

3-5. (canceled)

6. The pump system of claim 1, where the joint housing
includes a first connector portion at a first end of the joint
housing and a second connector portion at a second end of
the joint housing.

7. The pump system of claim 6, where the first and second
connector portions each include one or more lands and
grooves that are configured to mate with the first end of the
end cylinder housing or the second end of the ram cylinder
housing.

8. The pump system of claim 6, where the first connector
portion of the joint housing is secured to the second end of
the ram cylinder housing with a plurality of bolts extending
through the first connector portion into the ram cylinder
housing, and the second connector portion of the joint
housing is secured to the first end of the end cylinder
housing by a nut encircling and engaging threads on an outer
surface of the first end of the end cylinder housing.

9. (canceled)

10. The pump system of claim 1, further comprising one
or more supports configured to stabilize at least one of the
ram cylinder housing, joint housing, and end cylinder hous-
ing, the one or more supports each having a first end coupled
to an exterior surface of the ram cylinder housing, the joint
housing, and the end cylinder housing, and a second end
coupled to a surface, where each of the one or more supports
spans less than the entire length of the housing to which the
support is coupled.

11. (canceled)

12-14. (canceled)

15. The pump system of claim 12, where the piston wear
ring is made of a softer material than the plunger rod.

16. The pump system of claim 12, where the joint housing
further includes a connector portion at the second end of the
joint housing configured to retain the retaining nut, piston
wear ring, and seals circumferentially within the radially
expanded portion of the end cylinder housing, the connector
portion having one or more lands and grooves that are
configured to mate with corresponding lands and grooves on
the exterior surface of the radially expanded portion of the
end cylinder housing.

17. A method of assembling a well service pump system,
the method comprising:

coupling a first end of a plunger rod of a working fluid end

cylinder to a first end of a piston rod of a hydraulic ram
cylinder, the first end of the plunger rod extending from
a first end of an end cylinder housing of the working
fluid end cylinder, and the first end of the piston rod
extending from a second end of a ram cylinder housing
of the hydraulic ram cylinder; and

before or after coupling the first end of the plunger rod to

the first end of the piston rod and without moving the

second end of the ram cylinder housing relative to the

first end of the end cylinder housing:

coupling the second end of the ram cylinder housing to
a first end of a joint housing of a structural joint; and

coupling the first end of the end cylinder housing to a
second end of the joint housing of the structural joint.

18. The assembly method of claim 17, further comprising
removably coupling a plurality of joint housing pieces
together to define the joint housing, the joint housing pieces
each extending a full length of the joint housing.
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19. The assembly method of claim 17, further comprising
coupling a first connector portion of the joint housing to the
second end of the ram cylinder housing, where the first
connector portion is located at the first end of the joint
housing, and coupling a second connector portion of the
joint housing to the first end of the end cylinder housing,
where the second connector portion is located at the second
end of the joint housing.

20. The assembly method of claim 19, further comprising
securing the first connector portion to the first end of the ram
cylinder housing with a plurality of bolts extending through
the first connector portion into the ram cylinder housing and
further securing the second connector portion to the first end
of the end cylinder housing by a threading a nut onto the
outer surface of the first end of the end cylinder housing.

21. The assembly method of claim 20, further comprising
securing the first connector portion to the ram cylinder
housing before securing the second connector portion to the
end cylinder housing.

22. (canceled)

23. The assembly method of claim 17, further comprising
coupling a first end of a support to an exterior surface of the
ram cylinder housing, the joint housing, or the end cylinder
housing and a second end of the support to a surface such
that the support spans less than the entire length of the
housing.

24. A structural joint for a well service pump system, the
structural joint comprising a joint housing having:

a first end having a first connector portion;

a second end having a second connector portion; and

and an interior passageway extending between the first

end and the second end;

wherein the joint housing is configured to be disposed

between and coupled to both a housing of a first
cylinder via the first connector portion such that a
cylinder rod of the first cylinder is translatable into and
out of the interior passageway, and a housing of a
second cylinder via the second connector portion such
that a cylinder rod of the second cylinder is translatable
into and out of the interior passageway and is couplable
to the cylinder rod of the first cylinder, without move-
ment of the housing of the first cylinder relative to the
housing of the second cylinder.

25. The structural joint of claim 24, wherein the joint
housing comprises a plurality of joint housing pieces each
configured to be coupled to the other(s) of the joint housing
pieces to define the joint housing.

26-29. (canceled)

30. The structural joint of claim 24, where the first and
second connector portions each include one or more lands
and grooves that are configured to mate with the housing of
the first cylinder or the housing of the second cylinder.

31. The structural joint of claim 24, where the first
connector portion of the joint housing includes a plurality of
bolt holes for securing the first connector portion to the
housing of the first cylinder.

32. The structural joint of claim 24, where the second
connector portion of the joint housing includes a tapered
exterior surface for engaging a nut to secure the second
connector portion to the housing of the second cylinder.

33. The method of claim 17, wherein coupling the second
end of the ram cylinder housing to the first end of the joint
housing and/or coupling the first end of the end cylinder
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housing to the second end of the joint housing is performed
after coupling the first end of the plunger rod to the first end
of the piston rod.



