TI TLE OF THE | NVENTI ON PUMP ASSEMBLY BACKGROUND OF THE | NVENTION (1) Field
of the Invention [0001] The invention is related in general to wellsite
surface eyoi2premr27duch as fracturing punps and the |ikePCiaB20D@8%3868ti on of
Rel ated Art including information disclosed under 37 CFR 1.97 and 1.98

[ 0002] Mul ti pl ex reciprocating punps are generally used to punp high
pressure fracturing fluids downhole. Typically, the punps that are used for
this purpose have plunger sizes varying fromabout 9.5 cm (3.75 in.) to
about 16.5 cm (6.5 in.) in dianeter. These punps typically have two
sections: (a) a power end, the notor assenbly that drives the punp plungers
(the driveline and transm ssion are parts of the power end); and (b) a
fluid end, the punp container that holds and di scharges pressurized fl uid.

[0003]In triplex punps, the fluid end has three fluid cylinders. For the
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[0002] Multiplex reciprocating pumps are generally used to pump high
pressure fracturing fluids downhole. Typically, the pumps that are used for this
purpose have plunger sizes varying from about 9.5 ¢cm (3.75 in.) to about 16.5
cm (6.5 in.) in diameter. These pumps typically have two sections: (a) a power
end, the motor assembly that drives the pump plungers (the driveline and
transmission are parts of the power end); and (b) a fluid end, the pump container

that holds and discharges pressurized fluid.

[0003] In triplex pumps, the fluid end has three fluid cylinders. For the
purpose of this document, the middle of these three cylinders is referred to as
the central cylinder, and the remaining two cylinders are referred to as side
cylinders. Similarly, a quintuplex pump has five fluid cylinders, including a
middle cylinder and four side cylinders. A fluid end may comprise a single block

having cylinders bored therein, known in the art as a monoblock fluid end.

[0004] The pumping cycle of the fluid end is composed of two stages: (a) a
suction cycle: During this part of the cycle a piston moves outward in a packing
bore, thereby lowering the fluid pressure in the fluid end. As the fluid pressure
becomes lower than the pressure of the fluid in a suction pipe (typically 2-3 times
the atmospheric pressure, approximately 0.28 MPa (40 psi)), the suction valve
opens and the fluid end is filled with pumping fluid; and (b) a discharge cycle:
During this cycle, the plunger moves forward in the packing bore, thereby

progressively increasing the fluid pressure in the pump and closing the suction
1



pur pose of this docunent, the mddle of these three cylinders is referred
to as the central cylinder, and the remaining two cylinders are referred to
as side cybiznd@n®274Si m |l arly, a quintuplex punp has fi veciiBudo/esssésnder s,
including a mddle cylinder and four side cylinders. A fluid end may
conprise a single block having cylinders bored therein, known in the art as
a nonobl ock fluid end. [0004] The punping cycle of the fluid end is conposed
of two stages: (a) a suction cycle: During this part of the cycle a piston
noves outward in a packing bore, thereby lowering the fluid pressure in the
fluid end. As the fluid pressure becones |ower than the pressure of the
fluid in a suction pipe (typically 2-3 tines the atnospheric pressure,
approxi mately 0.28 MPa (40 psi)), the suction valve opens and the fluid end

is filled \Y&\}eh A |@9ref35ﬁye%ll?lﬁtéfjn gﬁ% t7an d%é%ﬂ@b sﬁﬂéc(y\/vﬂrchgéﬁ' th' s cycle,

the plunger rmves or war ore er eby progress Qel y
i ncr easi ngerrh@Sfld)\Mlaa 18r8eNIBar(@ Ksh t@ lae hmh@ﬁ MIMBPad@il iikgi)) the disabaigen 1 val ve.

From as- 1 o SOy e Nipr St IEDs kRS, dr 8 oRERSBERRAL ) T "9
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notive force to reciprocate the &%W@ungers via rods which are known in

the art as’fBriFaiefig PUDPRINICHRVipH A grediwn inithe FHAS PPMOTAIS f f er ent

manuf act ur@ftén ath@ b&ﬁéﬁ%&lé bhiy iR thdsh@om Sftdr@iMBRhuRktukdle BRNY rods and
pl ungers, as wel | different profiles and bolting patterns of t he

att achrrent'”f"?'ﬁﬁ’@@'eo‘f'uec wethﬁ@%a“g@mn?%ﬂ the PoRY fasistang @Wé%taﬁd/\‘? H%ck on the

fluid end. iRt prefigs afBbolifg %ﬂ&%%@tﬂé\’at&hh@%ﬂé@@tﬁf&ﬁé B6WESend t h
considerable variability in the desi %ln and di nensi ons of the attachnent

fl ange, pdiAtveisihedion)egtiondlocken the thkPrWetR’/\%’é‘?’f GPER MACRUPOAYCHS wel | as

bet ween di fyf %ﬁfélls Fﬂ%ﬁl@’fa%tufrér@Wvﬁm%oﬁﬁa@ramnvér%ﬁlw‘ﬂ{ thd }RAGhGhvgsr @ punpi ng
frequency of 2 2 pressure cycles per second, the fluid end body

can experi @W@@S'Q”Q/QF qu %?Qj’@”]‘?ﬁhﬂ%rﬂgeofpoﬁi' redss driyelings elfi-t PRTR betweanat i vel y

short oper@abh@adlirerd A€ FERBs bMREER dffefddd MoREBIfRM theQ@RiNREnWAdttret.ne hi gh
operating pressures, the d|ff| cult nature of the fluids being punped, and

often extr envi ronment al . d| tions es. rise to high i nt enance
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second, the fluid end body can experience a very large number of stress cycles
within a relatively short operational lifespan. These stress cycles, together with
the high operating pressures, the difficult nature of the fluids being pumped, and
often extreme environmental conditions, gives rise to high maintenance

requirements both on the fluid end as well as the power end.

[0007] Frequently it is desired to remove power end and/or fluid end pump
assembly components from a working pump and replace them with components
from inventory to keep the pump assembly in operation while the removed
component can be repaired and returned to inventory; however, there are
substantial differences between different pump assembly makes and models
such that a relatively large inventory is required to provide suitable replacement
power ends and/or fluid ends for every type an enterprise may have in operation.
A power end from one manufacturer, for example, may not have the proper
orientation of drive rods and tie rods to the fluid end of another manufacturer, or
the appropriate stroke length. Standardization of fluid ends and pump ends for

one manufacturer can lead to sourcing and pricing issues and for these reasons



[ 0007] Frequently it is desired to renove power end and/or fluid end punp
assenbly conponents froma working punp and replace them w th conponents
from i nvemoany/em7keep t he punp assenbly in operati on wrCraB2h@0338680Ved
conponent can be repaired and returned to inventory; however, there are
substantial differences between different punp assenbly nakes and nodel s
such that a relatively large inventory is required to provide suitable
repl acenent power ends and/or fluid ends for every type an enterprise nay
have in operation. A power end from one manufacturer, for exanple, nmay not
have the proper orientation of drive rods and tie rods to the fluid end of
anot her manufacturer, or the appropriate stroke | ength. Standardi zation of
fluid ends and punp ends for one manufacturer can | ead to sourcing and
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to connect up a power end t fluid ngwassenbly where the power
g

end has dr‘PW"f“ﬁHs&” efeieneys ﬂeﬁ?'h%eﬁe“qm'&)’}ﬁr‘ﬁé“%‘t@ Y. of the fluid end. In
t hi s enbodi ment non-standard power ends of different makes and nodel s can

be i nt er chBRIEFaHUVVRAFRRPOETHEONVENTIONt h t he sanme fluid end. [0010]1n one
enbodi ment, a punp assenbly conprises: a power end conprising a plurality
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end conpri pl ungers arrange cond geonetric
pattern V\/ntm elmwmendéccaniﬂu@eodeﬁral p;urpratasmmbly svhetrd fher powerferoinhdshe fir st

fluid
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rod to an rmrf-siemdandleowér erhb q{oldljliegﬂnt sakes and models can be interchangeably

adapted for use with the same fluid end.

[0010] In one embodiment, a pump assembly comprises: a power end
comprising a plurality of reciprocatable drive rods arranged in a first geometric
pattern; a fluid end comprising a plurality of plungers arranged in a second
geometric pattern wherein the second geometric pattern is different from the first
geometric pattern; and an adaptor to connect the power end to the fluid end,
wherein the adaptor comprises an offset coupler to attach a said drive rod to an

offset one of the plungers.

[0011] In an embodiment, the adaptor further comprises an in-line coupler to
attach a said drive rod to an aligned one of the plungers. In an embodiment, the
first and second geometric patterns comprise a straight line, wherein the drive
rods and plungers are transversely oriented on opposite sides of the line, and
wherein spacing between the drive rods is different from spacing between the
plungers. In an embodiment, the pump assembly has a triplex or quintuplex fluid
end wherein a middle one of the plungers is coupled in alignment with a
corresponding middle one of the drive rods, and wherein side ones of the
plungers are connected with corresponding side ones of the drive rods using a

respective plurality of the offset couplers.

[0012] In an embodiment, the offset coupler comprises an eccentric clamp,
which may comprise a split housing halves, a first opening and recess to receive

the drive rod and an enlarged end thereof, a second opening and recess to
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[0011] In an enbodi nent, the adaptor further conprises an in-line coupler to
attach a said drive rod to an aligned one of the plungers. In an

enbodi mrerwg 20ti@2fi7nst and second geonetric patterns conpCirap20a0/8338es ght

| ine, wherein the drive rods and plungers are transversely oriented on
opposite sides of the line, and wherein spacing between the drive rods is
different from spaci ng between the plungers. In an enbodi nent, the punp
assenbly has a triplex or quintuplex fluid end wherein a m ddle one of the
plungers is coupled in alignment with a correspondi ng m ddl e one of the
drive rods, and wherein side ones of the plungers are connected with
correspondi ng side ones of the drive rods using a respective plurality of
the offset couplers. [0012] 1 n an enbodi nent, the offset coupler conprises

an eccent ngEe G W oML AndBY, %H%gbs&dath% dfnaﬁ‘d)‘ésbl[lﬁal@abf"ﬁats @ first

opening and recess torecelve rive ro ed end thereof, a
second opekimyakiadgecwe dwshausing hatvesei ve t he pl unger and an enl arged end
thereof, and a plurality of bolts to renobvable secure the housing hal ves.

[0013]1n a{roo%vjbOdhréﬁrttmbddhﬁerﬁdmetarabptfowfdrmr c&ﬁﬁfriéreb%e@u@h loaighéddsy of tie
rods secured at opposite ends to the power end a he fluid end, wherein

at | east OWRSUB RHPPEBiEe PRRASIO theIRgMes ead aﬂfjftg%tﬂu'fjl%‘dr yhereimpt Best o attach a

first tie 6@oﬁ%tmémoofsrmmua&eaﬁ%ét gadovabiBptan tobftsdt a RGO dd e rod
section fromthe fluid end.
section from the power end with an offset second tie rod section from the fluid

end.

[0014] In an embodiment, the offset tie rod adaptor comprises opposing first
and second elongated blocks abutting at a sloping transverse surface, a through
bore and a threaded bore formed in each of the first and second blocks, wherein
the through bores of the first and second blocks are aligned at the transverse
surface with the threaded bores of the respective second and first blocks,
wherein the through bores are formed longitudinally in a portion of the blocks
that is longer than a portion of the blocks in wherein the threaded bores are
formed, wherein the first tie rod section is slideably received in the through bore
of the first block and threadedly engaged in the threaded bore of the second
block and wherein the second tie rod section is slideably received in the through
bore of the second block and threadedly engaged in the threaded bore of the
first block.

[0015] In an embodiment, the fluid end comprises a plurality of pump body
modules secured together to form the fluid end, for example, in a line with

fasteners between opposite end plates.

[0016] In another embodiment, a pump assembly and maintenance system,
comprises: a standby inventory of standard fluid end assemblies comprising a
standard plunger and tie rod configuration; a standby inventory of a plurality of
different sets of power end units, wherein each set of power end units has a
different drive rod and tie rod configuration with respect to the other power end
sets, including at least one set of offset power ends having an offset drive rod
and tie rod configuration with respect to the standard plunger and tie rod
configuration; a standby inventory of adapter units to connect the offset power

ends to the standard fluid ends; and a population of pump assemblies in service,
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[0014] I n an enbodi nent, the offset tie rod adaptor conprises opposing first
and second el ongated bl ocks abutting at a sloping transverse surface, a

t hrough bwoeoand7m4t hr eaded bore fornmed in each of the PCraB20amos386coNnd

bl ocks, wherein the through bores of the first and second bl ocks are
aligned at the transverse surface with the threaded bores of the respective
second and first blocks, wherein the through bores are forned
longitudinally in a portion of the blocks that is |onger than a portion of
the bl ocks in wherein the threaded bores are forned, wherein the first tie
rod section is slideably received in the through bore of the first bl ock
and threadedly engaged in the threaded bore of the second bl ock and wherein
the second tie rod section is slideably received in the through bore of the
second bl o g%%qg first

bl ock. [Od&gwﬁgqg fg ? &O@Bg%hg Qﬁﬂf?@@@&g %FL% ty of punp
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rod and tiremoyeld poweiensk ati on with respect to the other power end sets,
including at | east one set of offset power ends having an offset drive rod

and tie ro@o¢anfigusakhdRdimdn trheslae&{torkfooft Hiéngdraiad @ndl ax3ebliend tie rod
confi guratl on; a standby inventory of adapter units tao connect the offset
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standard fluid end, a said adapter unit and a said offset power end,
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pover end aRAmbRPbREHNEr Widrd oﬁtﬁ@h%r@l%'éa@@%ufnﬁpﬁbéw&oﬂhlégdhM drnvent ory
t hereof wherein the replacenent power end has a different drive rod and tie

rod confi geIPRRIMANtWhernyesnions of Peweriand Uitadvier Gemersem et o 6ipndpich an

enbodi nentpov&éaeenug\h@%graydmfe @Heyhdar roﬂldéhdg@aﬁbraméﬁznthbltﬁé stangbRer
conprises interchangea nodul es, wherein the fluid end

assenbl i esP H'Eﬂﬁfnaf‘gé'eéo‘ﬂJP%fQPfett'Q”’o?”dtW@erﬁﬁdﬁ? 88PUIgRRy Ay SeNEeiiMer vi ce punp

assenbl i esagzamblies iRPaH CBMPRAYes” QIFRY id38embifbs’ &Mh@Eingda tdidatapewed fluid end
assenbly or one or nore of the |nterchangeable punp body nodul es. In an

embodi ment &NG suPIEAERE 1@ SottandRfd iuid§8duni ts further conprise a set of
standard power ends having a drive rod and tie rod configuration matching

the standajod18yl untgmtheareintﬁodenemqoromdlés gun@tho@monmmmghe*r)mrmumhg agpopul ati on
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geometric pattern; (2) providing a fluid end comprising a plurality of plungers
arranged in a second geometric pattern wherein the second geometric pattern is
different from the first geometric pattern; and (3) connecting the power end to the
fluid end via an adaptor comprising an offset coupler to attach a said drive rod to

an offset one of the plungers.

[0019] In an embodiment, the method also includes attaching a said drive rod
to an aligned one of the plungers. In an embodiment, the method also includes
transversely orienting the drive rods and plungers on opposite sides of a straight
line wherein spacing between the drive rods is different from spacing between
the plungers. In an embodiment, the fluid end comprises a triplex or quintuplex
fluid end assembly, and the method also includes coupling a middle one of the

plungers in alignment with a corresponding middle one of the drive rods, and



[ 0018] Anot her enbodi nent provides a nmethod, conprising: (1) providing a
power end conprising a plurality of reciprocatable drive rods arranged in a
first geowetwilonzpmttern; (2) providing a fluid end conpPCIIBY1I&0PRes al ity
of plungers arranged in a second geonetric pattern wherein the second
geonetric pattern is different fromthe first geonetric pattern; and (3)
connecting the power end to the fluid end via an adaptor conprising an

of fset coupler to attach a said drive rod to an offset one of the plungers.
[0019] I n an enbodi nent, the method al so includes attaching a said drive rod
to an aligned one of the plungers. In an enbodi nent, the nethod al so

i ncludes transversely orienting the drive rods and plungers on opposite
sides of a straight Iine wherein spacing between the drive rods is

different ff, ﬂ&ﬁg@&&{gn&eswxﬁs%lJn & &k‘t‘r??ﬁfe}poh @ud%;% QdigTail grijehe fluid

end conprises a ex or quint sse and the method
al so i ncl ugds ab@tﬁﬂpeﬁyewlurﬁhmb’éthemﬁseifcouhlempl ungers in aI ignment with a
correspondi ng m ddl e one of the drive rods, and connecting side ones of the

pl ungers wophoicoriheppanshdidest @ Me%d%ﬁsd |hglu6‘és! ¥&:u‘?lﬁ§i$h@bo@erreﬁ§peCt rve
plurality of the offset coupl ers. [0020]In an enbodi ne t he nethod al so

i ncl udes s¥ELelyid end toaaiber ByaearngapeOsiie Fese @ @'W@éﬁyﬁéﬁ'eﬂg}d%@curl ng

opposi te efRgpoRbr ancpbm el fhid &d, cbRpFiSIHg attfcHiltfa RRMEE r&f@ecﬁaﬁl fohe f1uid
end, conprising attaching a first tie rod section fromthe power end to an

of f set sectbﬂd’ot”ieée'i“i')@ %’é@ﬁ%ﬁef‘?r&ﬁ'q Fod %‘elcmrdfrgﬁdh%tf'u'ﬁrﬁnéfqt§§t°ﬁf5Pb rod
adapter. [Q024lddapn enmbodi nent, the method al so includes assenbling the
fluid end froma pI urality of punp body nodul es secured t oget her, for

exanpl e, ing the bad s in ne mn st.eners, between
opposi Lo STIZH adaen qlRBpH. hertr Preaserdiesanehbiha ARITEGHG | seo: (1)
provi di ng f@orﬁtaamdrla]lty of pump body modules secured together, for example, securing

the pump body modules in a line with fasteners between opposite end plates.

[0022] In a further embodiment a method comprises: (1) providing a standby
inventory of standard fluid end assemblies comprising a standard plunger and tie
rod configuration; (2) providing a standby inventory of a plurality of different sets
of power end units, wherein each set of power end units has a different drive rod
and tie rod configuration with respect to the other power end sets, including at
least one set of offset power ends having an offset drive rod and tie rod
configuration with respect to the standard plunger and tie rod configuration; (3)
providing a standby inventory of adapter units adapted to connect the offset
power ends to the standard fluid ends; (4) connecting a said standard fluid end,
a said adapter unit and a said offset power end from the standby inventories into
a pump assembly; (5) placing a plurality of the pump assemblies in service; and
(6) removing the power end of one of the in-service pump assemblies for repair
or maintenance and replacing it with a said power end from the standby
inventory, wherein the replacement power end has a different drive rod and tie

rod configuration with respect to the removed power end.

[0023] In an embodiment, the inventory of standard fluid end assemblies
further comprises interchangeable pump body modules, wherein the fluid end
assemblies comprise a plurality of the modules, and the method also includes
removing the standard fluid end assembly or one or more of the interchangeable

pump body modules for repair or maintenance and replacing it with another one



inventory of standard fluid end assenblies conprising a standard pl unger
and tie rod configuration; (2) providing a standby inventory of a plurality
of differwotoseanrs27ef power end units, wherein each set @®@CTOB20/0B8EB units
has a different drive rod and tie rod configuration with respect to the

ot her power end sets, including at |east one set of offset power ends
havi ng an offset drive rod and tie rod configuration with respect to the
standard plunger and tie rod configuration; (3) providing a standby
inventory of adapter units adapted to connect the offset power ends to the
standard fluid ends; (4) connecting a said standard fluid end, a said
adapter unit and a said offset power end fromthe standby inventories into
a punp assenbly; (5) placing a plurality of the punp assenblies in service;

and (6) repmyifg M&ﬂ&g""&ﬁ sNdaf DI rf?jf %%"mt&l” "6 GF MyEPoAgRenDl i es for

repair or mal ntenance and replacing d power end fromthe
st andby |nvmf@ngtﬁab}mwmplbocihmorielpsacerrent power end has a different drive
rod and tie rod configuration with respect to the renoved power end.

[0023] I n apogaPodh réﬁrgmbddnﬁemnms%@hwr@éf&i\m@aa Anitd tirdectfingRaendl i es

further conprises interchangeabl e punp body nodul es, wherein the fluid end
assenbl i esS& ShpiAndard @OWPU? S ft%)"ﬂ@fa ‘ﬂ'ﬁ’@ r%aw &8 ro%?@f'ﬂh@t'%m@&ﬂ"%l SO0

i ncl udes r@gOyARGrd Bﬁmgéﬁaﬁtﬁmé rbll WoHfi@NStichS $BEARhY nth&N@Is8rindMdgs of the
i nt erchangeabl e punp body nodul es for repair or maintenance and repl acing

it with an‘éﬁ”ﬁ@?t'r@n% Sa‘ﬂr%ﬁﬁqaﬁ‘éﬂk“ﬁ\@}ﬁ*t @?‘{/acﬁﬁ'dsﬂﬁﬁ%idcpof"’leﬂleﬁd diof E¥senbl y or

one or mor@ﬁa%hb%ﬁé@h%@@hb%% body modul es. [0024]In an
enbodi ment, the inventory of power end unlts further conprise a set of
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i ncl udes connecting a said standard fluid end and a said standard power end
fromthe r[@9p8ct iRig 1 is\estthemadis diagtamn af p trinkexassembssembBRadEBrddESORI PTI ON OF

THE SEVER,Ag_n é/'l”%n% t il Ir\1|GS [0025]Fig. 1 is a schematic diagramof a

triplex punp asse y accor |ng to an enbodi nrent of the invention.

[0026] Fig. 2 is a schematic diagram of a maintenance inventory system

according to an embodiment.

[0027] Fig. 3 is a schematic diagram of an adaptor module according to an

embodiment.

[0028] Fig. 4 a top plan view of a pump assembly according to an

embodiment.

[0029] Fig. 5 is a sectional view of the pump assembly of Fig. 3 as seen

along the lines 4-4 according to an embodiment.

[0030] Fig. 6 is a side elevation view of the pump assembly of Figs. 4 — 5

according to an embodiment of the invention.

[0031] Fig. 7 is an end view of an offset plunger-drive rod clamp assembly

according to an embodiment.

[0032] Fig. 8 is a top plan view of the clamp of Fig. 7 according to an

embodiment.

[0033] Fig. 9 is a side elevational view of the clamp of Figs. 7 — 8 according

to an embodiment.



[0026]Fig. 2 is a schematic diagram of a mai ntenance inventory system
according to an enbodinent. [0027]Fig. 3 is a schematic diagram of an
adapt or rwouba/eecer di ng to an enbodi ment. [0028] Fig. 4raTuBpmiphiscsvi ew of
a punp assenbly according to an enbodinment. [0029]Fig. 5 is a sectional
view of the punp assenbly of Fig. 3 as seen along the lines 4-4 according
to an enbodi nent. [0030]Fig. 6 is a side elevation view of the punp
assenbly of Figs. 4 - 5 according to an enbodi nent of the invention.

[0034] Fig. 10 is a top plan view of an offset tie rod adaptor according to an

embodiment.

[0035] Fig. 11 is a perspective view of the adaptor of Fig. 10 according to an

embodiment.

[0036] Fig. 12 is a top plan view of another offset tie rod adaptor according to

an alternate embodiment.

[0037] Fig. 13 is a perspective view of the adaptor of Fig. 12 according to an

embodiment.

[0038] Fig. 14 is a perspective view of a fluid end assembly according to an

embodiment.
[0039] Fig. 15 is an exploded view of the fluid end assembly of Fig. 14.
DETAILED DESCRIPTION OF THE INVENTION

[0040] With reference to Fig. 1, in an embodiment a pump assembly 100
includes an adaptor 102, comprising a first mechanical attachment portion 104
for attaching to the drive rods extending from the power end 106 and a second
mechanical attachment portion 108 for attaching to the fluid end modules 110
making up the fluid end assembly 112. By virtue of the fluid end modules 110
and the appropriate adaptor 102, the operator and/or assembler has the ability to
create the assembly 100 comprising the adaptor 102, the fluid end assembly
112, and the power end 106 such that the design of the fluid end assembly 112
and/or fluid end modules 110 may remain the same regardless of the type of
power end 106 utilized to form the assembly 100. Such an assembly 100 may
be advantageously cost-effective and allow for greater maintainability of the fluid

end modules 110 and the fluid end assembly 112.

[0041] In one embodiment where the fluid end modules have substantially
identical profiles, i.e., interchangeability of the fluid end modules 110 in the
various fluid end assemblies 112, the modules 110 may be advantageously

interchanged between the middle and sides in the fluid end assemblies 112,



[0031]Fig. 7 is an end view of an offset plunger-drive rod clanp assenbly

according to an enbodinent. [0032]Fig. 8 is a top plan view of the clanp of
Fig. 7 acwordimg7i7e an enbodi nent. [0033]Fig. 9 is a si #eTaBuuadizessal vi ew
of the clanp of Figs. 7 - 8 according to an enbodi nent. WO

2011/ 027274PCT/ 1B2010/ 053868 [0034]Fig. 10 is a top plan view of an of fset
tie rod adaptor according to an enbodi nent.

providing advantages in assembly, disassembly, and maintenance. In operation,
if one of the pump body modules 110 fails, only the failed one of the modules
110 need be replaced, reducing the potential overall downtime of a fluid end
assembly 112. In one embodiment, the pump body modules 110 are smaller
than a typical monoblock fluid end having a single body with a plurality of
cylinder bores machined therein, and therefore provide greater ease of

manufacturability due to the reduced size of forging, castings, etc.

[0042] The adaptor 102 advantageously allows an operator and/or assembler
to orient the fluid end modules 110 for attachment to the power end 106,
regardless of the type of power end 106, e.g., power ends from different
manufacturers and/or different models of power ends from the same
manufacturer. If necessary, the adaptor 102 can allow for multi-axis adjustments
for attaching the fluid end modules 110 to the power end 106. The adaptor 102,
therefore, may allow the operator and/or assembler to make both lateral and
longitudinal spacing adjustments between the plungers of the fluid end modules
110 and the drive rods of the power end 106 to account for relative spacing and
alignment adjustments as well as to allow for adjustments in the stroke of the

drive rods and pump plungers.

[0043] The adaptor 102 allows the use of relatively small inventories of fluid
end modules 110 and/or fluid end assemblies 112 for attachment to a variety of
power ends 106. With reference to Fig. 2, an inventory system for the assembly
and/or maintenance of a population of operating pump assemblies may include
an inventory 120 of a limited number of standardized fluid end modules, as well
as other fluid end components and parts, used to assemble an inventory 122 of
standardized fluid ends having the same general specifications as well as piston

and tie rod configurations.

[0044] On the other hand, an inventory of power ends 124 can include offset
power ends 126, as well as standard power ends 128, i.e., power ends having a
drive rod and tie rod configuration compatible with that of the standard fluid ends
in the inventory 122. The offset power ends 126, which have a different drive

rod and/or tie rod configuration, with respect to the standard fluid ends in the

9



[0035]Fig. 11 is a perspective view of the adaptor of Fig. 10 according to
an enbodi nent. [0036]Fig. 12 is a top plan view of another offset tie rod
adapt or awoardimg7o an al ternate enbodi nent. [0037] Fi gPCI3B280/653868
perspective view of the adaptor of Fig. 12 according to an enbodi nent.
[0038]Fig. 14 is a perspective view of a fluid end assenbly according to an
enbodi nent. [0039] Fig. 15 is an exploded view of the fluid end assenbly of
Fig. 14. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

inventory 122, may be made by a different manufacturer or may be a different
model from the same manufacturer of the standard power ends 128. This allows
the operator and/or assembler to obtain power ends that may be more readily
available, lower cost, or more suited to the power requirements in the given

application.

[0045] By maintaining a suitable adaptor inventory 130, including a set
specific for each type of offset power end 126 that may be present in the
inventory 124, the offset power ends 126 can be used with the appropriate
adaptor in any one of the population 132 of the operating pump assemblies. The
standard power ends 128 can be used in the population 134 of the operating
pump assemblies by direct connection without one of the adaptors 130, or one of
the adaptors 130 can optionally be used as a spacer element. In one
embodiment, where more than one type of standard fluid end is used, e.g.,
triplex and quintuplex, the adaptor inventory 108 can include a set of adaptors
specific to each type of fluid end in the inventory 122 and/or population 132; and
additionally or alternatively, the different types of fluid ends may all have the
same plunger and tie rod configuration throughout, e.g., where more than one

type of fluid end module is used.

[0046] Figs. 4 — 6 illustrate a pump assembly 200 incorporating a standard
triplex fluid end 202 and a non-standard or offset power end 204, according to
one embodiment. The fluid end 202 comprises three interchangeable fluid end
modules 206 which have a respective plunger 208 with a standard spacing in a
line, and attachment flange 210 with a standard configuration for tie rods 212.
The power end 204 has a middle drive rod 214A and side drive rods 214B, as
well as a configuration for tie rods 216, that may or may not match the
configuration for the fluid end plungers 208 and/or tie rods 212, in whole or in

part.

[0047] An adaptor module in the particular example of this embodiment
shown in Figs. 4 — 6 includes a standard aligned plunger-drive rod clamp 218 for
the middle drive rod 214A and the middle one of the plungers 208, and offset

plunger-drive rod clamps 220 to connect the side drive rods 214B to the side

10



[0040]Wth reference to Fig. 1, in an enbodi nent a punp assenbly 100

i ncl udes an adaptor 102, conprising a first nmechanical attachnent portion
104 for awoachimge7o the drive rods extending fromthe pORaB20a0v05386%6 and a
second mechani cal attachnment portion 108 for attaching to the fluid end
nmodul es 110 making up the fluid end assenbly 112. By virtue of the fluid
end nodul es 110 and the appropriate adaptor 102, the operator and/or
assenbl er has the ability to create the assenbly 100 conprising the adaptor
102, the fluid end assenbly 112, and the power end 106 such that the design
of the fluid end assenbly 112 and/or fluid end nodul es 110 may renmain the
sane regardl ess of the type of power end 106 utilized to formthe assenbly
100. Such an assenbly 100 nay be advantageously cost-effective and al |l ow

assenbl y 175 Y QRS 207, Biackf | MefbrBhel PRy SRq bl e WMietOR T ave °
subst ant i a214A, 2déBmwitbadnemfdifié plesgers 288, prieferably Henyeldlsi driveyrod214he fl uid end
modul es 114 e}v%ucf %%c\ée} d R4S hﬁ'&rsgﬂgaﬁ§§%§dye aﬁé. g&%t%%” &, 110 may be

advant ageous erc anged between t . es in the fluid end
assenbl i e521ﬂ1214B may\milpngnchadWrrmqué@om iforedbe da® of/adjdéend ofsatislampsand

i Nt enanceyg | m@PeiAhAn b upfSaRlard Rl PRy AU ERRH LAl |, only

the faile 2 nee epl aced uci ng the potenti al
overal | dowampbs@2@imay e spetifisnid eash dyns §f rmzar angd %dewmthe the punp

body mdugﬁﬁr\}a]e&%n% ‘??&%ﬁ%éte&stg?@e{:aﬁdtd BtfoR! aﬂ@@l?é’sleoﬁgxéy ihderfibibhavi ng a

si ngl e body a plurality o yl |n ores nachin ereln, and
t her ef or e §aPetEtelE agroeaweneMa sy abtfarrmmjv aadlgr additionajly aa@rengckerekitseduced si ze

of 101 gi ndyy £RRAJAIImAL R oA LTS, ALARK Yo dGRp20NBILAGEqBNoal | ovs an

operator an r asse l'er“to orlent 't uird end

at t achment agsemplyeofgoprticdargconganatioa g mgives sné 204 laad tfiyideensk agsemdty end 106,
e.g., pome;_sffnds fromdifferent manufacturers and/or different nodels of
power ends omthe same manufacturer. |If necessary, the adaptor 102 can
allow for nmulti-axis adjustnents for attachlqgfthe fluid end nodules 110 to

the power @R#81106"heTAGARIGAMOArIE1mEY A3k NEtUdpeOTSRhPOL I aIGRITH @28 RS at or

and/ or asseghit&f ferh@an@etbﬂé Rods2D €6 a'ln%{é‘ﬁe}a@nﬁbtﬂ!ﬁh @ab SsRamble@d] ust ment s
bet ween t he plungers of the fluid en |l es 110 and the drjve rods of the

pover end S9s! dtr&?vﬁc%‘&ﬂ'itmqr%rt'err%@%mg/@atsﬁ'é%‘l Wl Rediedrs gantntationjfelst ment s as
wel | as tohaldedy dower adlt 2ok n@fh‘bﬁgh it i$ PSssilé Hee nBhe bhAI B tiev@dE @43, and punp
pl ungers. 216 will align for which the offset bolt adaptors 222 are not required. As with the

plunger clamps 218, 220, the offset bolt adaptors 222 and tie rods 212, 216 of

the appropriate number, diameter, thread pitch, length, etc. may be inventoried

separately and/or as part of a kit labeled for the particular combination of power

end 204 and fluid end assembly 202.

[0049] Fig. 3 illustrates one embodiment of a prepackaged adaptor module
230 which can be populated with the required number and type of offset drive
rod-plunger clamps 232, standard clamps 234, bolt adaptors 236, tie rods 238,
and so on, for a particular power end-fluid end assembly. The module 230 can
be inventoried separately, or additionally or alternatively paired with the
appropriate power end. Additionally or alternatively a module 230 can include
additional components 232, 234, 236, 238 necessary for connecting a plurality of
some or all of the different types of power ends or in different configurations or
types of configurations so that the number of adaptor modules kept in inventory
is minimized. Additionally the adaptor modules may include spare or extra
components 232, 234, 236, 238 for the assembly, and may include any other
parts frequently or occasionally used in making a fluid pump assembly.
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[ 0043] The adaptor 102 allows the use of relatively small inventories of
fluid end nodul es 110 and/or fluid end assenblies 112 for attachnent to a
vari ety ovopowen7mads 106. Wth reference to Fig. 2, anPCRIB2@NIE86y St em
for the assenbly and/ or mai ntenance of a popul ati on of operating punp
assenblies may include an inventory 120 of a |limted nunber of standardized
fluid end nodul es, as well as other fluid end conponents and parts, used to
assenbl e an inventory 122 of standardized fluid ends having the sane
general specifications as well as piston and tie rod configurations.

[ 0044] On the other hand, an inventory of power ends 124 can include offset
power ends 126, as well as standard power ends 128, i.e., power ends having
a drive rod and tie rod configuration conpatible with that of the standard

fluid e”ds[gbgt\)l]t h%i%&‘gﬁg}a%‘hkéw%?emg&ﬁm%{ S @%‘%blu mﬁ%ﬁdrf%@od Wk have a

different drive ro or tie rod configurati respect to the
st andard f2234 kbvingds housincheomprised of twq/smmaectmy 20A. 238, byltsa224i drfder ent

manuf act ur a t rer of the
standard p% Wenf*@}{s ?g% Iﬂ?l S aﬁbﬁ)v\s t hg%%g%t%‘r%a E gggéa%{s%gn%%er to
obt ai n powki0Eerate prieridedagnddormed: in et pgsemiied adsicliond GRBA, BB or nore
suited 1o fhe, oG ff@éil% FERRBSsH R dridCorty ref%npé)@rhh ﬁ%g&é&vé 99\6&1 By

mai ntai ni ng a suitabl e adaptor 1nventory 1 specific for
each type @fd &iveded apbileid ead@lunger.t hat nay be present in the inventory 124,
the offset power ends 126 can be used with the appropriate adaptor in any

one of t hqolsgul atd Qébe?w?tﬂe &fe EBRPOBRY %?tbrngusi%ﬁlfr‘ig tﬁé$|@ﬂbédoe§nd PBRest andar d
power ends 128 can be used in the popul ation 134 t he operating pu

assenbl i ety tag Phtgee GRk&kive gRd \)ﬁ”ﬁﬁ@lﬁ? %whéftos%erdaatb@ GIP8ToP8Bte or one of

t he adapt Oéfﬁseﬂ-%ﬂdctﬁé c%?ﬁb Qeaiidrg Q@ZNS@Baéreabmgﬁﬂog‘éH@m&)und theONe
enbodi nent, where nore than one type of standa flurd end i s used, e.g.

Criplex arRlURERHEUpIadendshEsiaad B i2R0 4R SIopmes aBding Rk, Acset of

adapt ors sRGiddiif plate€as his ¥RDoBiment, Uhél cRA éé&t.@mgzzmggbﬁrewalg?e% and/ or
popul ati on 132 and additionally or alternatjvel the different types of

Flui d endsthigh1ore RagenchiBe i sPalRiehasAderdd Hare. 9 tyaPedeon

t hr OUQhOUtthré’adg on B st zrmr@mbmrﬂa\@@met Udiﬁ‘z@é t.%rmyl shad thDHek8sdds used.
[ 0046] Fi gs. - illustrate a punp a ncorporating a standard

triplex f I%H"@C%rﬁ?82@23%‘%ﬁ'ﬂe & slamg é?faﬁf‘%l %?Xoﬁgg%tto%b\%ﬁf holnR 6% accor di ng

to one enbggiosRmgtendd e tHd MUk HhdZPiRe GBI theesfpprdpre biffethfdianarabl e fluid
end nodul es 206 whi ch have a respective plunger 208 with a standard spacing

inaline, ré?nﬂa’aﬁlﬂ'%rcﬂ%‘ﬁt'”‘ﬁtréF?@e'SﬂﬁeM foh parp@ﬁ%maénaﬂ UBHPY PPN for tie

rods 212. JheothenVRiitalsld Gladtind @sariyefeft il deéur@o fHode Al ANk gitde drive rods
214B, as well as a configuration for tie rods 216 that may or may not

im;t \(,:\20][ Qeolﬁﬁg%l g;‘f al Ifbn fqulll}st[]re'\atef 'lelryle(rjnb%glm nt o n o set t?ol?géjap?or éé e rods 212,

which can be used to connect offset tie rods between the power end and the
fluid end. The adaptor 250 is a block having a pair of threaded bores 252A,
252B to receive the proximal ends of offset tie rod sections having their opposite
ends secured to the power end and the fluid end assembly. The offset of the
bores 252A, 252B matches the offset between the configuration of the tie rod
sections. If desired, the end faces 254A, 254B through which the bores 252A,
252B are formed may be transversely oriented with respect to a plane that is at a

right angle to the bores.

[0053] Figs. 12 — 13 illustrate another embodiment of an offset bolt adaptor in
the form of a block 260 comprised of two split sections 262A, 262B. The block
260 is generally rectangular on all sides. Each section 262A, 262B has threaded
bores 264A, 264B to threadedly receive the tie rods 266A, 266B and enlarged
through bores 268A, 268B to slideably receive the tie rods 266A, 266B. The
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[ 0047] An adaptor nodule in the particular exanple of this enbodi nent shown
in Figs. 4 - 6 includes a standard aligned plunger-drive rod clanp 218 for
t he m ddlwodnime7z7ed 214A and the m ddl e one of the plumrgenB2208538end

of fset plunger-drive rod clanps 220 to connect the side drive rods 214B to
the side ones of the plungers 208. In general, it is preferred to align one
of the drive rods 214A, 214B with one of the plungers 208, preferably the
m ddl e drive rod 214A, to avoid space issues for the offset clanps 220
where the adjacent drive rods 214, 214B may not provide sufficient roomfor
t he use of adjacent offset clanps 220. The conbi nati on of the standard
clanp 218 and the particular offset clanps 220 may be specific to each type
of power end 204, depending on t he plunger-drive rod offset distance and

i rect | on. wAdeh NEReoBBY DB SRR IERATRAE I ARCRIBRORRLY o

alternatively an Iy as pre ac S or ages conpri sing
one, a pl u2&dB wih ttrrowgtt baye %Bé drcammpemsate epther teeminrrgemom@nt mwrrbl y of a

P o045] Tha, hE Bl Birs@hr e B W6 SAth A3badBpdsi skt 2768105

[0048] The adapt or e my a so I nc t adaptors 22 as
required f\dlﬂlclt Hee divbssactions 216865 2828 . arpningabidmgnt, maye bel trarsversglyassenbl y

202 shoul dorhe%‘t’&i \ﬂrﬂ?rhegp%éf? dn% tﬁ&q§a?&§%ﬁt%§|eath'ﬂg@ Weghﬂ't@%etrb rod

configuration for povver end oug i s posslble that
none or alZ266df A66B ¢andee mwrecim Wit 127 3R @?123 @ppomtecmetth@ugln fooeas bol t
adaptors 2gxabgggot required. As with the plunger clanps 218, 220, the
of fset bolt adaptors 222 and tie rods 212, 216 of the appropriate nunber,
di anet er, thread I_1p|tch | ength, etc. nmay be i nvent ori ed separately and/ or

as part of (085 t igblt adi® grow Hé“?ﬁét‘?trrfl&tﬂ gnd @ssRMAAcPB AR MIHREX end 204

and fluid gmsb ﬁh%ﬁl@ﬁf@'a’pla%ﬂty deIQi%gérﬁ! rﬂodu’r’reé Bd)21§édu@é(ﬁ§etﬂreén @H@ﬁ%’té@nt of a
pr epackaged adapt or nodul e 230 whi can :& pulated with the required

number and®4/Pemsang pf ?étenara%i rB(‘P— p'l“hﬁ@é?s Tarptibzes inqopkasial ¢l anps

234, bolt RERMHOBLSteRSB 306 1B 4s8Embik3Be é@ﬁﬁ) B&YieN304 & formRAS HLRLERY power
end-fluid end assenbl\x/.a?T e nodul e 230 can be inventoried separately, or

addi t i onal 35peBPlYa$a0 r fhen Jha Juidend SQ0s eesanRieds 3w B)5e¢ AUBPIBWNESend.

Addi ti onal 300 &k aasb@brattbyhdr il e é&a&?% , G@UP 14rg6 Iralenard Ot tik ooy
conponents 232, 234, 236, 238 necessary or connecting a pIuraIrty of sone

or all of ¥Yfearnd fecprshplalapndld R OpRARAI EAYE Obinei RueR fragdkiert302o i gur at i ons

or types QEaétCUh%lcglﬂlﬁe?lhé%lﬁ, 308 tBpkxieRe trﬁ‘r@ﬁ@ﬁfheoéunﬁ’&?ﬁ%@lés wodulveie kept in
inventory is mnimzed, Additionally the adafptor nmodul es n%) i ncI ude spare

or extra cHRYSMERIsthedis rods 306 may b23@‘t$r8?' hige guerpploguleg i ncl ude

any ?ﬂtﬂher SRAitlon tBEt@ﬁ@l&&'oﬁnﬁ%{ur&%ﬁfﬁ'fIQlH%InH)ésb@rﬁQy'300r\fﬂlsé,dqﬁqlﬁzdfnh tHed punp
asse
y art will appreciate that the pump modules 302 may also be arranged in other
configurations, such as a quintuplex pump assembly comprising five pump

modules 302, or the like

[0055] Each pump module 302 has an internal passage or bore to receive a
pump plunger 308 through the fluid end connection block 310, which provides a
flange for guiding and attaching the pistons in the pump modules 302 to the
drive rods of the power end and ultimately to a prime mover, such as a diesel

engine or the like, as will be appreciated by those skilled in the art.

[0056] The pump modules 302 may further define inlet and outlet ports which
may be substantially perpendicular to the piston bore in a crossbore
arrangement, i.e., pump modules 302 may define substantially similar internal
geometry as prior art monoblock fluid ends to provide similar volumetric

performance. Those skilled in the art will appreciate that the internals of the
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WD 2011/ 027274PCT/ 1B2010/ 053868 [0050] Figs. 7 - 9 show an enbodi nent of an
of fset plunger-drive rod clanp 220 having a housing conprised of two split
sections @02 1/222B, bolts 224 and alignnment pins 226. PAoTUR20/@338680] €,
openi ngs 228A, 228B and recesses 230A, 230B are provided and fornmed in the
assenbl ed sections 222A, 222B appropriately offset to receive a shaft and
end or flange of the respective power end drive rod and fluid end plunger.

[ 0051] To assenble the clanp 220, after installing the fluid end and power
end, the plunger and drive rod ends are brought together in the appropriate
of fset and the clanp sections 222A, 222B are brought together around the

pl unger/drive rod ends, using the pins 226 for alignnent, and the bolts 224
are secured in place. In this enbodi nent, the clanp section 222A has an

enl arged tfy %dﬁﬁh%oé%ﬁ%&i&% b@h@é%rrﬁg&w&ﬂep@&g %rta'tﬂ{)rgﬁ{f‘cﬂ qore 234 to

engage thr on t dra agai nst the
recessed sauﬂ'fsaeee 2@3shaps, weimar er ather cohfignyatmst i ons 222A, 222B t oget her,
hol di ng the opposi ng ends of the plunger and drive rod in the appropriate

of fset aligpsgnt. |an?1% &ﬁbédlﬁ]@htﬁra pd.s’&zﬂpsurkécesswrzaé)@éindss]cramrﬁ{ ¥xteAbr pur poses
of non-limting exa ot her suitable anpi ng arrangenents w |l occur

n
to those swriaPQQW'ﬁ?Fh‘?é)Uzﬁfm mofiggs 39 % kpst SQQB‘ 'D Fig. 1|5} | et rrised sHfa@nbodi nent
of an of f sgfp h@&temp& gfreé’e'%&nm:,loca.s%ee %nﬂ%@deh@nwm@& Rhfspt tie rods

bet ween the power end a luid end. The adaptor 250 is a bl ock having
a pair of WAYdatneda perdeierpine aros op the) exigEe] Wapﬁé”ﬂ)f Jxhiteeillusdigled of of f set

tie rod segd b@élﬁarhlﬂVéHb%et BRI FaiQRPSFde @’mdﬁwa%e@é”f&%eﬁoint pawBle end and
the fluid end assenbly The of fset of the bores 252A, 252B mat ches the

of f set bet @R FH%%%HH“@&F?%W‘%%@“GE%“QWS@ Figlsed sutaesnd!6. FMIgel red, the
end faces RedfsfaddIR shiRYdMpbeNes Bo2 ReTAGagRG fith Br2RisktufBEdRd MRy be

transversely oriented wth respect to a plane that is at a right angle to
t he bores.3{2(f@5@]9@§§%m bly2- 13 illustrate another enbodiment of an of fset
bolt adaptor in the formof a block 260 conprised of two split sections
262A, 262H0038le bitecke 2603 bﬁfag%ﬁéfs%ﬂ@ﬂa@ﬁeaf\@ﬂéﬁd otilizagla 8iydlaslic Each
section 262A,. 262B h threadeg t %(4@ gh hreadedl y receive the
tie rods 2%8%0”%%% %eéPﬁrﬁ?'@ g yh Gri8 %@A ?é%@'?rt?rénﬁ‘ydeably
recei ve theavelis hyaesulid @oker Bﬁfrlﬂed'ﬂyethé utetdipt bfahe paowlassemdlyi 3p0ed wi t h

t hr ough bo ZGﬁl?éehand Ith t hr eaded borg 264B gn t} through bor 268A. To
corrpensate gr BURHIGH EHSREH M3y (R OYIge @h EOTTSIqM rignsiof £ @tvqu {he tie rods
266A, 266Bensipposaithg tis uodsa8s d2perding 60 Bhatequirembntsh thevopsratidri ohs 262A,
262B are |

2078 a1 R TRULIRY ng ™ B8 LR NBE RN B T BRER ol 2P
secur ed bythalikes t@ a2%smidd &3 fapersd B@D, tieralsed cughcdsmd 1S 3 26 8hgage6aB.

one another to provide a pre-compressive force to the areas adjacent the

intersection of the internal bores. The pre-compressive force may counteract the

potential deformation of the areas adjacent the intersection of the internal bores

due to the operational pressure. By counteracting the potential deformation due

to operational pressure, stress on the adjacent areas is reduced, thereby

increasing the overall life of the pump bodies by reducing the likelihood of fatigue

failures.

[0059] Due to the substantially identical profiles of the plurality of fluid end
modules 302, the fluid end modules 302 may be advantageously interchanged
between the middle and side pump bodies of the fluid end assembly, providing
advantages in assembly, disassembly, and maintenance, as will be appreciated
by those skilled in the art. In operation, if one of the fluid end modules 302 of the
fluid end assembly 300 fails, only the failed one of the fluid end modules 302

need be replaced, reducing the potential overall downtime of the fluid end

14



[0054] Fig. 14 - 15 show a nodul ar fluid end assenbly 300 for a nultiplex
punp including a plurality of fluid end nodul es 302 secured between end

pl at es 30XOlyi1wmezars of fasteners 306. The end pl at es 302CanB20o/Hi3Based i n
conjunction with the fasteners 306 to assenble the punp bodies 302 to form
the fluid end assenbly 300. Wen the fluid end 300 is assenbl ed, the three
punp nodul es 302 are assenbl ed together using, for exanple, four |arge
fasteners or tie rods 306 and the end pl ates 304 on opposing ends of the
punp nodul es 302. At |east one of the tie rods 306 nay extend through the
punp nodul es 302, while the other of the tie rods 306 may be external of
the punp nodules 302. In addition to the triplex configuration of fluid end
assenbly 300, those skilled in the art will appreciate that the punp

o | S eI R0 LLLARGR B ALRAMAEEN 1A ARSI RNENES 2, |

qU|ntupIex punp rrsin
[ 0055] Eac mrpmmalteodmre a3t\72|0hlamoaablo¢h éwdaﬂenqoas\s@@@ smglbobceiyt with ecei ve a

pump ! UngsraAf e Roldianblifeh FRRICRISRHEBR. BLIRK ddller Ml provi des

a flange f and attac the prstons in dules 302 to
the drive ¢fmlﬁﬁctmrhbllltpf@'werto &Wde@mduﬂlaenofﬁ@relng @aﬁtlagmreique mover, such as a
di esel engine or the like, as wll be appreciated by those skil I ed in the

art. [0056%)66 @ PUNRildMEst LS %&ﬁﬁ%.@ﬂhw&e&tﬁl@ﬁu.a%nunh&iuk%mbzomel et ports

whi ch may be substantlakx% erpendi cul ar to the piston bore in a crossbore
ar r angenenfuid eng assembhy dumé@eéerzn%gm %I@Wieﬂb‘?@ﬁ'ﬂg'taﬁﬁ@ﬁ &Ucty asi | ar

internal oQOBRIthY &S sBHMERtiRY baﬁprﬁ?bﬂhgcﬁwm SH redflfest @OPrﬂMth s m | ar

vol unetric performance. Those skilled in the art wll rematethat t he

internal s %ﬁg”ierﬁ‘én%ﬁﬁ‘ff‘ ?f‘dﬂ%f'\é’g e@é?“‘??é‘ﬁﬁs%'ﬂ egealhgives afOGBr?@cPXiSr? 8t her

confi gur atl's0§§bs$é#ﬁiéllgspé# pdndQidde to YthehapBacdsn-31unesr ®F @hfesuitable
configurations [00 I'n one embodi ment, a raised surface 312 extends from

an ext eri ote9snfation- 314 of the punp modul es 302, best seen in Fig. 15. The
rai sed surface 312 may extend a predeterm ned dlstance fromthe exterior

surface 3140etid rMEne filed bmmdplree@erzema;i eflirtheepreadnipgnessedtiebhathersur f ace
314. Wile

Formed i n 4Po8E] CRonErensbe e TRAMERD 31 GBS oMUY SRl h e EURbr | s6 5
rai sed surdedcenddidh of &tmélaalreatsoby bepahdinigase 3 hioredisplaeempunplmgpdsdoes 302 f or
CnaRgl N0 e L35 S BTy RSB B O521 The T e ods

plugs 320 are placed in, for example, a drilled bore or cavity formed in the fluid

end modules 302 and expanded with the use of an expansion tool and/or

application of a radial force to the drilled bore or cavity, as will be appreciated by

those skilled in the art. The bore formed in the fluid end modules 302 may be

cylindrical for a cylindrical plug 320, or tapered to accommodate a tapered plug

320 therein.

[0062] The expansion of the displacement plug 320 by application of a radial
force induces a radial plastic yielding of the plug 320 and an elastic radial
deformation of the surrounding material of the fluid end modules 302. When the
radial force is removed in one embodiment, the plug 320 contracts slightly
radially inward due elastic relaxation; however, the radial deformation of the
surrounding material of the fluid end modules 302 does not completely vanish
following the relaxation because the elastic radial deformation of the fluid end
modules 302 is larger than the plastic radial deformation of the plug 320. As a
result, there is a remaining stress between the plug 320 and the fluid end

module 302 after relaxation.
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tensioner, as will be appreciated by those skilled in the art. The

tensi oner may have its hydraulic power provided by the outlet flow of the
punp assewbdl291130@®74t sel f. The hydraulic tensioner may pPOTIIBEH16033868st ant
tension or a variable tension on the tie rods 306, depending on the

requi renents of the operation of the assenbly 300. As the tie rods 306 are
tightened, via threaded nuts 318 or the like, to assenble the fluid end
300, the raised surfaces 312, 316 engage with one another to provide a
pre-conpressive force to the areas adjacent the intersection of the
internal bores. The pre-conpressive force may counteract the potential
deformation of the areas adjacent the intersection of the internal bores
due to the operational pressure. By counteracting the potential defornmation
due to op 10N ress e n.t he, adj r % gduced,

t hereby | ﬁ@raé%!si ﬁghe?hira%y@?g?ﬁ%hh ?"ngf "E hgn pg}ﬁggﬁg{&ngsﬁgg e ug%ng t he

| i kel i hoodhystradligallygereonerinaticadly applEGiSgEsxvee.tfor exeenmeibda auitable $ealdddent i cal

profiles ortydggv]ﬁcmrgﬁ@l%%t}'c &Jnntel:tﬂiqg t@@ﬁa %@%%ﬁe%@&c%ﬁgﬁﬁgibykcﬁc@md modul es

302 may be "advant ageously 1 nterchang rveen the mddle and side punp
bodi es of arhemppdimgnemdy desanplied by pestindiankipuitioaseraigiswid matesslkeintsl v,

di sassenbl ] , - \M nat illed in
the art. I he LBRRUEPOIARZAs ksoRdingh He PRAARBREFLE ol (hIRSR0 FE.' ¢ Pl 4"end
assenbl y 306-coaipressivenifaree.he I aanaderosmbedimeng wheredthendlugodZless 302 need
be repl ac i i al || I 1 wd end
assenbl y ggg“%ﬁgMﬁ?%%géggkggﬁg E%Hggﬁfyépé%gg%g&fﬁgﬁﬁ%dfEggéﬁﬂﬁgdules 302
are smal | én théAnideendypodides dhdbe ol F0udispleses thewreegargued thyl plubody with a
plurality of: i i i@t herefore provide greater
ease of nﬁﬂéwg%#ﬂ?gﬁ%??@%mghggggh?ﬁgS?e S@ggqslzg§bf forging, castings,

etc. [0060]Wile illustrated as conprising three of the fluid end nodul es
302, the fI0QFH erfepoqecingin|tie @wﬂwayr%d%dg%wowwgcﬁﬂrbr%irr@?ntsrconfi gur ati ons,
such as by separating or segnenting each of the fluid end nodul es 302
further, bA segmpoinpngssembly, @oniphiging] ai gbvsidernodohpssidP2 ploratiguad hal ves
along an axis th IS .subs antia@%gwgerPe?dicul t to.the sg&face 314, or
by any sui PEBIEAEREAYSIPSh APO8R[Prife "R HSEMENE RBURIMNeE BYd be
further preom@ispgeasgdrality ahplungersadaaigeanal aosedntegeumbdtie patbedi ment i n
order to counteract the potential deformation of interpnal area by

oxpandi ng OHEeB: Tosectiob B aBeHE B8 Sgnl bpBol Bt SRl o ned

| ocat i ons pdttehi; randhen ddapitat tendnnexd dhee povdé2endTioethg lfluigisersi? Wharetn fleaced i n,

for exanple drill.ed bor r cavity farmed in the fluid end nmodul es 302
and expanditelir chPHES AEoBe bR hurh T Rgsichun drslo L TeELERd BR of "
radi al fortbe ptumgtise drilled bore or cavity, as will be appreciated by those
skilled in the art. The bore forned in the fluid end nodul es 302 may be
cylindric f or L ngrd Sfinefr At 4, a tapered
pl ug 320 ?%éreﬁhg ?%ﬁ%z egﬂ%&gigg?on o?&tﬁeaﬁgéﬁfé@g§%%ﬁ plug[ﬁ go by

appl i cat i otonadrisas readi-dihe toue toratiackes svid ddveatodgb st aligngd eheliohtheof t he pl ug
320 and aqﬁ&gﬁﬁgic radi al deformation of the surrounding material of the
fluid end no es 302. Wien the radial force is renoved in one enbodi nent,
the plug 320 contracts slightly radially inward due elastic relaxation;
however, the rd#BUT3sSERRI frerefodimentdhipr ethedimgnhivderedn thsrfirshe 1 ui d

end modul eg,B3820H9 98 ometricGmH R &nprisa stthidiliheWvRgeihhBe RlveXadd on because
the elastic radial deformation of the fluid end nodules 302 is |arger than

the pl asti@JRIgNSE"s AerGTETFOHM CBeNtER e pPagsisAiies & the linesand whendr e i s a
remai ni g $1pasifg RRINES thd @irifd Y8ds320 affederit 'eonh | d1isHa@R¢ bERMEe th302 af ter

rel axation.
plungers.

D. The pump assembly of any one of embodiments A to C, comprising a
triplex or quintuplex fluid end wherein a middle one of the plungers is coupled in
alignment with a corresponding middle one of the drive rods, and wherein side

ones of the plungers are connected with corresponding side ones of the drive

rods using a respective plurality of the offset couplers.
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WO 2011/ 027274PCT/ 1B2010/ 053868 [ 0063] The pre-conpressive force in an
enbodi nent may al so be hydraulically or pneumatically applied pressure, for
exanpl e, wpaoswn2tzbl e seal ed hydraulic or pneumati c conRETUBZNG033868& he
cavity. The pre-conpressive force in an enbodi nent may be applied by
injecting a liquid or sem-liquid material into the bore that expands as it
solidifies, the expansion of the material providing the pre-conpressive
force. I n another enbodi nent where the plug 320 is permanently expanded or
otherwi se | arger than the cavity in which it is received in the fluid end
nodul es 302, the plug 320 di spl aces the area around the plug, naintaining
stress against the abutting surface of the cavity. [0064] Accordingly, the

i nvention provides the foll owi ng enbodi ments: A. A punp assenbly,

conprising: a rieSi ! req drive rods
arranged i%’a Bﬁﬁg%ng&%ﬁ%ﬁ?&ék%gygggﬁfé@6@+t%§mgﬁﬁ)%g%%%ﬁgﬁﬁgﬁggblurality
of pl ungereualer spyedsasraneecsentondlagwonet ri ¢ pattern wherein the second

geonetric pattern is different fromthe first geonetric pattern; and an

adapt or torconmggt phie RRWRBIYEBH ehibolittertt | B Wh&BM, thehee&inktid BRngdapt or
conprises an offset coupler to attach a said drive rod to an offset one of

the pl ungefQPrisgs aTapht husinodbesnp Jirs PPRRG ANFrEnesAIese e ie fidveadapt or

further comprdngesm amalgedldnaenerer!£Eedofd FpbARl dMdSBEELsHO 4Eeil@the O an
aligned one of the plungers. C. The nmbodi nent A or

p pu assenbly of e
embodi nent PIENIR S AN tandarged ﬁdéﬁﬂr%écﬁgﬁag@k&ﬁ@@tyr?fcb%& {eFemBoE@SI®pr i se a
strai ght |ddfre thB@bBSIRg hAGedri ve rods and plungers are transversely
oriented on opposite sides of the |ine, and wherein a spacing between the

drive r OdsGi S qjh]:af gurn?gtas];ér%tr)rllyaofsfn%/(:ior?eg o?eetmmt%%lr}nént?se Apltour&g\?vhgr'ein the
adaptor further comprises a plurality of tie rods secured at opposite ends to the
power end and the fluid end, wherein at least one of the tie rods includes an
offset tie rod adapter to attach a first tie rod section from the power end with an

offset second tie rod section from the fluid end.

H. The pump assembly of embodiment G wherein the offset tie rod adaptor
comprises opposing first and second elongated blocks abutting at a sloping
transverse surface, a through bore and a threaded bore formed in each of the
first and second blocks, wherein the through bores of the first and second blocks
are aligned at the transverse surface with the threaded bores of the respective
second and first blocks, wherein the through bores are formed longitudinally in a
portion of the blocks that is longer than a portion of the blocks in wherein the
threaded bores are formed, wherein the first tie rod section is slideably received
in the through bore of the first block and threadedly engaged in the threaded
bore of the second block and wherein the second tie rod section is slideably
received in the through bore of the second block and threadedly engaged in the
threaded bore of the first block.

l. The pump assembly of any one of embodiments A to H wherein the fluid
end comprises a plurality of pump body modules secured together to form the
fluid end.

J. The pump assembly of embodiment | wherein the pump body modules

are secured in a line with fasteners between opposite end plates.
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D. The punp assenbly of any one of enbodinments Ato C, conprising a triplex
or quintuplex fluid end wherein a mddle one of the plungers is coupled in

al i gnnentwei2oti/@77er r espondi ng m ddl e one of the drive PoUAB20aW0S38682r ei n

si de ones of the plungers are connected with correspondi ng side ones of the
drive rods using a respective plurality of the offset couplers. WO

2011/ 027274PCT/ 1B2010/ 053868 E. The punp assenbly of any one of

enbodi ments A to D wherein the offset coupler conprises an eccentric clanp.
F. The punp assenbly of enbodi nent E wherein the eccentric clanmp conprises

a split housing halves, a first opening and recess to receive the drive rod
and an enl arged end thereof, a second opening and recess to receive the

pl unger and an enl arged end thereof, and a plurality of bolts to renovable

t he,ho I odi nment
Zéfgrg mhg$e|g§}E%nE%%§§§PI urtﬁ%&m%%ﬁ%?% %gﬁgCXW§L&ﬁ§y§8 S@le rodsI >
secur ed atinegpoyiof stasdard ﬂU@l erdeagsemblieseeadnpaisihgtehgtandand dlueger anghiier ei n at
| east one af, cf%hﬁgctét%n fcgsa L6 ﬁ§erﬁ‘&g%fffaj}%rﬂﬁtg%f Hﬁ?re"f\gé&g%'f bReAttach a

first tiero I on om t he “power set seco d tie rod
section frend tmis, Wheieih eanh. set idf pm@r gnehpnitsdwsrebtiffersht diitsoddrandttieG wher ei n

Lhe of 1 st ohicenf Aa@iARl osHATHS 2SInaRRARE g LhsShoRfiflg SPRARCL A onaat od

bl ocks abuttln opi ng transverse surface bore and a
t hr eaded bestef ﬁﬁsa*r@dwehermdmvm arheffset deive wdcdnddieond csnfmﬂ@lonv\mh ein the

t hrough b%ﬁﬁ to ih&tdd éi"afjp‘ %Iﬁﬁgersa%?‘?@%@'c&?f rflibf; (%gé%{é“r‘] b;ﬁ‘Fna/ Bl ransverse

surface wt e t hrea the respecti ve second an 1 rst bl ocks,
wher ei n t hef adapisaghitshiorassnegténd effsed dovengidsudittitasthydard flaidgadsi and of t he

bl ocks th i f e b mgﬁg e t hreaded
boressareq@% Q mﬁ%rg?ﬁmnﬁéﬁfgﬁgﬁﬂiﬁeségﬁ sé@fﬁﬁﬂkfé gég%rﬂ)recelved
in the thrmgmbb@ﬂr eonpprisingea paid stanglestiuidgad.t hpaid @daptpr enyaned slawl t he
threaded bgie: g ngﬂ;@nnéﬁﬁ%bﬁ%e% ﬁgggv@ﬁ{pe%&eme%g@pg Eba@re qd, section is

slideably receive rou e secon t'hr eadedl y
engaged i nrefewingHhe Rawer et end)feptlac@q Vit 8 sgidopemwer gnd ffm@thmﬁtﬁn@ysenbl y of

any one of; i plurality
of punp boI &gtﬁys%@gﬁ%r%@ M’te\évg@t%ﬁérﬂeritg%@rr%hgh%ef g? g gﬁ\% ?o.d The punp

assenbly o@ndetiﬁd@dlcﬁ@fmurathwﬂle’ﬁﬁpft%@ hanprpwihpansignds are secured in a
line with fasteners between opposite end pl ates.

L. The pump assembly and maintenance system of embodiment K wherein
the inventory of power end units further comprise a set of standard power ends
having a drive rod and tie rod configuration matching the standard plunger and
tie rod configuration, and wherein the population of in-service pump assemblies
further comprises pump assemblies comprising a standard power end coupled

directly to a standard fluid end.

M. The pump assembly and maintenance system of embodiment K or
embodiment L wherein the inventory of standard fluid end assemblies further
comprises interchangeable pump body modules, wherein the fluid end
assemblies comprise a plurality of the modules, whereby the in-service pump
assemblies can be repaired by removing and replacing the standard fluid end

assembly or one or more of the interchangeable pump body modules..

N. A method, comprising: (a) providing a power end comprising a plurality of
reciprocatable drive rods arranged in a first geometric pattern; (b) providing a
fluid end comprising a plurality of plungers arranged in a second geometric
pattern wherein the second geometric pattern is different from the first geometric

pattern; and (c) connecting the power end to the fluid end via an adaptor
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WO 2011/ 027274PCT/ 1B2010/ 053868 K. A punp assenbly and nai nt enance system
conprising: (a) a standby inventory of standard fluid end assenblies
conpri si yoaosyemtard pl unger and tie rod confi gurati onpCthB2ao/eizassdby
inventory of a plurality of different sets of power end units, wherein each
set of power end units has a different drive rod and tie rod configuration
Wth respect to the other power end sets, including at |east one set of

of fset power ends having an offset drive rod and tie rod configuration with
respect to the standard plunger and tie rod configuration; (c) a standby
inventory of adapter units to connect the offset power ends to the standard
fluid ends; and (d) a popul ation of punp assenblies in service, conprising
i n-service punp assenblies conprising a said standard fluid end, a said
adapt er U”&&mﬁ@ﬂw B Btréht L@EF td Qifhch §r§?id B S8Y%o ta@eoffsgf Sffe bt fife PUb
assenbl i es can be repalre8 y renoving the power end and replacing with a
sai d powerplemgers.r om t he standby inventory thereof wherein the repl acenent
power end has a different drive rod and tie rod configuration with respect

to the rengved TREWREWENSF embodifltt RUFRHP TEMBHYInG RHasfh baRRNGH Sy st em of
enbodi mrent K wherein the inventory of power end units further conprise a

set of st aifdde an ptened s theaR/iMaE™ drive rod and tie rod configuration

mat chi ng the standard plunger and tie rod configuration, and wherein the
popul at i onpof iﬂhe;ﬁhbtéiod%fpéﬁiboﬁiﬁ&ﬁﬂml icﬁS%rﬁwdirhlemt oorfpntrh@escarpprdmg?ssgrrbl ijes
conprising_a standard power end coupled direct to a standard fluid end.

W The: pusiAnssaa ceafi BaiRe rReRoputists of orsasheneT R SBrotibodi mont L
wher ei n t hihel WvE@BINGpAcDY Bheswhaind driveirdde rddifisieanbiespating the@regronpri ses
interchanqgabhﬁ Eunp body nodul es, wherein the fluid end assenblies
conprise a PPUH'EFISty of the npdul es, whereby the in-service punp assenblies

can be repaired by renoving and repl acing the standard fluid end assenbly
or one or @ore Tok métbod nf eing eegefadyhisodiments b dy Pryderas .the fld ehdret hod,

conpri si ng; ). proyjdi . [ en L.ShNg |

reci procat %QDrTI(FgrPsggiav\@p?éc))(ggr QP'B%@%&@% eg,g}[gln {Sgﬁ]b[@}égﬂgﬁp e‘flé@rpgcﬁr%{%r%ﬁﬂg (b)

provi di ng eoupling @ naddlie coepf ittes pigngerpirual@inintept with pl aongepending miiged i n a
second geoqet ri.c, pat. erein C i .5 di fferent
fromthe f@?%fhgggngbgfgoggt?gén?ﬁﬁﬁgﬁﬁb%agb%ﬁggféﬂgﬁ%ﬁ@h%%&ngghd to the
fluid end sar@spondittppitieones ofrfire diviegrods abhfrestectior pluealityt of thetaffsbt a sai d
drive rod 3o of fset one of the plungers. 0.The nmethod of enbodi nent N,
further corrprpl sing attaching a said drive rod to an aligned one of the

pl ungers.
The method of any one of embodiments N to Q further comprising

securing the power end and the fluid end together by securing opposite ends of
a plurality of tie rods to the power end and the fluid end, comprising attaching a
first tie rod section from the power end to an offset second tie rod section from
the fluid end at an offset tie rod adapter.

S. The method of any one of embodiments N to R comprising assembling

the fluid end from a plurality of pump body modules secured together.

T. The method of embodiment S comprising securing the pump body

modules in a line with fasteners between opposite end plates.

U. A method, comprising: (a) providing a standby inventory of standard fluid
end assemblies comprising a standard plunger and tie rod configuration; (b)
providing a standby inventory of a plurality of different sets of power end units,
wherein each set of power end units has a different drive rod and tie rod
configuration with respect to the other power end sets, including at least one set

of offset power ends having an offset drive rod and tie rod configuration with
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P. The nethod of enbodi nent N or enbodi ment 0, further conprising
transversely orienting the drive rods and plungers on opposite sides of a
st rai ght woreimhea7@i n spaci ng between the drive rods i sPdrfiBEMeni3sés om
spaci ng between the plungers. Q The nethod of any one of enbodinents Nto
P, wherein the fluid end conprises a triplex or quintuplex fluid end
assenbly, and further conprising coupling a mddle one of the plungers in
alignnment with a corresponding mddle one of the drive rods, and connecting
si de ones of the plungers with corresponding side ones of the drive rods at
a respective plurality of the offset couplers. R The nmethod of any one of
enbodi nents N to Q further conprising securing the power end and the fluid
end together by securing opposite ends of a plurality of tie rods to the
power end @ Y] section
fromthe pomger&gtﬁtdh tsgér{gjr??d;gy rgégé%n tC%Fg?'o IOHggc?P'folv{d&poérnéttg Re 1 ui d end
at an of f sievertory ofoadapteiptidis. adaptedT e cme@t)dh@foﬁaﬁyp@w efdsettbti ments N to
R conpri si e f et k i Hody nodul es
secur ed toﬁgrt]cﬂaﬁ UH_#nH%h(HB‘SO r{(};ﬂﬁ; ?QS’ids ﬁtlj é%ﬁ'@%ﬂ%@@éurl ng the
punp body ansdubaid offsetpovienenavirom the steadey me@tpm@eeIntQ)@po@pta@seénblypl ates. U
A net hod Ingl | Pk iBDP e RYED] 5 rd fluid
end assenb(ig?g%rcng Q?E“&é%oa gt%ﬂl‘a d&pl u%ger)é%n@gt ?ed)%a&ﬁ%n#qag%?atl on; (b)
provi di ng roverrandigf anevad e ingsesyica ppmarasisempliest fodrddeérasnnaisienanest power end
units, whe MR iB&kn of & tS S i EfBRE U rod and
tie rod coérﬁ Itg?euir%lgt |Bo|n W t%hsaﬁlgé\&&%té}gj 1lrl&he %’?% a6y O\I\él’géﬁ g%’[‘ svr%l ncl udi ng
at | east oieelasementf payfersad m@dlf@m dnaenr(wba@mtl@fro@@onfmurai@nrthﬂt and tie
rod confi glltald Qi ui &,la tnh0 the standard plunger and tie rod
configuratio Bé EH] ) Ov I'ng a standby inventory of adapter units adapted

t o connect the offset (gower ends to the standard fluid ends; (d) connecting

a said st andar deInggtBeEAiemBodimerf A uAsiedt therdntenipn ohsigadgrd Jhidsertd power end

fromthe sigzaBled AvBEL InhRReb ntt@rcﬁarwéamemmdy mé®lledhdetrdigt pl urality
assenblies in service; an renpving the power end of one of

of the pu
the in- sep& i¢ gnhassemidise rHNPEe ?BWFQ'%Q{tPe&OWSn?%W@ SMBPTISES aci ng it

with a sai «érrmmgrth@aﬁnaér@rfmtdt@msé@embw drra)\ﬁert)trafove offhgliRbRthhfgabRP! acenent
power end has different drive rod and tie rod configuration with respect

to the rented %%%‘Pd‘éﬁ%for “?Pa'Wé“ﬁ'ﬁtq'?éepeo?”detﬁﬁ?@&lnﬂéh‘tv'tﬁﬁW’t@?re(?r}? t he

inventory fdm th@-nlqaéIﬂOffyl i StaRBSkdaRSEdNd aSsdnibdly NPT o0 BPITh&RSof the
i nterchangeabl e pu body nodul es, wherein the fluid end assenblies

conpri se dnt@mnaagtttgte Bt‘mPI'?@dYrBH’GP@% and further conprising renoving the

standard fluid end assenbly or one or nore of the interchangeabl e punp body
nodul es f oW. r e@aermethodraf ebodimest Erod eh&npblmeirmg' \ivmerminttheam@himey obne from

the inventory of st ard fluid end r _one nor e of

i nt er chang® %\’%re”;?df% S‘é’iﬂ“ "oal! 8%3 S %d%&%"d&?ro@ r%’éﬂ'&?r?eﬂ‘ﬂveu or
enbodi nentroy mmartm rrod ttxenfugwemﬁom)at@ﬁng)aMQrstamiarwrplmrsgefruandweue cohpri se a
set of stand ﬁ q ﬂ}? % g g% 4 hg anfl uration
mat chi ng t & %‘fﬁ %{hra& gt’ é&PmQH ng P%”rt% ”%Srt‘?l PHADAY&RE Pt her
conpri si ngsaidsitaedird powar sad flora ttleenadapektive inventends mtala puspiadsahbipdar d power
end fromthe respective inventories into a punp assenbly.

X. Any one of the pump assembly of embodiment | or embodiment J, or the
pump assembly and maintenance system of embodiment M, further comprising
raised surfaces on opposite exterior side surfaces of the pump body modules,
wherein the raised surfaces engage with an adjacent end plate or the raised
surface of an adjacent pump body module, whereby the tightening of the
fasteners applies a pre-compressive force at the raised surfaces on each of the

pump body modules.

Y. Any one of embodiment I, embodiment J, embodiment M, or embodiment

X, further comprising an expanded displacement plug in a cavity formed in the
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X. Any one of the punp assenbly of enbodinent | or enbodinent J, or the
punp assenbly and mai nt enance system of enbodinent M further conprising
rai sed suwobaoam2mr4o0pposite exterior side surfaces of tireTABIPO/LI3AES

nodul es, wherein the raised surfaces engage with an adjacent end plate or
the rai sed surface of an adjacent punp body nodul e, whereby the tightening
of the fasteners applies a pre-conpressive force at the raised surfaces on
each of the punp body nodules. Y. Any one of enbodinment |, enbodi nent J,
enbodi nent M or enbodi ment X, further conprising an expanded di spl acenment
plug in a cavity fornmed in the punp body nodul es, wherein the expanded

di spl acenent plug applies a pre-conpressive force at the cavity on each of
t he punp body nodul es. [0065] The precedi ng description has been presented
with refer t X ' alr t and

t echnol ogyI F?wh?}éﬁ{%%ﬁﬁg g%ﬂg&s%?g}p%ndggldn Pc‘%etl% hggggedgigg(%%gt %t

alterati on@WdSWﬁg@Sﬂh’fhﬁ cavdy degeth blettle stmpdody exddled. net hods of
operation can be practiced wthout nmeaningfully departing fromthe

principl e, [0888) scaRe pRicebiySdddvigitd PBs b%fe%ob@sgﬂtb?d whth eefeRdrR80{NY
description should not be read as pertainin to the precise structures

descri bed RIBEENY FMPIIMenthe PREOOESENOT iy ther & aﬁgéecfmtogva@ MéYchshisul d be read

as consi st @gtiodlird Peddfs @81 SHHRR9SLE tﬁé?raltbl%‘ﬂoﬁ@laﬁd)@hé?@e?r||rﬂtHéBdesNIBéEﬁ are to
have their fullest and fairest scope. M5 W claim

assenbly, TORPIPS |aﬁ§ mathsewgf R IOONEAN ?Pn@raﬁt'%ﬂdu\“@l‘wtym@ﬁ”"f'giﬁ'iypr ocat abl e
drive rodsyeyaftagfemi thedphddight, SRPEBEF ©f AL tiBVdhtion. Accordingly, the

foregoing description should not be read as pertaining only to the precise
structures described and shown in the accompanying drawings, but rather
should be read as consistent with and as support for the following claims, which

are to have their fullest and fairest scope.
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a fluid end conprising a plurality of plungers arranged in a second
geonetric pattern wherein the second geonetric pattern is different from

t he firstwgeomdri7e pattern; and an adaptor to connect Phe/pmaens3gesd to the
fluid end, wherein the adaptor conprises an offset coupler to attach a said
drive rod to an offset one of the plungers. 2. The punp assenbly of claim
1 wherein the adaptor further conprises an in-line coupler to attach a said
drive rod to an aligned one of the plungers. 3. The punp assenbly of claim
1, wherein the first and second geonetric patterns conprise a straight

line, wherein the drive rods and plungers are transversely oriented on
opposite sides of the Iine, and wherein a spacing between the drive rods is
different froma spacing between the plungers. 4. The punp assenbly of
claim1, rising a triplex or quintuplex fluid end wherein a mddle one
of the p|ua§5wgsus coupled in alignment with a correspondi ng m ddl e one of
the drive rods, and wherein side ones of the plungers are connected with
corresponde@kﬁhde ones of the drive rods using a respective plurality of

t he of fset couplers. 5. The punp assenbly of claim 1l wherein the offset
coupler co s an_eccentric clanp. 6. The punp assenbly of claim5

wher ei n thﬂp 2¥9HW988%1 C8@HB?P%es a split housing halves, a first
openi ng and recge hereof, a
second openi ng%aF?lo erree(?ejlscs pYEmé PlgFa“tQh frggﬁﬁoragtra%%n@ Jgﬁggﬁgrrggﬁged} end

t hereof, and a Iurnﬂaﬁqﬂgﬁme@MImﬂkmwreanabIe secure the housi ng hal ves.
WO 2011/027274P 0 2, 3, 4,

5 or 6 wherein %5%%8&Bﬁ§$ he%h"gﬁgrlgggggﬁiﬁﬁE®¥l 4%?|é&¥ods
secured at opposi teg@mﬂ@nd; patteme whevadr thersecamitigedrastfic piatdnbremlffwlaeir ein at

| east one of the ti fset tie rod adapter to attach a
first tie rod sect|ﬁﬁ%gﬂ§m%ﬂ%&%%§azaﬂkgéEﬁﬁth an of fset second tie rod
section fron1thmeﬂbpkﬁkeaﬂmed&hewbwepwnbmabsﬁmbbpdowmﬂbanheadmhewe|n t he
offset tie rod adap L t e I ted bl ocks
abutting at a s|op.%§ﬁ?§§g§bé$§§tgﬁﬁf tg%ﬂgaiaSaﬁpﬂwﬁeﬁgqgnﬁ(Rggﬁreaded
bore formed i n eachond oftthe plungss. and second bl ocks, wherein the through
bores of the first and second bl ocks are aligned at the transverse surface
with the threaddd miomeassembiynef dampbwheredn hecadadtoafidther cgmpiigescls, wher ei n
the throu I ' the bl ocks t hat
i's Iongerqﬁﬁgg 8&%%???@%& QabQﬁQ%P&ggQﬁzh %?%@%Q?Eéb@ﬂggéded bores are
formed, wherein the first tie rod section is slideably received in the

t hr ough bot-e of NEHMMA pesenihoekclaimy 1t whe%bmwﬂrehwbe%cqnﬁ geeeeliitr eaded bor e

of the secongy @@rlﬁpﬁ’é’éj aWBRdightNiidenavif@EiANHet dfvel RIYsSEE] | 'p%gbl% gid deably
received in the through bore of the second bl ock and threadedly engaged in

t he t hr ead&syesalyoprigntrd onrerogitesides of the line, and wherein a spacing

between the drive rods is different from a spacing between the plungers.

4. The pump assembly of claim 1, comprising a triplex or quintuplex fluid
end wherein a middle one of the plungers is coupled in alignment with a
corresponding middle one of the drive rods, and wherein side ones of the
plungers are connected with corresponding side ones of the drive rods using a

respective plurality of the offset couplers.

5. The pump assembly of claim 1 wherein the offset coupler comprises an

eccentric clamp.

6. The pump assembly of claim 5 wherein the eccentric clamp comprises a
split housing halves, a first opening and recess to receive the drive rod and an
enlarged end thereof, a second opening and recess to receive the plunger and
an enlarged end thereof, and a plurality of bolts to removable secure the housing

halves.
22



9. The punp assenbly of claim1l, 2, 3, 4, 5 or 6 wherein the fluid end
conprises a plurality of punp body nodul es secured together to formthe
fluid endwoO 2001/02T4Te punp assenbly of claim9 wherein thecparpibossgesrodul es
are secured in a line with fasteners between opposite end plates. 11. The
punp assenbly of claim7 wherein the fluid end conprises a plurality of
punp body nodul es secured together to formthe fluid end. 12. The punp
assenbly of claim 12 wherein the punp body nodul es are secured in a line
with fasteners between opposite end plates. 13. A punp assenbly and

mai nt enance system conprising: a standby inventory of standard fluid end
assenblies conprising a standard plunger and tie rod configuration; a
standby inventory of a plurality of different sets of power end units,

wherein eagh S%eﬁ)fu 0é(¥%5m%f§z%f‘éﬁii$%,??§,@5dérf6f \ﬁﬁéjBFn tﬂéiaﬁsptBP%gﬁé‘rd tie rod
configurati'on with respect to the ofher power end sets, Including at |east
one set ofcafigrises apduielity of tie rodsvsasyresrataippesite ehrdswte thepdowerdendi andr od

confi guratom LRy \‘f&ﬁ%&t at %aEPSnétgf’?ﬁé"rtiQ BUY MR8 bt 1R0rod

configuration; a stan I nventory adapter units to connect the offset
power endsadaptartie atiacinalfirstiti¢ ragd sectoni §omahel pawpiognd with am otisetsaagndassenbl i es
in service; i S k- i ce punp assenblies conprising a said
standard f eui g%ﬁﬁ%é@ﬁ%éﬁer unit and a said offset power end,
whereby the in-service punp assenblies can be repaired by renoving the
power end &nd r'&BI BETRAGESAEIRVA 0§ Glaimp dwehersht the siisehdée stodnadsriPhvent ory
thereof wheinirde MPpbSRY FRQRY s@@f\{@re@ﬁ@bté@%ldékg'afbﬁﬁihgrﬁt drslopihg 0od and tie

rod configuration with respect to the renoved power en 14. The punp

assenbl y alfRNSHESAIEAaME byabnhase apf 4 thraasiedtoreiomerdn ieag_f 818y of

standard ffrgi £hoededor$ BREKN, WderdinitHehBiougR BBrds B the fitbedrahResRbloskpump body
nodul es, wherein the fluid end assenblies conprise a plurality of the

modul es, v@f@raé'ﬁgfeq ﬂtethPﬁfaé‘éYQfP%éuﬁﬁ?pW%E@nth‘?a@@ orespe thepeshesd ey renovi ng
and repl acidignd BRd Sifs@Paks] whickdil tHRNHroagh Skisyare forfiee 18gitiBngIyah o he
i nt erchangeabl e Punp body nopdul es. , , ,

portion of the blocks that is longer than a portion of the blocks in wherein the

threaded bores are formed, wherein the first tie rod section is slideably received

in the through bore of the first block and threadedly engaged in the threaded

bore of the second block and wherein the second tie rod section is slideably

received in the through bore of the second block and threadedly engaged in the

threaded bore of the first block.

9. The pump assembly of claim 1, 2, 3, 4, 5 or 6 wherein the fluid end
comprises a plurality of pump body modules secured together to form the fluid

end.

10. The pump assembly of claim 9 wherein the pump body modules are

secured in a line with fasteners between opposite end plates.

11.  The pump assembly of claim 7 wherein the fluid end comprises a plurality

of pump body modules secured together to form the fluid end.

12. The pump assembly of claim 12 wherein the pump body modules are

secured in a line with fasteners between opposite end plates.

13. A pump assembly and maintenance system, comprising:

a standby inventory of standard fluid end assemblies comprising a

standard plunger and tie rod configuration;
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15. The punp assenbly and nmai ntenance systemof claim 13 or 14 wherein the
i nventory of power end units further conprise a set of standard power ends
havi ng a woi2oe/202¥4and tie rod configurati on matchi ng treTaB2zMNABI3EH6S| unger
and tie rod configuration, and wherein the popul ation of in-service punp
assenblies further conprises punp assenblies conprising a standard power
end coupled directly to a standard fluid end. 16. A nethod, conprising:
provi ding a power end conprising a plurality of reciprocatable drive rods
arranged in a first geonetric pattern; providing a fluid end conprising a
plurality of plungers arranged in a second geonetric pattern wherein the
second geonetric pattern is different fromthe first geonetric pattern; and
connecting the power end to the fluid end via an adaptor conpri sing an

of f set coupl er A ﬁ@%ﬁﬁbi@OE?EE?ﬂﬂ$¥gﬁngqmﬁ§eﬁn£$% ﬁ%“@p%ngﬁnage pl ungers.

17. The met hod % rirsin a sald drive rod
to an aligned one oWhergm @ﬂthﬂyépépowqreenmtsdmsrmdlffenfentHaverrroﬁearmlr 17,

flrther comprising h& FTUBRARINAT LAALLASEL 2 (k ier” filmeangh Bhngers on

opposite sides of a strai erern spacin tween Tve rods is
different from spacinnlgdlbetaﬁléeasttmre wtmigéﬁset POVg. ermehamgwed affselcl ai m 16,

wherein the f1uid egd.cREPLISRE BalddRbEsid Wil LR 83 hd Widhagnd asserbly,

and further conprising coupling a m e one o e plungers in alignnent
with a correspondi nglungefdind tieried o¢nfigheatidrii ve rods, and connecting side ones

of the plungers ﬁdbycuﬁve{n‘ﬁéer?%?glj&&eﬁhﬂ% BNRn& tﬁé‘?ﬁ?&tﬁéﬁlngﬁéﬁ gt 2

respective plurality o set coupl ers. clai m 16,
17 or 19, further cheptansiartfluiéends; agdt he power end and the fluid end

together by Se%%ddd&%éﬁl?l%‘??pﬁm? £80%pfds @ @W&@%PH%HQR?% ger(/@gg)u% the power

end and the flui sing attachin iero ction from
the power end to anassembles §@m@mjng |ae8614¢)§ta§d@|td| ind fendnatsaed pdagter end at an

of fset ti e rod adaphal ong 2LeadAisBPp g\f?élr Ot chbrbt o ls@licd unfLTPr | Si N0

assenbling the flui froma es secured
t oget her. assemblles can be repalred removmg the power end and

replacing with a said power end from the standby inventory thereof
wherein the replacement power end has a different drive rod and

tie rod configuration with respect to the removed power end.

14. The pump assembly and maintenance system of claim 13 wherein the
inventory of standard fluid end assemblies further comprises interchangeable
pump body modules, wherein the fluid end assemblies comprise a plurality of the
modules, whereby the in-service pump assemblies can be repaired by removing
and replacing the standard fluid end assembly or one or more of the

interchangeable pump body modules.

15.  The pump assembly and maintenance system of claim 13 or 14 wherein
the inventory of power end units further comprise a set of standard power ends
having a drive rod and tie rod configuration matching the standard plunger and
tie rod configuration, and wherein the population of in-service pump assemblies
further comprises pump assemblies comprising a standard power end coupled

directly to a standard fluid end.

16. A method, comprising:

providing a power end comprising a plurality of reciprocatable drive rods

arranged in a first geometric pattern;
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22. The nmethod of claim 21 conprising securing the punp body nodules in a
line wwth fasteners between opposite end plates. 23. The nethod of claim
18, conprweizog/@gxenbling the fluid end froma pluralityCoiBEuops38ealy
nodul es secured together, and securing the punp body nodules in a line with
fasteners between opposite end plates. WO 2011/ 027274PCT/ 1B2010/ 053868 24.
The met hod of claim 20, conprising assenbling the fluid end froma
plurality of punp body nodul es secured together, and securing the punp body
nodules in a line with fasteners between opposite end plates. 25. A nethod,
conprising: providing a standby inventory of standard fluid end assenblies
conprising a standard plunger and tie rod configuration; providing a
standby inventory of a pIuraIity of different sets of power end units,

wherein each s r: fer i dtie rod
configuration ﬁ?mmig\l\@% FBr%"ﬁga &ugm& g @Uﬁ G a‘hfan T%idr?%g at | east
one set of offset pmndeﬁdmem\naﬁgrra\mh@ﬁmstbe sdmndegeroowtmnlattarrels od

configuration with alﬁér%ﬁpﬁo,{]%éﬂgt &éo%’@ﬁrfﬁla gr and tie rod

configuration; providing a st I nventory of adapter units adapted to
connect the of fcoeneqioguie powler ensl tOhfées‘lmhem dafdnuadbpierdeompaisidgcinnect i ng a

sai d standard {1 ui do@ifleoflyiSAld REAPE Shid Blide ARAPaR AleCLiS B pover end

fromthe standby inventories into a punp asse y; placing a plurality of
the punp assenbl i esplungaser vi ce; removing the power end of one of the
in-servic&gyunp assenblies for repair or maintenance and replacing it with
a sai d powkr erd@efrpethed ﬁéC|§t”aﬁ§b@d"thﬁrv@mQﬂ’5y19 JpshiBord $3ié drivprettnent power

end has a g{gﬁg%@%egﬂhg%mn%gr@nd tie rod configuration with respect to the
removed power “end

18.  The method of claim 16 or 17, further comprising transversely orienting
the drive rods and plungers on opposite sides of a straight line wherein spacing

between the drive rods is different from spacing between the plungers.

19. The method of claim 16, wherein the fluid end comprises a triplex or
quintuplex fluid end assembly, and further comprising coupling a middle one of
the plungers in alignment with a corresponding middle one of the drive rods, and
connecting side ones of the plungers with corresponding side ones of the drive

rods at a respective plurality of the offset couplers.

20.  The method of claim 16, 17 or 19, further comprising securing the power
end and the fluid end together by securing opposite ends of a plurality of tie rods
to the power end and the fluid end, comprising attaching a first tie rod section
from the power end to an offset second tie rod section from the fluid end at an
offset tie rod adapter.

21.  The method of claim 16, 17 or 19, comprising assembling the fluid end

from a plurality of pump body modules secured together.

22.  The method of claim 21 comprising securing the pump body modules in a
line with fasteners between opposite end plates.

23. The method of claim 18, comprising assembling the fluid end from a
plurality of pump body modules secured together, and securing the pump body

modules in a line with fasteners between opposite end plates.
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26. The nethod of claim 25 wherein the inventory of standard fluid end
assenblies further conprises interchangeabl e punp body nodul es, wherein the
fluid endwassamiari7es conprise a plurality of the nodul e®CTABRZD16/0838é82r
conprising renoving the standard fluid end assenbly or one or nore of the

I nt erchangeabl e punp body nodul es for repair or maintenance and repl acing
it wwth another one fromthe inventory of standard fluid end assenbly or
one or nore of the interchangeabl e punp body nodules. 27. The nethod of
claim?25 or 26 wherein the inventory of power end units further conprise a

set of standard power ends having a drive rod and tie rod

mat chi ng the standard plunger and tie rod configuration,

configuration
and further

conprising connecting a said standard fluid end and a said standard power

end fromthe rasRenbingg MRt 96) ESmplity 3sBingSHETRIY end from a

plurality of pump body modules secured together, and securing the pump body

modules in a line with fasteners between opposite end plates.

25. A method, comprising:

providing a standby inventory of standard fluid end assemblies comprising

a standard plunger and tie rod configuration;

providing a standby inventory of a plurality of different sets of power end

units, wherein each set of power end units has a different drive rod

and tie rod configuration with respect to the other power end sets,

including at least one set of offset power ends having an offset

drive rod and tie rod configuration with respect to the standard

plunger and tie rod configuration;

providing a standby inventory of adapter units adapted to connect the

offset power ends to the standard fluid ends; and

connecting a said standard fluid end, a said adapter unit and a said offset

power end from the standby inventories into a pump assembly;

placing a plurality of the pump assemblies in service;

removing the power end of one of the in-service pump assemblies for

repair or maintenance and replacing it with a said power end from

the standby inventory, wherein the replacement power end has a

different drive rod and tie rod configuration with respect to the

removed power end.

26. The method of claim 25 wherein the inventory of standard fluid end

assemblies further comprises interchangeable pump body modules, wherein the

fluid end assemblies comprise a plurality of the modules, and further comprising

removing the standard fluid end assembly or one or more of the interchangeable

pump body modules for repair or maintenance and replacing it with another one

from the inventory of standard fluid end assembly or one or more of the

interchangeable pump body modules.

27. The method of claim 25 or 26 wherein the inventory of power end units

further comprise a set of standard power ends having a drive rod and tie rod
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configuration matching the standard plunger and tie rod configuration, and
further comprising connecting a said standard fluid end and a said standard

power end from the respective inventories into a pump assembly.

27



