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 equi prent such as fracturing punps and the like. (2) Description

of Rel at aglp Astint7aed udi ng i nformation disclosed under 3éraRioksSésand 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 dianmeter. These punps typically have two
sections: (a) a power end, the notor assenbly that drives the punp

pl ungers (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
fluid. [0003]In triplex punps, the fluid end has three fluid cylinders.

For the TITLE OF THE INVENTION
PUMP ASSEMBLY

BACKGROUND OF THE INVENTION
{1) Field of the Invention

[0601] The invention is related in general fo wellsite surface equipment such
as fracturing pumps and the like.

{2) Description of Related Art including information disclosed under 37
CFR 1.97 and 1.98

[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 fypically 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 friplex pumps, the fluid end has three fiuid cylinders. For the
purpose of this document, the middle of these three cylinders is referred o 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 cyiinders. A fluid end may comprise a single biock

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 iowering the fluid pressure in the fluid end. As the fiuid pressure
becomes lower than the pressure of the fiuid in a suction pipe (typically 2-3 times
the atmospheric pressure, approximately 0.28 MPa (40 psi)), the suction valve
opens and the fiuid 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 cylinders. Simlarly, a quintuplex punp has five fluid

cyl i nder swo Afdddsh-pg a m ddl e cylinder and four side gl\éj'lj(]lﬂgo%fﬁsss fluid
end may conprise a single block having cylinders bored therern, 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 |owering 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

at nospheri c pressure, approximately 0.28 MPa (40 psi)), the suction valve
opens and the fluid end is filled with punping fluid; and (b) a discharge
cycl e: Dury tAi V. f rd. in. th acki ng bore,

t her eby pr%dg%éspgia\?g‘%f %%g;%ﬂ@@gﬁ@%ﬂ@aﬁﬁ%(&aﬁng rpce%%%Fee(“zthhtcﬁg r%ntﬂ‘?‘p and

cl osi ng t HEORagigwors 1@ MPa (2Afsido Bk high asr WSNP= (2| Ksihtheydisdhgtver t han t he

line presswne dpahd, @hd i Ssubd AR Aswd BWLES thb3iBh Ksi) to as high
as 145 MrPa (Zldesi )) thef%r?@ghgr ge val ve oggr?\sh%%é%d%%g{p%i gh pressure

fluid flo rough the di schar ipe. [0005] The power end typically
i ncl udes \Qﬁmseéjgi ﬂgespl%v raeggatyﬁ'f;%@endﬁ&esg%goefnig & ¥iigi He 2 g'efef'a sni ssi on and
a drivel i rgaspiinatengineva tarsntiseomantd a érivietimecthat rovides the andivefordectopunp
pl ungers | ' Nl e ar S. pony.rods. Orten the power
ends and f%ﬁ?rge%%%%n@ %ﬁeﬁﬁé‘@ﬁds%@%a&%#m@} 'gmger %rt F‘%B%%rgf’?-m e due to
the nisal iQfatette soweheengongnd dtyid snds prum gdifientasnaneiaciuass darkf er ent
profiles ancbnalibib Ade RAE ShiBMigRhebilt til E)@ﬁh_ﬂ%f'%d&él@f%@?s, ok W @spover end

| ock on the fluid end. Power be

relative ttﬂo}ﬁthe connection b ends may

0
produced BTSN PERIES ARA PeLRg pakeras §f the atiasfunant flangecof\fag pawsriandy in t he

desi gn andéiativedb mensinmBsiodfblddkenahé AGE@RAL Fhivan@Rls profifoeqdr i vel i ne,
etc., both between napauc%actur rs as etween different nodels from

[ || as he _
the same maAnA"SYE (PEHEFHHE6Y \‘?8%3'%9\?%&?113?%“?‘}‘ dhuBndpsigr andlgs e, 2
pressure cintrepnpar tiseettantimenhdarfgey ponyerds baribylirea Rt Xt ivefieena very | arge
nunber of it : ively. shgrt operational I|ifespan.
These str er@%ﬁuéfa%@r%é%& ?’%Ejg% hge“r")a?\n'?fj'ﬁg{eﬁ{em (?eé ) reastafr%d“?)r}”éascélﬁ?res, t he
difficult pature of the fluids bei ngo?u ed, and often extrene
envi r onmed P26 c oRlyeRi 2 MEMPigy BQAUENQE Of @ HEghe-mdi RIGEPHIA CRYCIEBRATT enent s bot h

on the fl wicor@nNthedmid&dl boag cbh%WMﬁée £06hy drgPAdhb&es4rBld Kciek 1S desired
to renove \Aﬁtﬂ}lr\wear re alr‘gigelgg1 @ ér? (r)pgr‘leltlljc;nal I%Qs%aﬁ.u%ese stress cycles, together with

the high operating pressures, the difficult nature of the fluids being pumped, and

often extreme environmental conditions, gives rise fo 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 fiuid 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 retumed to inventory; however, there are
substantial differences between different pump assembly makes and models
such that a relatively targe 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



assenbly conmponents from a working punp and replace themw th conponents
frominventory to keep the punp assenbly in operation while the renoved
conponent can be repaired and retuned to inventory; however, there are
subst ant iva 26t iesences between different punp assenbl kes and nodel s
such that a relatively large inventory is required to %? HOCHE abl e
repl acenment power ends and/or fluid ends for every type an enterprise my
have in operation. A power end from one manufacturer, for exanple, may not
have the proper orientation of drive rods and tie rods to the fluid end of
anot her manufacturer, or the appropriate stroke |ength. Standardization of
fluid ends and punp ends for one manufacturer can |ead to sourcing and
pricing issues and for these reasons it is advantageous to have a w de
range of suppliers for the various punp conponents [0008]It remai ns

desirabl et r Slt C ui pnment in
ef fici enc;l/t @fﬁ@(f{% |dsr% %éﬁgln%g%'ﬁ r£|ngeal(”?dS %ﬁ 053%? IVRESHS BIREF  SUMVARY

OF THE | NYERWPPEINL 0009] The present invention in one embodi ment uses an
adapter to connect up a power end to a fluid end of a punp assenbly where

the power [&88] has rdmiaine degableht pfedOfihBRkerhsaE ih h\ﬁelgltélgﬂ@%ée Oftthek
eren nmaKes

fluid end t..non tandard yower  ends

and nodel equ'gmg%le"??ﬁ 'Sr%"hg%’r&l%%fﬁ“ 5% E8d Maeaitg th the sanme fluid end.
1001011 n one as ect of the present invention, there is provided a punp
assenbly & PIMYRRIGOF Wy INMENTEONpri sing a plurality of reciprocatable
drive rods arranged inafirst geonetric pattern; a fluid end conprising a

plural i tyleiSpl ufigepresant irvagitsh ihdng chesuditied @O8REHA hEadhdtd §hMsMperei n the

second ge tern | d|f erent fromthe first geonetric pattern;
and an adgg‘?3 éd ec';%?gnﬁ c u' E&&“”&HS%S&‘%WWM PEWE" eRthBR®i n t he

adapt or cerys ﬁosieé‘iaaareotbﬁssetromcbhmblengére ol tHeaftiy @Kﬁ allndh:Q lehb8dihRdr t 0 an
of f set Onﬁorﬂ)-gtaw'ffd Bb\HQrg&{n? of h?fg;en M3k S DRGL BN e fnQ:,\rchaangj1 eEb(l)yr further

conprises an I n-|
adapted for use with the same ﬂu:d end

[0010] In one aspect of the present invention, there is provided a pump assembly
comprising: 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 patiern; 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.

[0611]  In an embodiment, the adaptor further comprises an in-line coupler fo
attach a said drive rod to an aligned one of the plungers. In an embodiment, the
first and second geometric patierns 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 friplex or quintuplex fluid
end wherein a middle one of the plungers is coupled in alignment with a
coresponding middie 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 piurality 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 1o receive

the drive rod and an enlarged end thereof, a second opening and recess to
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attach a said drive rod to an aligned one of the plungers. In an

enbodi nent, the first and second geonetric patterns conprise a straight

| ine, wherein the drive rods and plungers are transversely oriented on
opposite §jq§§v f the line, and wherein spacing between the drive rods is
di f ferent "1 6§%ing bet ween the plungers. |In an enb&8TABINMOIBEE punp
assenbly has a triplex or quintuplex fluid end wherein a mddl e one of the
plungers is coupled in alignment with a corresponding 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 of fset couplers. [0012]In an enbodi nent, the offset coupler conprises

an eccentric clanp, which may conprise a split housing halves, a first
opening and recess to receive the drive rod and an enl arged end thereof, a

second opening nd recess to receive the plunger and an enl arged end
t her eof , afg®&® %%P%‘P??fyar@f ap FAntasgeh ene erradf| end ecelpalityhef baitastong hal ves.

[0013] I n arenenise e thethibasingAavey. further comprises a plurality of tie
rods secured at opposite ends to the power end and the fluid end, wherein

at | east f ot I : [Mole; s.an offset tie rod adapter to attach
a first tﬂggzﬁd gﬂg?%gﬁo@?%ﬁ%?ﬂ%é%%ﬁgﬁuqﬁﬁCWTPWeﬁﬁ‘wFFQEPTQ%H@ﬁd tie rod
section fr¥iEratpapateands ¢ Ge1adwer end ambibe ifimeirdnd, twherehf fisiesstti e r od
adapt or COfHer bfSBS P i LISt : ed bl.ocks abutting at a
sl opi ng transverse sﬁ??é@%,d@g ?h?@é&gﬁtégrgge%%gﬁt pg)g arcga%lgﬁ%ﬁ'&r@gf ornmed in
each of t HECHY} CemdriPergd Withhak olfsairseceidntia teg sehfiauybm ior 6sidof t he
first and seicond bl ocks are aligned at the transverse surface with the

t hreaded bores of the respective second and first bl ocks, wherein the

t hrough b ar r . Ltudinally in a portign of the blocks that is
| onger t th@?]poﬁ {argﬁﬂﬁﬂdu %ggtgiﬁeockse?it'ﬁ)é%@?aeqkﬁ PRETES 99 FEtes are
formed, wiSteepordriondatastbledke abutling et istoping srassved@aturics, eciogll i n t he

t hrough bajoge 9fd & Beedd I nga in the threaded
bore of the second %ﬁ%%%bgﬁgﬂﬁ e?g%ﬁhgﬁg%ggggﬁ%%?lggi%ﬁ&§é@FV%ﬁ is

sl i deabl y Peiupuatobares phibetistanghsasond bisicks e aliguenat tilededosaade t hr eaded! y

engaged i mutihee With engareB@s® tofest BE #d redhebhv8Ccond and first biocks,

wherein the through bores are formed longitudinally in a poriion of the blocks
that is longer than a portion of the blocks in wherein the threaded bores are
formed, wherein the firsi tie rod section is slideably received in the through bore
of the first block and threadedly engaged ih the threaded bore of the second
block and wherein the second tie rod seciion 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 fiuid end, for example, in a line with

fasteners between opposite end plates.

[0016] In another aspect of the present invention, there is provided a pump .
assembly and maintenance system, comprising: a standby invéntory 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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[0015] I n an enbodi nent, the fluid end conprises a plurality of punp 'bmo"o'ly
nodul es secured together to formthe fluid end, for exanple, in a line
with fasteners between opposite end plates. [0016]1n another aspect of the

present i there is provided a punp assenbly and nai nt enance
system J&é%?ﬁ@?ﬁa‘ a standby inventory of standard f|XGHERHNG/0EBERMDI i es
conprising 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 |east
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 n%n standard fIU|dt§nds and a popul ation of punp assenblies
in servi ceXMPIEITIORERGRPIAR SRFRMANIES Gamprsigs @ BN skandeshiwid shhg a sai d
standar d fdaid ddapkerl und amieli @ saidagitset puwéedt el dviersisy e Ohfs8RAcePNE end,

wher eby t r hesygan be repai,red by renovin the

power )éndha%ﬁé ?%g Cé}é?%grgéé]%ﬁa%ﬁ?erm(a"n@o%srpoé"ﬁa ef'?(f’r%dtrﬁ@a%‘ AndBy? i n\g/ent ory

t her eof wWEidePewer read rfegm dlee stemtoy dwentogn thehes wehedif ftiey esplagdfiee rod and

tierod c 0017]I'n an
Qalvie B ER B dsON i e Rt sﬁrﬁﬁ%ﬁ%&? ge r%}'r? dﬁgﬁ%‘ﬁgn R’q%?ﬁpsg{q? ]

enbodlnent the inventory of stan asse her
conprlses’?W?ﬁﬂdﬁﬁﬁ@%ﬁ%le punp body nodul es, wherein the fluid end
assenblies conprise a plurality of the nodul es, whereby the in-service

punp asseri®i7¢s Damm berboédipent, etdebyvdn&fm\df ngarRiBel NGB! S BgkelfesSt andard
fluidend £ of |ntercha eable unp body
nodul es. Ifﬁ%gﬁqgﬂﬁ%nsgg "ﬂg%ﬁgﬁgﬁ%r %)ng B’deH%%e‘fy ﬁ'& Rt EEE’ §Nsr t her
conpri se #&#S8pbiigs camprgad @ltp@imepf émdmounass nehegelyr the en-sottica ity e rod

confi gur atjsgdmpies el pg rg%egt%ggﬁ{oqlnglmgrg@aaﬁ r’g(__i! gtgﬁé)fuﬁﬁﬁnf' uration, and

wherein the popul ati on of rvice“punp asse onpri ses
punp asser®FiEdY e PSIMREE & Yreanth@npesiis pend bodyphediedi riecinl y to a

st andar d felmwoamémdthe[uﬁl%m Br Swdrapl uﬂﬁsof?%eroéor&p'ﬂgl 8%8?&'&3 ! ”Veﬂ“ on,

there is prOV| nprisin roviding a d

conpri si ng°%® ?’I?Pé‘la?"f‘% o‘%"?“éei’] Bre g ‘gIC@”flSPia\?@n I"i?@@l"wiiham@ldaldn a first

geomet ri ¢ phapéremd tie (&) c@tiguiatiomging wilckdifl tRNbpERIBH biSk! %Ervﬂ:agluH{ga' i E:Iy of
con

pl ungers second geonetr attern wherein th

geonet ri C%%%%%ﬂd@eﬁp?@%rsgﬁt oﬁﬁeﬁg’" ? COTPEhE TR Pewen; and (3)
connect i ngnd heuplsdwirectlyrid atstartdasd filidierdti.end vi a an adapt or conpri sing an
of fset cou Ier to attach a said drive rod to an offset one of the

pl ungers. [0018] In another aspect of the present invention, there is provided a method,

comprising: (1) providing a power end comprising a plurality of reciprocatable drive rods
arranged in a first 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
fo 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
fine wherein spacing between the drive rods is different from spacing between
the plungers. In an embodiment, the fiuid end comprises a triplex or quintuplex
filuid end assembly, and the method also includes coupling a middie one of the

piungers in alignment with a cormresponding middle one of the drive rods, and



[0019] I n an enbodi nent, the nmethod 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

si des of woshfidk-ght |1 ne wherein spacing between the drive rods is
different from spacing between the plungers. In an enbTdV/BEHOOSEAL 1 ui d
end conprises a triplex or quintuplex fluid end assenbly, and the nethod
al so includes coupling a mddle one of the plungers in alignnment with a
correspondi ng mddl e one of the drive rods, and WO

2011/ 027274PCT/ 182010/ 053868 connecting side ones of the plungers with
correspondi ng side ones of the drive rods at a respective plurality of the
of fset couplers. [0020] In an enbodi nent the nethod al so includes securing
the power end and the fluid end together by securing opposite ends of a
plurality Le L ower end and the fluid end, conprising
attachi ng Cgﬂrf'eltcp'g% g.ggg,n%sga% trsﬂg U ER Sr PO hPUTREPYHIRG Sigh angsooTdhbe gfifeset second
tie rod séedsa@ regosaiveeurtlityiotthe pifsaicoapiesf f set tie rod adapter. [0021]1n

an enbodi mrent, the nethod al so i ncludes assenbling the fluid end froma

pl ural i ty [@120pUNP, dyoetsiodmELhetoSRONEE Aish WGIAR ochily FXRBPLEnSeCUr NY the
punp bOdyaHEQ%JLE Ln line wth fasteners between 8ppo ite éend pl ates.
[0022] I n &% 0t st %%%88 SHPY PRYNAY BRRYHIC i9RdR At 7 Bhiralibhelrie rods for ovi ded a
met hod 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 offsst

tie rod adapier.

[oez1} In an embodiment, the method also inciudes assembling -the fiuid end
from a plurality of pump body modules secured together, for example, securing
the pump body modules in a iine with fasteners between opposite end plates.

[0022] In a further aspect of the present invention, there is provided 2 method -
comprising: (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 fo 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; (3)
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 moduies, wherein the fiuid end
assemblies comprise a plurality of the modules, and the method also includes

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

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



conprising: (1) providing a standby inventory of standard fluid end
assenblies conprising a standard plunger and tie rod configuration; (2)
provi ding a standby inventory of a plurality of different sets of power

end uni t syoWhghB8iH, €ach set of power end units has a qjctrﬁﬁﬁﬁfgﬁssgersi ve rod
and tie rod contfiguration with respect to the other power éend sets,

i ncluding at | east 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

of fset power end fromthe standby inventories into a punp assenbly; (5)
placing a plurality of the punp assenblies in service; and (6) renoving

the power gnd pf ; LRSI S i es r air or
mai nt enance angé r"g%ﬁtg@{ r(# gﬁndgﬁdt ﬁwg eg]gi %%E]\P\Er 8§§p fo‘r?o"ﬁg’rfg’h%{ g]lt%andby

i nvent ory, Ngrrbpegasbiepempdpdy owduies. power end has a different drive rod and
tie rod configuration with respect to the renoved power end. [0023]1n an

enbodi mentpo24]e imareahbsyment, Bibamealot dflpoiver @ridings ReIRBH tesprisbiat her

conpri ses interchangeabl e punp. body. nodul e erein the fluid end
assenbl i esse(tzgn%?rfd%re(p%“ﬁr 8'?'%}? WA ervﬁéocrrﬁrg‘ﬁqee? ac %@“F’ﬁ@” W@f‘ﬁ@@ al so

i ncl udes rtberstandgrdt flengst anddiedofl |confijueatidn aseketibl ivetbod aize iotctudmwr e of the

i nt erchan : es. [ ' n nd repl aci ng
it with a%%? E%cr%ngﬁg% Kf%g%rqqétxﬁgﬁjédn%gn grég%? sga[ngéngﬁd dvrb%l%ﬂlggl%gn@‘eassenbl y or
one or norresreciitepveniries mtapgumblaesgmbipy body nodul es. [0024] I n an

enbodi ment, the inventory of power end units further conprise a set of

standard BRIEF DESERIPHONOF aHErsBvERAN NS OF THETRARMNGYUr at i on mat chi ng
the standard plunger and tie rod configuration, and the nethod al so

i ncl udes ctiEpg i : i j ard power
end from ﬁﬁgﬁgﬁesp@ég%va;%h%@%ta@%gre% |&Jn 6'959Bﬁmn€gg%ﬁ%@§%§°.°§mp

DESCRI PTI @GN enpbogiiqrensefmRiaventiof\s OF THE DRAW NGS [0025]Fig. 1 is a
schematic diagramof a triplex punp assenbly according to an enbodi nent of

the invent[0886] 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 o 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 44 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 io 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 nodul e according to an enbodiment. [0028]Fig. 4 a top plan view of

a punp asggabiNzasL£ording to an enmbodi nent. [0029]Fich§ﬂh§an§§&tional
view of the punp assenbly of Fig. 3 as seen along the I'ines 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 fie 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 fiuid end assembiy 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 moduies have substantially
identical profiles, i.e., interchangeability of the fiuid end modules 110 in the
various fluid end assembiies 112, the modules 110 may be advantageously
interchanged between the middie and sides in the fluid end assemblies 112,

8



[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 according to an enbodinent. [0033]Fig. 9 is a side elevational
view of th&§,ghaMm.of Figs. 7 - 8 according to an enmbodi-fREHere0s¥ss

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

providing advantages in assembly, disassembly, and maintenance. In operation,
if one of the pump body moduies 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 monobiock fiuid end having a single body with a plurality of
cylinder bores machined therein, and therefore provide greater ease of

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

[0042] The adaptor 102 advantageously allows an operator andfor assembler
to orient the fluid end modules 110 for attachment to the power end 1086,
regardiess of the type of power end 106, e.g., power ends from different
manufacturers and/or different models of power ends from the same
manufaciurer. 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 andfor 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 invenfory system for the assembly
and/or maintenance of a population of cperating 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 inveniory of power ends 124 can inciude 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 fiuid ends in the

9



[0035]Fig. 11 is a perspective view of the adaptor of Fig. 10 according to
an enmbodi ment. [0036]Fig. 12 is a top plan view of another offset tie rod
adaptor according to an alternate enbodinent. [0037]Fig. 13 is a

perspecthwgf%ﬁﬁghg{ the adaptor of Fig. 12 according égﬁﬂ$§ﬁgggg#nent.

[ 0038] Fi g. I'sS a perspective view of a fluid end as _ ding to
an enbodi nent. [0039]Fig. 15 is an exploded view of the fluid end assenbly
of Fig. 14. DETAILED DESCRI PTI ON OF THE | NVENTI ON

inventory 122, may be made by a different manufacturer or may be a different
mode! 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 popuiation 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 uséd, e.g.,
triplex and quintuplex, the adaptor inventory 108 can inciude 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 piunger 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 218, that may or may not maich 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 exampie 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 ment a punp assenbly 100

i ncl udes an adaptor 102, conprising a first nmechanical attachnent portion
104 for attaching to the drive rods extending fromthe power end 106 and a
second i ttachment portion 108 for attachin idend
nodul es 1 a@é@?ﬁg@up the fluid end assenbly 112. By SF??%%D@$$%ﬁe fluid
end nodul es 110 and the appropriate adaptor 102, the operator and/or
assenbler 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
remain the sane regardl ess of the type of power end 106 utilized to form
the assenbly 100. Such an assenbly 100 may be advant ageously
cost-effective and allow for greater maintainability of the fluid end

dul 1 [ . : [ t wh
he f1ui o Sracibaoach 2 MRl oshen o A Tht Br BpT-EERaR] Jont where
i nt er chandddbi 214Bywis orernf e piltoesn a0Snaefewbly tnomiddlet driseved R8s {1 ui d end

assenbl i eso hldd shhl® BRAMI165thd IksBRNahS:s asly ARERAROUGhYerk REGS fJagnged bet ween
the mddle and sides in the fluid end assenblies 112 provi di ng

12,
advant age 2 WEBROIS Preyidesudiciant (oomyion thegisgrob Adiaesat offset 618EWEL i on, if one
of the pumpobotiye dBdbihaonldOihbasthadar® tiamgd R faal |l pRRRUIGF ofif® modul es 110
need be repl ace 0 reduciqgﬁt e otﬁptiql ove&g}%%pgmnthne of . a fluid end
assenbl y PS| 720JPRY R BRI R 2k @S S RpWBo d PRI PR snal | er
t han a typilwgbr-drivaabll @ffketfdistackecad! Hieadtiog amdsthexgl @al odyinwintdiied pl ural ity
of cylinder ) i t herei n, ereaf. i reater ease of
mant act BT ey dat b e PR AL oG Gl B recBIEE. e o
[ 0042] Ther pakipter coniisind want apewmliyloy athbl beslasns p& 220 eequitadiicor assenbl er

to orl ent Jhenf b £ pEtRKINSrblQr bl 3R ok BspRNGT end 106,

regardl ess of the type of power en e.g., power en di fferent
manuf act ur®és and/or different nodels of power ends fromthe sane

manuf acturer. |If necessary, the adaptor 102 can allow for nulti-axis

adj ust mentjgo48pr aid adhpiovgmicheiefrhay disendcingxd vffes bblt idapiotdhe2baver end 106.

The adapt - ther . | ow_t he_operat.or _and/or, a nbler to
make bot h Pulrel 5 AR A e (o 2| B ok S AL sef SRR e
pl unger s ehotlthbayd eriecorammte fip dedsed! 21thak adign with éhediei red configsralipn fdie power end

106 to ac tol ol il LUust as well as
Lo al | ow T Dol BbudrShe 20X CaBRAGH 1 GRAL!hHRAD: BFLAIR BBES 2.0

ad] | . ) . np
pl unger s. '6@dtRlignéor adighttag offsed balt pdrpiors RE2 arganopreqpisgdatAsithythg ma| |

invent ori @fungér &imbsI2A)G2008E | ESet bl RAGAY 247 sHqkiceRds 2556l dres 112 for
attachnent, to a vari etr%tée?f%igower Wth reference to Fig. 2, an

end 06.
i nvent or y 18, @RAEPRNEL NY '@ﬁﬁf‘ﬁhrgﬂa/p%?h’ RO Sifa e bsrinvenisisdl ati on of
oper at i ng spparpteyse/vb bbb @art BBy kit Mbletsdefoathe ipaktieitaiodoynblr2Blombf powdrmi t ed nunber

of standardi flui.d end nodul.es, as well as other fluid end conponents
and parts,enﬁé@ga Jo#uécgg%%ﬁsgmgﬁ%%g\/entory 122 of standardi zed fluid ends
havi ng the sane Ig;eneral specifications as well as piston and tie rod
confi gur af9®48%. Fig. 3 illustrates one embodiment of a prepackaged adaptor moduie

230 which can be poputated 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 particutar power end-fluid end assembly. The module 230 can
be inventoried separately, or additionally or alternatively paired with the
appropriate power end. Additionally or altematively 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
paris frequently or occasionally used in making a fluid pump assembly.
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[ 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

st andar d_‘ﬂ)%ﬂlﬁﬂ% in the inventory 122. The offset @e‘fﬁﬁzo?ﬂﬁj‘?sé% whi ch

have a difrerent drive rod and/or tie rod configuratio respect to
the standard fluid ends in the inventory 122, may be nade by a different
manuf acturer or may be a different nodel fromthe sane manufacturer of the
standard power ends 128. This allows the operator and/or assenbler to
obtain power ends that nmay be nore readily available, |ower cost, or nore
suited to the power requirenents in the given application. [0045] By

mai ntai ning 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 qhoaft paver ends,Azoananuheniae ML hENE ARETaPLhae adaptor in

any one of popul at i on
st andard pédeviepddousieg cemprised gt snht &d@éorpo?(%ﬂaﬂ?@nbcﬂw%fanﬂhe operati ng

punp asserdgbihfsntPinsdizeel tHOSRRMId. %P(la gi)e ugsﬁte% Hd Je@@ss@ggﬁ?lprs 130, or

one of the adapt ors 130 can optiona as a spacer enment. In one
embodi nent230fnharee PRRYfdedt ARt Bﬂ‘@?dt y’bethﬁfa%sﬁm‘?@ﬁr geqipeg (?28ﬁd 22éBysed, e.g.,

triplex aréi)pﬂiph@felyﬂff@ét to rdiRive GgHaRank e bt Badhe 1P $hCRbpdohied pelsra set  of
of fluid end in the inventory 122 and/or

adaptors s fic to each t

popul at i orf‘Pﬁéilf"e Eﬂqd’"ggﬂﬁﬁn E!”P?/r or alternatively, the different types of
fluid ends nay all have the sanme plunger and tie rod configuration

t hr oughout{003d] g. Towisegreblenthaclampr?28nefteryipsialifg e diud enddantdopwes i s used.

[ 0046] Fi g%nd4the ﬁug%elr Wb rd:'?‘ﬁ/@ rd RHEP a > ﬁﬂgllwtytoggtger' |ﬂctﬂé :ﬁﬁﬁubdﬁ\g a standard

triplex fluid and a _non-stan set

accor di ng Otﬁé"3’to‘l"|'l§j b eamReseelionshel A, (424E et @M%Wh%@@l{”ﬁr@é
i nt er changhagbedriveybd e@dyi ubmg teesing 066 led[iﬁhrﬁ@t\fearﬁ tﬁ@%&%cizth&ep' unger 208
with a standar% Qam n abltljne ?}?cli attachrre\%é ange 210 with a
standard SGRIPGALRAE f“?.i? embodimgh 9 PJame 5ECoR gePA BAHADEAKEE A ni ddl e
drive rod t2bdgh bod zazmddmevcﬂemmdscﬁbﬂn%s EﬁfhreWEﬂeH b@% 3L anénggeat i on for
tie rods t tch t |onforthefIU|d
end pl ungé&rga%g’gghﬁgﬁ%tr 4i\%"§r6 127 PR ot\gR yo? ?E r ©°7%6847] An
adapt or nmzdtise 238 theepes ttlit&:plamp mm 8228, dABstogetberdihoiimg thhown in Fi gs.
4 - 61 nC'dﬂBSﬁngae:%sad?% gluﬁéér%ﬁqui% H_Q)giﬂrthéjEbﬁ/FSpﬁa?tgoﬁéeﬁ%n?n]eﬁt.f or

The particular clamp illustrated is merely for purposes of non-limiting example

and other suitable clamping arrangements will occur to those skilled in the art.

[0052] Figs. 10 — 11 illustrate an embodiment of an offset bolt adaptor 250
which can be used fo 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,
2525 are formed may be transversely oriented with respect to a plane that is at a
right angle 1o 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 biock
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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the mddle drive rod 214A and the m ddl e one of the plungers 208, and
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 tReoSge210ds 214A, 214B with one of t he pl ungerspxfissdigef erably
the middle drive rod 214A, to avoid space issues for the offset clanps 220

where the adjacent drive rods 214, 214B may not provide sufficient room
for the use of adjacent offset clanps 220 The conbi nati on of the standard
clanp 218 and the particular offset clanps 220 nay be specific to each
type of power end 204, depending on the plunger-drive rod offset distance
and direction, and these nmay be inventoried separately as conponents, or
alternatively and/or additionally as prepacked kits or packages conpri sing
one, a plurality or all of the clanps 218, 220 required for assenbly of a

particul a thr‘é%%ﬁ‘ tFtﬁ‘é'r:%g&‘AgJ%I &@%ctﬁQﬁrog 4b@rBd26f8|3U!ar¢d fRANRS&TROY 202. [0048]

The adapt or |nc ude of fset bolt adaptors 222 as required

for the ofaeéﬁtW!Q‘lt@OP@HBOfﬁl?@gA{ M ogeersate fordhe pendinomgmarisdigdPy 202 shoul d

have one Qhe BRI difsbt &QRS tid todst F6ia, 266 bppbliRg blvacks @70R 7Nt gurati on

for the offset power end ough. it is SsSi bIe hat none or all of
tie rods MWh BigsiWy potigng %%2‘?‘*0?%%1 R pRu H?GF‘g ey et r%’lfé{ﬁﬁs‘a*}’s 222 are

not requi regignted\witirdshedthe a plans gedt icatanmmt 3dde 12RO boiebe Thé fis aidsbol t
adapt ors a ie ods 21 p i ate nunber, dianeter,
t hread pi t?zéﬁA ?@6%??{1 %tsgcurﬁ’ifyﬂ‘é'gi %%fﬁ?l@e{? pgg{ fi %hmugh ??8"/3& as part of

a kit |abelegd, 368B. t he parti cul ar conbi nati on of power end 204 and fluid
end assenbly 202. [0049]Fig. 3 illustrates one enbodi nent of a prepackaged

?dapt 0][ W]E[fdoﬁﬂ? 35@ MLC)IE quiyw Q%&ﬂl@Hlﬂaﬁ%ﬂde\és‘s&nblb%ODg&Uﬁx hritlip l&ggﬁer balnfl

ype of offse rpve ro yn standard cl a o]

adapt ors PYBWP gl ‘éj"igo?jgiu?ﬁg' szgﬁ'éf &g ”ﬁ"eﬁﬁzéeﬁﬁ?? g‘étﬂ’ﬁ‘é? e'b‘?) lfesend fluid

egg_ assenﬁoy byﬂi@e;nmfds@na&%aaanr_rbe%ndrwaﬁé eﬂ4 ek @ilipar atoshjnction N

addi tional |. r.alter ive ir with the r ren

Add t1 onantth B StSire el elbhdenls BRE BhE' defrf R,

corrponent sasﬁ@ﬂﬂy 3&31 Wh3a6 the2B8d Beaté@@a;rqssémbled,ommfm‘ee PYMA nmauteal | ty of sone

o o oSl LLERRA oIRGB REMAB B rdo oA LPIE @' | OuT at ] ons
0 con at t

or types guratio apt or es kept in
i nvent ory 308 amﬂﬁhmztéalatesdéM ﬁ)fbﬁaquylgtwsédé'ﬁﬁ Bﬁimﬁﬂéﬂsﬁll% 3dy Atncl ude spare

or extra GOEPEREHLthe %éq”»@d@é‘o%,mgﬁéxte%&r&@h tﬁ@surﬁﬁmwee@%ugay i ncl ude

any other parts frequently or occasional used i n mak |n%a fluid punp
assenbl y. “1“1Oth?@fsz‘fltleoﬁ’ﬁﬁﬂﬁcﬁ??}l@@f@/’!%%é@ pump modules 302. In

addition to the tripiex configuration of fluid end assembly 300, those skilled in the
art will appreciate that the pump modules 302 may also be arranged in other
configurations, such as a quiniuplex 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 pliunger 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.

[6056] The pump moduies 302 may further define iniet and outlet ports which
may be substantially perpendicular to the piston bore in a crossbhore
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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[0050]Figs. 7 - 9 show an enbodi nent of an offset plunger-drive rod clanp
220 having a housing conprised of two split sections 222A, 222B, bolts 224
and alignment pins 226. In this exanple, openings 228A, 2288 and recesses

230A, 23QBp3p8ophevi ded and formed in the assenbl ed sgg Q§Wéﬁ%§ 222B
appropriately of?set to receive a shaft and end or flange 0

respective power end drive rod and fluid end plunger. [0051] To assenbl e
the clanp 220, after installing the fluid end and power end, the plunger
and drive rod ends are brought together in the appropriate offset and the
cl anp sections 222A, 222B are brought together around the plunger/drive
rod ends, using the pins 226 for alignnent, and the bolts 224 are secured
in place. In this enbodi ment, the clanp section 222A has an enl arged

t hrough bore 232 and the clanp section has a threaded bore 234 to engage

t hr eads OThut emQ&IJiéfs & Seb&rﬁpr%reaéﬁ?est#aﬁnéiﬂﬂ o%%@c&ﬁ@gféa'ﬂéfn%%t the

recessed ace cure the clanp sections toget her,
hol di ng t IeT-6iRgs Y 1sharmisiings ot ¢feergiopiigyedtioasid drive rod in the appropriate
of fset alignnent. The particular clanp illustrated is nerely for purposes
of non-1i r['uns?rpg ex amp kmbadithent, Reraissdi dusbte 3¢2 arhtg framr ameasrsts Wil |

occur toth |IIed|nth [00 illustrate an
enbodi ment® 6f %&' ?fft et ol gag%?%tbe WQW{PEEH ﬁsgn-rrl?eraﬁgga ¥FCconnect
of fset ti eé12ovay beewkeerprédaeponeel distadcafantthe ekledodsefade STheanddapt or 250

is a bl 0%3(}?3&.5 ch’étérm‘?rfedté}égﬁg% BRLRS saral 31403l e |||Js‘{'r‘r8 yve the

pr oxi mal set tie rod sections having their posite ends
secured t@St%@ufpbmsh@edﬂmwdal@adesurfaqe&anﬁaxaggéqme;ﬂ mﬂmy gifitablet of t he

bor es 252 Ahagh 2B R pESs $81EmaY fupRbr RAINEESH rdisks sQlﬁ‘Qéé e, @MllQﬂOOf the tie

rod sectigns. If desired, the end faces 254A, 254B t hrough which the bores
2527, 2528N%FWiacs S an fhgpusee WP%W%%Q?Serwwﬂi“ém'f@dhwad%dﬁééwt to a plane
that is at31aduligfdssamplye to the bores. [0053]Figs. 12- 13 illustrate

anot her enbodi nent of an offset bolt adaptor in the formof a block 260

cOMpr | Sed fiegd MOTRPLL LoReS 1 ORReROH maDBE yoMlEeP L ABlh 20 Rudrgugeneral 1y

rect angul oh al'l des Eac section bores 264A,
264B t o t hensipgedlay vwléb%iametna@dthVéhQS@c&&l"%mhe2&66Tr@rtanmnearr@ed t hr ough

bor es 268xp,evgﬁggyg,.gu;@do%agw.dés 2'ti¥@oﬁtfé?ﬂ6\k%f {hggﬁn%%gﬁ g o 1he

t hreaded hore 264A 1 s aligned wt hr ou bor e he t hr eaded
bor e 264B'W"fhTf'ﬁMQ@H“%E‘F&”@'OQQBWY'RSOVM&QE%@ ®B¥ion K apwiablAg nonent due

to the | atgisih &ftheek reds :ijB% deb@wd’tr@ﬁn eGquirafeBis IR SpdIgticnsT aces 270A,
tZZgES\a/Iter sé ol o hgl')(té«g@ yisS @gﬁi%g&f gea "QEFeﬁﬁ ‘I?qqg‘?gq%t?geé‘msémgﬁ%h?eangl e to
t he bores the'l'!hce mlasserrmlstlﬁﬁﬁm edbBB, thenaibed sefaeetl H P16 aigg RRA, 272B
opposite tong z}nlafh%qu' pp8fic?es azg%ﬁ:m?p@gélve 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 intemal bores

due io 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 moduies 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 fiuid end
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[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 ates 304 by neans of fasteners 306. The end plates 304 are utilized in

conj unct iypg oW febotre fasteners 306 to assenble the pungp QQ%? a92 to form
the fluid eng!assenbly 300. When the fluid end 300 i s asse ?ea the three

punp nodul es 302 are assenbl ed together using, for exanple, four | ar ge
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
nodul es 302 may al so be arranged in other configurations, such as a

qui nt upl e el 358 SHP Y AL PO Y R&’#mhg‘ﬂgﬂle%ﬁrﬁ lesopt he |1ke

[ 0055] Eac as an in passage or bore to receive a
punp pl ung‘%? ert ﬁawghrptcﬁémongblepkeﬂmd @@ﬁrfwmofn siyplechkods1@ith whi ch

provi des IJr&IWEﬁc}fhﬁéer%&Q mgcrﬁm m&@escmmeﬁeﬂﬁe BrovideNedBr &8 punp
nmodul es 302 to the drive rods of power end and ultimately to a prine

nover, sucﬂﬁ”%Ufédélfa@@@ldu@ﬁ@ltr}?ere@ﬁcefiﬁ@elofP&'“Qﬁ%ﬂ"ﬂ? 9% appreci ated by
those skilled in the art. [0056] The punp nodul es 302 may further define

inl et and [0080] et While illssiwdied hs neryprisengdiries toéi titei fid qndpeoch@wcﬁ{)@uihar to the
pi Ston DOTd ShePabABEPRI0EAY HRNARIRN lersi coRtiiRBREY, may def i ne

substantially sim intern geornet rHonob fluid ends
to provi deesaraiingor ssumesling @aﬁ‘eroﬁ dh‘{m‘h@e en¢hf®9@ll|(sii<|302 eférﬂﬂem tbble art will

appreci at %e{;ﬂﬂ@ﬁtmtgmécﬁ Bt & Rk en8imddlRs 392! ‘?ped?ﬁﬁ\ﬂl\%% aﬁﬂﬁ MBNisGR4IPr | se bores
formed in _other configurations such as a T-shape, in-line, or

ot her conf§ girPgienily. PeeeRdifud &hethenBighcrens! aOWéWséﬂysﬂ¥@5%e 312
ext ends f rsegmamatont eri or surface 314 of the punp nodul es 302, best seen in
Fig. 15. The rai sed surface 312 may extend a predeterm ned distance from

the ext ey urfrgﬁu%ﬁdfrw oS & 5?'“’% fanrperr%ﬂee&?%a&b&%s?srﬁs%eqn the

exterior ustr as circu t he rai sed
surface SFQdiﬁ@[Wb@ eligrneliye ﬁméﬂfilm@nﬁ fraisirders tea geuntsiget dred Dpteatfds 304 may

further C%fzfrmaeonaefrraérﬁ%réég B@éfpaﬁa.ﬁg oﬁéaﬂnafe (flﬁ)lécgl%e nI @312 on the
punp nodul es for engagin rai sed surfaces during

assenbl y. dﬁ?@%’] %B‘e’t’?*@r'?'ﬂ%?‘??ﬁt’?%s‘f’m#@ Juie sngdympduies é@ﬁ erd®@8 utilizing a

hydr aul i ¢ plugs 320 are placed in, for example, a drilied 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 drilied 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 elasfic 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 fiuid end modules 302 does not completely vanish
foliowing the relaxation because the elastic radial deformation of the fluid end
modules 302 is targer than the plastic radial deformation of the plug 320. As a
resulf, 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 assenbly 300 itself. The hydraulic tensioner may provide a constant
t ensi on ble tension on the tie rods 306, depg he
requrrengﬁ?gno ” e operation of the assenbly 300. As tﬂg&ﬁggﬁggés 306 are
ti ghtened, 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 potenti al
deformati on due to operational pressure, stress on the adjacent areas is
reduced, by C I Il if di.es by

reduci ng ﬁi@ fr kyr“?h%'gg‘%@rr’}q‘?%@? ?&8 glrnl u:Jrn e%b[%ggffgf R]ngallg? bE

subst ant i dvéirpuliicalnen rneLmghicslly Be@redfprqsserepfmremmmly Vit saltabbdseelﬁdr modul es

302, the flaialiices n@ﬁﬂb‘ﬂrce&nﬁgaloﬂ?% e c%ﬁﬂﬁﬁt%%@d&tﬂrebﬁ@fo%ﬁﬁ‘ged bet ween
the m ddl e and si punp bodies of the fluid end assenbly, providing

advant age@”rerﬁ“b&g‘é'éﬁ%ﬂyay bgi appliacpiniectinga lipwf 9f spEiiowid ’ﬁéteW' iftope

appr eci at ash Kte tHa®sgpailes b @Qolidifics e @kpansidh cﬂwmte@m,pmvtm@rtﬁeof the fluid
end nodul es 302 of .th i

fluid end, assenb e failed one
o e | Fer i Sone k- S0 gt R qwhSeaRie; RbieY 120 St ant | al
overal | dpemtaneeioéxpahded oruotitbreisd largerstbarbthe 3G iamdichtitsis assived at ed

nonetary i a typi ca
nmonobl ock ¢Fﬁr 9 IEFWQ@##:nggfg@ﬁgsgégégéméiﬁa p urap(%&e yIinder
bor es rracmaﬂé@tnmetr@sragamatthhebldflrtgelrfrapevttdecgmat er ease of

manuf acturability due to the reduced size of forging, castings, etc.

[ 0060] Wi Ijeoei4] | usédordiagly, 85 iBQSREBH Bictded HeGBlioing! diebddlménts: end nmodul es 302,
the fluid end assenbly 300 may be fornmed in different configurations, such

b t 02 furth
by svgmenty ng sRufe,FEBRER; |-BRRRAR £lpohBE ehd ShpRAT BRIMRRT 2% 1 ohg an
axi s t hat reciprecataiantivalrods peapgaddincal figst gepnaidc eaﬁeracesﬂmmnd or by any
sui tabl e geQpRIN AL Blﬂralr{yogﬁﬂnbng eirrér'i'ggd Qﬁ‘da @Q%heéeoﬁ%rd’rﬁéfﬁ&ﬁ' further

pre-conpressed i nh anothér additional or alternative enmbodi nent in order to
count er acWhEID Hist SAEINY| SeRIMSTelteR if diffateat fram Keelst gggmelipandi ng one

or nore dipsdraCaitea addpitdlo 28fhadt fleaRdr ahd mmdemeréﬁdnededemcmél ons within
the fluid g q nodul .es 30 The IﬁgﬁtB%O a&gﬁglagg for Eganple, a
drilled b8P&Qr COHH%/'F?%/‘*’%%F%%EOLP r i attach @ SpeCrye o oo spiong expanded
w th the teepliofgean expansi on 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 lore fiRr gﬁﬁlpléssten.eryf b iefht@BitheAP R vired0 3ndBaPer Gikdapdr i cal for a

cylindrical plug or tapered to acconmodate a tapered plug 320

therei n. FOUBEETRE '@*E)%ﬁ%‘i% tp aitpghea gaid siixe &rbltaniighedsone Bhtheppl i cati on
of a radi glunf@sce induces a radial plastic yielding of the plug 320 and an
el astic radial deformation of the surrounding material of the fluid end

modul es 302 V’Q\ %e@srs‘ré‘grh@gffeﬁtbﬁﬁ’n{eﬁt AT d.H&nPQ@vh atﬂ FrRt. the plug

320 contracts | nwar d due elastic re axatron: however,
t he radi akndle¢enndeeconirigfraties samptsenaistraightelingr vhgreinfthe Hevef fods d end

modul es 3944 ngﬁ rggte f%amrsérrbaen\rmrﬁwogté Qatésrtgtﬂeheer&ld%?éréaﬁn because

the elastic ra def or mat 1 'on luid end nodul'es 302 is larger than
the pl ast PcsqaﬁtﬂgatPet‘d%ﬁf’bFr}?af‘F‘@n rQS’F‘* ch@ﬁwafgfrezoa spacing bagep thehere is a
remai ni ngprhgsss between the plug 320 and the fluid end modul e 302 after
rel axati on.

D. The pump assembly of any one of embodiments A to C, comprising a
triplex or guintuplex 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 connecied with corresponding side ones of the drive

rods using a respective plurality of the offset couplers.
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[ 0063] The pre-conpressive force in an enbodi nent may al so be
hydraul ically or pneunatically applied pressure, for exanple, via suitable
seal ed hydraulic or pneumatic connections to the cavity. The

pre- conmprggSh¥fef9f ce in an enbodi ment may be appliedejﬂgﬂh&&%&Qg a
liquid or senl-ﬁlquid 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 power end conprising a plurality of reciprocatable drive

rods artanged il B ) GElorRANEL ke BALLELIe g ALy by Bls, TGS N9, 2

plurality of plungers arrarnge n a secona geonetric pat ; erein the
second geoEpliel eonpriisesame¢aenidicfclagment fromthe first geonmetric pattern;
and an adaptor to connect the power end to the fluid end, wherein the

adapt or conpri $es paifpohéseaibiC 0f Rhbodienate atbreh A Gcélninteclhpg to an

ffset f the pl 's., B. T bl f enbodi t A wherei

he adapt P PUPET P BTl B st PR CO TP EToH£6 gP bRt I8ai d i ve
rod to an rafiiagded eplaegenf ertdhthefslol) rgercend ofeninthandrsapssapsecdieythef enbodi nent
A or enbodireat Ry vhel aldle ol hbabe A 5860, APRIR! [d fehBLLEN NS Comprise

a straight T'"'ne,” whel e rods a plfungers are 't gversely
ori ented ciecyppshausingindes.of the |ine, and wherein a spacing between the
drive rods is different froma spacing between the plungers. D. The punp

assenbly ab. anyhopempfasesimplli dfedtySork bDefbodi@BRE I Sitd\F Fherein 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 fiuid end.

H. The pump assembly of embodiment G wherein the offset tie rod adaptor
comprises opposing first and second elongated biocks 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 biocks 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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triplex or quintuplex fluid end wherein a mddle one of the plungers is
coupled in alignment with a corresponding m ddl e one of the drive rods,
and wherein side ones of the plungers are connected wi th correspondi ng

si de one rive rods using a respective plurali ffset
coupl er S A S o aneT] 10016/ 053568 . The purr%%’é]g%’#jé §S6gf any one

of enbodi nents A to D wherein the offset coupler conprises an eccentric
clanp. F. The punp assenbly of enbodi nent E wherein the eccentric clanp
conprises 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 renovabl e secure the housing halves. G The punp assenbly of any one
of enbodi ments A to F wherein the adaptor further conprises a plurality of

tie rods SECUr g uﬁﬂ%)e%%%%?ik;sﬁ}deﬂgiﬁte Qnéeh |S%§)£§°r°3’ﬁ’ﬂg¥@2§3 Ehﬁaﬁdbgi d end,

wherein at ‘| east ! i'e rods 1 nclud tie rod adapter to
attach a finvesioryt ¢fstangarddiuist sneressenablies isempasig 2 etaadaid plinger 2ofiiset second

tie rod sggd E&ﬁig@r’é%ﬂz Rtﬂea étéh{itf} iﬁ)&qtory &t a B]U%Iiﬂ?%ﬁiﬁ@n%ﬁ?% ¥t fdwegnbodi ment G
wherein the offSet tie rod adaptor conprises o%p05|ng first and second
el ongat ed BF RIS BRI P3G st ohPY A YINHs BRsd difsent diveded 2nd iBhr ough bore

aﬂd aht hreia]digamfigmﬁ@c%rf\oimgpédﬂmasbmf p&\bﬁ efniursatl?, ﬁﬂddiﬁ@lépladstginQCkSh wher ei n
the throu ores of the first an secon OCKS re 1 ghed.at the

e nsvor o SBLEHAER Polel s b D dored e o o e BuBEPG 86t cong and
first bl océspecivibdheestindahiepltiinyes agd tid adesonbgeationr (ripd standigy inughitorgal |y 1n a
portion of e. Dbl t i n i f. the bl ocks in
wher ei n tﬁ%5&ﬂ¥%éﬁggéﬁ§$é%ﬁg§%¢ ggﬁéﬁ%gﬁﬁ%@gﬁ%&%hﬁﬂ?ﬁ?@fgﬁ%gmﬁod section
i s slidealillya rmopditiandoli purnihessémilieghin serviceofcomprsing inssertiteo pmand

t hr eaded| S0H85e 1.0t f ; d wherein
the second tie rg O@Erésﬁrﬁ%n%%%gc’lqlﬁ%gg@[d;eﬁra'egtg?@eﬁgiﬁﬁpgwgéﬁér(gﬁgh bore of

t he secon&ﬁﬁﬂd@wﬁaﬁ@iﬁﬁﬁ@ﬁﬂéﬂ?VP%ﬁ@ﬁbéw“Pﬁsﬁﬁ@mﬁﬁﬁﬁhéédeﬁﬁP@bﬁf the first
bl ock. removimtthB e RASSEAR] ¥pRiing WithQN8ai® boRsadi g ine dadddyH wherein

the fluid end conprises a plurality of punp bod dul es secured together
to form t H&ePOp @E'@Hﬁwﬁ%@*ﬁh eﬁ%ﬁﬁeﬁﬁéﬁ%‘f’v Br 'L%t?gg'%ﬁfé’ﬁ‘idﬁ“’evmgr ein the
punp body andde kescoafiguratide witdespacttoltheemavedpdvesieater s bet ween opposite
end pl ates.

L. The pump assembly and maintenance system of embodiment K whersin
the inventory of power end units further comprise a set of standard power ends
having a drive rod and fie 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 assembily and maintenance sysiem 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 fiuid end via an adaptor
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WO 2011/ 027274PCT/ 1132010/ 053868 K. A punp assenbly and mai nt enance
system conprising: (a) a standby inventory of standard fluid end
assenbl i es conprising a standard plunger and tie rod configuration; (b) a
st andby Hﬂ&ﬁ&ﬁﬁfﬁwpf a plurality of different sets of ,pouel,ERdsMdNits,
wherein each set of power end units has a different drlve rod and tie rod
configuration with respect to the other power end sets, including at |east
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; (c) a standby inventory of adapter units to connect the

of fset power ends to the standard fluid ends; and (d) a popul ati on of punp
assenblies in service, conprising in-service punp assenblies conprising a
said standard fluid end, a said adapter unit and a said offset power end,
wher eby t [ [ r.epai ving the
power endh:gngn?'e%%x Oﬁget%%n?'ﬁﬁ%ssal h aggﬂg?lﬂ\’éjg)d e afh é‘ﬁgt Es}at{ea%ﬁ@g i nventory
t her eof WRUNGETS- t he replacenent power end has a dlfferent drive rod and
tie rod configuration with respect to the renoved power end. L. The punp
assenbly and rr&iewmemaa@ee&msmmofv rithediamyptising aMberigg b shikedrivevent ory of
power end unjts fur%p ‘ﬁﬁ? rlse a set of standard power ends having a
drive rod "ShE 3 ANELES ?%¥%%n mat chi ng the standard plunger and tie
rod configuration, and wherein the popul ation of in-service punp
assenblie fur'fhﬂaf"eéhﬂdp@ﬁ sewogingpt &k e epibodigresb & riudhaigeampsisiiadar d power

end coupl Q{%n@e?ﬁﬂyérhénﬁl% tﬁe%ﬁ@é‘ﬂfﬂ%@n& |pH|'nQer§@)q opp(l}éxte-gﬁ'ﬁs B%rﬁﬁrﬁenm y and
mai nt enance syst em of nbodi nent nbodi nent er el n the I nvent ory

of standarfe MhgFe %??&'”Sé?é’iﬁﬂ"i tbg q”M? f%r'séﬁi?fﬁﬁt §r8§‘ §PREBP CRAE§Babl e punp
body nodultespluvdees.ein the fluid end assenblies conprise a plurality of the
nodul es, mhereby the in-service punp assenblies can be repaired by

removi ng o wgr;@bﬁﬁlhﬁg otffég%gﬁw@rlﬂgén%ofdlrﬁﬂn R @%ﬁéﬁ%hXheoﬁuuﬁ%‘ﬁdor mor e of

the interc e punp % ules risrng: (a)
provi di ng camp@méra dnindexc opuintipley fidy pog @B$er9blsofandeit;rtb¢rommmne drive rods

arr anged 'cﬁuﬁln]& laf rfibici8 ABTRE Enecpimgte?sernrbng&rhéntm.m\a &rR8péhdigthiddignd
conprising a plurality of plungers arran in a second geonmetric pattern

wher ei n t P8¢ s¥c 15d dH¥o FRET | é”‘ﬁ)a‘fqné???'”ﬁss'g?f?réﬁseﬂ‘i e FHNIRE MitFst geonetric
pattern; adfledpohdif®BINE kNG iHaedrpeWweds &gl rdspedtive pluraitydofetng offs@ an adapt or

couplers.

R. The method of any one of embodimenis N to Q further comprising
securing the power end and the fiuid end together by securing opposite ends of
a plurality of fie rods to the power end and the fiuid 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 moduies 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 sé&t of power end units has a different drive rod and tie rod
configuration with respect 1o 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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conprising an offset coupler to attach a said drive rod to an offset one
of the plungers. 0. The nethod of enbodi nent N, further conprising
attaching a said drive rod to an aligned one of the plungers. P. The

met hod ofyy, E‘H% AEnt N or enbodinment 0, further corrpri,é*;ﬁ%ohﬁ(%gh%gersely
orlentlng t rive rods and plungers on opposite sides of a straight |ine

wher ei n spaci ng between the drive rods is different from spaci ng between
the plungers. Q The nethod of any one of enbodinments 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 alignnent with
a corresponding mddle one of the drive rods, and connecting side ones of
the plungers with correspondi ng side ones of the drive rods at a
respective plurality of the offset couplers. R The nethod of any one of

embodi nentésrplggtttg) e ét%&an?%lu&gémbb ﬁépcgi ﬁéﬁr&tﬂﬁut gﬁro%w@f st“t‘ pgnd the fluid

end togethe y secur e en ods to the
power end irvedtonhef faﬁani@r 'emﬁ acha@haplri%cmg]e@tt ﬂﬁacCPﬁSﬁbp%tﬂefrl greis tt)lféerod section

fromthe pewaASRRl én%sg(ﬂ) %J@@ﬁngw&ahaﬁdme eR8 ] s adddn e fluid end

at an offset tie rod
and a said offsef power end from the standby inventories into a pump assembly;

(e) ptacing a plurality of the pump assemblies in service; and (f) 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 fo the removed power end.

V. The method of embodiment U 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 cne
from the invenitory of standard fluid end assembly or one or more of the

interchangeable pump body modules.

W.  The method of embodiment U or embodiment V wherein the inventory of
power end units further comprise a set of standard power ends having a drive
rod and lie rod 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 respeciive inventories into a pump assembly.

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 opposile exierior 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 fightening of the
fasteners applies a pre-compressive force at the raised surfaces on each of the

pump body modules.

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

X, further comprising an expanded displacement plug in a cavity formed in the



S. The nethod of any one of enbodinments N to R conprising assenbling the
fluid end froma plurality of punp body nodul es secured together. T. The
nmet hod of enbodi ment S conprising securing the punp body nodules in a line
Wi th fastgs Jeen opposite end plates. U A net - ing: (a)
provi di ng a%@?m?@ y inventory of standard fluid end a?gg%%??ggﬁggnpr|5|ng
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 |east
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 (c) providing a standby inventory of adapter units adapt ed

to connect f Q%g

connect i né) a sal g ‘ﬁcgaune% W@E¥eﬁﬂﬁ1§ é’%aﬁ% @% ﬁ{c?gbpuy a%ﬁ a sai d
of f set powempeseive fansa atitee @Qvéh@'b?athﬁf&ﬂmlé%oqquwmpunp assenbl y; (e)
placing a plurality of the punp assenblies in service; and (f) renoving

t he power [@06%] of Tiod @rededing edégeristny hae bpemnarmmbwmesmbwncé gpair or

mai nt enance_an g bover nd, fr t andby

i nvent ory, rﬁ?ef%mﬁg4rﬁﬁnt? ege%’&ﬁéﬁ Iedp'éﬁé %Pd tgghnéﬂo@?’ ‘eNtrhenttﬁ'arl ve rod and
tie rod C(NIISfCiOQUIBEﬂBﬁaInS will dppresabe tat aberaﬁmsraedmhmwepw&m denctibedV. The

met hod of ¢ t rei i nye r f end
assenbl i es PP[ g%ra ng%g‘rﬁﬁgeog %ﬁ%@?r&h&%ﬁ tgéag)rée&t'g%d %tE&g%gandﬂlt?lm"g wher ei n
the fluid dén@*l@gér@rfbmeeeﬂr@ml@rﬁlrsiesappsl @fr s inyergifont héccmdmahestheand further

conpri si Ngork Idegcrrphan shaddaiod Hel iz &NPeAsAREENY & tRNGrediseOre of the
i nt erchangeabl e body nodul es for repair or maintenance and repl acing

it with afBvFees oqf'éc'?t?e@n?‘ﬁqwéhPWé%ttB? \CEPMRIH G EWiNgsi BV ®issenbl y or
one or nolsAo@d bé I?@dldﬁ@jhﬁlb@ﬁg@iﬁbbrﬁi RUSIPPbA Gy tUbWERG clais, WARh et hod of

enbodi nent_ U qr odi ment wherein the inventory of power end units
further c@¥ple q? ﬁ:%ggqig§§an&¥gﬁqf§§@psbmr ends having a drive rod and tie
rod configuration matching the standard plunger and tie rod configuration,

and further conprising connecting a said standard fluid end and a said
standard power end fromthe respective inventories into a punp assenbly.
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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 surfaces on opposite exterior side surfaces of the punp body

nmodul es, whskBlypthe raised surfaces engage with an 3%tg ﬂﬁyﬁgg?plate or

the rai sed surface of an adjacent punp body nodul e, repy i ght eni ng
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 reference to present enbodi nents. Persons skilled in the art and
technol ogy to which this disclosure pertains will appreciate that

al terati ofg-"8M8 changes in the described structures and met hods of
operation can be practiced w thout nmeaningfully departing fromthe
princi pl e,wasdingcope of this invention. Accordingly, the foregoing
description should not be read as pertaining only to the precise

struct uresi.de??gﬂg%?éﬂ%ﬁ%%ﬂ%iﬁb:t he acconpanyi ng draw ngs, but rather

shoul d be rea onsi st’ent w and as support for the follow ng clains,

which are to hapswbh@id comprisBgta Sodid) 3 F@troeeREriveGbl Mjgacl aim 1. A

punp assenbl y, Comijnrall%rlstngge:ometﬁc patiem;

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 fo attach a said drive rod to an offset

ohe of the plungers.

2. The pump assembly of claim 1 wherein the adaptor further comprises an

in-line coupler to attach a said drive rod {o an aligned one of the plungers.

3. The pump assembly of claim 1, wherein the first and second geometric
patterns comprise a siraight line, wherein the drive rods and piungers are
transversely oriented on opposite sides 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 friplex or quintuplex fluid
end wherein a middle one of the plungers is coupled in alignment with a
corresponding middie one of the drive rods, and wherein side ones of the
piungers are connected with corresponding side ones of the drive rods using a

respeciive plurality of the offset couplers.

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

ecceniric 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.
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a power end conprising a plurality of reciprocatable drive rods arranged
ina first geonetric pattem a fluid end conprising a plurality of
pl ungers arranged in a second geonetric pattern wherein the second

geonet ri Gupahi e, s different fromthe first geonetr%ggﬁﬁﬁﬁﬁéggﬁand an

adaptor to connect the power end to the fluid end, wh apt or
conprises an offset coupler to attach a said drive rod to an offset one of
the plungers. 2. The punp assenbly of claim 1l 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 claim11l, wherein the first and
second geonetric patterns conprise a straight |ine, 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

bet ween the plungers.. 4. The p S ly.of claim conprising a
triplex _o?' qﬁg_meﬂgg’f”é’x‘fsf ?ﬂ?tﬁ Oﬁﬂg&%eﬁ §i’ %ngoelﬁ ‘ﬂ%‘?r@”gh%a%‘?pt?rﬁgg Irylnggr s is
coupl ed i rompilsgamenitrality thiicarode se@sgd atomysitd eldisgo drep@fertdne =ati ve rods,
and wher ey ﬁ]iﬁ%n@%ﬁer@iﬁoagh@aé?!dﬁ@g&rﬁea[reerotﬁgmg%n%&s%t gi rrtgﬁspondl ng

side ones of the drive rods using a respective pluralit e of fset
coupl er s. adaplertp atiaphifiraidisaat syction TMmihmppwanhendeith arheffsst fewndcoupl er

conpri sestiamhdeseiliFdnrine kigiflRng 6. The punp assenbly of claim5 wherein the
eccentric clanp conprises a split housing halves, a first opening and

recess tog,receive the drive rad _and.an enl arged_end thereof, a second
openi ng and rjggsgu'?% et P‘i‘%\//e(%t e ur‘f"é‘gFe"hrjlige Eniarge PR t her eof, and
a pl ural i cymprisebaippssint fitst Y adebend ecopaed ivcho wbiitigg alav eisping

W02011/ 02?1—%?3%@@/ s%r]fg’u%ogaq{ngég?@ggre 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 fie 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 fiuid

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 togsther to form the fivid end.

12, The pump assembly of claim 11 wherein the pump body modules are secured in a

line with fasteners between opposite end plates.
13. A pump assembiy and maintenance system, comprising:

a standby inventory of standard fiuid end assemblies comprising a

standard plunger and tie rod configuration;
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7. The punp assenbly of claiml1, 2, 3, 4, 5 or 6 wherein the adaptor
further conprises a plurality of fie rods secured at opposite ends to the
power end and the fluid end, wherein at |east one of the tie rods includes

an of f setwph@pedr@adapter to attach a first tie rod segihpihibhl5st he power
end with an offset second tie rod section fromthe fluid end. 8. The punp

assenbly of claim7 wherein the offset tie rod adaptor conprises opposing
first and second el ongated bl ocks abutting at a sl oping transverse
surface, a through bore and a threaded bore forned in each of the first
and second bl ocks, wherein the through bores of the first and second

bl ocks are aligned at the transverse surface wth 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 |onger than a

portion of the,hlpgks iriv@nﬁéfﬂ?lf)@g_’blﬁrgiﬁgrtohﬁﬁ@%gsgﬁ.rcﬁsp(ﬁre?eh@rdﬁﬁ% wher ei n
I'i deabl y b

the first tie rod sectionis s recelved in the through bore of the
first block and thMESERIHPICNeIR 2BV FNENEItE Rpe adiiterasd deveotodtand second

bl ock and wherein Hibﬁoﬁ%ﬁﬁ%lréﬂcﬂ Wi r&pBét ®NthkSothéd SeaR| shdr &gl ved in the

t hrough bore of the secon | gck an hreadedl y engaged in the threaded
bore of the first Eﬂ‘%’é’!ﬁg aldea t@eﬁfﬂﬁ% 8&%“3%"‘3‘7}/8?"%%%‘{‘% gnofsets 4 5 or 6
wherein the fluid @re eampnd siesoad gohfiguadtioh ywith rqgpeq tbanky stepdardes secur ed

together to formthe fl ui n .ghe punp assenbly of claim9 wherein
t he punp body nDduPE@g%Fg%égé%Fgﬂ%gwegm?ine wi th fasteners between
opposi te end ph ateedby intdntoryod agapipr umits derbbnyneof the lofiseh powahendsiin t he fl ui d

end conprises a pl i : i y nmodul es secured together to form
the fluid end. 12$k$#%%%ﬁﬁ%ﬂggﬁgh 'y of claim 11 wherein the punp body

modul es are se®@PRURANOR A PUMReasiEMBlies 4R SINIER sCHiBvg rin-8pypiee iPt@Pend pl at es.

13. A punp assenbl yssAshiBRicBMBRANS S saMS§EMard AR drdll BGaiPaddpaiidby
inventory of standard fluid end assenblies conprising a standard plunger
and tie rod confi gUP-'&laf‘grﬁ sald offset power end, whereby the in-service pump

assemblies can be repaired by removing 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 sysiem of claim 13 wherein the
inventory of standard fluid end assemblies further comprises inferchangeable
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;



a standby inventory of a plurality of different sets of power end units,
wherei n 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 |east

one set GQlp9bfimehpower ends having an offset drive rg@Tﬁﬂﬂn&ﬁ 2dg0d
configuration with respect to the standard plunger and tie ro

configuration; a standby inventory of adapter units to connect the offset
power ends to the standard fluid ends; and a popul ati on of punp assenblies
in service, conprising in-service punp assenblies conprising a said
standard fluid end, a said adapter unit and a said offset power end,
whereby the in-service punp assenblies can be repaired by renoving the
power end and replacing with a said power end fromthe standby inventory

t hereof wherein the replacenment power end has a different drive rod and

tie rod confi gb'rb@iﬁfn@”a %ibrbr{dewﬁ&kiné?a-F | il@?&ﬁéﬁg?tﬁgﬁ%ngé}pin 314' The punp

assenbly and nai ntenance system of aim e Tnventory of
standard fluid end Sga¥egspmeticmgtiemarhegeintia spsand grasmaiirapiiiesbise punp body
nmodul es, wherei n t lagfefdntlirém@ndhirasfEeetriceatie@iid se a plurality of the
nmodul es, whereb tge iH-service g%gg aasegbLies can be repaired by
renovi ng and r¥PNEEINA¢NT REWE: HIFGQriBe Akl &gc Sffaem 8daNe SPFSIBB @Y or nore of
t he i nt er changeabl effgatrqoupiedyo swsttl £3aid dive rdieo pHNFsas&RNBI eand

mai nt enance systenlﬁfgglain113 or 14 wherein the inventory of power end

units further COHDPIE '8 set of standard power ends having a drive rod and

tie rod conpfi gtat L i ) noe Ll g 4rad
confi gurati on, éﬁ@bmﬁgggpﬁnﬁﬂg1%E%ﬂﬁgﬁﬁﬁﬁﬁgﬁﬂ#ﬁ?gé§%?@gn%%ﬁg1§ssenb|ies

further cERFgREEONEPelEeRts i es conprising a standard power end coupl ed
directly to a standard fluid end. 16. A nethod, conprising: providing a

f1uid end16onpThiesinethod dplolaimlibter 10T fpthengemnprisityr Pangestséip oflertiggond

geonetric patter erejin t ond geonetrjc pattern is different from
the first "ﬁg)ee%rh’rr%tr?ﬁ’éggrb‘%ﬁ'@eﬁg8%?%@505%%ﬁ@%? oF g St G oS5 e he 11 ui d end
via an ad&piweentengiviesodsgs diffehi sat spaniny eatween the plasyers. said drive rod to
an of fset one of the plungers. 17. The nmethod of claim 16, further

conpri si nggat tarhinethod SFadidmdid, wendréifl the il &ld eneslisede Ghiekhs Pl ungers.
quintuplex fluid end assembly, and further comprising coupling a middie 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 fo 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 moduies secured together, and securing the pump body

modules in a line with fasteners between opposite end plates.
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18. The nmethod of claim 16 or 17, further conprising transversely
orienting the drive rods and plungers on opposite sides of a straight |ine
wherei n spaci ng between the drive rods is different from spaci ng between

the pl ungghse11nddse The nmethod of claim 16, wherein thecbhshioehRpdsconprises
atriplex or quintuplex fluid end assenbly, and further conprising

coupling a mddle one of the plungers in alignment with a correspondi ng

m ddl e one of the drive rods, and connecting side ones of the plungers

Wi th correspondi ng side ones of the drive rods at a respective plurality
of the offset couplers. 20. The nmethod of claim 16, 17 or 19, 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 and the fluid
end, conprising attaching a first tie rod section fromthe power end to an

of fset secnd 4 sgchlonod r fl d; at t tie rod
adapt er. q%i..ﬁﬁgn%gﬁﬂdﬂ:%%Rk?giﬁgwggﬁffk%%mgg@ @%J%@Pgﬁi&%gggenbling t he
flui d end Awality af pHReR bedytoddesraepregdagetmmrdemdesecsarthebumpdediier . 22, The

nmet hod of rﬁd@iégurzanﬁéawimﬁa&bﬁgs%ewemflpédn@ eﬁé'glételgpdy nodules in a line
wi th fasteners between opposite end plates. 3. The method of claim18,

conpri si ng,zass ing.the fluid end froma plurality of punp body nodul es
secured t%ﬁéthggg%gﬁdmgnéﬁ¥?hg the punp body nodules in aline with

fasteners DetuseRaapRasiey Aol o Ssncart Qa4 LORIRTARCTL) BRO10/ 053868

24. The nethod of crfaim i sing assenbling t d froma

plurality of punp B@H@dWﬁd$F§§r@EbﬁW@gCP@E@&W@W, and securing the punp

body nodul es i gro@idihg B&staMdb} ifvastoBN&SpIReligee QifeRAPSdtE 8 fisbrRhates. 25. A

nmet hod, conprising: . , . . .

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 ieast one set of offset power ends having an offset
drive rod and tie rod configuration with respect to the standard
piunger and tie rod configuration;

providing a standby inverﬁory of adapter units adapted to connect the
offset power ends to the standard fiuid ends; and

connecting a said standard fluid end, a said adapter unit and a said offset
power end from the standby inventories intc a pump assembly;

placing a plurality of the pump assemblies in service;

removing the power end of one of the in-service pump assembiies 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
assembiies 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 assembily or one or more of the interchangeable
pump body modules for repair or mainienance 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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provi ding a standby inventory of standard fluid end assenblies conprising
a standard plunger and tie rod configuration; providing a standby
inventory of a plurality of different sets of power end units, wherein
each set yph 398%k74eNd units has a different drive rodpgpgglohdossse
configuration with respect to the other power end sets, including at |east
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
fromthe standby inventories into a punp assenbly; placing a plurality of
the punp assenblies in service; renoving the power end of one of the

| N-Ser Vi CeoRiliRatdR SRFRhihE Sthé WaddBRPiplun@Er TR BESRANGRNGRSidERIECi Ng 1t Wi th
a said power end fromthe standby Inventory, wherein the replacenent power
end has a fditer P@RTsivg corecting antpid plendayg fé@n?’ﬂ%é'ﬁ%?i%ﬂ*ﬂ wiepfarBespect to
the renmovedweoyRy frddthe restctivENBveiirRe tht®h pGhpiaBiedibipvher ei n the inventory
of standard fluid end assenblies further conprises interchangeable punp
body nodul es, wherein the fluid end assenblies conprise a plurality of the
nodul es, and further conprising renoving the standard fluid end assenbly
or one or nore of the interchangeable punp body nodul es for repair or

mai nt enance and replacing it with another one fromthe inventory of
standard fluid end assenbly or one or nore of the interchangeabl e punp
body nodules. 27. The nethod of claim25 or 26 wherein the inventory of
power end units further conprise a set of standard power ends having a
drive rod and tie rod configuration matching the standard plunger and tie
rod configuration, and further conprising connecting a said standard fluid
end and a said standard power end fromthe respective inventories into a
punp assenbly.
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