TI TLE OF THE | NVENTI ON PUMP BODY BACKGROUND OF THE I NVENTION (1) Field of
the I nvention [0001] The invention is related in general to wellsite surface
equi pnentwereti/@a®278r act uri ng punps and the |ike. (2) De®criiproiens3ss’ Rel at ed
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
pur pose of”FEE§Nﬂ IHEMIVMENTION i ddl e of these three cylinders is referred
to as the central cylinder, and the remaining two cylinders are referred to
as side cyPUMBEBODY nilarly, a quintuplex punp has five fluid cylinders,
including a mddle cylinder and four side cylinders. A fluid end may

conpri se aBACKGROUNDOK HilviINMENTIONder s bored therein, known in the art as
a nonobl ock fluid end.

(1) Field of the Invention

[0001] The invention is related in general to 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 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



[ 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
packi ng bwoepitireareby | owering the fluid pressure in thecTiiBdo/essds7 As t he
fluid pressure becones |ower than the pressure of the fluid in a suction
pipe (typically 2-3 tinmes the atnospheric pressure, approximtely 0.28 MPa
(40 psi)), the suction valve opens and the fluid end is filled with punping
fluid; and (b) a discharge cycle: During this cycle, the plunger noves
forward in the packing bore, thereby progressively increasing the fluid
pressure in the punp and closing the suction valve. At a fluid pressure
slightly higher than the |ine pressure (which can range fromas |ow as 13.8
MPa (2 Ksi) to as high as 145 MPa (21 Ksi)) the discharge val ve opens, and
the high pg 0. h G ven a
punpi ng fr%sg%gélgelgf%é%jzAg te fﬁjm g'lég%he%srﬁ}% é&ﬁﬁ hé C&SP] etgé%gg@nhe fluid
end body c\eah/eex/rsi@rill&dmmesaumahghtlydw@@rrﬁfwaee Ilo¢ pmsse@s(wwmoes rgigehi n a
relativel yy t riat ol T, S duce

ot gue f o rs o e PR 2 e o R o e Bl K R wher e
smal | cracvadve ¢netnSaaréi the higheoreésseiee Buid flq&%tm@uwﬂ the disohrsae pipeder cyclic
stress. The cracks nmay grow at a rate defined by the cyclic stress and the
material ppees) t i GiSed™d ipimbhRY fra§iRencir e e uah, LopNRElRNEydal her e of the
conponent. Since fatigue cracks generally initiate at the surface, a

strat egy tepoeptiibe i e trosly |cap EXRRIianaR BTy grggnypeen Qfefél'e§5f16ycé‘?§r face.

[ 0006] Typlmhmé retemwélyls‘ﬁod%@ratnehaug&p%n aFHé%farsQrTetsélg;?cl% ﬁ%gslﬁdud@,h' ch
or

i nvol ves a nechani cal Ere treatment of the fluid end er to induce
resi dual sPH@sstadurg;ofit %f'PWt%aFatfgrU@é”‘é‘ﬂqua%é%'urq pré’CGSSt Weersghalces t hat

are exposegatid inhatd eI frbaGuthee &f AbsApdAMunas: bdic fdiieksl endd cylinders.
US 2008/ 000065 is an exanple of an autofrettage gr ocess for pretreating the

fluid end €9FhSnaEYSIOW &t Auriepiefined uip thenfyPlity Sietsorret Pag®atelife f1uid end

cylinders gbeer@&dastthdytrdidfe BYSIGASS dlak@nPBRFE WF 812 coMpRnBRte Sitdee duri ng
aut ofrettaf%e causes plastic yielding of the inner surfaces of the cylinder

walls. Sin Eg%%‘é"ag‘fsrgfé@@”é\}@ at@@éﬁlﬁssﬁ@ﬁ%’s% S#eIYM FoUNifr SKAk&dlure; he

def or mat i oRe@fanish€isadbrR:-load iHeasirmcef the walls is still elastic. Wen the
hydrostatic pressure is renoved, the outer surfaces of the walls tend to

et o BT oo R ARG b D s, o e

t he i nner 5mdcﬁﬁ|ﬁ6aqure-trbatrrml bstheffluichend il cbrddleWoSndud&erbs‘Uua stresa;ed;ual
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pump. During autofrettage, the f|UId end cylinders are exposed to high

hydrostatic pressures. The pressure during autofrettage causes plastic yielding

of the inner surfaces of the cylinder walls. Since the stress level decays across

the wall thickness, the deformation of the outer surfaces of the walls is still

elastic. When the hydrostatic pressure is removed, the outer surfaces of the

walls tend to revert to their original configuration. However, the plastically

deformed inner surfaces of the same walls constrain this deformation. As a

result, the inner surfaces of the walls of the cylinders inherit a residual

compressive stress. The effectiveness of the autofrettage process depends on

the extent of the residual stress on the inner walls and their magnitude.

[0007] It remains desirable to provide improvements in wellsite surface

equipment in efficiency, flexibility, reliability, and maintainability.



[ 0008] The present invention in one enbodi nent applies pre-conpressive
forces in punp bodies, or selected portion(s) thereof, to inhibit

i nitiati omoabifearizgue cracks in the fluid end of a nultipprar20engss6q 0009] I n
one enbodi ment, a nethod conprises: expanding a displacenment plug in a
cavity to pre-conpress a portion of a punp body conprising a piston bore,
an inlet bore and an outlet bore spaced fromsaid cavity; and connecting

t he pre-conpressed punp body in a punp assenbly. In an enbodi nent, the
pre-conpressed punp body portion is adjacent an intersection of the piston
bore, inlet bore and outlet bore. [0010]In an enbodi nent, the nethod
conprises drilling the punp body to formthe cavity as a bore. In an
enbodi ment, the displacenent plug conprises an interference fit pin having

an outsid E@ng I I HRsi de di ameter of the cavity, and in a
further eﬁ%gflnenQFM} eggﬂg%$g§gﬁgﬂ?ﬁplug conprises an air relief port. In
an enbodi nent, the displacenent plug conprises a sleeve with a tapered
i nsi de di aﬁqﬁf’@r, TifePeEsantt R¥erfiopeiPeones eBpdinteal appliasr PREroR eSS | ar | y

t apered pirdeBtiPplS bHieE R seleBtedPRHRA(s) BNEIESH RBMibit IhitBticHh 8Pk nt plug
conprises a pin wwth one or nore cans to provide directional displacenent
at a surf a@ackstin thefluidieng of @ MOBR'EKIPH™Rn enbodi nent, the nethod furt her

conprises formng rai sed surfaces on opposite exterior side surfaces of the
punp body [0008Ipp! Iy chepdreb&MTRMtEs ShatBod @b Prisds: EReardiigse displacbaesas upon the

connection in. the ﬁ n& assean%.é%OQ%Z%I an e qgjnent .the t hod further
conpri ses @E%f—ﬂrﬁlcﬁ @ HPEPAIRTTY oPOTR OBPeO-U hp? SQUPT5IN? B5HNes si de by
si de bet wesdte 0@ st M@ree Bold ph alu@st bare Bpacqgl toral saldy cavftyf @st esreestiigo f orm t he

punp assenbly, wherein the fasteners are tightened to conpress. the punp

bod! co bt REGICEREPERICHPATRLDOPin e PURRGISHERD: 1t B rebBily £esed’ punp

bodi es f urprbeompesgsed SRINMpERbeé psHioh ais erljavanDppdsietsecior ef ity ptahe sur f aces

t her eof erein the rais surfaces engage with an adjacent end plate or

an adjaceﬁ%”ﬁdWﬁt%Uﬁf?gﬁﬂﬁgéﬁ§&the ti ghtening of the fasteners applies a

pre-conpressive force at the raised surfaces on each of the punp bodies.
[0010] In an embodiment, the method comprises drilling the pump body to

form the cavity as a bore. In an embodiment, the displacement plug comprises
an interference fit pin having an outside diameter larger than an inside diameter
of the cavity, and in a further embodiment, the displacement plug comprises an
air relief port. In an embodiment, the displacement plug comprises a sleeve with
a tapered inside diameter, wherein the sleeve is expanded by driving a similarly
tapered pin into the sleeve. In another embodiment, the displacement plug
comprises a pin with one or more cams to provide directional displacement at a

surface of the cavity.

[0011] In an embodiment, the method further comprises forming raised
surfaces on opposite exterior side surfaces of the pump body to apply a pre-
compressive force at the raised surfaces upon the connection in the pump

assembly.

[0012] In an embodiment, the method further comprises assembling a
plurality of the pre-compressed pump bodies side by side between opposing end
plates with a plurality of fasteners to form the pump assembly, wherein the
fasteners are tightened to compress the pump bodies between the end plates. In
an embodiment, the pre-compressed pump bodies further comprise raised
surfaces on opposite exterior side surfaces thereof, wherein the raised surfaces

engage with an adjacent end plate or an adjacent pump body; whereby the
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[0013] I n an enbodi nent, the method further conprises autofrettaging the
punp body. In an enbodi nent, the nmethod further conprises placing a sleeve
in the piwbaniars3 inlet bore, outlet bore or a conbi naCiramaivesssef and
expandi ng the sleeve in place for use as a cylinder liner. [0014]1n an
enbodi nent, the nethod further conprises operating the punp assenbly to
reci procate a piston in the piston bore and cycle between rel atively high
and low fluid pressures in the inlet and outlet bores, wherein the
pre-conpressed punp body portion inhibits initiation of fatigue cracks. In
an enbodi ment, the nethod further conprises disassenbling the fluid punp
assenbly to renove the punp body when it exhibits fatigue crack initiation,
and reassenbling the fluid punp assenbly with a replacenment punp body.

[0015] I n i ab i.d pgljgpc i ges..aplurality
of punp bgﬁﬁggﬁ{ogﬁgﬁgeggg%gg B Mg%dg etﬁgﬁﬁ&%ggﬁgﬁﬁgggngﬁpz% ég with a
pl ural ity sffabesoraestsofithehumpdddies conpress the punp bodi es between the

end pl ates; wherein each punp body conprises a piston bore, an inlet bore,

an outl et d[‘@@*i?_ and AN ecMYBAREARH tHE TRAGE ARHer ROHDribds Bueh¥itdding &d Wherein
t he expanded di spl acenent plugs apply a pre-conpressive force at the

respect i vePWar Pedasinggn emeadigent e pigiodiydhercompiiseh PBRPEE $1e%ME, t he punp
bodi es ar enanl pikioRtdord aslet HRO IRMEMRE of BRBRALIENGN tHefdot 8Hd SYpdRGRS are

provi ded on opposite exterior side surfaces of the punp bodi es, wherein the
rai sed surtPaeeEsveiyrlgee W ¥$F aha adjndeelierend plate or the raised surface of
an adj acent punp body, whereby the tightening of the fasteners applies a
pre-conpr ef@9i4je fiarapeerabodirent! tiesdthad flirdee SomprieaChpadhtiright®e pump bodi es.

[0017]In an e iment, the cavities are adjacent an intersection of the
i st o borBsePRy PrFapogaPe SR it fie GuBnBEtGrLeThouteghEdatehe ° ¢ ho
pr e- conpr esigh \eddf lowcuié Xredstisest Imethepdisatdndnaltlet idosespfwHdnein ahs grl y by
reducing stress a jacenttéoad?/ hg@ersec%j on .of. the Fi ston bore, the inlet

I

Of . . :
bore, and {HE'BECeP BBy AN AR Apitition Lof, faliBle, §racksecihrdcat abl v
di sposed iémbdtimphtstiae ethedt turther comprises disassembling the fluid pump

assembly to remove the pump body when it exhibits fatigue crack initiation, and

reassembling the fluid pump assembly with a replacement pump body.

[0015] In another embodiment, a fluid pump assembly comprises: a plurality
of pump bodies connected side by side between opposing end plates with a
plurality of fasteners tightened to compress the pump bodies between the end
plates; wherein each pump body comprises a piston bore, an inlet bore, an outlet
bore and an expanded displacement plug in a cavity; and wherein the expanded
displacement plugs apply a pre-compressive force at the respective cavities on

each of the pump bodies. In an embodiment, the pump bodies are autofrettaged.

[0016] In an embodiment, raised surfaces are provided on opposite exterior
side surfaces of the pump bodies, wherein the raised surfaces engage with an
adjacent end plate or the raised surface of an adjacent pump body, whereby the
tightening of the fasteners applies a pre-compressive force at the raised

surfaces on each of the pump bodies.

[0017] In an embodiment, the cavities are adjacent an intersection of the
piston bore, the inlet bore, and the outlet bore. In an embodiment, the pre-
compressive force extends the operational life of the assembly by reducing
stress adjacent an intersection of the piston bore, the inlet bore, and the outlet

bore. In an embodiment, a piston is reciprocatably disposed in the piston bore to
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cycle between relatively high and low fluid pressures in the inlet and
outl et bores, wherein the pre-conpressive force inhibits initiation of

fati gue cwacks/02f2¥818] I n anot her enbodi ment, a nethod, POTiIRMN1DI38E7at i gue
cracks in a fluid punp assenbly conprising a plurality of punp bodies
conprising a piston bore, an inlet bore and an outl et bore, conprises: (a)
drilling bores on opposite exterior side surfaces of the plurality of punp
bodi es adj acent an intersection of the piston bore, inlet bore and outl et
bore; (b) driving displacenment plugs into the bores, wherein the

di spl acenent plugs are selected fromthe group consisting of interference
fit pins, sleeves with tapered inside dianeters, pins with one or nore
cans, and conbi nations thereof; (c) expanding the displacenent plugs in the

bores to agplepaBbe- rggpvagmchvsné 6 A EARS LS L NhEY SRS ()

formng t punp asse onnec ura re- conpressed
punp bodi egores,dehepgin ithed@e{@etrwmlvep&pr@s||rrhuj>lf@mdthjloat0é§tmu@ hraakw urality of
fasteners; and (e) tightening the fasteners to conpress the plurality of

punp bodi e[%olpﬂt WaR bl @RtboRInr@Sa mMeth@) 16 iMash ARGLe cidiRs fRbimgle crack
i nhi bition met'hod further conprises autofrettagln the p ng)bodles
&

[0019] I n aPHTR BB EOMPIRNG @ P|UGRIEY el RiErP p?m?%P(?m@ﬁ'ﬁ"?ﬁe@ﬁ RAEher

conprises g Pk ebﬂéoaﬁdaarﬁﬁdleﬁwrémr@es QRP@RIidg RS 61 bSfoshé ARteity f aces of
the plurality of punp bodies, wherein the raised surfaces engage with an

adj acent efief ﬁPﬁ%%eSo?f R @Hrahtde?ftpmoﬁﬁﬁfdlﬁm@? aByniersctiongAt B8 ng of t he

fasteners @pBhigRee,anlBf BoreOsHY SRt \bgref QbPGrl\ﬂrﬁg H@SIaEé’rhé@t%l%g néc @ on each of
the punp bodies. I'n an embodi nment met hod further conprijses

di sassenbl Raigs.(rhergin weddlﬁmﬁfﬁr&%@}wwr% 5ol giRg FETUE dErUR HBSistRE Obodi es

exhi bi ti nginfepteicde & MEeK didbives @Pl!hoﬁpeﬂaﬂdlnélﬁéﬁﬁ@rﬁ@t'd@Eblﬁshﬁ/ltﬁ | dHedopunmp
assenbly with a repl acenent p‘Eﬁr;\E' dy without fatigue cracks. BRIEF

DESCRI PTI CRO®FCarigE agmhveRRinaiprsbecsor T sraadinadhe 5erseregt Plgs & a f1 ui d

end pers petﬁb'b%ﬂas\’tb%gglgfa @'eicroh?r@élv@u&lée 2TRREM the #EEOESIORI(dY PorAhgembodi ment
of the invention i s exploded view of the triplex punp

assenbl y ohemunp fs%ﬁ@)‘ dﬂynﬁ)”f‘ﬁcéﬂg @ﬁb@ﬂraWan BF RIATOMRRSIET MRS

bodies side by side between opposing end plates with a plurality of fasteners;
and (e) tightening the fasteners to compress the plurality of pump bodies
between the end plates. In an embodiment, the fatigue crack inhibition method

further comprises autofrettaging the pump bodies.

[0019] In an embodiment, the fatigue crack inhibition method further
comprises providing raised surfaces on opposite exterior side surfaces of the
plurality of pump bodies, wherein the raised surfaces engage with an adjacent
end plate or an adjacent pump body, whereby the tightening of the fasteners
applies a pre-compressive force at the raised surfaces on each of the pump
bodies. In an embodiment, the method further comprises disassembling the fluid
pump assembly to remove one of the pump bodies exhibiting fatigue crack
initiation, and reassembling the fluid pump assembly with a replacement pump

body without fatigue cracks.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0020] Fig. 1 is a fluid end perspective view of a triplex pump assembly

according to an embodiment of the invention.

[0021] Fig. 2 is exploded view of the triplex pump assembly of Fig. 1

according to an embodiment of the invention.
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WO 2011/ 027273PCT/ 1B2010/ 053867 [0022]Fig. 3 is a view of the enlargenent 3
of Fig. 2 showing a side surface of a punp body according to an enbodi nent
of the irwenpilem72730023] Fig. 4 is a perspective view of POmABL0/HFB86TDUND
body portions of the triplex punp assenbly of Figs. 1 - 3 according to an
enbodi ment of the invention. [0024]Fig. 5 is a side sectional view of the
punp body of Figs. 4 as seen along the lines 5-5 according to an enbodi nent
of the invention. [0025]Fig. 6 is an end view of a punp body, partially cut
away, according to an enbodi ment of the invention. [0026]Fig. 7 is a side
el evation view of the punp body of Fig. 6 according to an enbodi nent of the
I nventi on.

[0022] Fig. 3 is a view of the enlargement 3 of Fig. 2 showing a side surface

of a pump body according to an embodiment of the invention.

[0023] Fig. 4 is a perspective view of one of the pump body portions of the
triplex pump assembly of Figs. 1 — 3 according to an embodiment of the

invention.

[0024] Fig. 5 is a side sectional view of the pump body of Figs. 4 as seen

along the lines 5-5 according to an embodiment of the invention.

[0025] Fig. 6 is an end view of a pump body, partially cut away, according to

an embodiment of the invention.

[0026] Fig. 7 is a side elevation view of the pump body of Fig. 6 according to

an embodiment of the invention.

[0027] Fig. 8 is a view of the enlargement 8 of Fig. 6 according to an

embodiment of the invention.

[0028] Fig. 9 is a side perspective view of the displacement plug from Fig. 8

according to an embodiment of the invention.

[0029] Fig. 10 is an end view of the displacement plug from Figs. 8 and 9

according to an embodiment of the invention.

[0030] Fig. 11 is a view of the enlargement 11 of Fig. 6 according to an

embodiment of the invention.

[0031] Fig. 12 is a side perspective view of the displacement plug from Fig.

11 according to an embodiment of the invention.

[0032] Fig. 13 is an end view of the displacement plug from Figs. 11 and 12

according to an embodiment of the invention.

[0033] Fig. 14 is a view of the enlargement 14 of Fig. 6 according to an

embodiment of the invention.



[0027]Fig. 8 is a view of the enlargenent 8 of Fig. 6 according to an
enbodi nent of the invention. [0028]Fig. 9 is a side perspective view of the
di spl acernmot2oplaage78rom Fig. 8 accordi ng to an enbodi nenCofiB2h@0i3geent i on
[0029] Fig. 10 is an end view of the displacenent plug fromFigs. 8 and 9
according to an enbodi nent of the invention. [0030]Fig. 11 is a view of the
enl argenent 11 of Fig. 6 according to an enbodi nent of the invention.
[0031]Fig. 12 is a side perspective view of the displacenent plug fromFig.
11 according to an enbodi nent of the invention. [0032]Fig. 13 is an end
view of the displacenent plug fromFigs. 11 and 12

[0034] Fig. 15 is a side perspective view of the displacement plug from Fig.

14 according to an embodiment of the invention.

[0035] Fig. 16 is an end view of the displacement plug from Figs. 14 and 15

according to an embodiment of the invention.

[0036] Fig. 17 is an enlarged perspective view of the displacement plug from
Figs. 14 to 16 in a bore with a projection cam formed in a surface of a pump

body according to an embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0037] Figs. 1 — 3 show the fluid end of the multiplex pump 100 including a
plurality of pump bodies 102 secured between end plates 104 by means of
fasteners 106. The end plates 104 are utilized in conjunction with the fasteners
106 to assemble the pump bodies 102 to form the pump 100. When the pump
100 is assembled, the three pump bodies 102 are assembled together using, for
example, four large fasteners or tie rods 106 and the end plates 104 on
opposing ends of the pump bodies 102. At least one of the tie rods 106 may
extend through the pump bodies 102, while the other of the tie rods 106 may be
external of the pump bodies 102. In addition to the triplex configuration of pump
100, those skilled in the art will appreciate that the pump bodies 102 may also be
arranged in other configurations, such as a quintuplex pump assembly

comprising five pump bodies 102, or the like

[0038] As best seen in Figs. 4 — 5, the pump body 102 has an internal
passage or piston bore 108 which may be a through bore for receiving a pump
plunger through the fluid end connection block 109. The connection block 109
provides a flange that may extend from the pump body 102 for guiding and
attaching a power end to the pistons in the pump 100 and ultimately to a prime
mover, such as a diesel engine or the like, as will be appreciated by those skilled

in the art.

[0039] The pump body 102 may further define an inlet port 110 opposite an
outlet port 112 substantially perpendicular to the piston bore 108, forming a

crossbore. The bores 108, 110, and 112 of the pump body 102 may define
7



according to an enbodi nent of the invention. [0033]Fig. 14 is a view of the
enl argenent 14 of Fig. 6 according to an enbodi nent of the invention. WO
2011/ 0272v6Ram/@B2610/ 053867 [0034]Fig. 15 is a side pePspaBlilves’séew of

t he displacenent plug fromFig. 14 according to an enbodi nent of the

I nvention. [0035]Fig. 16 is an end view of the displacenent plug from Figs.
14 and 15 according to an enbodi nent of the invention. [0036]Fig. 17 is an
enl arged perspective view of the displacenment plug fromFigs. 14 to 16 in a
bore with a projection camfornmed in a surface of a punp body according to
an enbodi rent of the invention.

substantially similar internal geometry as prior art monoblock fluid ends to
provide similar volumetric performance. Those skilled in the art will appreciate
that the pump body 100 may comprise bores formed in other configurations such
as a T-shape, Y-shape, in-line, or other configurations. The material in the area
adjacent the corners or edges 114 at the intersection of the piston bore 108 with
the inlet and outlet ports 110, 112 defines areas of stress concentration that may
be a concern for material fatigue failure. In addition to the stress concentration,
the areas 114 are subject to the operational pressure cycling of the pump, which

may further increase the risk of fatigue failure.

[0040] The pump bodies 102 may be pre-compressed in order to counteract
the potential deformation of the areas 114 by expanding one or more
displacement plugs 116 disposed at predetermined locations within the pump
body 102. The plugs 116 are placed in, for example, a drilled bore or cavity
formed in the body 102 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 body 102 may be cylindrical for a

cylindrical plug 116, or tapered to accommodate a tapered plug 116 therein.

[0041] The expansion of the displacement plug 116 by application of a radial
force induces a radial plastic yielding of the plug 116 and an elastic radial
deformation of the surrounding material of the pump body 102. When the radial
force is removed in one embodiment, the plug 116 contracts slightly radially
inward due elastic relaxation, and the stresses in the adjacent areas are re-
distributed. The radial deformation of the surrounding material of the pump body
102 does not completely vanish following the relaxation because the elastic
radial deformation of the pump body is larger than the plastic radial deformation
of the plug 116. As a result, the remaining stresses are re-distributed between
the plug 116 and the body 102 after relaxation, generally in the form of
compression, although tension is also possible in some regions, especially

where there is geometric asymmetry or other anisotropy.

[0042] The pre-compressive force in an embodiment may also be

hydraulically or pneumatically applied pressure, for example, via suitable sealed
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037]Figs. 1 - 3 showthe fluid end
of the multiplex punp 100 including a plurality of punp bodies 102 secured
bet ween emo0 2pl1arex3104 by nmeans of fasteners 106. The emrdTaBzue853%@4 are
utilized in conjunction with the fasteners 106 to assenbl e the punp bodies
102 to formthe punp 100. Wien the punp 100 is assenbl ed, the three punp
bodi es 102 are assenbl ed together using, for exanple, four |arge fasteners
or tie rods 106 and the end plates 104 on opposi ng ends of the punp bodies
102. At least one of the tie rods 106 may extend through the punp bodies
102, while the other of the tie rods 106 may be external of the punp bodies
102. In addition to the triplex configuration of punp 100, those skilled in
the art will appreciate that the punp bodies 102 nay al so be arranged in

th f f
ounp. bodt e A3t b RRey A PR OLRNYL IRE FESERDIALGOMEL By 10 O
body 102 harsembodimest mal beaarpéied bpinjgttiog enlidet er 4@8-lignidciaterisl Ibt@ a through
bore for r@ceiu fid ggga%%%ﬁ’&‘ﬁest H{esé&gﬁp B of thdi Hatehs Q&Pdﬂegcﬂ eon bl ock

109. The connection provi an e that na ext fromthe
punp body AreZzofipresgivediarge.-andn aartcﬁim ﬁglbadlmnerweefa the toheg diléténs in the

punp 100 or the
e, as AT pe Rspatie ot R I o Bod R M B e D
body 102 niaythﬁuplﬂfhlerbodefi(ﬁe the wlnsu el16pdisplagas) thyppers weouad tblet pleg, port 112
substanti i form ng a crossbore.
The boresa@%)QBL'J[ala‘ﬁq!ggt % In&QhéE Ji%REgng%8%9n39 define 7
substantlaII¥ simlar |nternal geonetry as prior art nonobl ock fluid ends
to provi del08#3 | Retguniihehe locaionial theabrre or $REYdOSRE PIUgd! 1onsYesar t wi | |

appr eci at epyt hiating i HeadeRAAYd HBtidHRYat GREBY ddiscchObesedr ahdBdak N 10t her
configurations such as a T-shape, Y-shape, in-line, or other

confi gurat?d liows formedectiu eentel of e siessmpal r%?d'f‘%!é‘éme RYTeP behh%s e edges 114

at the i ng&e%ﬁfpkée‘%lv@ffokeﬁs BEIRveR 1 ebehtd/a8t thtdEbténhQI ddib@latisPGr et | et ports
110, 112 fines areas of stress concentration that may be a concern f or

mat eri al fHERYISH daP 1@ fhe ongrationdl P"eé?Pr?c?“Pﬂlé"t%'ieFjé%’sthﬁ@ﬁﬁeéni%t iBn, the

areas 114 pgre syljophterd@ng ke PBRINGAI RAGINAIHE RIS (S‘dé%tloﬂgl Sesédre, punp,
which may further increase the risk of fatigue fai
stress on the areas 114 of the pump body 102 is reduced, thereby increasing the

overall life of the pump body 102 by reducing the likelihood of fatigue failures.

[0044] With reference to Figs. 6 and 7 the pump body 102 comprises four
displacement plugs 116A, 116B, 116C, 116D positioned in bores formed in the
sides of the pump body 102. Each of the plugs 116A — 116D is disposed
adjacent a corner area 114 (see Fig. 5) at or near the intersection of the bores
108, 110, 112. If desired, a raised surface 120 may also be provided on the side
surface of the pump body 102, as discussed in more detail below. In an
embodiment, the plugs 116A — 116D are arranged coaxially around the raised

surface 120 at an even spacing.

[0045] In one embodiment, one or more of the plugs 116 comprises a friction
fit plug such as plug 116A as seen in Figs. 8 — 10. For example, the plug 116A
has an outside diameter that is normally slightly larger than the bore 122, by an
amount corresponding to the displacement desired, and may include a central
channel 124 to allow air to escape and/or to supply fluid in a hydroforming
process, as will be appreciated by those skilled in the art. If desired, the plug
116A can be cooled and/or the pump body 102, at least near the bore 122, can
be heated to facilitate insertion of the plug 116A in the bore 122 and/or to

9



[ 0040] The punp bodi es 102 may be pre-conpressed in order to counteract the
potential deformation of the areas 114 by expandi ng one or nore

di spl aceneot2opl/2g3116 di sposed at predet erm ned | ocat i @a3/1B20ODIB8EHhe punp
body 102. The plugs 116 are placed in, for exanple, a drilled bore or
cavity forned in the body 102 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 forned in the
body 102 may be cylindrical for a cylindrical plug 116, or tapered to
acconmodate a tapered plug 116 therein. [0041] The expansi on of the

di spl acenent plug 116 by application of a radial force induces a radi al
plastic yielding of the plug 116 and an elastic radial deformation of the

surroundi n;9r {78& ?%Ib ehQIpaﬁg%n Q)Tg%cgﬂgyﬂ%g\zup&%ﬁﬁi@f &qbf%qtfll%rnﬁﬁ is removed

in one embodi nen racts dial Ty 1nward due
el asti ¢ r efoliowing msertiond Adqietlogtalﬂxe@rs@@rmaiiveltﬁethadjlwg:é?rﬁA anrehs pm\eded

redistri b‘k&grg a &Rl g Q?J/&rr (g 19% \&hfﬁsﬂérréd)k!?%\ﬁ'@ Febelih@l of the

punp bod does not conp Iete vani s OW n xatlon because
the el astul@ltlamn @flln@éﬁqmrln@tthmor@ﬂ&ﬂw qofuﬂmmbb@rwunghl arger than the plastic
radi al deformation of the plug 116. As a result, the remaining stresses are

re-di stri bjgpaey b%%%ﬁ&&néﬂt”@nééﬁm@@oﬂth@ pf@lﬁgM 186Q8mpfis&y a fa@eae@at I on,

generally 1n the form of npr.essi on tension is al so pOSSIb|e in
sone regi oHeeveeBiyacl Kb 9Sv§ﬁ"§ﬁént'ﬂ@$ el'1 S‘ éj%o 't PxanaRiGninst P9 o168t her

ani sot rODYGonE&Qég]aT%vBr%CéHHJé %ﬁﬁw@ vifrfé"réiﬁ tH@sI@@\/@mﬁéﬁﬁH'fouf’éﬁ)\é al so be
hydraulically pneumati cal |y applied pressure, for exanp via suitable

seal ed hy@?@&iefﬁ‘%?h”ﬂﬂ'nglﬁﬂﬁ'idé Q&%mﬁts&pf berg W@%@l@@ﬁre‘#ﬁ&ema

pr e- CONPr esiffa¥e 182 hfefcHiny tAB tATEP OflAMBREmERYUrRRe 3Pl ¢ 129 wihek&f tHeng a | i qui d
or sem-liquid material 1 nto the baore that exg(ands as it solidifies, the

expansi on Yrmeiee ohdtesmal eFB‘POQ/fl BerRn t1KE B ratightynrass hae theo FEEMUIMY  anot her

enbodi ment gighetee of i Blirtelldd. | $hPSIUTRNEH lsYerpsRded fdtnar bt hBowiyse | ar ger
than the cavity in which it is received in the punp body 102, the plug 116

di spl aces {&nddheRingtaSunth H%’“Eﬂeﬁ@r PYRENNICAPYATRIS st r esses agai nst t he
abutting surface of the cavity. [0043]Determ ning the |location of the bore
or cavity [00471t heFql arg eihil:ﬁ)dlnsemhNIaéi'elbyamé(ﬁQiprteh@nmreghi\teelsn‘émtk | ocati ons

at areas adjacent or ne areas 114. all ows control of
The ot b os JAs1B8 Merl Gt 16 B8 SERn B IS 0 b e Bl e f or e i 6
bel i eved tcbmmnmekeﬁamﬁaihﬁgﬁebeﬁémﬁWMdabamnmémﬁﬂaﬂbnmheoaﬂea&e1&4 due to

t he operational pressyre encountered by the bores 1 10,,112. By

Count o ot tval BREdNT G FERE PREE S MiSeaB) B0er DR o B By, st ress
on t he aretsClis4letfrmel ehgreinp Tlhqu»Uglmo say edacedjont it @lughas descmmsi ng the
overall life of the pu ucin |keI hoo fatlgue
Tul o es. 15w el MedRoRefh, MG RgiTGanfeh M hors b BB i b ses
four rotatlon of the plug 116C to engage a projection 138 within the bore 136 as best

seen in Fig. 17.

[0048] The pre-compressive force may also be applied by pre-tensioning or
post-tensioning a plug disposed within a cavity formed in the pump body 102 in a
manner similar to pre-tensioning and post-tensioning concrete slabs or the like.
The plug 116 may be utilized in a way such that the pre-compressive force
comprises both an axial load (such as along the longitudinal axis of the fasteners
106, and a radial load within a cavity in the pump body 102, thereby enabling
selective application of the pre-compressive force within the body 102 via, for
example, an interference fit, via rotation of the plug 116C to engage the cam-like

projection 134 noted above, or the like.

[0049] Those skilled in the art will appreciate that the pre-compressive force

may be applied along an axis parallel to the fasteners 106, perpendicular to the
10



di spl acenent plugs 116A, 116B, 116C, 116D positioned in bores forned in the

sides of the punp body 102. Each of the plugs 116A - 116D is di sposed

adj acent woOcorwmer27area 114 (see Fig. 5) at or near the POTABEaeDI386T of t he

bores 108, 110, 112. If desired, a raised surface 120 may al so be provi ded

on the side surface of the punp body 102, as discussed in nore detai

below. In an enbodi nent, the plugs 116A - 116D are arranged coaxially

around the raised surface 120 at an even spaci ng. [0045]1n one enbodi nent,

one or nore of the plugs 116 conprises a friction fit plug such as plug

116A as seen in Figs. 8 - 10. For exanple, the plug 116A has an outside

dianeter that is normally slightly larger than the bore 122, by an anount

corresponding to the displacenent desired, and nay include a central

channel 1 I / j dr of or m ng

process, gés%\nﬂ?rl% d%"‘braAIBn gnf%?}@p{ﬁa ﬂSD%VI(§<&Iasd}ggb%ptighgrf{ﬂeﬁ?r%es red,

t he plug mreﬁetemmn@éa@@olﬁwfaaf@n@ﬁ thefopenpmbledynay@2mpase bendiiegear t he

bore 122, fiaci [ in the
QFrBEHNiR S Eﬁg Ilfi‘&'[o C{Jécﬂ‘l{)ﬁ or BRERe Bpsggcth/gﬁl ({ynﬂgli%%g‘t%u

bore 122 and/or to provi re I ve expansi on pon
reachi ng tsﬁ@smatt@rqam thierdunmm bedy Wi ﬁgch asky tatation ohdiek fastmar 196 tor

alternativ HPBh r Vil and/ or
the bore 1 \%ﬂetﬂmaprq g?%ﬁﬁ@?)em n 9109 ?llgg%gls%%lg Oﬁtnhlg{}?] gﬁ;f%%gg@ R{jnsertl on
i nto t he bbleang thasgbyacieatenthe rre- QQUWSSNPO‘O%]Wﬂhlaﬁh%@bdxdﬂﬁ%nt'rheone or nore

of the pl U&?re%ﬂfﬁo@gﬂimﬁubﬁ% 1%8@8@% BARSYSy BJ)M rlélelgga %I%l?nété‘r Figs. 11 -

13. For exanple plug conprises a sl ee a pin 128,
wher ei n t heoriore v efagteaensadOG rmajutcompaseli anminaseasedt @Ihmﬁg?rtnvm't@ms‘orde di anet er

of the bor&aﬁ@el?”?o oihﬁgefh%d g&tse %rné“fnf%?eepjuﬁﬁ)tg}rﬁhg \)ié‘eataper of an

external surface’ o re| n the di e sma end of
the pin 12'8te|l‘f§r@ICBélthSYquart@‘ébotelsalwtmm&\en@lﬂﬂmbmf}dﬂQ@T@ﬂ@r’fh%fastelﬂérssurface

132. The p Jc;%ﬁ?b ng the pin 126 with
a hamrer oidlgtan r%r&é*%gﬁrr]gfé%s'v 5%%@@&6{%%3@2%%8&%% wher ei n ani sotropic
pre- conpre55|ve stress is desired near the plug 116, as seen in Figs. 14 -
16, the pll88°Al6c"F EBRPAIMEET 2 FI5EE i TBRY @Gt@ﬁﬁfé’ Jo £XBPIRi iMte cam 1 i ke

projecti ornoléh%ﬁ bBFe ’metHel ikt E@r{ m@bleﬁhtelo\aﬂétypoepmaréwdl dxpanddEnigifgs patterns
inthep n];gr body 102 when t 116C is deforned therein. The plug 116C

may be a fiT €S %aW'ﬂ”dﬁf Rpras ”tf‘e'g‘@r i IechleysRaprPiarsr nHBe BPe KMtion 134 i s

slightly |argris foBan 108 Sy Y Bselditn hﬁ#@f@rrﬁiﬁ%l@l/odé% alsivam befappleeiapldug 116C to
engage a projection 138 within the bore 13 as best seen in Fi g. 17.

[ 0048] The PrBodeKifedssiRa2H-or ce may al so be appl i ed by pre-tensioning or
post-tensioning a plug disposed within a cavity forned in the punp body 102
in a rrannenoosﬂm' llarorteerpbeditnents iaordiseg surthcp OKH0- éﬂersdsofnbmgarcemenate sl abs or

the like. Th utilize u t he

ot e- conpr 6868 198,20 Bt Bl 1ok, Let bR AN 5 eitch TASBRy ¢ he

| ongi t udi n&rfaax 150 odayt dxterfdas pedetesmib@t, dlmml:eardhameaéxtérmmdummhmﬂ a cavity
in the pu ena S tlvea |.card f t he

pre- conprre%équf&f é‘%‘g quﬁ%?glinﬂ@e(g@&?gfﬁ !h\‘?l edxterfoc;r l&?&ﬁp]t hl nterference
fit, via ribisitate@naoicirtiia ipl shgpd lHE tasedmyaigee t16e maﬁbblfkqudr mj &otion 134
not ed abovg utaBIe sthape lI'he end plates 104 may further comprise a raised surface 154,
best seen in Fig. 2, similar to the surface 150 on the pump body 102 for

engaging with the raised surfaces 150 of the pump body 102 during assembly.

[0052] The tie rods or fasteners 106 may be tightened utilizing a hydraulic
tensioner, as will be appreciated by those skilled in the art. The tensioner may
have its hydraulic power provided by the outlet flow of the pump 100 itself. The
hydraulic tensioner may provide a constant tension or a variable tension on the
tie rods 106, depending on the requirements of the operation of the assembly
100. As the tie rods 106 are tightened, via threaded nuts 156 or the like, to
assemble the pump 100, the raised surfaces 150 on the pump body 102 and
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[ 0049] Those skilled in the art will appreciate that the pre-conpressive
force may be applied along an axis parallel to the fasteners 106,

per pendi cwbanita7iBe fasteners 106 or al ong any axi s thaCTaBd10/p338%7 de a
pre-conpressive force to a predeterm ned area. The fasteners 106, for
exanple, may conprise a nodified outer surface with a camlike projection
or the like for selectively controlling the stress patterns in the punp
body 102, such as by rotation of the fastener 106 to engage the projection
with the body 102 during assenbly of the punp assenbly 112 and t hereby
create the pre-conpressive force wwthin the body 102. The bores through
whi ch the fasteners 106 pass nmay conprise a reduced dianeter portion or
fasteners 106 may conprise an increased dianmeter portion for selectively

controlli S P Y ference
fit bet weg'%lsgaﬁ%u %E%s%vap% blgtetshﬁmoéé@g?ggﬁtﬁn%ﬁ%% Ol”?e l{,ﬁ"g 106 to
create thearpraédlbofmd)rm%gomerefssweéomttmthe teeaspliip obdfm/pgma quGO’EKDZJ I n one
enbodi nment Y/ i ore 104,
the inlet adé&e%gg% 'gtre@%te' ou‘ptihgcb%ﬁjeosrid%riagéaﬁgJ @xz aﬂh eg i nt r8%\;(:% for use
as a cyli nfdme i bakgvedto ph@teralztethemée@alettaf@rmeéyn l@éthﬁl ate@Qﬂqutum@ bore 104
or ports u hydr, Ngodr wid,) be

appr eci at é@gb etr%g)gglb retsFILFre érfcr?gil Zedakrsij tﬁ% 8%)?15] I(r)lé)oﬁgﬁe ogifzrrent)J a raised
surface 15@ugiarasiog th@mmhaledaf@rmﬂonsiweftamem@n@ﬁprteﬁ%lr@uﬁresmmy 102, best
seen in Fi C ;

predetermtﬂgéJ %Ss%ghnggm umBhﬁOJy?x@ggJ%(?ﬁcgegr@gi%?f@%g 'Eémdo\%e?“ ne a

pr edet er nmilifedf dheauow botieseRy eedusings thef liethaosi2of faﬁgw%fallurwst fhesed as

circular i t r uitabl e
shape. Théﬁg% %gﬁg?égﬁﬁgaéﬂga;@g;@ﬁgﬁecogggﬁgghs1%%% sur cg§354 best
seen in Firgised sugfpers HO and ﬂ ceapefaiectogsibevwith e @mﬁﬁd‘#fbﬁvgidﬁf or

engagi ng Wotdoidlembar MEERC RS calaPiHRf ggge np body 102 during assenbly.
[ 0052] The tﬁﬁosods g’ ? ?enérs 1%6 may e t?gﬁtened utilizing a hydraulic

tensioner, as will be appreciated by those skilled in the art. The
t ensi oner Wﬁ9 ]ha\)%“q e t'ﬁ@&“ﬁﬁ?ﬂ@"ﬁdﬁ%ﬁt'cﬁ\' 8tafigsdobihe piiralitt 96tPUMPow of t he

punp 100 igsmdd102ThR mw@édlé§1ozemgy P8 BlvANRYGRLSY irflércAafRAYeBMert €NSi ON or

a vari abl e tenS|on on the tie rods 106, depending on the requirenents of

t he oper at '8rmigplet grd é@'@e‘?%“@ bedigs oAdhg H?émtpl &4, cRﬂ%V"i'O@ QQW%”t?Q%"nt”ened vi a

threaded nadssmbRH di%as"s@rﬂbl iéﬂd hain&maRed| g Wik HeUBPprébBiedt Be thédesed
surfaces 150 on the p 102 and rai sed surfaces 154 on the end pl at es

104 engageskiliefHn (9??ea’én(‘ﬂ H%‘?ra i, o HF efhaPugdadienti2 ofrtee Pompr Esi ve force

to the aregps, bhty tAé fdilbe oﬂé@ﬁtt@&hé@@d@@'h@@ﬁéﬁd bé‘ﬁadd%b@ﬁ%@@&lh@ﬂweof the
bores 108, 110 and 112. ressive force is believed to

he
count er act PatFiah 6y Al idaY"”HE%? ﬁ‘a‘fq nﬁ)%@ apfdis fSgaEated ANYGETY PR

oper at i onathed)p@Hp Wolie€ NOQUHE &hefledihah ftﬁtybl@élemoﬂ&ﬁocklﬂt.@d eAfithalibgd.a By
counteractin 3 the potential deforma%)2 due to o ratlonaliﬁ%essure stress
on the are3dd'e PRdywWithha R Ry Ingss Roses %E'@E thefeine®id t1665'8%si ng t he

overal I |igjrevieé dréePbsse bﬂmaﬂﬁfabwrétﬁd*'(duagotthé rbdd@bl&@)@f ergihgt 1 gue
failures. Those skilled in the art will appreciate that the torque of the

fast eners BFE"EES he rai sed surfaces 150 and 154 cooperate, together with
t he expanded plugs 116, to provide the pre-conpressive force on the areas

114. [00530Da4] t OVhitee illsistostedrdsi ebrhyrisidetitree alf tpe glupebodiés 1108, pleur al ity of
punp pump 100 may be formed in different configurations, such as by separating or
segmenting each of the pump bodies 102 further, by segmenting each of the
pump bodies 102 in equal halves along an axis that is substantially

perpendicular to the surfaces 152, or by any suitable segmentation.
[0055] Accordingly, the invention provides the following embodiments:

A. A method, comprising: expanding a displacement plug in a cavity to pre-

compress a portion of a pump body comprising a piston bore, an inlet bore and

12



bodi es 102, the punp bodies 102 may be advant ageously interchanged between
the m ddl e and side punp bodies of the punp 100, providing advantages in
assenbl y,woizeage@ml y, and nai ntenance, as will be apprecrasmdo/hissé¢hose
skilled in the art. In operation, if one of the punp bodies 102 of the punp
100 fails, only the failed one of the punp bodies 102 need be repl aced,
reduci ng the potential overall downtinme of a punp 100 and its associ ated
nonetary inmpact. The punp bodies 102 are snaller than a typical nonobl ock
fluid end having a single body with a plurality of cylinder bores machi ned
therein and therefore provide greater ease of manufacturability due to the
reduced size of forging, castings, etc. [0054]Wiile illustrated as
conprising three of the punp bodies 102, the punp 100 may be formed in

di fferent j [ - e h of the
punp bodlégp%gggﬁﬁﬁ ﬁg%?mka%ggaﬁén H% %g%%&%?%Pﬁitﬁ?%%?@&h@gsﬁ%%z in equa
hal ves al opignabodxing nunat asssmblibst anti al |y per pendi cul ar to the surfaces
152, or by any suitable segnentation. [0055] Accordingly, the invention

provi des the faihkanétRed %rrtaﬁ%barmnsA ﬁ‘héreni?m%ogre &ﬂfﬂ?éés%bﬂﬂ:mpﬁ%@“d' ng a

di spl acement plug in a cavity to pre- ress a portion of punp body
conpri si ngPAti] '§t3§ﬁ‘09'@)tr%‘ '”tﬁhseicpﬂ’rb@f tb%P@toé]rﬁt?r%rﬂmémqr%?”%@k‘@t?ﬁ%ed fromsaid
cavity; and connecting the pre-conpressed punp body in a punp assenbly. B.

The met hodcof G'IhibQﬁétﬁBdil'fofémbdbi@ﬁeﬁitlA bhempodimentTBl esapkiny anllifpehe portion is
adj acent an |n% rsagtmﬁIE t he hston bore, inlet bore and outlet bore.
C. The net PSP BPIYREYM eV HSodi ment B, conprising drilling the punp
body to formthe cavity as a bore. D. The nmethod of any one of enbodi nents
A to C, whrei Themestdodpl anyemerndf emboginmm)@\itcs6swaereimthe|dfsemamentfi t pin

having an Q4 bl L AEh Rl ALE%E oA k] ARLSE JllarE! Elocpl e, cavi Ly,

E. The net one or erein |spI acenent
pl ug conprinsids d'aameaerroﬂtrcd ¢aafty.port.

E. The method of any one of embodiments A to D, wherein the displacement

plug comprises an air relief port.

F. The method of any one of embodiments A to E, wherein the displacement
plug comprises a sleeve with a tapered inside diameter, wherein the sleeve is

expanded by driving a similarly tapered pin into the sleeve.

G. The method of any one of embodiments A to F, wherein the displacement
plug comprises a pin with one or more cams to provide directional displacement

at a surface of the cavity.

H. The method of any one of embodiments A to G, further comprising
forming raised surfaces on opposite exterior side surfaces of the pump body to
apply a pre-compressive force at the raised surfaces upon the connection in the

pump assembly.

l. The method of any one of embodiments A to H, further comprising
assembling a plurality of the pre-compressed pump bodies side by side between
opposing end plates with a plurality of fasteners to form the pump assembly,
wherein the fasteners are tightened to compress the pump bodies between the

end plates.

J. The method of embodiment |, wherein the pre-compressed pump bodies

further comprise raised surfaces on opposite exterior side surfaces thereof,
13



F. The nethod of any one of enbodinents Ato E, wherein the displacenent
pl ug conprises a sleeve with a tapered inside dianeter, wherein the sleeve
i S expand®o 2by/adri?di ng a simlarly tapered pin into thePsraBua0/053&7 The
met hod of any one of enbodinments A to F, wherein the displacenent plug
conprises a pin with one or nore cans to provide directional displacenent
at a surface of the cavity. H The nethod of any one of enbodinents Ato
G further conprising form ng raised surfaces on opposite exterior side
surfaces of the punp body to apply a pre-conpressive force at the raised
surfaces upon the connection in the punp assenbly. |. The nethod of any
one of enbodinents Ato H, further conprising assenbling a plurality of the
pre-conpressed punp bodi es side by side between opposing end plates with a

luralit : At teners are
Pl gt eney TaoreBneagksy ke Bryate AAFRrAERSIRY kna WP B Bp ddfackBP! 710
met hod of R dpdy wherebwihe rtighteningeofghe fastensre epelies pupie-dsoefiressivieur t her

conpri se rajsed ysiiiag ﬁﬁg&sqﬂp@a%hto@trﬁrﬁtgﬁrﬁ g(gﬁiébj_de surfaces thereof, 13

wherein the raised surgéces engage w acent end plate or an
adj acent punp body; whereby the tightening of the fasteners applies a
pr e- conpr e§si vd heomethodt oft RBY roqeseld eabpHiaEals én te e Hudtert sRMMIHAY bodi es.

K. The nethagrafagtahe®pemphogybodi ments A to J, further conprising
aut ofrettagi ng tﬁe punp body.” L. The nethod of any one of enbodinments Ato

K, further, co i Si | aci ng a_sl eeve i he piston bore, inlet bore,
outl et borks o ReCUHRPRSi P e PRRPI AR A Sl RS RETEPBEREST pl ace f or
use as a cykieadem thensston bde, e bred, utetborany acdteniiatienbiestcoreadids A to L,
further co ri.inﬂgggeratingpégeﬁpung as§enbwﬁ to reciprocate a piston in
t he piston®HGPE"g GRUCdN RECGAU VISP &5 & ST Af'gh and 1 ow f1uid pressures
inthe inlet and outlet bores, wherein the pre-conpressed punp body portion
i nhi bi ts iMiti dheomethodf aft agyieoner afc ksibodiments A to L, further comprising

operating the pump assembly to reciprocate a piston in the piston bore and cycle

between relatively high and low fluid pressures in the inlet and outlet bores,

wherein the pre-compressed pump body portion inhibits initiation of fatigue

cracks.

N. The method of any one of embodiments A to M, further comprising
disassembling the fluid pump assembly to remove the pump body when it
exhibits fatigue crack initiation, and reassembling the fluid pump assembly with a

replacement pump body.

0. A fluid pump assembly, comprising: a plurality of pump bodies connected
side by side between opposing end plates with a plurality of fasteners tightened
to compress the pump bodies between the end plates; wherein each pump body
comprises a piston bore, an inlet bore, an outlet bore and an expanded
displacement plug in a cavity; and wherein the expanded displacement plug

applies a pre-compressive force at the cavity on each of the pump bodies.

P. The fluid pump assembly of embodiment O, wherein the cavity comprises
a bore drilled in the pump body and the displacement plug comprises an
interference fit pin having an outside diameter larger than an inside diameter of

the cavity.

Q. The fluid pump assembly of embodiment O or embodiment P, wherein the
cavity comprises a bore drilled in the pump body and the displacement plug
14



N. The nethod of any one of enbodinents Ato M further conprising

di sassenbling the fluid punp assenbly to renpove the punp body when it

exhi bi t s wathgue7zzsack initiation, and reassenbling thePCiraBzigossgeassenbl y
with a replacenent punp body. 0.A fluid punp assenbly, conprising: a
plurality of punp bodies connected side by side between opposing end pl ates
with a plurality of fasteners tightened to conpress the punp bodi es between
the end plates; wherein each punp body conprises a piston bore, an inlet
bore, an outlet bore and an expanded di spl acement plug in a cavity; and
wherein the expanded di spl acenment plug applies a pre-conpressive force at
the cavity on each of the punp bodies. P. The fluid punp assenbly of

enbodi ment 0, wherein the cavity conprises a bore drilled in the punp body

and the d'%&@@&%l&b&%ﬂ?@ﬁdp@?&d @%udg"b%ﬁe‘?érer\‘/?ﬁ‘et%htthB' é]?é\{%v' ol

out si de di a | 'arger an an 1 nsi anete e cavil The fluid
punp assendippnaéd bsnﬁrommamlerlbt’aperﬂ@laﬂm intmtheRleenper ei n t he cavi ty conprises
a bore drilled in the punp body and the displacenent plug 14 conprises a

sl eeve witR a tmeem%uwa&%ncblﬁafeér@roneM%woamtéws 8lt§ @Y vhefeif¥feanded by
driving a simlarly tap ereddfln into the sleeve. The fluid punp

assenbly oqavawoemseﬁ achd diritethis the pyme bog éangi tl'?%%@'%%‘?‘?‘ﬂt/ Phpri ses a

bore drill&fndrides RGIPWIR JHEQY ndhe ching t@b&ﬂi@%ﬁ&%na@ﬁ%ﬁla@@rﬁ@ﬁt‘aﬁ% a pin
with one or nore cans to provide directional displacenent at a surface of

t he cavi t ySurfage offfhe caViti-d punp assenbly of any one of enbodinents 0 to R
wherein the punp bodies are autofrettaged. T. The fluid punp assenbly of
any one ofsenbduierfert sunth asseblyf off driyesnecsd eibodinights @its & whigrdiagms on
opposite exter @P5|de (ﬁrﬁace of the punp bodies, wherein the raised
sur f aces § Areadwta8etic end plate or the raised surface of an
adj acent punp body whereby the tightening of the fasteners applies a

pr e- conpr ebsi vdheoiud patmpt desenlys el asy mohaca serobodiraemts @ toHe forthgr bodi es.

comprising raised surfaces on opposite exterior side surfaces of the pump
bodies, wherein the raised surfaces engage with an adjacent end plate or the
raised surface of an adjacent pump body, whereby the tightening of the
fasteners applies a pre-compressive force at the raised surfaces on each of the

pump bodies.

U. The fluid pump assembly of any one of embodiments O to T, wherein the
cavities are adjacent an intersection of the piston bore, the inlet bore, and the

outlet bore.

V. The fluid pump assembly of any one of embodiments O to U, wherein the
pre-compressive force extends the operational life of the assembly by reducing
stress adjacent an intersection of the piston bore, the inlet bore, and the outlet

bore.

W.  The fluid pump assembly of any one of embodiments O to V, further
comprising a piston reciprocatably disposed in the piston bore to cycle between
relatively high and low fluid pressures in the inlet and outlet bores, wherein the

pre-compressive force inhibits initiation of fatigue cracks.

X. A method to inhibit fatigue cracks in a fluid pump assembly comprising a
plurality of pump bodies comprising a piston bore, an inlet bore and an outlet

bore, comprising:
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U. The fluid punp assenbly of any one of enbodinments O to T, wherein the
cavities are adjacent an intersection of the piston bore, the inlet bore,
and t he owol2eti/iaza7e. V. The fluid punp assenbly of anyPomaBzio/esssedi nent s
0 to U wherein the pre-conpressive force extends the operational life of
the assenbly by reducing stress adjacent an intersection of the piston
bore, the inlet bore, and the outlet bore. W The fluid punp assenbly of
any one of enbodinments 0 to V, further conprising a piston reciprocatably
di sposed in the piston bore to cycle between relatively high and low fluid
pressures in the inlet and outlet bores, wherein the pre-conpressive force
inhibits initiation of fatigue cracks. X A nethod to inhibit fatigue
cracks in a fluid punp assenbly conprising a plurality of punp bodies
conprising a piSk e i J ; t e, i sing:

Gri 111 ng bor oo GG e0%Cen 8ol RhcrRf SBErBReCll LB ndlgict B | o Ppump
bodi es adj acent an bodies sdiacéndandhntersestion of the pistoe borelielet boneearsind out | et
bore; driving displg&&gg&%.plugs into the bores, wherein the displacenent
pl ugs are selected fromthée group consisting of interference fit pins,

sl eeves wit h t dpeinedisplasedenidilugreintortse bpiesswheren tbedisplacemeet plegss, and
conbi nati ons ther eofy, exipandliigh Uhe HaPLBRSIRR! o iisHerditel REpRET €S tO
apply a pre-conpressive force adjacent the 1 ntersection; FornPng t he punp
assenbl y by connect slagyveshdthgbperafl insjdecfiamelters: emeithexneed niensamedi es si de
by side between oppQsi BhshsioRk#EsofM th a plurality of fasteners; and
tightening the fasteners to conpress’ ' the plurality of punp bodi es between
the end pl at es expandimtheheredispldcernertnmiptigis mmttheX, bergs t e rapptynpr irseéng

autofrettaging the pynReBAM Bfce adjacent the intersection:;
forming the pump assembly by connecting the plurality of the
recompressed pump bodies side by side between opposing end
plates with a plurality of fasteners; and
tightening the fasteners to compress the plurality of pump bodies between

the end plates.

Y. The method of embodiment X, further comprising autofrettaging the pump
bodies.
Z. The method of embodiment X or embodiment Y, further comprising

providing raised surfaces on opposite exterior side surfaces of the plurality of
pump bodies, wherein the raised surfaces engage with an adjacent end plate or
an adjacent pump body, whereby the tightening of the fasteners applies a pre-

compressive force at the raised surfaces on each of the pump bodies.

AA. The method of any one of embodiments X to Z, further comprising
disassembling the fluid pump assembly to remove one of the pump bodies
exhibiting fatigue crack initiation, and reassembling the fluid pump assembly with

a replacement pump body without fatigue cracks.

[0056] The preceding description has been presented with reference to
present embodiments. Persons skilled in the art and technology to which this
disclosure pertains will appreciate that alterations and changes in the described
structures and methods of operation can be practiced without meaningfully
departing from the principle, and scope of this invention. Accordingly, the
foregoing description should not be read as pertaining only to the precise
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Z. The method of enbodi nent X or enbodinent Y, further conprising providing
rai sed surfaces on opposite exterior side surfaces of the plurality of punp
bodi es, wWwereiwn2tive rai sed surfaces engage with an adj acemiiBEndoBet e or an
adj acent punp body, whereby the tightening of the fasteners applies a
pre-conpressive force at the raised surfaces on each of the punp bodies.

AA. The nethod of any one of enbodinments X to Z, further conprising

di sassenbling the fluid punp assenbly to renove one of the punp bodies
exhibiting fatigue crack initiation, and reassenbling the fluid punp
assenbly with a replacenent punp body w thout fatigue cracks. [0056] The
precedi ng description has been presented with reference to present

enbodi ments. Persons skilled in the art and technology to which this

di scl osure ' i | rechat: a it 1O in the
descri bed %ﬁ?ﬁ@?%?%é&gﬁﬁ %@?ﬁ%ggﬁdﬁ %ge%%%%%%hghh ﬂéwg@gbppgggﬁéﬁthout

meani ngf ul $hpuldieprareaidrag doneistenheitipandes slenortied thecfoliewing clamis whishent i on.
Accor di ngl ¥e ¢4 Hﬁvét‘ﬂél‘igﬂlk%n@%ﬁéétgéﬁ%p shoul d not be read as pertaining
only to the precise structures described and shown in the acconpanying
drawi ngs, but rather should be read as consistent with and as support for
the following clainms, which are to have their fullest and fairest scope.
CLAI M5 W cl aim
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1. A nethod, conprising: expanding a displacenent plug in a cavity to
pre-conpress a portion of a punp body conprising a piston bore, an inlet
bor e and w0 20utd2e173bore spaced from said cavity; and comraoEaBogoi3nes
pre-conpressed punp body in a punp assenbly. 2. The nethod of claim1,
wherein the pre-conpressed punp body portion is adjacent an intersection of
the piston bore, inlet bore and outlet bore. 3. The nethod of claim1 or

2, conprising drilling the punp body to formthe cavity as a bore. 4. The
met hod of claim11, wherein the displacenent plug conprises an interference
fit pin having an outside dianeter |arger than an inside dianmeter of the
cavity. 5. The nethod of claim4, wherein the displacenent plug conprises
an air relief port. 6. The nethod of claim1, wherein the displacenent
plug conprises a sleeve with a tapered inside dianeter, wherein the sl eeve
is expanded-MMriving a simlarly tapered pin into the sleeve. 7. The

nmet hod of claim 1, wherein the displacenent plug conprises a pin wth one
or nore cawe df&mprovi de directional displacenent at a surface of the
cavity. 8. The nmethod of claiml1, 4, 5 6 or 7, further conprising formng
rai sed surfaces, on,opposite. exterior side surfaces of the punp body to
apply a pr -CO?HPEQQBV5mNHPE@-at the rai sed surfaces upon the connection in

the punp assem%kganding a displacement plug in a cavity to pre-compress a portion of a
pump body comprising a piston bore, an inlet bore and an outlet
bore spaced from said cavity; and

connecting the pre-compressed pump body in a pump assembly.

2. The method of claim 1, wherein the pre-compressed pump body portion is

adjacent an intersection of the piston bore, inlet bore and outlet bore.

3. The method of claim 1 or 2, comprising drilling the pump body to form the

cavity as a bore.

4, The method of claim 1, wherein the displacement plug comprises an

interference fit pin having an outside diameter larger than an inside diameter of

the cavity.
5. The method of claim 4, wherein the displacement plug comprises an air
relief port.
6. The method of claim 1, wherein the displacement plug comprises a

sleeve with a tapered inside diameter, wherein the sleeve is expanded by driving

a similarly tapered pin into the sleeve.

7. The method of claim 1, wherein the displacement plug comprises a pin
with one or more cams to provide directional displacement at a surface of the

cavity.

8. The method of claim 1, 4, 5, 6 or 7, further comprising forming raised
surfaces on opposite exterior side surfaces of the pump body to apply a pre-
compressive force at the raised surfaces upon the connection in the pump

assembly.
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WO 2011/ 027273PCT/ 1B2010/ 053867 9. The nethod of claim1, 4, 5, 6 or 7,
further conprising assenbling a plurality of the pre-conpressed punp bodies
si de by swoOeobbwen opposing end plates with a plural i PgTaB20le8i3eérers to
formthe punp assenbly, wherein the fasteners are tightened to conpress the
punp bodi es between the end plates. 10. The nethod of claim9, wherein the
pre-conpressed punp bodies further conprise raised surfaces on opposite
exterior side surfaces thereof, wherein the raised surfaces engage with an
adj acent end plate or an adjacent punp body; whereby the tightening of the
fasteners applies a pre-conpressive force at the raised surfaces on each of
the punp bodies. 11. The nethod of claim1l1, 4, 5 6 or 7, further
conprising autofrettagi ng the punp body. 12. The nethod of claim1, 4, 5,

6 or 7, f”étheTaEgrﬂ%bé'd?gclé?ﬂna?'EgsaG%rePVfﬁrthé} &Jhspr%?@té’ Setflifig d nlet bore,

outlet bore or I'nation thereof and ’'expandi Seve ¥ pl ace for
use as a cylliahitesf the prercompiedsed pempeiodied Stﬂe eyl sidenbettwedn opposigoend7, f urt her

conpri si ng, %@dfv\‘ér{ Qgplﬁr}% p&\‘”ﬂs%ﬁ?res%l %r%owbgﬁ]n% %% rﬁbl R/hérfeﬂﬂtrie“ the

pi ston bore and cycle tween relat i vel UId pressures in
the inlet faﬁf@narﬁtar@tlgfﬁm@istp ophwresisrihe h@mprbedles)hpw\@@sé@ puhplatesdy portion
inhibits initiation of fatigue cracks. 14. The nethod of claiml, 4, 5 6

or 7, further %anﬁétﬁwgfaélﬁa@w%hngeb#@c&nh&b@%e@%%&ﬁéﬂ)ﬂuﬁh&p renove

the punp body when it exhibits fatigue crack initiation, and reassenbling
the fluid %W'Sﬁﬁ'é%ﬁ‘gﬁ%e? I‘?”é’pP@%\ea@@F@ﬁﬁ' Bﬂﬁa%d?ereoﬁﬂvheﬁ"f e d punp

assenbly, GRERIduFLES eryaRbUlit il ¥djateRWRR Bl BanCalaRmt Bdmpitdaypy side
bet ween opp05| ng end plates with a plurality of fasteners tlghtened to

conpress t¥ BT o R G 8F iSRS PREIS GiRRIIos A(PESs COMRISREI® TS ! flsp. body

conpri ses @isRlsLAScdIUnsachdf tHel RimPBddfes. an outl et bore and an expanded
di spl acenent plug in a cavity; an

11.  The method of claim 1, 4, 5, 6 or 7, further comprising autofrettaging the

pump body.

12.  The method of claim 1, 4, 5, 6 or 7, further comprising placing a sleeve in
the piston bore, inlet bore, outlet bore or a combination thereof and expanding

the sleeve in place for use as a cylinder liner.

13.  The method of claim 1, 4, 5, 6 or 7, further comprising operating the pump
assembly to reciprocate a piston in the piston bore and cycle between relatively
high and low fluid pressures in the inlet and outlet bores, wherein the pre-

compressed pump body portion inhibits initiation of fatigue cracks.

14.  The method of claim 1, 4, 5, 6 or 7, further comprising disassembling the
fluid pump assembly to remove the pump body when it exhibits fatigue crack
initiation, and reassembling the fluid pump assembly with a replacement pump
body.

15. A fluid pump assembly, comprising:

a plurality of pump bodies connected side by side between opposing end
plates with a plurality of fasteners tightened to compress the pump
bodies between the end plates;

wherein each pump body comprises a piston bore, an inlet bore, an outlet

bore and an expanded displacement plug in a cavity; and
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wherein the expanded di spl acenment plug applies a pre-conpressive force at
the cavity on each of the punp bodies. 16. The fluid punp assenbly of

cl ai m 15, woter@ize78he cavity conprises a bore drilled i RmCrhB2qungssérody and
t he di spl acenent plug conprises an interference fit pin having an outside
di aneter |l arger than an inside dianeter of the cavity. 17. The fluid punp
assenbly of claim 15, wherein the cavity conprises a bore drilled in the
punp body and the displacenent plug conprises a sleeve with a tapered

i nside dianmeter, wherein the sleeve is expanded by driving a simlarly
tapered pin into the sleeve. 18. The fluid punp assenbly of claim 15,
wherein the cavity conprises a bore drilled in the punp body and the

di spl acenent plug conprises a pin with one or nore cans to provide

e onl o SOLSRETR ko S, S R il oo

assenbly of clarm erel

autof rettaged. 20. atthe cavityiah gaghef theqwimyd jodigs. cl ai m 15, 16, 17 or 18,
further conprising raised surfaces on opposite exterior side surfaces of
t he punp b%i ed hedHisrinp assembl &f stping Jbf whereindhg agdtydontpriges adpgcent end

plate or thfesd fepusil 6&)@%n‘afthé‘6iesg%i§ér%ﬁttphﬁ’d18&n9&%,an"}ﬁt‘éﬁérlé}ﬁcé he

tightening of the fasteners appli pre-conpressive force at the raised
surfaces ofin8aw¥ng ap otissleglizmetsolaraes thanzan ingife diemeiter hihacardsenbl y of claim
15, 16, 17 or 18, wherein the cavities are adjacent an intersection of the

pi ston borez. tHeeififlogdunisenditofichtmast WeérePothe cavigzomphiged & b punp
assenbly of  cl ai ein the ca]V|t| es are adjacent an intersection of

, 19, wher ,
the pi st ondBEfdn “%eneumwb@?y BBt dhe dishlapemerfurlieFoRBYSSS a slseverWdh @ i d punp
assenbl y ofpérlediinidd diamresreivhetdie treaslediees axpandsl Be amtinga dimfigfysect i on of
t he piston borg, .t he ihnl et bore, and the outlet bore. 24. The fluid punp
asserbl y ofPeiediPiA i thggleeye o 18 wherein the pre-conpressive force
extends the operational life of the assenbly by reducing
18.  The fluid pump assembly of claim 15, wherein the cavity comprises a bore

drilled in the pump body and the displacement plug comprises a pin with one or

more cams to provide directional displacement at a surface of the cavity.

19.  The fluid pump assembly of claim 15, 16, 17 or 18, wherein the pump

bodies are autofrettaged.

20.  The fluid pump assembly of claim 15, 16, 17 or 18, further comprising
raised surfaces on opposite exterior side surfaces of the pump bodies, wherein
the raised surfaces engage with an adjacent end plate or the raised surface of
an adjacent pump body, whereby the tightening of the fasteners applies a pre-

compressive force at the raised surfaces on each of the pump bodies.

21.  The fluid pump assembly of claim 15, 16, 17 or 18, wherein the cavities
are adjacent an intersection of the piston bore, the inlet bore, and the outlet

bore.

22.  The fluid pump assembly of claim 19, wherein the cavities are adjacent an

intersection of the piston bore, the inlet bore, and the outlet bore.

23.  The fluid pump assembly of claim 20, wherein the cavities are adjacent an

intersection of the piston bore, the inlet bore, and the outlet bore.

24.  The fluid pump assembly of claim 15, 16, 17 or 18, wherein the pre-

compressive force extends the operational life of the assembly by reducing
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20 stress adjacent an intersection of the piston bore, the inlet bore, and
the outlet bore. 25. The fluid punp assenbly of claim2l, wherein the
pre- conpreenue2fsce extends the operational |ife of tireTABHaNE3$6TOY
reduci ng stress adjacent an intersection of the piston bore, the inlet
bore, and the outlet bore. 26. The fluid punp assenbly of claim 22,
wherein the pre-conpressive force extends the operational life of the
assenbly by reducing stress adjacent an intersection of the piston bore,
the inlet bore, and the outlet bore. 27. The fluid punp assenbly of claim
23, wherein the pre-conpressive force extends the operational |ife of the
assenbly by reducing stress adjacent an intersection of the piston bore,
the inlet bore, and the outlet bore. 28. The fluid punp assenbly of claim

15, 16, 17 ssja% acraHtrérrﬁ'i%g(?Jvf\gﬁ 'o?itmﬁgp@toﬂ'tﬁ) @r}hé?rﬁétp(;d)‘?faérﬁplihg 'tgtposed in

t he plston ore en relatively 'high and T'ow f pressures in
the inlet kave outl et bores, wherein the pre-conpressive force inhibits
initiation of fatigue cracks. 29. A nethod to inhibit fatigue cracks in a

fluid punpsssembliiCOims hsddnsblR oPbidinfbd tvyhé?émnh@rprebm;%smweﬂ ng a
pi ston bore, an inlet bore and an outlet bore, conprising: drilling bores

on opposi txtenasetneopPesatipnal ifer elc e aysembly By LFP%LI'Q'Q%/ SteSSHaMBCHY dNes adj acent

an inter seiﬁfelr%t.@i oftth8 pRitcH t%?e kAE MietibdlSnb Mo dRbp&Et | et bore; driving
di spl acenent plugs into the bores, wherein the di spl acenent plugs are

sel ected f on1 rou cons t n rfer ce fit ns, | eeves th

ooy e e e ThE Hbaias 5, PR B harh S Brrto R R St + ane.

t her eof ; eew@mél Ifhg Mwatgjnsphﬁcem’ﬁ]@t ae',ﬂeh‘g)iiy bn r"edjlﬁzn’ty)ls’ﬁésst deﬁ@epitha o
re-co res ive or a acent e. Il.nterse | ONn ormn t he u asse

D ommocs e e Biertise. th bbb 2fg inscQingl B0 Bout cs ol B by or Ao

bet ween opposi ng end plates with a plurality of fasteners; and
27.  The fluid pump assembly of claim 23, wherein the pre-compressive force

extends the operational life of the assembly by reducing stress adjacent an

intersection of the piston bore, the inlet bore, and the outlet bore.

28.  The fluid pump assembly of claim 15, 16, 17 or 18, further comprising a
piston reciprocatably disposed in the piston bore to cycle between relatively high
and low fluid pressures in the inlet and outlet bores, wherein the pre-

compressive force inhibits initiation of fatigue cracks.

29. A method to inhibit fatigue cracks in a fluid pump assembly comprising a
plurality of pump bodies comprising a piston bore, an inlet bore and an outlet

bore, comprising:

drilling bores on opposite exterior side surfaces of the plurality of pump
bodies adjacent an intersection of the piston bore, inlet bore and
outlet bore;

driving displacement plugs into the bores, wherein the displacement plugs
are selected from the group consisting of interference fit pins,
sleeves with tapered inside diameters, pins with one or more cams,
and combinations thereof;

expanding the displacement plugs in the bores to apply a pre-
compressive force adjacent the intersection;

forming the pump assembly by connecting the plurality of the pre-
compressed pump bodies side by side between opposing end

plates with a plurality of fasteners; and
21



21 tightening the fasteners to conpress the plurality of punp bodies
between the end plates. 30. The nmethod of claim?29, further conprising
aut of r et twgizog/i2h@3punp bodi es. 31. The net hod of cl ai mC2ABzNo0/B8B86T urt her
conprising providing raised surfaces on opposite exterior side surfaces of
the plurality of punp bodies, wherein the raised surfaces engage with an
adj acent end plate or an adjacent punp body, whereby the tightening of the
fasteners applies a pre-conpressive force at the raised surfaces on each of
t he punp bodies. 32. The nethod of claim29 or 30, further conprising

di sassenbling the fluid punp assenbly to renove one of the punp bodies
exhibiting fatigue crack initiation, and reassenbling the fluid punp
assenbly with a replacenent punp body without fatigue cracks. 33. The

method of clal yhninh4id Aefen R bFn' pRlLs the BRRARR o {2 ils| e d! P

assenbly to re ve 0 I es ex fatlgue crack
initiation, and rea&lge&mtilnlai@ t he fI uid punp assenbl y with a repl acenent

punp body wi t hout fatigue cracks.
30.  The method of claim 29, further comprising autofrettaging the pump

bodies.

31.  The method of claim 29 or 30, further comprising providing raised
surfaces on opposite exterior side surfaces of the plurality of pump bodies,
wherein the raised surfaces engage with an adjacent end plate or an adjacent
pump body, whereby the tightening of the fasteners applies a pre-compressive

force at the raised surfaces on each of the pump bodies.

32. The method of claim 29 or 30, further comprising disassembling the fluid
pump assembly to remove one of the pump bodies exhibiting fatigue crack
initiation, and reassembling the fluid pump assembly with a replacement pump

body without fatigue cracks.

33. The method of claim 31, further comprising disassembling the fluid pump
assembly to remove one of the pump bodies exhibiting fatigue crack initiation,
and reassembling the fluid pump assembly with a replacement pump body

without fatigue cracks.
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