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(57) Abstract: A system for mounting a fluid end (420) of a pump (400) to a power end (410) of the pump (400) includes an upper
clamping bar (448) and a clamping assembly (460) that is adapted to removably clamp the fluid end (420) to the upper clamping bar
(448). The clamping assembly (460) includes a clamp bar (462) having a tirst tapered clamping tace (462x) that 1s adapted to contact
a correspondingly tapered clamping face (448x) on the upper clamping bar (448) when the tluid end (420) is removably clamped to

the upper clamping bar (448).
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1
PUMP FLUID END ASSEMBLY MOUNTING SYSTEM

BACKGROUND
1. FIELD OF THE DISCLOSURE
The present disclosure 1s generally directed to reciprocating pumps, and 1n particular, to systems, devices,
and methods for mounting the fluid end assembly of a reciprocating pump to the power end of the pump.
2. DESCRIPTION OF THE RELATED ART

fn many oifield pumpmg apphications, such as during water mygection and/or formation frachiring

operations, reciprocating pumps, such as phinger pumps and the hike, are often called upon to deliver very high thad
discharge pressures. For exampie, the tihuid discharge pressure i a typical formation fracturing operation 1s often m
the range of approximately 70-100 MPa (10,000-15,000 pst) or even higher. Due to the operational characteristics of
reciprocating pumps 1 general, the thud end of the pump 1s subjected 1o high frequency ¢ychic pressure loading. In
sorne exireme service pumnps, such as those used for the hgh pressure gitield applications noted above, very high
stress intensities are frequently created along the mside surtaces of the Huid end pump housing, This 1§ particularly
the case 1 ligh stress concentration arcas that occur at or near the structural discontinuitics of the pump housing

geometry, mchuding the edges of the vanous mtersecling bores passing through the housing, such as the phinger

bore, suction and discharge bores, access bBores, and the hike,

Under the high magmitude cyclic stresses that are mherent in the ngh pressure pulsation loading of

exXireme service reciprocating plunger pumps, {atigue cracks will often develop m and around argas of high stress

h--ﬂ.

concentration in the fiuid end pump housing, such as the various mtersecting bore edges described above
Dependimg on the nature and extent of such fatigue cracking, it 1s often necessary to remove at least the fluid end of
a high pressure reciprocating pump from service so that the fatigue cracks can be repawred, and/or so the pump

housing can be replaced. Ot course, durtng such repair and/or replacement activities the pump 15 not operating, a

A

sitiation that wcreases both the time and overali cost of dnlling operations. Therelore, inan effort to reduce pump
downtimne, didierent methods bave been developed for mechanically connecting the fiuid end of a reciprocating

pump 0o the power end.  Accordingly, when repane and/or mantenance of the fluid end 1§ requured, the pump

housing ¢an be disconnected {rom the power end and replaced with a substantially wientical purp housing unit, thus
allowing pump operations 1o restart.  Figures -3 dlustrate some prior approaches that have been used tor
connecting the tiuid end of a reciprocating plunger pump to the power end.

Figure 1 1s a partial cut-away perspective view of a prior art reciprocating punip 160 having a power end
110 for gencrating puniping power and a fluid end 120 for pumping fluid at a deswred discharge pressure. The
power end 110 15 generally disposed inside of a frame or housing 111, The fluid end 120 includes a biock or punyp
housing 121 through which a piurality of different mtersecting bores pass, such as a plunger bore 137, a suction
bore {not shown}, a discharge bore 117, and an access bore 129, An mlet header 126 15 connected to the punp
housing 121 on the suction side of the fhud end 120, and an outlet nozzie 128 15 connected 1o the housing 121 on
the discharge side of the thud end 120. The thud end 120 also includes a plunger 124, which coupled to a plunger
or pony rod 114 of the power end 110 and reciprocates mnside of the plunger bore 137 durmg operation of the pump

The fluid end 120 of the pump 100 1s comnnected 1o the power end 110 by a plurality of tic rods 122, e.g.,

bolts, each of which passes through a spacer pipe or spacer tube 112, The spacer tubes 112 are used 1o provide a
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spectiied amount of standot! between {luid end 120 and the power end 110, gencrally based on the siroke lenglh of
the plunger 124, The tie rods 122 extend from the {rame 111 of the power end 110 and pass completely through the
pumyp housing 121 - , from the back side of the housing 121 10 the front side - referred 10 here as a “through-
bolied” mounting configuration. Each of the tie rods 122 are fightened by respective nuts 123, thus securing the

Thd end 120 to the power end 110 with the spacer tubes 112 positioned therehetweo

-

In practice, when a typical through-bolied mounting configuration 15 employed, such as i1s shown for the
pump 100 m Fig. 1, 1t can sometimnes be very diificult to properly align the flud end 120 and connect i to the
power end 118, This can be further problematic as the total number of plungers 124 w the pump 100 increases, as

there are more purpp ¢clements 1 general, and e rods 122 w particuiar, to be ahgned and connecied. Accordmgly,

it can sometimes fake soveral hours to remove a damaged or defective pump fluid end 120 from the power end 110

X

'-L

and re-connect a replacement flnd end 120, For example, in some applications 11 can take anywhere from
approximately Z2-6 hours to pertorm the required fluid end removal and replacement activitics, particularly when
unexpected problems arise. Additionally, m the through-bolted mounting configuration shown m Fig. 1, each of the
tic rods 122 will act 1o resist the hyvdrostatic end loads that are wposed on the fluad end 128 during pump operation,
As such, the tie rods 122 must gencrally be torgued to very high and precise pre-load levels 1n order to reduce the

NN

fatigue oliccts associated with the highly cyclic nature of the pump pressure ioads, 1.¢., caused by the reciprocating

-

action of plunger 124, However, even when such high pre-ioad lovels are used, fatlure of the tie rods 122, such as
cracking or breakmg, can still occur, thus leading to additional punip down time s8¢ that failed and/or damaged tie
rods 122 can be replaced.

Figure 2 1s a perspective view of another prior art reciprocating pump 200 that employs a different
approach for mounting the fluid end 220 of the pump 200 to the power end 210. In some respects, the pump 200 1s
similarly configured to the pump 100, that 1s, the power end 210 1s generally disposed 1nside of a frame or housing
211, and the fluid end 200 1ncludes a block or pump housing 221. Additionally, an niet header 226 1s connected 1o
the suction side of the pump housing 221 and an outlet nozzle 228 18 connected to the fhud end 220 on the

discharge side of the pump housing 221. The thind end 220 also mcludes a phinger 224 that 1s coupled 10 a pony

rod 224 on the power end 210 and which reciprocales mside of the phmger bore (not shown} during operation of the
pump 200,

The thad end 220 of the pump 200 15 also connecled {6 the power end 210 by a plurality of tie rods 222,
cach of which passes through a spacer tube 222 and 1s tightened by a nut 223, However, unlike the tie rods 122 of
the pump 100 shown i Fig. 1, the tie rods 222 do not extend compleiely through the pump housmyg 221, Instead,
the tie rods 222 connect the fluid end 220 of the pump 200 1o the power end 210 by way of a bolied lange
commection 230 that 1s mounted on the back side of the pump housing 221 — generally referred o herealter as a
“flange bolied” mounting configuration. As shown i Fig. 2, the bolied flange commection 230 has an upper flange
223 that runs along subsiantially the entire length of the pump housing 221 {see, ¢.g., Fig. 3 described below) and a

sirarlarly configured lower flange 227 that 18 positioned on the opposite sude of the pump plunger 224 from the

upper Oange 225, The tie rods 222 of the pump 200 therefore pass through holes in each of the respective upper
and lower flanges 225, 227 but not through the entive pump housing 221,
Figure 3 1s a perspective view of a thud end 320 of another prior art seciprocating pump 306, and

A NN
N

illustrates a flange-bolted rtz.(iu,tnting configuration in greater detail. The fluad end 320 meludes a pump housing 321
which has a Thud cutlet 328 that 15 1 fhnd communication with each of the discharge side bores of the fhud

end 320, A bolied flange connection 330 1s mounted on the back side of the punyp housmng 321 which, m the case
o
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of the thad end 320 shown m Fig. 3, 15 sometumes formed as an indegral part of the housing 321 by casting and/or

| S

machining,

sirntlar {0 the bolted Hlange conuection 230 of the fluwd end 220, the bolted flange connection 330 has an
23 and a lower flange 327, both of which exiend along substantially the entire length of the purp
houstng 321, The upper flange 325 has a plurality of bolt boles 325h and the lower Hlange 327 has a pluraiity of
bolt holes 327 (one shown i Fig, 3} that comrespond 16 ¢ach of the holes 325b, Furthermore, each of the bolis boles
325h and 327h receives a corresponding tie rod (not showr; see tie rods 227 in Fig. 2 that are used 10 connect the
thid end 328 of the pump 300 to the power end {(notf shown}, The fie rods are then tightened usimg a phurahty of
rats, such as the ouls 223 shown i bFig. 2.

In general, the tlange-boited mounting contigurations shown i Figs. 2 and 3 have at least some of the
same alignment, assembly, and operational probicms as are desceribed with respect to the through-bolied mounting

¥

configuration show 1 Fig, 1. For example, the tie rods, such as the tie rods 222 shown 1n Fig. 2, must generally be

torqued to very precise high pre-load ievels  oxder 1o reduce the fatigue etiects associated with the ¢yclic nature of

-J
*-*

the pump pressure ioads. However, since there are typically more fic rods used for the fi&ngc—:~bolted mounting

o

configurations than are used for the through-bolted mounting contigurations, the tic rods used for the fiange-bolted

¥

mounting configurations are sometunes smailer n diameter. In such cases, the required torque levels may be more

[
*
n

asity achicvable, thus morementaily reducing the amount of

end.

time needed fo assemble the fhud end to the power

On the other hand, the upper and lower flanges that are used for the typical tlange-bolted mounting
configuration are generally subiected 1o a high degree of cyclic bending stresses, due at least m part to the pressure
pulsations of the hydrostatic end load on the find end as caused by the reciprocating plunger, and the manner mn
which the upper and lower tanges are loaded during pump operation. When coupled with the stress concentrations
al the structural discontinuities arcund the upper and lower flanges, these highly cyclic bending stresses can lead 1o
the creation of additional fatigue cracks, thus potentially compounding the latigue-related probiems and/or faihires

that are so ollen associated with the imtersecting edges of the varous miernal pummp bores. Therefore, while the use

of the tlange-bolted mounting conbiguration may result in an mceremental time savings when replacing a damaged
Huid end, the requency at whach such Hlange-bolted mounting fluid end configurations must be replaced can be
cxacerbated by the cyclic bendmg stresses and addilional stress concentralion areas associated wiih the [lange-
bolted mounting conliguration.

The present disclosure 1s directed to various new systems, devices, and methods that may reduce and/or
mitigate at least some of the above-described problems that are associated with the prior art approaches for

mounting a fluid end assembly of a reciprocating pump to the power end of the pump.

SUMMARY OF THE DISCLOSURE
The following presents a smmplified summary of the present disclosure in order to provide a basic
understanding of some aspects disclosed herein. This summary 1s not an exhaustive overview of the disclosure, nor
1s 1t 1intended to 1dentify key or critical elements of the subject matter disclosed here. Its sole purpose 1s to present
some concepts 1 a simplified form as a prelude to the more detailed description that 1s discussed later.
The present disclosure 1s generally directed to systems, devices, and methods for mounting the fluid end
assembly of a reciprocating pump to the power end of the pump. In one illustrative embodiment, an system for

mounting a fluid end of a pump to a power end of the pump 1s disclosed. The system includes, among other things,
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an upper clamping bar and a clamping assembly that 1s adapted to removably clamp the fluid
end to the upper clamping bar. The clamping assembly includes a clamp bar having a first
tapered clamping face that 1s adapted to contact a correspondingly tapered clamping face on the
upper clamping bar when the fluid end 1s removably clamped to the upper clamping bar.

In another exemplary embodiment, a pump assembly 1s disclosed and includes a fluid
end assembly that is adapted to pump a fluid, the fluid end assembly having an upper clamping
lip and a lower clamping lip. The disclosed pump assembly further includes, among other things,
and a power end assembly that is adapted to generate pumping power so as to drive the fluid end
assembly, an upper clamping bar and a lower clamping rail coupled to the power end assembly,
and a clamping assembly removably clamping the upper clamping lip of the fluid end assembly
to the upper clamping bar and the lower clamping lip to the lower clamping rail.

Also disclosed herein 1s a pump fluid end assembly that 1s adapted to be removably
clamped to a pump power end assembly. The pump fluid end assembly includes, among other
things, a pump housing and an upper clamping lip extending from the pump housing, wherein
the upper clamping lip has a front clamping face and a tapered clamping face that is oriented at a
first acute angle relative to the front clamping face. Furthermore, the front clamping face is
adapted to slidingly engage a front clamping face of an upper clamping bar that is coupled to the
pump power end assembly and the tapered clamping face 1s adapted to slidingly engage a
correspondingly tapered clamping face of a clamp bar when a clamping assembly that includes
the clamp bar is used to removably clamp the pump fluid end assembly to the pump power end
assembly.

An 1llustrative method for removably mounting a fluid end assembly of a pump
assembly to a power end assembly of the pump assembly is also disclosed herein. The

1llustrative method includes removably attaching a spacer frame assembly to the power end

assembly, and after removably attaching the spacer frame assembly to the power end assembly,
positioning a plurality of clamping faces on the fluid end assembly in contact with a plurality of
corresponding clamping faces on the removably attached spacer frame assembly. Furthermore,

the method also includes removably clamping the fluid end assembly to the spacer frame

assembly with a clamping assembly.
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Certain exemplary embodiments can provide a system for mounting a fluid end of a
pump to a power end of said pump, the system comprising: an upper clamping bar; a clamping
assembly that i1s adapted to removably clamp said fluid end to said upper clamping bar, said
clamping assembly comprising a clamp bar having a first tapered clamping face that 1s adapted
to contact a correspondingly tapered clamping face on said upper clamping bar when said tluid
end 1s removably clamped to said upper clamping bar; and a lower clamping rail having a
tapered clamping face that i1s adapted to contact a correspondingly tapered clamping face on a
lower clamping lip of said fluid end when said fluid end 1s removably clamped to said upper
clamping bar.

Certain exemplary embodiments can provide a pump assembly, comprising: a fluid end
assembly that 1s adapted to pump a fluid, said fluid end assembly comprising an upper clamping
lip and a lower clamping lip; a power end assembly that 1s adapted to generate pumping power
so as to drive said fluid end assembly; an upper clamping bar and a lower clamping rail coupled
to said power end assembly; and a clamping assembly removably clamping said upper clamping
lip of said fluid end assembly to said upper clamping bar and said lower clamping lip of said
fluid end assembly to said lower clamping rail.

Certain exemplary embodiments can provide a pump fluid end assembly that 1s adapted
to be removably clamped to a pump power end assembly, the pump fluid end assembly
comprising: a pump housing; an upper clamping lip extending from said pump housing, said
upper clamping lip having a front clamping face and a tapered clamping tace that 1s oriented at a
first acute angle relative to said front clamping face, wherein said front clamping face 1s adapted
to slidingly engage a front clamping face of an upper clamping bar that 1s coupled to said pump
power end assembly and said tapered clamping face i1s adapted to slidingly engage a
correspondingly tapered clamping face of a clamp bar when a clamping assembly comprising
said clamp bar is used to removably clamp said pump fluid end assembly to said pump power

end assembly.



10

15

20

25

CA 02956284 2017-01-25

5a

Certain exemplary embodiments can provide a method for removably mounting a fluid
end assembly of a pump assembly to a power end assembly of said pump assembly, the method
comprising: removably attaching a spacer frame assembly to said power end assembly; after
removably attaching said spacer frame assembly to said power end assembly, positioning a
plurality of clamping faces of said fluid end assembly 1n contact with a plurality of corresponding
clamping faces of said removably attached spacer frame assembly; and removably clamping said

fluid end assembly to said spacer frame assembly with a clamping assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken 1n
conjunction with the accompanying drawings, in which like reference numerals identify like
elements, and 1n which:

Figure 1 1s a partial cut-away perspective view of a prior art reciprocating pump showing
a through-bolted method for attaching the fluid end of the reciprocating pump to the power end;

Figure 2 1s a perspective view of another prior art reciprocating pump showing a flange-
bolted method for attached the fluid end of the pump to the power end of the pump;

Figure 3 1s a perspective view of the fluid end of a prior art reciprocating pump showing
details of a flange-bolted mounting configuration;

Figure 4 is an exploded 1sometric view of an exemplary reciprocating pump in accordance
with the present disclosure, depicting some aspects of an 1llustrative fluid end mounting system of
the present disclosure that may be used for connecting the fluid end assembly of the pump to the
power end assembly of the pump;

Figures SA-5F are 1sometric views of the exemplary tluid end assembly mounting system
depicted 1n Fig. 4, showing one 1llustrative sequence of steps that may be used for connecting the
fluid end assembly of the pump to the power end assembly;

Figures 6A-6J depict various elevation, detail, and cross-sectional views of an illustrative

reciprocating pump that utilizes one exemplary embodiment of a fluid end assembly mounting

system disclosed herein;
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Figures 7A-7E show various plan, elevation, and cross-sectional views of an
tllustrative spacer frame that may be used 1in some embodiments of the present disclosure to
connect the fluid end assembly of a reciprocating pump to the power end; and

Figures 8A-8E 1llustrate various plan, clevation, cross-sectional, and isometric
views of an exemplary clamping assembly that may be used in accordance with some
embodiments disclosed herein to connect the fluid end assembly of a reciprocating pump to
the 1llustrative spacer frame shown in Figs. 7A-7E.

While the subject matter disclosed herein 1s 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,

equivalents, and alternatives falling within the scope of the invention.

DETAILED DESCRIPTION

Various 1illustrative embodiments of the present subject matter are described below.
In the interest of clarity, not all features of an actual implementation are described 1n this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous 1mplementation-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. Morecover, 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
benetit of this disclosure.

The present subject matter will now be described with reference to the attached
figures. Various systems, structures 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 1n the relevant art. No
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special definition of a term or phrase, 1.¢., a definition that 1s different from the ordinary and
customary meaning as understood by those skilled in the art, 1s intended to be implied by
consistent usage of the term or phrase herein. To the extent that a term or phrase 1s intended
to have a special meaning, 1.¢., 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.

In the following detailed description, various details may be set forth in order to
provide a thorough understanding of the various exemplary embodiments disclosed herein.
However, 1t will be clear to one skilled in the art that some illustrative embodiments of the
inventions defined by the appended claims may be practiced without some or all of these
such various disclosed details. Furthermore, features and/or processes that are well-known
in the art may not be described 1n full detail so as not to unnecessarily obscure the disclosed
subject matter. In addition, like or 1dentical reference numerals may be used to 1dentify
common or similar elements.

Figure 4 1s an exploded 1sometric view of an  exemplary
reciprocating pump 400 that utilizes one illustrative fluild end assembly

mounting system in accordance with certain aspects of the present disclosure. The
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reciprocating pump 400 may inchide a fluid end assembly 420 for pumping fluid at 2 desired discharge pressure and
a power end assembly 410 {(schematically depicied only in Figs. 4-6J} for generating purping power 8o as to drive
the flhud end 420. The pump 400 may also include a spacer frame asserably 440 that 15 adapied to be mounted on,

1.€., connected 10, the power end 41(}5 antd 10 be posttioned between the power end 410 and the fhuid end 420 when
the pump 400 15 fully assembled. Addiiionally, a clamping assembly 460 may be used clamp the fhud end

e

assembly 420 1o the spacer frame assembly 448, as will be further described below.

-

Figures 3A-3F are wsometne views of the diustrative reciprocating purap 400 and thnd end asserably
rnouating svstern of Fig, 4, and depict various steps that may be used to connect the fuid end asserably 420 1o the
power end 4180 of the pump 460, In particular, Fig. 3A iliustraics an mutial step 10 the pump assembly process, and
shiows the spacer frame assembly 440 positioned adjacent to the schematically depicied power end assembly 410,

In at least some cmbodiments, the power ond assembly 410 may be disposed nside of a power end frame

or housing 411 (schematically depicted in Figs. SA-6)). As shown in Fig. 34, as weil as m the more detailed plan,

clevation, and cross-sectional views of the spacer frame 440 shown wn Figs. 7A-7E, the spacer frame 440 may

inchide a rear plate 4472 that is adapted to be 1 substantially dwrect contact with the power end 410, e.

EAT )
1

=, the power
cnd housing 411, when the spacer frame 440 15 mounted thercto. The rear plate 442 may wcehude a plurality of
apenings or ports 442p that are adapted to be aligned with corresponding ports or operungs 415 i the power end
410, The aligned ports 442p and 415 may thus allow the plunger/pony rods (not shown) of the power end 416 1o
reciprocate through the spacer frame 440 during operation of the pump 400, In al least some embodiments, the
spacer frame assembly 440 may be supported by legs 444 extending dowmward from the rear plate 442, as shown n
Fig. DA,
fn certain embodiments, the spacer frame assembly 440 may also meiude a upper clamping bar 448 and a
iower clamping rail 450 that are adapted 1o facilitate the attachment of the fluid end assembly 420 (not shown n
Fig. SA) 1o the spacer frame 440, The upper clamping bar 448 and the lower clamping rail 450 may be laterally
separaled, 1.e., spaced apart, rom the rear plate 442 by a plurality of spacer tubes 412, In some embodiments, a
piurality of gusset plates 446 may by fixedly attached, e.g., by welding, between the rear plate 442 and one or more
of the spacer tubes 412 so as to provide lateral stifiness and strength to the spacer frame assembly 440,
Additionally, the length of cach spacer tube 412 may be appropriately adjusied so as 0 accommaodate the stroke
iength of the pump 400 during operation.
As shown 1 Fig, 5A (sce also, g, TA-TC and 7E), the upper clamping bar 448 may be vertically spaced
apart irom the lower clampimg rail 450 by a plurabity of spacer bars 449 that are hxedly attached, e.g., by weldng,

to each clamping component 448, 450, The upper clamping Bar 448 and lower clamping rail 430 may cach mclude

a phurality of respective tie rod holes 448h and 450b thal are cach ahegned with a respective spacer tube and a
corresponding e rod hole 442h through the rear plate 442 (see, Fig. 7). Accordingly, cach of the aligned tie rod
holes 4484504420 and spacer tubes 412 may therefore be adapted to receive a corresponding tie vod 422 (not

-y

shown i Fig. 3A; see, Fig, 5B}, which may then be used 1o aftach the spacer frame assembly 440 1o the power end

418, For example, the fie rods 422 may be by threadably engaged with corresponding threaded elements 1u the

power end 410, such as fie rod holes 413, schematically depicted 1 Fig, SA,

Ire at least some a-.,xunp]aw crnbodiments, the lower clamping rail 450 may include a plurality of relief

noiches 450r {see, Figs. SA, 7TA, 7C and 7E}, cach of which may be substantially aligned with the tic xod holes 450h

)

and adapied o allow the mstaliation of a fie rod nut 423 onto a respechive tie rod 422 (not shown i Fig. SA; s¢

v

Fig. 5B).  In thus way, the reliel notches 450r may allow for access to the fie rod ruts 423 go that they can be

~ o
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properly tightened durtng the mounting of the spacer frame assembly 440 to the power end 410 of the pump 400, as
will be described w additional detaid below. Furthermore, the upper clampmg bar 448 may mclude a plurabty of
tapped, 1.¢. threaded, boles 448t posttioned along an upper surface thercof, which may be used o [acilitate
tightening of the clamping assembly 460 (not showa m Fig, 5A) when the huid end assembly 4280 (not shown int
Fig. SA} 1s attached to the spacer frame assembly 440 during a iater assernbly step, as will be further described in
congunction with Figs. SE-3F below.

Figure 3B depicts the pump 400 of Fig. 3A afler the spacer {rarne assembly 440 has been mounted on, 1.6,
rerovably attached to, the power end asserably 410, In certarn ilhustrative aspects, a tie rod 422 {schematically
depicted by dashed lines i Fig. 3B) may be 1nstalled through ¢ach of the fie rod boles 450k {see, fig. *ﬁA) in the
iower clamping rait 458 and the correspondingly aligned spacer tubes 412 and holes 442h i the rear plate 447 {see,
Fig. 713}, as well as through each of the tie rod holes 448k {see, fig. SA) i the upper clamping bar 448 and the

correspondingly aligned spacer tubes 412 and holes 442h.  Afier the tie rods 422 have been cngaged with a

corresponding clenment, €.g., a threaded element {(not shown i Fig. 3B) 1n the power end 416 of the pump 4040, the

l.r
--.r

tic rods 422 may then be tighicned to a predetermined tie rod pre-load by attachmg the tie rod nuts 423 and

tightening the nuis in any manner known i the art, such as by torquemg and the hike. For example, in some
cmbodiments, the tic rods 422 nray bave a nonunal diameter of approximately 25-30 mm (1-2 inches), and the
torque pre-load may be in the range of about 3400-6860 N-m (25060-5000 {1-Ibs), although it should be understood
that other tie rod s1zes and/or torgue pre-load values may also be used, dependmg on the specilic design parameters
of the pump 400, and/or the specilic pumping apphication.

As shown 1n Fig. SB, each tie rod nut 423 may be at least partially disposed within a respective relief notch
4301 1n the lower clamping rail 450, and the rehef notches 450 may be conligured and sized so as 1o provide access
to the fie rod nuts 423 for the torquemg/pre-ioad step described above.,  Furthermore, 1n certam illustrative
cmbodiments, the tie rod nuts 423 may be specially designed and sized so as to numimize the commensurate overall
size¢ of the rehiel notches 450r so as o provide the proper access tor tightening., For example, in at least some

cmbodiments, the tie rod nuts 423 may be substantially cyiindrically shaped castellated nuts, as is depicted m

Fig, 5B, and a specially designed tighieming tool having a rumimal lateral size or diameter may be used 16 achigved
the requisite tie rod pre-load.

While Fig. 5B illustrates an exemplary embodiment wherem the spacer {rame assembly 440 13 removably
mounted o the power end assembly 410 with a plorality of tie rods 422 and lie rod nuts 423, it should be
understood by those of ordinary skl aller a4 complete reading of the present disclosure that, m at least some
cribodimnents, other spacer [rame arrangerents and/or spacer frame component configurations may also be used.

For example, in certain embodiments, the mounting plate 4427 may be miegral 1o the power end assembly 410, e.g.,

to the power end housing 411, such that the fie rods 4272 and tic rod nuts 423 are not needed 1o hold the spacer frame

assembly 440 in place. In such emboduments, the spacer tubes 412 may have a modibied configuration, such as
solid bars, plates, structural shapes, and the hke, since a fube-like conliguration s not needed 10 pass a tie rod 4272

therethrough. Addiionally, the relict notches 450r may also be ehiminated from at least the lower claroping rad
458, smce access to a tie rod nut 423 would also not be necessary.  Morecover, the support legs 444 may be

differently posiioned along the spacer frame 440, or even completely elurunated alicgether, depending on the

_—

overall design parameters and/or required condiguration of the combined integral spacer frame 440 and power end

410, In still other cmbodunents, the upper clamping bar 448 and the lower clamping rad 430 mayv be divectly

-

mounted on, or micgral to, the power end assembly 410, such that at least some of the various other spacer i

4

-‘J

A
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componenis, €.g., the mounting plate 442, spacer tubes 412, legs 444, gussel plates 446, clc., may also be
chmmnated. In such embodiments, it should be understood that the overall size of the power end assembly 410
and/or the stze of the power end bousing 411 would be adjusted 1o an appropuiale manner so as to accommodate the
required stroke length of the pump 400 durme operation.  Therefore, whule the descuption set {orth below 1§
directed substantially 1o the use of a removably attached spacer frame assembly 440, for the sake of ssmplicity 1t
shiould be undersicod that the description is equally applicabile to the use of spacer frame 440 that 1s mtegral 1o the
power end assembly 410, as well as to the use an upper clamping bar 448 and/or lower clamping rail 450 that are
directly mounted on, or witegral to, the power end 410,

Figure 3C shows the pump assembly 400 1 a further purap assembly step, wherem the thod end asserably
120 15 positioned adiacent to, €.g., in front of, the spacer frame assembly 444 affer the spacer frame 440 has been
mounted 1o the power end 410 as described with respect 1o Fig. 3B above. The fluid end assermmbly 420 may include

a block or pump housing 421 having a pluraiity of bore tormed therethmugh, such as the access bores 429 and the

discharge bores 417 shown w Fig. 3(, as well as suction bores 438 and plunger bores 437 {(not shown m Fig., 5(;
see, Figs. 6, 6(r and 6J). Additionally, the pump housing 421 mchides a fhnd outlet bore 428, which may be n

Huwid communication with each ot the discharge bores 417, Although not shown i Fig. 5C, a fully assenbled pump

Huid end 426 would typically mcihuding an access cover or access bore plug 431 positioned 1 each access bore 429,
as well as a discharge bore plug 432 (see, Figs. 6C and 64) posttioned i cach discharge bore 417 (see, Figs. 6C and
6(s).

In some embodiments disciosed herein, the fluid end assembly 420 may include a clamping boss 430

cxtending from the back side of the pump housing 421, 1.e., from the side of the pump housing 421 that will be

\

directly mountied to the spacer frame assembly 440 1n a manner that will be further deseribed below. The clanmiping
boss 430 may include a plurabity of upper clamping lips 425 that, m the pump orentation shown in Fig, 53,
protrude in an upward direction from the clamp boss 430, and a plurality of lower clamping lips 427 that protrude

a downward direction {rom: the clamp boss 430, such that the upper clamping lips 425 are diametrically opposed 6
the lower clamping lips 427 relative 10 the respective plunger bores 437, As shown m Fig, 5C, each of the upper
clamping lips 425 have a backside tapered clamping face 4251, 1.e., on a face that 1s opposite of the spacer frame
assembly 440, Suntlarly, cach of the lower clamping lips 427 have a backside tapered clamping face 4271, In
certain embodiments, the tapered clamping face 4251 15 adapted to shdingly engage with 4 ¢orrespondingly {apered
clamping face 462t of a clamp bar 462 (not shown in Fig. 53C; see, Figs. 5k, 6C and 64} and the tapered clamping
face 427t 1s adapted 1o shdmgly engage with a correspondingly tapered clamping face 450t (not shown; see,
Figs, 60C-6(5) of the lower clamping rail 430 when the clamping assembly 460 (not shown; see, Figs. 30 and 31} 15

.1
A\l
L

amp the {loid end assembly 420 10 the spacer frame assemnbly 440, as will be further described

y

used to removably ¢

below,

r-lr?

Pepending on the specific clamping arrangement of the {luid end mounting system, the sumber of upper
and lower claroping lips 425, 427 may have a 1:1 correspondence 1o the number of pump plungers 424 {not shown
in Fig. SC; see, Fig, 60, which would theretore also provide a 101 correspondence to the number of discharge bores
417, access bores 429, ete. Furthermore, m such embodiments, each upper clamping hip 425 would be positioned

substantially directly above a correspo

r-;

ding plunger 424 and ecach lower clamping hip 427 would be positioned

substantially directly below the corresponding plunger 424, 1.¢., on a directly oppostie side of the phunger 424 from

a corresponding upper clamping hp 423, For exampie, i the itllustrative emabodiment depicted 1 Fig, 5C, the three

1
>N
.

upper clamping lips 425 would comrespond to three plungers 424 (not shown) and three lower clamping hips 427
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(one only shown in Fig, 3C). However, 1 should be understood by those of ordinary skill afier a full reading of the
present disclosure that, 1 at least some embodiments, the mumber of upper and lower clamping hps 4235, 427
relafive to the number of plungers 424 may vary, .2., two each upper and lower clamping lips 425, 427 tor every
One piunger 424,
In certam exemplary embodiments, cach upper clampimg hip 425 may be separated from an adjacent uppe
claroping hip 425 by an upper reliet siot or noich 4251, and each fower clamping bip 427 may be separated from an

adiacent lower claroping Uip 427 by a sumlar lower rebief notch {not shown w Fig. 3C). Each upper rebet notch
42157 raay be conbigured and postitoned so that a corresponding tie rod nut 423 on the upper clamping bar 448 that s
used {together with a tie rod 422} 1o atiach the spacer frame assembiy 4480 10 the power end 410 can it between
adjacent upper clamping lips 423 substantially without woterference.  Sumlarly, each lower rehiet notch may be

F it

configured 1n comparable fashion so as 1o receve a corresponding tie rod nut 423 on the lower claim rail 450, thus
again avolding intericrence with the adjacent lower clamping lips 427, Furtheomore, in at least sonwe embodiuments,
the upper reliet noiches 4251 and the iower reliel noiches may also act as alignment guides for properly postiioning
the Thuid end assembly 420 on the lower clamping rail 430 and adjacent to the upper clamping bar 448, that
facthitating an easier coupling of the fhud end plunger 424 1o the pony rod 414 {neither shown in Fig. 53{; seo
Figs. 6A and 6C) on the power end 410 of the pump 400,
Figure 3D shows the pump assembly 400 of Fig, SC 1n a further assembly step, wherein the clamping boss
430 of the {luid end assembly 420 has been positioned against the spacer {rame assembly 440 in preparation for
removably clamping the fiuid end 420 1o the spacer frame 440. As shown m Fig, 313, the cenler tie rod miuts 423 on
the upper clamping bar 448 are straddbing the upper clamping lips 4235, and the center two upper tie rod nuts 423 are

e rod nyts

.
[-'d'

positioned at ieast partially m (:()1*1?@313011ding upper rehiel notches 4251, While not shown m Fig, 531, the 6
423 on the lower clamping rail 450 are smmilarly postfioned with respect 1o the lower clamping ips 427 and the
corresponding iower rehiel notches on the clamping boss 430,
Furthermore, m the assembly step depicted m Fig. 3B, the clamping boss 430 has been positioned so that a
substantially vertical front clamping face 425v (not shown mn Fig. 33 see, Figs. 6C and 645} of the upper clamping
ip 425 has been brought mio contact with a corresponding substantially vertical front clamping face 448y (not

.1
n
A

anmiping face 4251 on

y

shown; see, Figs. 6C and 6{s) of the upper clamping bar 448, and so that the backside tapered ¢
the upper clamping bp 425 has been brought wio contact with the correspondingly tapered clampmg face 4621 of
the clamp bar 462 {not shown; see, Figs. SE and 6C-6(). Simularly, a substantially vertical front clamping face
4277y {(not shown; sce, Figs. 6(-6(G} of the lower clampmg bp 427 has been brought inio contact wilhh a

corresponding vertical front clamping face 450v (not shown; see, Figs. 60C-6() of the lower clamping rail 450 and
A

aniping face 4271 on the lower clamping bp 427 has been brought mio conlact with the

y

the backside tapered ¢

correspondimely tapered clamping face 4501 of the lower clamping rail 450 {not shown; see, Figs. 6(-6(). Vartous

additional detailed aspects of the substantially vertical front claroping faces 425v, 448v, 427v, 450v and the tapered

-
>

¢ described below 1 conjunction with Figs, 6A-8E,

-5

clamping faces 4251, 4621, 4271, 4501 will

.L

Turning now 16 Fig. SE, a further assembly step 1s 1llustrated wherern the clamping assembly 460 has been

wrh

positioned adjacent o and above the previousty assembicd componerds of the pump 400 after the finid end

asscmbly 420 has postiioned in contact with the spacer framne assembily 440 in preparation for being remaovably

#

clamped thereto, As showrn i Fig. SE, the clamping asserably 460 may mciude a clamp bar 462 having fapered

clamping taces 4621 and 462x ou the bottom or lower side thereof, bee also, Figs, 64 and SC-8E.  As noted

previousty, the tapered clamping faces 4621 are adapted to slidingly engage the corresponding backside fapered
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ace 4251 on the upper clamping lip 425 when the clampmg assernbly 460 15 used 1o clamp the {luid end

"”P_)

clamping
420 1o the spacer frame 440, Un the other hand, the lapered clamping faces 462x, which are posiioned

substantially opposite of the fapered clamping faces 4621 on the clamp bar 462, are adapted to shidingly engage a

r-p

_—

correspondingly tapered clamping face 448x on the back side of the upper clamping bar 448, i.¢., substaatially
opposite of the vertical front clamping face 448v shown 1n Fig, 64 and described above. See aiso, Figs, 8C-8E,
Furthermore, the clampping assembly 460 may also mclude a plurabty of fasteners 464, e¢.g., threaded

7

fasteners such as machine bolis, socket head cap screws, and the like, which may be used to bolt, 1.¢., romovably

oy
NS
- af
-
=¥
N

attached, the clamp bar e spacer frame assembly 440 while the spacer frame 440 18 in the wierfacing

4
postiton with the fluid end assembly 420 as shown 1o Figs, 313 and SE. For exampie, 1 some embodiments, cach of
the fasteners 464 may be adapted o threadably engage a corresponding tapped hole 4481 positioned m the upper
surface of the upper clamping bar 448, and thercafter tightened to a predetermined bolt pre-load.  This

predetormined bolt pre-icad may then in turn generate a high clamping force between the clamping elements of the

-

Huid end assenibly 420 — te., the upper and lower clampmg fips 425, 427 — and the corresponding clamping

clements of the spacer frame assembly 440 — 1., the upper clamping bar 448 and the fower clamping rail 4530 — due
: Fauty

X

-'J

to the mechanical advantage provided by the vanous fapered clamping faces 4251, 4621, 462%, 448x, 4271, and 4501,

as will be further deseribed in detail below.

Figure 3F shows the punip assenibly 400 of Fig. 3E after the clamping assembly 460 has been removably
attached to the upper clamping bar 448 with the fastencrs 464, thereby removably clamping the thud end assembly
426 1o the spacer frame assembly 440, In certamn embodiments, the {asieners 464 may have a nonunal diameter m
the range of about 25-50 mm (1-2 mches), and the torque pre-load that 1s used 1o tighten the fasteners 464 so as 1o
clamp the thiod end 420 to the spacer trame 440 may be approximately 2700-5400 N-m (2000-4000 {i-lbs). In at
icast some embodiments, due to the mechamical advantage provided by the various tapered clamping faces

described herein, the resultmg high clamping pre-loads that are generated between the upper clamping lips 425 and

the upper clamping bar 445 and between the lower clamping lips 427 and the lower clamping rail 450 may thereby

reduce the magnitude of the aliernating stresses that are created 1n at least some areas of the pump housing 421 of

~

the thud end 420 during pump operation. Such reduced magmitude alfernating stresses may therefore lead to an

‘E 2NN :
;

decrease 1n the ocourrence of deinmental fatigue cracks m the pumip bousing 421, thus resuliing in an

P-‘

overa
increased fatigue life of the thud end 420 and exiended operating periads between downiime replacements.

In view of the overall sequence of pump assembly steps described above, since the spacer {rame assembly
4490 1s mounted on, ne., removably attached 1o, the power end assembly 410 during an early assembly step, it is

possible to mount or dismount the fiuid end assembly 420 durtng a completely separate assembly slep by sumply

F-ri

attaching or detaching the clamping assembly 640, Therelore, smce the fluid end 420 ¢an generally be mstalled

- ™y

and/or removed from the pump 400 while the spacer frame 440 remams mounted in place on the power end 416,

mulipie fiud end msiallation and/or removal ¢ycles, Le., removabie attachments, of the thud end 420 to the spacer

™y

framme 440 and power end 410 may be pufﬁ“n ed substanfiaily without disturbing the mutial spacer frame

installation.  In this way, the more problematic abgnment and assermably issues that are often associated with

»'x (“‘

installing the i rods 422 {see above) may be subsiantially avoided, thus significantly reducing the amount of

downtime spext {and the costs associated therewith) mn removing and replacimg a2 damaged or defective fuid end

1

asscrbly 420. I should be undersiood, bowever, that since the spacer frame asserably 440 15 removably attached t

-

the power end assembly 410 by the piurality of tie rods 422 and e rod nuts 423, the spacer frame 440 1oay alse be
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reraoved as may be required tor mamienance of the power end 4190, and {or replacement or repair of the spacer
frame 4440,

Figures 6A-6J 1llustrate various views and details of the exemplary reciprocating pump assembly 400
depicted mm Fig. SF. In particular, Fig. 6A 1s a side elevation view of the pump 400 after the spacer frame assembly
440 has been mounted on the power end 410 (shown schematically only 1n Figs. 6A, 6C, and 6G), and after the
clamping assembly 460 has been used to clamp the fluid end assembly 420 to the spacer frame 440. In Fig. 6A, an
illustrative pump plunger 424 1s shown protruding from the fluid 420, and 1s coupled to the corresponding pony rod
414 (schematically shown 1 Fig. 6A) that protrudes from the power end 410 of the pump 400.

Figure 6B 1s a front end elevation view of the pump 400 shown 1n Fig. 6 A along the view line “6B-6B.” In
Fig. 6A, an access bore plug 431 1s shown positioned 1n the center access bore 417 of the fluid end 420 whereas
only open access bores 429 are shown for the remaining pump cylinders. It should be appreciated, however, that
this configuration 1s illustrative only, as an access bore plug 431 typically would be positioned 1n each one of the
access bores 429 during normal operation of the pump 400.

Figure 6C 1s a cross-sectional view of the pump 400 of Fig. 6B along the section line “6C-6C.” Similarly,
Fig. 6G 1s an exploded cross-sectional view of the pump 400 along the section line “6G-6G™ of Fig. 6B and Fig. 6]

1S an 1sometric cross-sectional view of the pump 400 along the section line “6J-6J,” wherein however some internal

pump elements have been removed tfrom Figs. 6G and 6] for clarity. As noted above with respect to Fig. 6B, the
fluid end assembly 420 may include an access bore plug 431 (not shown in Fig. 6J) that 1s positioned in the access
bore 429, which may be used to for pump inspection and/or maintenance activities during pump downtime. The
fluid end 420 may also include a discharge bore plug 432 (also not shown in Fig. 6J) positioned in the discharge
bore 417. In certain embodiments, the discharge bore plug 432 may be adapted to act as a discharge valve stop
retainer device so as to maintain a discharge valve 433 1n position 1nside of the discharge bore 417.

In some embodiments, the fluid end 420 may include a stuffing box 436 (not shown 1 Figs. 6G or 6J)
positioned inside of the plunger bore 437, which 1s adapted atfect a dynamic seal against the outside surface of a
moving plunger 424 (also not shown 1n Figs. 6G or 6J) as the plunger reciprocates through the plunger bore 437
during pump operation. Furthermore, a suction valve 434 may be positioned inside of a suction bore 438, and a
suction valve stop retainer device 435 that 1s adapted to maintain the suction valve 434 1n 1ts proper position 1nside
of the suction bore 438 may be positioned above the suction valve 434, for example, 1n the cross-bore chamber 439.

Turning now to Fig. 6G, the upper clamping lips 425 that protrude from the clamping boss 430 (e.g., in a

substantially upward direction from the clamping boss 430 in the exemplary pump orientation depicted) each have a
substantially vertical front clamping face 425v and a backside tapered clamping face 425t. Additionally, as
depicted 1n Fig. 6G the tapered clamping faces 425t may be oriented at an acute taper angle 425a relative to the
front clamping faces 425v. Similarly, the lower clamping lips 4277 protruding from the clamping boss 430 (e.g., in a
substantially downward direction 1n the pump orientation depicted) have a substantially vertical front clamping face
427v and a backside tapered clamping face 427t that 1s oriented at an acute taper angle 427a relative to the front
clamping faces 427v. See, detailed view “6H” from Fig. 6G of the lower clamping lips 427, shown 1n Fig. 6H.
Additionally, 1n certain embodiments, one or more of the lower clamping lips 427 may include a protrusion element
427p having a lower contact face 427¢ that extends below a lower end of the clamping lips 427. In some aspects,
the protrusion element may be sized and positioned so as to control or limit the amount of clamping pre-load that 1s
generated by the clamping assembling 460 when mounting the fluid end 420 to the spacer assembly 440 by acting

as a positive stop, as will be further described below.
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In some 1llustrative embodiments, the taper angles 425a and 427a may be substantially the same angle, or
they may be different angles depending on the requisite design parameters of the clamping configuration, such as
desired clamping pre-load and the like. For example, in those embodiments where the taper angles 425a and 427a
are substantially the same, the angles 425a and 427a may be in the range of about 20°-30°, and in at least one
embodiment the taper angles 425a and 427a may be approximately 25°. It should be appreciated, however, that
these angle sizes are exemplary only, as the sizes of the taper angles 425a and 427a may be either larger or smaller
than the listed range.

Figure 61 1s a close-up detailed view “61” from Fig. 6G showing the relationship of the various clamping
faces 450t, 450v, and 450b of the “J-shaped” portion of the lower clamping rail 450. As shown 1n Fig. 61, the lower
clamping rail 450 may have substantially vertical front clamping faces 450v that are adapted to contact respective
vertical front clamping faces 4277v of the lower clamping lips 427 when the fluid end assembly 420 1s mounted on,
1.€., attached to, the spacer frame assembly 440. As shown in Fig. 61, the lower clamping rail 450 may also have
tapered clamping faces 450t that are oriented at an acute taper angle 450a relative to the front clamping faces 450v,
as well as bottom clamping faces 450b that are adapted to contact the contact faces 427¢ of the protrusion elements
427p as the fluid end 420 1s clamped 1n place against the spacer frame 440 by the clamping assembly 460, as will be
further described below. Additionally, and as noted above, the tapered clamping faces 450t of the lower clamping
rail 450 are adapted to slidingly engage the corresponding tapered rear clamping faces 427t of the lower clamping
lips 427 when the fluid end 420 1s mounted on the spacer frame 440 and clamped 1n place with the clamping
assembly 460. Accordingly, mm various aspects of the present disclosure, the taper angle 450a of the tapered
clamping faces 450t may be substantially the same as the taper angle 427a of the tapered clamping faces 427t, thus

facilitating the above-described sliding engagement during fluid end assembly make-up.

Returning now to Fig. 6(G, the upper clamping bar 448 may have substantially vertical front clamping faces
448v that are adapted to contact the respective front clamping faces 425v on the upper clamping lips 425 when the
fluid end assembly 420 1s mounted on the spacer frame assembly 440. Additionally, the upper clamping bar 448
may also have tapered clamping faces 448x that are oriented at an acute taper angle 448y relative to the front
clamping faces 448v. As noted previously, the tapered clamping faces 425t on the upper clamping lip 425 and the
tapered clamping faces 448x on the upper clamping bar 448 are adapted to slidingly engage tapered clamping faces
462t and 462x, respectively, on the clamp bar 462 during the assembly step when the clamping assembly 460 1s
used to clamp the fluid end 620 to the spacer frame 440. Therefore, 1 at least some exemplary embodiments, the
taper angle 425a may be substantially the same as an acute taper angle 462a of the tapered clamping faces 462t (not
shown 1n Fig. 6G; see, Fig. 8D), and the acute taper angle 448y may be substantially the same as an acute taper
angle 462y of the tapered clamping faces 462t (not shown 1 Fig. 6G; see, Fig. 8D), thus facilitating such sliding
engagement.

Figures 6D, 6E, and 6F are close-up detailed views “6D,” “6E,” and “6F” from Fig. 6C, which show the
interfacing relationship between the clamping surfaces of the lower clamping lips 427 and the *“J-shaped” portion of
the lower clamping rail 450 as the fluid end assembly 420 1s: 1) positioned closely adjacent to the spacer frame
assembly 440 (Fig. 6D); 2) brought into contact with the clamping faces of the spacer frame assembly 440
(Fig. 6E); and 3) clamped 1n place against the spacer frame assembly 440 by actuation of the clamping assembly
460 (Fig. 6F).

As shown 1n Fig. 6D, the fluid end assembly 420 1s mitially positioned adjacent to the spacer frame
assembly 440 such that the lower clamping lips 427 1s positioned substantially inside of the “J-shaped” opening
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defined by the vertical, bottom, and tapered clamping faces 450v, 450b, and 450t, respectively, of the lower
clamping rail 450. In this position, the clamping faces 427t and 427v of the lower clamping lips 427 may be
positioned proximate the respective clamping faces 450t and 450v of the lower clamping rail 450. Thereafter, as
shown m Fig. 6E, the fluid end assembly 420 1s lowered relative to the spacer frame assembly 440 until the tapered
clamping faces 427t are 1n contact with the corresponding tapered clamping faces 450t and the front clamping faces
4277v are 1n contact with the corresponding front clamping faces 450v. Furthermore, in this position the
substantially vertical front clamping taces 425v on the upper clamping lips 425 may also be substantially 1n contact
with the corresponding substantially vertical front clamping faces 448v on the upper clamping bar 448, 1.e., 1n
preparation for final clamping by the clamping assembly 460. See, Figs. SD and 5E. Additionally, the lower
contact faces 427¢ of the protrusion elements 427p on the lower clamping lips 427 1s positioned a predetermined
gap distance 427g away from the bottom clamping surface 450b of the lower clamping rail 450.

Figure 6F 1llustrates the interfacing relationship between the lower clamping rail 450 and the lower
clamping lips 427 after the clamping assembly 460 has been mounted on the fluid end assembly 420 and the spacer
frame assembly 440 and used to close the gap 427¢g, thus bringing the contact taces 427¢ of the protrusion elements
427p mto contact with the corresponding bottom clamping faces 450b of the “J-shaped” portion of the lower
clamping rail 450. For example, the clamping assembly 460 may be mounted on the fluid end 420 and the spacer
frame 440 by bringing the tapered clamping faces 462t and 462x of the clamp bar 462 into contact with the
corresponding tapered clamping faces 425t and 448x of the upper clamping lip 425 and upper clamping bar 448,
respectively. Thereafter, the fasteners 464 may be threadably engaged with the tapped holes 448t 1in the upper
clamping bar 448 and tightened as described above until the gap 427¢ 1s closed and the contact faces 427¢ are 1n
contact with the bottom clamping faces 450b. In this way, an appropriate degree of “interference fit” may be
induced between the lower clamping lips 4277 and the “J-shaped” portion of the lower clamping rail 450, which may

in turn provide a desired degree of clamping pre-load that acts to reduce the magnitude of any alternating stresses

that occur 1n the clamp bar 462, in the fasteners 464 that attach the clamp bar 462 to the spacer frame assembly 440,
and 1n the “J-shaped” portion of the lower clamping rail 450. Moreover, in some embodiments, the clamping pre-

load may also act to reduce the magnitude of the alternating stresses that generally occur in the pump housing 421

during normal pump operation, and which often lead to the type of premature fatigue cracking and/or pump failure
described above.

The predetermined gap distance 427¢g may be established based upon a desired amount of “interterence fit”
and consequent clamping pre-load so as to reduce and/or minimize the type of fatigue-related problems associated
with high pressure reciprocating pumps. For example, in some embodiments, the predetermined gap distance 427¢
may be in the range of approximately 0.25-5.00 mm (0.010-0.200 inches). Furthermore, 1t should be understood by
those of ordinary skill after a complete reading of the present disclosure that gap distance 427¢g used for any given
configuration of clamping elements may vary depending on the size of the various acute taper angles 425a, 427a,

450a, 462a, 462y, and/or 448y.
Turning now to Figs. 8A-8E, some additional aspects of the clamp bar 462 will not be described. In

particular, Fig. 8A 1s a top down (plan) view of the clamp bar 462, Fig. 8B 1s a side elevation view of the clamp bar
462 along the view line “8B-8B” of Fig. 8A, and Fig. 8C 1s a bottom up view of the clamp bar 462 along the view
line “8C-8C” of Fig. 8B. Additionally, Fig. 8D 1s a cross-sectional view of the clamp bar 462 along the section line

“8D-8D” of Fig. 8A, and Fig. 8E 1s an 1sometric view of the clamp bar 462 when viewed from below.
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In some embodiments, the clamp bar 462 may include a plurality of bolt holes 463, 1.e.,
one each for the number of fasteners 464 that are used to clamp the clamp bar 462 into place
on the fluid end assembly 420 and the spacer frame assembly 440. Additionally, the clamp bar
462 may include a plurality of nut relief notches 461 that are sized and positioned so as to
allow the clamp bar 462 to be mounted on the upper clamping lips 425 of the fluid end 420
without interfering with the tie rod nuts 423 that are positioned between each of the adjacent
upper clamping lips 425. The clamp bar 462 may also include a plurality of spacer tube relief
notches 465 that are substantially aligned with the corresponding nut relief notches 461.
Furthermore, the spacer tube relief notches 465 may be similarly sized and positioned so as to
allow the clamp bar 462 to be mounted on the upper clamping bar 448 of the spacer assembly
420 without interfering with the spacer tubes 412 that extend between the upper clamping bar
448 and the rear plate 442, and correspond to the tie rod nuts 423 for which the nut reliet
notches 461 may be required.

The present disclosure therefore describes various systems, devices, and methods that
may be used to speed up and simplify the removal and replacement of a fluid end assembly of
a reciprocating pump. Additionally, the systems and methods disclosed herein may also reduce
or minimize at least some of the fatigue-related defects that occur in the fluid end of
reciprocating pumps that are exposed to extreme service cyclic loading.

The particular embodiments disclosed above are illustrative only, as the invention may
be modified and practiced in different but equivalent manners apparent to those skilled in the
art having the benefit of the teachings herem. For example, the method steps set forth above
may be performed in a different order. Furthermore, no limitations are intended to the details
of construction or design herein shown. It i1s therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are considered within the

scope of the invention. Accordingly, the protection sought herein 1s as set forth in the claims

below.
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CLAIMS

1. A system for mounting a fluid end of a pump to a power end of said pump, the

system comprising:

an upper clamping bar;

a clamping assembly that 1s adapted to removably clamp said fluid end to said upper
clamping bar, said clamping assembly comprising a clamp bar having a first
tapered clamping face that 1s adapted to contact a correspondingly tapered
clamping face on said upper clamping bar when said fluid end 1s removably
clamped to said upper clamping bar; and

a lower clamping rail having a tapered clamping face that i1s adapted to contact a
correspondingly tapered clamping face on a lower clamping lip of said fluid end

when said fluid end is removably clamped to said upper clamping bar.

2. The system of claim 1, wherein said upper clamping bar has a front clamping
face that 1s adapted to contact a front clamping face on an upper clamping lip of said fluid end
and said lower clamping rail has a front clamping face that 1s adapted to contact a front clamping
face on said lower clamping lip when said fluid end 1s removably clamped to said upper

clamping bar.

3. The system of claim 1, wherein said upper clamping bar and said lower clamping
rail comprise a spacer frame that 1s adapted to be positioned between said fluid end and said

power end when said fluid end 1s removably clamped to said upper clamping bar.

4, The system of claim 1, wheremn said clamping assembly further comprises a
plurality of fasteners that are adapted to removably attach said clamp bar to said upper clamping
bar, said first tapered clamping face on said clamp bar being adapted to shdingly engage said
correspondingly tapered clamping face on said upper clamping bar and a second tapered
clamping face on said clamp bar being adapted to slidingly engage a correspondingly tapered
clamping face on an upper clamping lip of said fluid end as said plurality of fasteners removably

attaching said clamp bar to said upper clamping bar are tightened to a predetermined preload.



10

15

20

25

CA 02956284 2017-01-25

16

S. The system of claim 1, wherein a second tapered clamping face on said clamp
bar 1s adapted to contact a correspondingly tapered clamping face on an upper clamping lip of

sald fluid end when said fluid end 1s removably clamped to said upper clamping bar.

0. The system of claim 5, wherein a front clamping face on said upper clamping bar
is adapted to contact a front clamping face on said upper clamping lip when said fluid end is
removably clamped to said upper clamping bar, wherein said tapered clamping face on said
upper clamping bar is oriented at first acute angle relative to said front clamping face on said
upper clamping bar, and wherein said tapered clamping face on said upper clamping lip is

oriented at a second acute angle relative to said front clamping face on said upper clamping lip.

7. The system of claim 1, wherein said lower clamping rail has a front clamping
face that 1s adapted to contact a front clamping face on said lower clamping lip of said fluid end
when said fluid end 1s removably clamped to said upper clamping bar, wherein said tapered
clamping face on said lower clamping rail 1s oriented at first acute angle relative to said front
clamping face on said lower clamping rail, and whercin said tapered clamping face on said
lower clamping lip is oriented at a second acute angle relative to said front clamping face on said
lower clamping lip, said first acute angle being substantially the same as said second acute

angle.

8. The system of claim 7, wherein said lower clamping rail comprises a bottom
clamping face that 1s positioned between said front clamping face and said tapered clamping
face of said lower clamping rail, said bottom clamping face being adapted to be brought into
contact with a contact face of a protrusion element extending from said lower clamping lip when
said fluid end 1s removably clamped to said upper clamping bar, wherein said protrusion element
1S a positive stop protrusion element that is adapted to control a clamping preload imposed on

said fluid end when said fluid end is removably clamped to said upper clamping bar.
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9. A pump assembly, comprising:

a fluid end assembly that 1s adapted to pump a fluid, said fluid end assembly comprising
an upper clamping lip and a lowcr clamping lip;

a power end assembly that 1s adapted to generate pumping power so as to drive said fluid
end assembly;

an upper clamping bar and a lower clamping rail coupled to said power end assembly;
and

a clamping assembly removably clamping said upper clamping lip of said fluid end
assembly to said upper clamping bar and said lower clamping lip of said fluid

end assembly to said lower clamping rail.

10. The pump assembly of claim 9, wherein said clamping assembly comprises a
clamp bar and a plurality of fasteners removably attaching said clamp bar to said upper clamping

bar.

11. The pump assembly of claim 10, wherein said upper clamping lip has a tapered

clamping face in contact with a correspondingly tapered first clamping face on said clamp bar.

12. The pump assembly of claim 11, wherein said upper clamping bar has a tapered
clamping face 1n contact with a correspondingly tapered second clamping face on said clamp bar
and a front clamping face in contact with a front clamping face on said upper clamping lip, and
wherein said lower clamping rail has a tapered clamping face in contact with a correspondingly
tapered clamping face on said lower clamping lip and a front clamping face in contact with a

front clamping face on said lower clamping lip.

13. The pump assembly of claim 12, wherein said lower clamping rail comprises a
bottom clamping face that 1s positioned between said front clamping face and said tapered
clamping face of said lower clamping rail, said bottom clamping face being in contact with a

contact face of a positive stop protrusion element that extends from said lower clamping lip.
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14. The pump assembly of claim 9, wherein said uppei‘ clamping bar and said lower
clamping rail comprise a spacer frame assembly that is removably attached to said power end

assembly.

15. A pump fluid end assembly that 1s adapted to be removably clamped to a pump
power end assembly, the pump fluid end assembly comprising:

a pump housing;

an upper clamping lip extending from said pump housing, said upper clamping lip
having a front clamping face and a tapered clamping face that is oriented at a
first acute angle relative to said front clamping face, wherein said front clamping
face 1s adapted to slidingly engage a front clamping face of an upper clamping
bar that 1s coupled to said pump power end assembly and said tapered clamping
face 1s adapted to slidingly engage a correspondingly tapered clamping face of a
clamp bar when a clamping assembly comprising said clamp bar is used to
removably clamp said pump fluid end assembly to said pump power end

assembly.

16. The pump fluid end assembly of claim 15, further comprising a lower clamping
lip extending from said pump housing, said lower clamping lip having a front clamping face and
a tapered clamping face that is oriented at a second acute angle relative to said front clamping

face.

17. The pump fluid end assembly of claim 16, wherein said front clamping face of
said second clamping lip is adapted to slidingly engage a front clamping face of a lower
clamping rail that 1s coupled to said pump power end assembly and said tapered clamping face
of said second clamping lip is adapted to slidingly engage a correspondingly tapered clamping
face of said lower clamping rail when said pump fluid end assembly is removably clamped to

said pump power end assembly.
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18. The pump fluid end assembly of claim 16, further comprising a plunger bore
extending through at least a portion of said pump housing, wherein said upper clamping lip is
positioned on a first side of said plunger bore and said lower clamping lip is positioned on a

second side of said plunger bore that 1s diametrically opposed to said first side.

19. The pump fluid end assembly of claim 16, wherein said pump housing comprises
a clamping boss, said upper and lower clamping lips extending from opposite sides of said

clamping boss.

20. A method for removably mounting a fluid end assembly of a pump assembly to a
power end assembly of said pump assembly, the method comprising:

removably attaching a spacer frame assembly to said power end assembly;

after removably attaching said spacer frame assembly to said power end assembly,
positioning a plurality of clamping faces of said fluid end assembly in contact
with a plurality of corresponding clamping faces of said removably attached
spacer frame assembly; and

removably clamping said fluid end assembly to said spacer frame assembly with a

clamping assembly.

21. The method of claim 20, wherein removably clamping said fluid end assembly to
sald spacer frame assembly with said clamping assembly comprises:

positioning a clamp bar on said fluid end assembly and said spacer frame assembly so
that a first tapered clamping face of said clamp bar is in contact with a
correspondingly tapered clamping face of an upper clamping lip of said fluid end
assembly and a second tapered clamping face of said clamp bar is in contact with
a correspondingly tapered clamping surface of an upper clamping bar of said
spacer frame assembly;

removably attaching said clamp bar to said spacer frame assembly with a plurality of

fasteners; and
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tightening said plurality of fasteners so that said first tapered clamping face of said
clamp bar shidingly engages said tapered clamping face of said upper clamping
lip and said second tapered clamping face of said clamp bar slidingly engages

said tapered clamping surface of said upper clamping bar.

22, The method of claim 21, further comprising tightening said plurality of fasteners
so that each of said plurality of clamping faces of said fluid end assembly slidingly engages a

respective one of said plurality of corresponding clamping faces of said removably attached

spacer frame assembly.
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