WO 2011/ 117831PCT/ 1B2011/ 051235 1 SYSTEM APPARATUS, AND METHOD FOR RAPI D
PUVP DI SPLACEMENT CONFI GURATI ON BACKGROUND [ 0001] The statements in this
section eoeby/prssei de background i nformation rel ated t @crhB2pi/esess

di scl osure and may not constitute pridor art.The technical field generally
relates to positive displacenent punps, and nore specifically but not
exclusively to high pressure positive displacenent punps. Qperations with
positive displacenent punps having several cylinders occasionally encounter
hi gh pressure situations, failures of one or nore punps within the punping
system or otherw se perform punpi ng operations requiring a broad range of
fluid rates and pressures within the sanme punpi ng operations. Changing a

di spl acenes¥STEMaAPPARATUS hANDY MEFHOBRFOR RARIDEEUMPI DISALACEMBNTP W th a
mul ti-speed transm ssion, perform ng operations on a punp requiring
significant disassenbly of the pwpricURAPIONXPOSure of personnel to
treating iron or other fluid conduits during high pressure punping
operations. In certain contexts, including oilfield punping applications,
shutting down punping for extended periods during a punping operation can

be detrinental to the success of i operation. Therefore, further
t echnol ogi cal devel opnents are dgékﬁggkgﬁkﬂgthis area. SUVMARY [0002] One

G 5l oMM 3l eSS TS B DR 65 Hr i By EHESH ITUTLieN i que
met hods, systenms, and apparatus to rapidly connect or disconnect portions
of a pu mgrqsq:rﬁid&c@ﬁ@fe fpGpay not constitute prior art.The technical field generally relates to

positive displacement pumps, and more specifically but not exclusively to high pressure

positive displacement pumps. Operations with positive displacement pumps having

several cylinders occasionally encounter high pressure situations, failures of one or more

pumps within the pumping system, or otherwise perform pumping operations requiring a

broad range of fluid rates and pressures within the same pumping operations. Changing a

displacement of a pump in the present art includes utilizing a pump with a multi-speed

transmission, performing operations on a pump requiring significant disassembly of the

pump, and/or exposure of personnel to treating iron or other fluid conduits during high

pressurc pumping operations. In certain contexts, including oilfield pumping applications,

shutting down pumping for extended periods during a pumping operation can be

detrimental to the success of the pumping operation. Therefore, further technological

developments are desirable in this arca.

SUMMARY
[0002] One embodiment is a unique method for rapidly changing specific pump
displacement during a pumping operation. Other embodiments include unique methods,

systems, and apparatus to rapidly connect or disconnect portions of a pump fluid end from



WO 2011/ 117831PCT/ 1B2011/ 051235 2 the punp power end. Further enbodi nents,
forms, objects, features, advantages, aspects, and benefits shall becone
appar ent woaemihessfiol | owi ng descri ption and drawi ngs. BRCEFBDEBCGRRIXTI ON OF
THE DRAW NGS [0003] Fig. 1 is a schenttic diagramof a systemfor rapid
punp di spl acement configuration. [0004] Fig. 2 is a schematic illustration
of an actuator for coupling a pony rod to a plunger. [0005] Fig. 3is a
schematic illustration of another actuator for coupling a pony rod to a
pl unger. [0006] Fig. 4A is a schematic illustration of another actuator for
coupling a pony rod to a plunger.

the pump power end. Further embodiments, forms, objects, features, advantages, aspects,

and benefits shall become apparent from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Fig. 1 is a schematic diagram of a system for rapid pump displacement
configuration.
[0004] Fig. 2 is a schematic illustration of an actuator for coupling a pony rod to a plunger.
[0005] Fig. 3 is a schematic illustration of another actuator for coupling a pony rod to a
plunger.
[0006] Fig. 4A is a schematic illustration of another actuator for coupling a pony rod to a
plunger.
[0007] Fig. 4B is a schematic illustration of tecth coupled to a plunger engaging tecth
coupled to a pony rod.
[0008] Fig. 4C is a schematic illustration of the tecth coupled to the plunger rotating past
the teeth coupled to the pony rod.
[0009] Fig. 4D is a schematic illustration of the teeth coupled to the plunger locked with
the teeth coupled to the pony rod.
[00010] Fig. 5A is a schematic illustration of another actuator for coupling a pony rod to a
plunger, in an engaged position.
[00011] Fig. 5B is a schematic illustration the actuator for coupling the pony rod to the
plunger, in a disengaged position.
[00012] Fig. 6A is a schematic illustration of a side view of another actuator for coupling a

pony rod to a plunger, in an engaged position.



[0007] Fig. 4B is a schematic illustration of teeth coupled to a plunger
engagi ng teeth coupled to a pony rod. [0008] Fig. 4Cis a schematic

i1l ustratworoof11vdse teeth coupled to the plunger rotati rgTABRH1/0$13% eet h
coupled to the pony rod. [0009] Fig. 8D is a schematic illustration of the
teeth coupled to the plunger |ocked with the teeth coupled to the pony rod.

[00010] Fig. 5A is a schematic illustration of another actuator for
coupling a pony rod to a plunger, in an engaged position. [00011] Fig. 5B
is a schematic illustration the actuator for coupling the pony rod to the

pl unger, in a disengaged position. [00012] Fig. 6Ais a schematic
illustration of a side view of another actuator for coupling a pony rod to
a pl ungeroo0018] Eb. A BageEARiillis®ation VIR Zodbbithk i8S BGht 1838840851235

coupling a pony rod to a plunger, in the engaged position.

[00014] Fig. 6C is a schematic illustration of a side view of the actuator for coupling the
pony rod to the plunger, in a disengaged position.

[00015] Fig. 6D is a schematic illustration of a perspective view of the actuator for

coupling the pony rod to the plunger, in the disengaged position.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS
[00016] For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby intended, any alterations and further
modifications in the illustrated embodiments, and any further applications of the principles
of the invention as illustrated therein as would normally occur to one skilled in the art to
which the invention relates are contemplated herein.
[00017] Referencing Fig. 1, a system 100 includes a blender 102 providing low-pressure
fluid to a pump 104. Low-pressure fluid, as used herein, is fluid on the low pressure side
of the pump before being pressurized by the pump. The low-pressure fluid may be
pressurized by the blender 102 or other delivery device, and may have a pressure
significantly greater than an ambient pressure. Non-limiting examples of low-pressure
fluid delivery devices include a centrifugal pump and a gravity feed device. The pump 104
includes a power end 106 and a fluid end 108 having a number of plungers 110. The

power end 106 may be any pump powering mechanism or combination of mechanisms



3 [00013] Fig. 6B is a schematic illustration of a perspective view of the
actuator for coupling a pony rod to a plunger, in the engaged position.

[ 00014] RAwQ.208QA1781a schematic illustration of a side viPewiBiolt/b&23ct uat or
for coupling the pony rod to the plunger, in a disengaged position. [00015]
Fig. 6Dis a schematic illustration of a perspective view of the actuator

for coupling the pony rod to the plunger, in the di sengaged position.
DESCRI PTI ON OF THE | LLUSTRATI VE EMBODI MENTS [ 00016] For the purposes of
pronoti ng an understanding of the principles of the invention, reference
will now be made to the enbodinments illustrated in the draw ngs and
specific language will be used to describe the sane. It will neverthel ess

be under sh@9soddiatthd\@t lihdfidiat 4tQBasOin fnbenas eOpBus@bn EAENd, @mﬁaltahp@sgsﬁerﬂ, her eby
i ntended, any alterations and further nodifications in the illustrated

enbodi menf Siec @RS FYm! P Herm@RMit S @-&ét&ﬁ‘ %c@ﬁVlﬂg}%\x}H KB Rb8sr &vidcheg.
invention as illustrated therein as would normally occur to one skiiled in

e o enot 14 1% YRR PR R e SR
IOMFpressure h? ein is

essure

fluid on/{HET il BB TRodfrenpith E’%d%%wton g plBEE I e by < e
punp. The ressure f|UId essuri.zed by the bl ender 102 or other
del ivery? 95@ mT@HHVﬁ@?“W&@@hgeﬁF@§EﬁF%“@pQ%&?agantIy greater than an
anbi ent pressure. Non-limting exanples of |ow pressure fluid delivery
devi ces iMO13Eesyetemt lppﬂle@@es BYy ﬁﬁu%tﬁrdl 12 tb?tz&\?ill%l?s the pewerepd dea sefpdadeinp 104
i ncl udes a power end 106 and a fluid end 108 having a nunber of plungers
110. The spwwerf teplungss hidy The selagtalampbsplonelpdaygnyeeinber of plusgers ddbi nat i on of
mechani sns

from zero plungers 110 (i.c. the power end is disconnected from the fluid end) to all of the

plungers 110. The exemplary fluid end 108 includes a first set of plungers 110a and a
second set of plungers 110b, and the fluid end 108 operates as a triplex pump when
operating either set of plungers 110a, 110b, and as a six-plex fluid end when operating
both sets of plungers 110a, 110b. In the position illustrated in Fig. 1, the first set of
plungers 110a is coupled to the power end 106 and the second set of plungers 110b is
detached from the power end 106. The second set of plungers 110b are withdrawn from
the power end, for example by a biasing member (spring, etc.) or mechanically held (e.g.
by a pin engaging a notch, not shown) such that the cycling of the pony rods 114 does not
cause an impact with the second set of plungers 110b. In an exemplary embodiment, the
first set of three plungers 110a includes a first specific displacement (¢.g. the amount of
fluid delivered by the plungers 110a for cach rotation of the power end 106), and a second
set of three plungers 110b includes a second specific displacement.

[00019] In certain embodiments, the system 100 further includes a controller 116 that
performs certain operations for rapid configuration of a pump displacement. In certain

embodiments, the controller forms a portion of a processing subsystem including one or



WO 2011/ 117831PCT/ 1B2011/ 051235 4 understood in the art, including at |east
an internal conbustion engine, a hydraulic system an electrical system
and/ or a wochanilgsht system recei ving power from anot her pdeaBma1/(a235 from a
power take-off shaft). The fluid end 308 receives the | ow pressure fluid
and provides pressurized fluid. The fluid end 108 incl udes pistons,
cylinders, plungers 110, and/or other positive pressurizing devices
understood in the art. [00018] The system 100 i ncludes an actuator 112 that
coupl es the power end to a sel ectable subset of the plungers 110. The

sel ect abl e subset includes any nunber of plungers 110 from zero plungers
110 (i.e. the power end is disconnected fromthe fluid end) to all of the

pl unger s nblOconling XewBdsaHayink Intingbre o k88ngd, REd bsleSuRichtionSHar&rire. 0fhpl unger s
110a and a second set of plungers 110b, and the fluid end 108 operates as a

triplex pumRINPEN AREHAL LiRGlc ALTiRESr S@LriBhic@ULNACESd hl Pdnctiddlbrthand as a
six-plex fluid end when operating both sets of plungers 110a, 110b. In the

-pl ex | en oy | , 110D In th
ot he poui ek BErafhufieRey B LebRbp oo nPe S S RIS o

the powerend, 190, JNe SeCoNM 88l Sl PLURGSESLIO0 RAre WAhdoapn from the
power end, &Y gfgﬁ%Pé by ) |£§|nd)néﬁb%r 858? ﬁb}’éﬁc.?poﬁ nechani cal |y

held (e.g. by a pin engaging not ch ot. shown) such that Eﬁ cycling of
the po ny%?lgﬁﬁlei i]?f’] @%ﬂ ﬁgtta?éﬂg‘éer%ﬁnﬁa Hﬁrﬁarcwpw-?ﬁerﬁ% ORIHYY Ogé. of plungers
110b. In an exenplary enbodi ment, the first set of three plungers 110a
i ncl udes centfqliest l&sipar bs pefaamedhpya sprapiteria repporssdo Hipuitongpropidgi@ndel i ver ed
by the plungers 110a for each rotation of the power end 106), and a second
set of t kewputpl igadpbtesmddion. i ncl udes a second specific displacement. [00019]
In certain enbodi nents, the system 100 further includes a controller 116
t hat per {@028] Tlerdoairollap 6 atleadnthe Sascr ephaplooges Hlir atordingad agotpunp
di spl acenent. In certain enbodi ments, the controller forns a portion of a
processi PEmHIHRINS! L3 pibingdiphgs @B eandior a R hilikd 8chPliichB20Edy 051235

example, the job pumping rate and/or the job pumping pressure may be provided to the

controller 116 by an operator in accordance with a job design, and the controller 116

selects a subset of the plungers 110 in response to the job pumping rate and pressure. The

plungers 110 may be of different sizes, for example the first set of plungers 110a may be

smaller plungers utilized in lower rate higher pressure applications, and the second set of

plungers 110b may be larger plungers utilized in higher rate higher pressure applications.

The controller 116 determines the job pumping rate and/or pressure by any method

understood in the art, including at least detecting the rate and pressure according to

sensors, software values stored on a computer readable medium, values provided by

switches or electronic inputs, values provided on a datalink, and/or by values provided as

inputs such as a pumping rate command or a maximum pressure limitation.

[00021] In the example provided, the controller 116 selects the first set of plungers 110a,

the second set of plungers 110b, or both sets of plungers 110a, 110b. The utilization of

sets of three plungers is desirable from a perspective of smooth delivery of the fluid out of



5 nore conputing devices having nenory, processing, and conmuni cation
hardware. The controller 116 may be a single device or a distributed

devi ce, amo20hel1fgsmcti ons of the controller may be perf ecwas2dyofiasdwar e or
software. Certain operations of the centroller 116 nmay be perforned
manual |y by an operator, or provided as operator inputs to the controller
116 through switches, levers, and other inputs. Certain operations of the
controller 116 may be performed by a conputer in response to instructions
provi ded on a conputer readable nmedium [00020] The controller 116 sel ects
t he subset of the plungers 110 according to a job punping rate, a job
punpi ng pressure, and/or a fluid end failure event indicator. For exanple,
the job pwyfRInGOI04aHRWAREY, Blc doholicdl | PHAPkEGtRALEEHE ofPlunBas PI@VFsled to the
controller 116 by an operator in accordance with a job design, and the

control | eLankhb wikkemt ?ot?pxééé&%%d@ﬁe 4vBatd 0% tht i dweP e LEBABGArclif ot e ] ob
punpi ng rate and pressure. The plungers 1 nay be of different sizes, for

exanpl e gfﬁgﬁfﬂ@e PR is QlieAld! c%n&&%@lﬁf@xlagﬁe SIRLLEYcoRl HAgRLR utilized in

| ower pressure applications set of plungers

110b nay b unger.s il he te he ressure

appl i cat f‘%ar%SIS Tﬁgr (%rqt 76 Iaetrb&: é%‘%mgme %1%6 fl% Blc%&% d':'%tng at'® and/ or
pressure . derstood in e art C|Ud| | east. detecting
the rate glﬁﬁlerp%g?f@?%e yALESUT Heha g Wt gomgla ieapeniiictadefYE nuk on a
conput er readable medium values provided by switches or electronic inputs,
val ues pHsigigiameslcgreg of savitaton %rrmmwewlsmtb@soce%m igEengstoiohbut s such as
a punping rate command or a maxi mum pressure limtation. [00021] In the
exanpl e peoviabpemping eorgittivns olctesmineithe wdesof gny hesr pyargdesdesr. ofsepl unger s
110a, the second set of plungers 110b, or both sets of plungers 110a, 110b.
The uti | icgamandhinefrugmishaodontrhied 1pltadgsesfluig vdésiangbireinistowes oper specti ve
of srmooth delivery of the fluid out of WD 2011/117831PCT/ 1B2011/ 051235 6

t he punp dkedntinklopemsing it dteuBattired plengelsl 6l @ynGdeatitizany Indena@r of pl ungers
110. For exanple, where the job pressure and the available power of the

pover  endmbOfinteBQUhE BodtfollcAl B MY &-RlIdbGRLifibHudgsrsSet@pRE 10 4 B&ea@nt rol | er
116 may perforn1any cost or benefit analysis understood in the art before

sel ect | nghfecHRASHhekh0ind PRhding oIRLALITINAGHENIGT uleD il ure

C
will occur i1If t Is conpletely unava|I to ellver fluid,

determ nin r-ee f cay ol pres ng that occurs in
responsec?%plF?S%gﬁ% deen &ﬂfb%%ﬁ%gesgmn ¢ ? r%?%e t he val ues of any

dol i vgyeﬁ‘f‘l?ﬁglsﬂmé?ﬂtra%ﬁ? FurthREPRN s'%g'ns %crﬁllf & Ao e S Rg L1 or oups

of three pIun ers 110 cannot be utili In certain enbodi nents, the

cont r ol | &rlcefadssubagf ofjreiyngers 1dBely ?qrfelnpq%h?dé?@tﬁ therastigign semmandisdet ect ed
failure condition of the specific plunger 110 or related val ves (not shown)
or ot her dierhsonenof thsfactunier 1 1 Lifcek- bidraulog cleetrigt rgumatia. ke daplénki fi ¢ pl unger
110. [00022] The controller 116 further provides an actuator conmand in

r esponse commiahé) thalceuplecths sdlswtd @iingehel Ifl foomg €repodtOend Hocedtdaicnuples

enbodi nents, the actuator command is a direct control of the actuator 112
(e.g. hydicaun-detectedIphaictisd,l 0 froalthmpbeer aatd 106t @hé ndtut@oraintnd inhdtbeaaupl es t he
sel ected plungers 110 fromthe power end 106 and de-coupl es the un-sel ected

pl unger s adfof EMhidieunaeMBod anthe hiGo offble t@ca%?%gatem@ﬂt JTale REua8RY
actuat or command understood in the art to ect the appropriate novenent

of the ag 5] Qﬁaﬁdlﬁé% ledspﬁ: hféﬂl‘aﬁ Jaldl vIsRASH 8 oﬁbl%ﬂ)lr @ﬂétrﬂéﬂdéQhé/ bﬁe‘rgbtewﬁlgh an

operator instructing the operator which plungers 110 shoul'd be coupl ed or
command RayeESTh? %&uﬁﬂ"%ﬁ syBof QO s Ok BlhoRER B @?I%ﬁe%”%u?éf ng rate.
| st ruct SgRRERns BRg a%t}l Qﬁ%@?%%on@ef?e/' BB S it PR i ng 1o
the UMDl g A B L Suple a written table stored in the vicinity of the pump that instructs

which plungers 110 are to be coupled and de-coupled according to the pumping rate that is



WO 2011/ 117831PCT/ 1B2011/ 051235 7 to be provided by the punp 104. The
witten table and/or any data stored on a conputer readable nedium
associ at edowntinirsse punp 104 may be updat ed accordi ng t @CrhB2oaondizis ons of
the punp 104 - for exanple according fo the size of the presently installed
pl ungers 110 on the punp 104. [00023] The controller 116 further selects
the subset of the plungers according to a determ ned event. The determ ned
events include any event known in the art that is affected by the specific
di spl acenent (i.e. the amount of fluid delivered fromthe punp for each
rotation of the power end 106 - e.g. a crankshaft118 of the power end).
Exenpl ary determ ned events include an overpressure event, a high pressure
event, atd B\pidliASSHY the@yiiptl04a TRE WRitERtdbl DALY €AY dat@stBlcdR@I cofpllesr e event,
a service event, a punp startup event, a cavitation event, a bl ender

failure eu@mie nRAMPLssGidONVRA BRSNS fdauhs KlaldayRl Yedorlihgfoghgvent . A high
pressure event includes any pressure in the system 100 that is above a

t hr eshol e, K DAL dhSsid Y fasfaed D
i mum £ oy ustSiof Uy REFYTR P BREREHE A Al Hn FelbltY Bubed 12
naxinun1t{eatnq éﬂg{essurq§4a hi gh pressure relative to the treating

e ing

equiprrenpu(n‘é‘?%.51 }FﬁggP' “iron, a casing segnent at |east partially

& Soonnedft2 Eaae R At fishier Safhisthe R GHGE €eardB8 M osponse (o

an overpressure event. [00024] An enbodi ment of the exenplary system 100
i ncl udes dgtepinedeieat. 1By detegmined ckatpinelyds gnyevestkratindn thefar thitds est 122, and
a data gathering nodul e 124 that determ nes pressure data fromthe well bore
120. The affetted Gathhepdcifer disrdadementid e rthyamowit ofiBuid debvgyed Bomithepungefosr mi nes
data fromvarious sensors distributed in the system 100, although any data
gat her i ngadhodtatien 4Pdhe psweammtldip-ate d cluakdiafil 1 STbfehe powerehte rExXtipldryr t her
selects a WD 2011/117831PCT/ 1B2011/ 051235 8

determined events include an overpressure event, a high pressure event, a low pressure

event, a pump failure event, a plunger failure event, a service event, a pump startup event,

a cavitation event, a blender failure event, and/or a low-pressure fluid delivery failure

event. A high pressure event includes any pressure in the system 100 that is above a

threshold value, for example a pressure that is high relative to the maximum force allowed

at the power end 106, a high pressure relative to a maximum treatment pressure, a high

pressure relative to the treating equipment (e.g. the treating iron, a casing segment at least

partially exposed to treatment pressure, etc.). In one embodiment, the controller 116

disconnects the power end 106 from all of the plungers 110 in response to an overpressure

event.

[00024] An embodiment of the exemplary system 100 includes a wellbore 120 fluidly

coupled to a formation of interest 122, and a data gathering module 124 that determines

pressure data from the wellbore 120. The data gathering module 124 may include a

computer that determines data from various sensors distributed in the system 100, although

any data gathering module 124 is contemplated herein. The controller 116 further selects a



subset of the plungers 110 according to a treatnent pressure value froma
mni-frac operation perfornmed on the formation of interest 122. For

exanpl e, wbter/thss1t reati ng equi pment i s connected to tkreTAB201D0F1235120, a
mni-frac treatnment (a snmall, data gas8hering fracture treatnment) is
perfornmed that determ nes at |east one of a | eakoff value for the formation
122, a fracture closure pressure, or other paraneters, and the treatnent
pressure value is determ ned according to the data fromthe mni-frac
operation. The treatnment pressure value may be any treatnent pressure that
is determned froma mni-frac or other punping diagnostic test, and can
include at |least any of an estinmated nmaxi numtreating pressure, a pressure
that wil kuter sfeBiplofebed Ol hiceaindya uRftnfehesit st \aledromR b k@i frand/ or a

not -t o- exceed pressure such as a pressure to avoid fracturing a formation

nei ghbor i\p&afiliepdr REABE biPthe WbrnlaBibe bERterd? 222 [PQLAhpIE eI &eRrifyTDOdi Nent s,
the controller 116 selects the subset of the plungers 110 to comrunicate a

pressure t. i . 5 I .y be
G111 zea PaPBEiCoRelQPhewtit? S0 Atk PRV bR TS SHAR BAREAREY 0 10
| oggi ng t.00l s,. or to perform.any .other pressure puls er at.i ogps under st ood
i the argo el BRI Qi et R R BE L FRE RIS having che
power eng 106 angztge fluid end 108, thﬁ fluid end %08 havi ng a nunber of

pl unger s [ ATHHIOR ke AAHSMER YSSUUPTEREFC: PhePEFRREYies- 0 (Pt (B PERI® coupl es
the power end 106 with a sel ectabl e nunber of the plungers 110, and a

cont r ol | &plug sgleignmined apeoadiag & the difa froat the punipfrasrpsrasion.1 hegedmenitng to a job
punpi ng rate and/or a job punping pressure. The controller 116 further

provi des peasstae valug ey bo amaimektment pesspivn gt isoletchmingé oot ainrirber ober t he

pl ungers 110. The exenpl ary apparatus includes the punp having two groups
of t hr eepphpmgeliagndtacst,bhbOban inhkade at lhest sigl echablieatad mMaemuwif tredtmgpl unger s

i ncludes the first group of three plungers 110a, the WO

2011/ 117 @b Rbed /a1fB2@0rk /1Rt $2B Be B:qaReDRDreklsp e fitablugea fhtager, sndidQb, and/ or
both of the groups of three plungers 110a, 110b. In certain enbodi nents,
the cont Lel-foedxcdeifr&@h@Ghéh dshSralaiRes aRfid Frﬁ&uﬁﬁg‘@ﬂﬁﬁlﬁti&ﬁ&‘e@%%bﬂﬁg e an event
i ncluding an overpressure event, a high pressure event, a Iow pressure
event, arHUIR.A 8f itk &t e¥ent, a plunger failure event, a service event, a
punp startup event, a cavitation event, a blender failure event, and/or a

| ow pres ui.d..del jver B lour vent. Th ctuator 112 ma oper at ed
manaal 1y 10028 bt Sl mtal e ¢ Bdst] MaseR REMISRF gt bl G uborary
apparatus includes the actuator as .a, slidi s| eeve 202 th en es a bal
2001 n o S BOUIETS geraimr Gha SRRl T o ShERa. Prerrut BB RO e
include mu|tiple balls 204, for exanple distributed radially around the

pl unger ¥bzedrto cHBMYBISHC MBE dprmholefieols spmppicateiith atrespead ty lneging. 2
further include a key or displacenent rod 208 that engages the ball, shaped
dogs, andaby. osto pgrfiagm gheether rosure nylselppcratenspindersfoogtingthe art. t he di spl acenent
rod 208 engages the sliding sleeve 202 while in proximty to the plunger
110, f or ¢00036} Ae csingdarg apORatoy eiclutlerethb aluhp 204 havhegtht pewpommg 106dnd ¢ pushes
on the plunger 110 and di sengagi ng the pony rod 114 fromthe plunger 110.
Cont i nuedluidandmel} thefluidrad d 08 pivdsearimhbdrod pROZGere N Y@ JES: dpperatedu@dB W th a
notch 210 in the plunger 110 hol di ng the plunger at a nost w thdrawn

posi ti oni@ndicpiR\ERhioN Y1 BtheOddupRb 8RR fRfvet iRl WEWABES scldtthbW dumbehef @eny rod
114 (al though generally contact between the pony rod 114 and the plunger

110 wi Il ,GRBELPYE A8l alchRrdTRS | 1 ERLERARH ARSI} mhgf)luhgé?s PANYecbRhekd4) - 1N

certain enbodi nents, the sleeve 202 may be biased (e’g. wth a spring) to
a1 1 o ngT EHATHRRT iR TR BB ot e MR PE Al GRSt 100
pr ot s B ey AASEhewdp tesder et Buibtus fis ey 0. The Seplar

apparatus includes the pump having two groups of three plungers 110a, 110b, where the

selectable number of the plungers includes the first group of three plungers 110a, the



WO 2011/ 117831PCT/ 1B2011/ 051235 10 flexibility to be pressed into the pony
rod 114 when the sleeve 202 is forward. The rod 208 is affixed to a

st at i onarwyoporttitgss1iof the fluid end 108 (not shown). Thecappzmadiigzdshown in
Fig. 2 is illustrative only and any etbodi nents including a ball and
groove, shaped dogs, or other coupling nmechanisns are contenpl ated herein.

[ 00028] Referencing Fig. 3, an exenplary actuator includes a first pin 302
that couples a clanp 308 to a pony rod 114 in a first engaged position, and
a second pin 304 that fixes the clanp 308 to a stationary portion of the
fluid end 306 in a second engaged position. The actuator illustrated in
Fig. 3 is shown in the second engaged position, and it can be seen as the
pony 1 od sdobftd widup @F aiee {10EAERD 0bOarlde bbihPTlile drbepsfunsepluddds [ BaRi ns and is
de-coupled fromthe pony rod 114. [00029] In the first engaged position

(not showngp, ﬁqu%rtﬂh@m%%n{é’ﬁt\é%e 'é&htﬁﬂ@r FIORHLR tﬁ@&&&?ﬁffh@%kﬂ%@m while the
second pin 304 noves down and the clanp 308 is no |longer fixed to the

stationar, é’copcﬂfl ][0%91 eQ/fe%t 1Hﬁ (ﬁlhg Lug ?ﬁé?&fegégpe’ evleitlt g ﬂ%&tf)?es%@ @VJHI:[ Qa%%vhe

illustration i irst eng osition, as the pony rod

114 wi t hdr aws 114 and the pl unger
110 is ¢ h erselbievenup|pélalp?f§ﬂ%fﬁsveémﬁunegﬁa%e D A T

co-ordi nat ed novenent. of the p (gog ﬁ& ct uat ed enforced by
any mechaATURf{REEcaYigsign ickent rf‘eb a¥ aiﬂHE"*I 6i)(&‘i“ %" BN on the use

of sprln%4returns or rockers. The actuation of the pins 302, 304 may be
el ect r ondelivery filge Gvent. dhe asetPe ! | 2iamuke opcsted MABEYK ImFRaBt her nechani sm
known in the art, and may be operated by or at the direction of the
cont rol | embadigientsn certai n enbodi nents, the control ler 116 engages t he
first pin 302 (sinultaneously or previously dis-engaging the second pin
304) to ¢aeneprER¢ftrenpoykiz. 2ra ckOfiphoy @ppsehsctdadcs thengerntot 20a sladiog engages t he
second pin 304 (simultaneously or previously dis-engaging the first pin
302) to decwomltiatichgageonbsll 2080n20:kddvER08 3M6T4 IRBELAILORIL2HOWN). The

apparatus may include multiple balls 204, for example distributed radially around the

plunger 110 or the pony rod 114. The apparatus illustrated in Fig. 2 further include a key

or displacement rod 208 that engages the ball, shaped dogs, and/or sliding sleeve 202. In

the example of Fig. 2, the displacement rod 208 engages the sliding sleeve 202 while in

proximity to the plunger 110, forcing the sleeve 202 over the ball 204 when the pony rod

114 pushes on the plunger 110 and disengaging the pony rod 114 from the plunger 110.

Continued movement of the displacement rod 208 engages the rod 208 with a notch 210 in

the plunger 110 holding the plunger at a most withdrawn position and preventing a

collision of the plunger 110 with the pony rod 114 (although generally contact between the

pony rod 114 and the plunger 110 will continue at the most extended position of the pony

rod 114). In certain embodiments, the sleeve 202 may be biased (¢.g. with a spring) to

return to the position illustrated in Fig. 2 when the rod 208 is withdrawn, allowing the ball

204 to re-engage the pony rod 114 and the plunger 110. The ball 204 may be biased (e.g.

with a spring, collapsible metal protrusion, ctc.) to an outward position, while having



11 end 106 fromthe sel ected plunger 110. Each of the plungers 110 on the
punp 104 may have associated clanp(s) 308 and pins 302, 304, allow ng the
control | ewOo20af/t1e833el ect or de-sel ect any plunger 110. [PC0OOBDN1/RERE enci ng
Fig. 4A, an exenplary actuator includ®s a first nunber of teeth 404 on a
pony rod 114 that selectively engage a second nunber of teeth 402 on a

sel ected plunger 110 shaft. As the dis-engaged pony rod 114 approaches the
pl unger 110 (nmoving in the direction 410 in the illustration of Fig. 4A),
the teeth 404 of the pony rod 114 engage the teeth 402 of the plunger 110.
In certain enbodi nents, the plunger 110 includes a faceplate 414 having the
teeth 402, and the faceplate 414 rotates in the direction 408 relative to

the pl ungexkibilibdtodt frevsed DRAdhe ppiiy 1S 14 WheR e siichePoTREH@AE MTHIeYi di ng
rotational freedomto the teeth 402). After the teeth 402, 404 pass each

ot her, t568k&ﬁﬁhQﬂéhs%ﬁBhﬂ%ﬁoﬁﬁthﬂwHﬂﬁl&ﬁpﬁ@kﬁh%h&%ﬁ ﬁ%@%?zhﬂﬂsi” the
dlrectlon 412 - reference t hereby | ocking the tee and engagi ng

th I t I
engageroR ot " %%E‘ﬁhﬁ%‘?‘m %d. %9? 5%1%1?2%52%5”01@9*’%@9% bugh 4D,

with the ﬁfeéao402ft 84 appr oachl mn Smﬁ %Bm>P t%g rotation 408 allomnng
the teet R 402°°%od" ¥'3°'s1 ﬁhs? EreT R E At, and the return

rotation eet h 40 404 in Fl nber of teeth
200 04 H3LLREEE a%%pg%c%&noqxﬁlap‘?af BRI aﬁ‘ﬁ%\w 55 BHEOWPSKi 1 i n
the art having the benefit of the disclosures here, and will vary according
to at | esmpdsite agorood 1 i fiee engagedpssiop) @;@#wcomléﬁ%th@ fiésdhe and t he
forces applied during engagenent, di sengagenent, and punping. Additionally
or alter ngt mp RO a statonaseportiaQ of tha GlaidofndGRE ipr sdsondhergag pasdipnbdhpel i cal |y
shaped to | ock together torsionally upon the pony rod 114 forcibly

encount enctngfot tlastpdtetigdiig. Bi®shdwn iaelid scondemigaghidienitisy, andlitycaobe saxh agach
tooth 402, 404 are utilized. WD 2011/117831PCT/1B2011/051235 12 [00031]
The appatiaipesyirdd Listwishdeghvd (ndvigh to4ihs Hige) the @RingerME Ohanaismiridiatie-hol ds t he

pl unger 110 at a furthest w thdrawn position when the plunger 110 is

de- coupl ggudiELmh e RRPYod Ph. 114. For exanple, a sliding rod 208 engages a
feature on the plunger 110 to di sconnect the pl unger 110 fromthe pony rod

114 and/ 00§ %éjﬁréh&g% t @fat.lofll%IQQttsQo | o 2%@2\%&}%9{1 Wi %}%%lgés th (e.g.

into the |UI end 306 © maxi nmum nce fromthe p 114). 1In

t he enbodi nent H 208 en es..a helical t oth provi ded
on & cir urﬁerdelﬁ%e e i ephd B BT a8 o%lcd?tﬁaclﬁmpéﬁ?éw gﬁfﬁ%%. Fecti on

408) of th aceplate 414.to0 di e the teet nd hol di

onger 1B S oRE RGP Hﬁﬁﬂﬁ%ﬁgpas@?%ﬁeen i e B se P Berby nat i on
of actuators understood in.the art to rotate and wt dram/the pl unger 110,
i ncl udi ngAnt He St PRERREhPeSHIPNefAg PAY rgdd#éw@d@fvs{tﬁ%pbﬁaﬁd‘é meyes i s
contenpl ated herein. In certain enmbodinents, the cam 208 engages the

hel i cal vodtthe agw rahéit envethpolpgerddO isitercby el te sreaneonsd cnblred thhe f 1 i d
end (i.e. the plunger 110 is at top dead center), where the engaging force
of the teemnh 1892ThaA@soidmagtd movemennefithoping 30X 804 aiap be pttodedremt snférasd a snmal |
anount of slack. [00032] In certain enbodiments, the pony rod 114 i ncl udes
a pony r odahy mebiddisanchdeBe ofdlivtgeart, ihtidingolitdaslidit@gicnnbensel dfgpdd6. A cl anp
502 coupl es or de-couples the pony rod 114 and the plunger 110 by engagi ng

or di s- eRga@k BOrock@s.| TRSacalion 5Pfhe piRS0L] AAMBAR dIRYrohR, Ky didugicd cl anp
enconpassi ng both Iips 504, 506, and may have a qui ck di sconnect |ever or

ot her deyjGhnaticOhaRReIP HRoudh anl Yhfr ARCIRMART }é'lw;ltm@w 'aﬂgma§9&d by

Vi ctual i ¢ Conpany, 4901 Kesslersville Road, Easton, or simlar

devi ce, gﬁ%’ra@ﬁ by%k %tjtﬁ@glrécﬂoﬁgf 'cS'ntfcﬂiéPf'iquHtc%al@B&B%Hw? Zthg‘éé(nt%%epperat ed

mechani c ec ronagnetlca her
understo in the a n a a pony rod
e 50a 160 sbskr ety P@@éﬁl”\ﬁ%@%@ R B geBIE 65 Patd Gae S%OP? & br'e

304) to couple the power end 106 to a selected plunger 110, and engages the second pin

304 (simultancously or previously dis-engaging the first pin 302) to de-couple the power



WO 2011/ 117831PCT/ 1B2011/ 051235 13 cl anpi ng nenber (e.g. a flexible point
508 or hinge) and a stabilizing pin 510. The stabilizing pin 510 in the

il lustratworrotf11/3g. 5A is biased into the stabilizing po3iiB2aNinz
couples the pony rod lip 504 to the pltunger |ip 506. The actuator further

i ncl udes a displacenent rod 208 that noves the stabilizing pin 510 into a
rel ease position, allowing the flexible point 508 to flex and thereby
de-couple the pony rod |ip 504 fromthe plunger lip 506 (reference Fig.
5B). The displacenent rod 208 may additionally hold the plunger 110 at a
nost wi thdrawn position to prevent inpacts between the plunger 110 and the
pony rod 114. A release of the displacenent rod 208 allows the stabilizing
pin 510 tAd 168 W6 thd\RldeicdPungB2! 100 RacPestht pRigWR el @o@thiPunpaing uiyt er of the
pony rod 114 will couple the plunger 110 to tﬁe pony rod 114. [00033]

Anot her XML A NAARAPERS 3R nAFilRS, daCadRTiHRHR coRRNIRT 1 &tdRB L @0t h cl amp
602 that couples a pony rod protrusion 604 to a plunger protrusion 606. A

rotation 40f r 1410 (or the pony rod 114, although generally the
pony roddgfﬁgggmfhﬁggﬁg%glly fixed) to an engaged position engages the dog

tooth cl ith ap. opposi n otrusion. Referencing Fig. a side
e shollpEe s olad s BR i el B o - o) et s Brn Goa
and Fig. 6B illustrates erspective view of the d ooth cla 602
ongagl ng BREOPBHY adnde TeR St seropd el pet a0t OR0F#Rh. oA t he
dog tooth clanp 602 is fixed on the plunger 110, but dog tooth clanp 602
may al t ePRAEEVdOyhae Anthediretngagednoey peshll 4apgropales thy plangsa hb¢mafingiog t oot h
clanps 602 may be provided, with sone on the pony rod 114 and sone on the
pl unger inthe dreetonatl ) omthefillustratign efdgerdAl1de (wth 4Meofplamyony oed 119ngege a

di sengaged position di s-engages the dog tooth clanp 602 fromthe opposing
pr ot r usi dr, tecthd0Whthe phiaggpdny. frockrtbidembddnoerasyshef plaonmpet hE) jpkludeger 110 t he
pony rod 114 noves freely away w t hout being coupled to the plunger 110.
Ref er enciffigpliicghl 4 h¥¥on2 hkkéctd 488 hRCie ¥e2plbld AA 1B ks Iiftthe direction 408

relative to the plunger 114 on torsional springs (or any other mechanism providing
rotational freedom to the teeth 402). After the teeth 402, 404 pass each other, the torsional
springs return the faceplate 414 (rotating in the direction 412 — reference Fig. 4D) thereby
locking the teeth and engaging the plunger 110 to the power end through the pony rod 114.
An exemplary engagement of the tecth 402, 404 is illustrated in Figs. 4B through 4D, with
the teeth 402, 404 approaching in Fig. 4B, the rotation 408 allowing the teeth 402, 404 to
slip past cach other in Fig. 4C, and the return rotation 412 locking the tecth 402, 404 in
Fig. 4D. The number of tecth 402, 404 is sclectable according to information known to
one of skill in the art having the benefit of the disclosures here, and will vary according to
at least desired cost, manufacturing complexity, materials used, and the forces applied
during engagement, disengagement, and pumping. Additionally or alternatively, the tecth
402, 404 of one or both sides may be helically shaped to lock together torsionally upon the
pony rod 114 forcibly encountering the plunger 110. In certain embodiments, only one of

each tooth 402, 404 are utilized.



6C, a side view shows the dog tooth claim®602 rotated and di s-engaged from
the pony rod protrusion 604, and Fig. 6Cillustrates a perspective view of
t he dog twot2hiici1z3m 602 di sengaged fromthe pony rod pr@®CraB2ono8ess The

pl unger 110 and/or pony rod 114 may be resistant to rotation, and the
actuator provides force on the plunger 110 (or pony rod 114) to rotate

bet ween the engaged and di sengaged positions. In certain enbodi nents, the
pl unger 110 (or pony rod 114) may be biased to one of the engaged or

di sengaged positions, or may rotate during nornmal novenent (randonmy,
freely, or slightly), and a stabilizing pin (not shown) may prevent
relative rotation of the selected plunger 110 (or pony rod 114) such that
the sel eqdedd1 PN dpp@atus Angaged irdFig A agAIged InctSani®i Mhetiodhe pRORF4] The
foll owi ng descriptions provide illustrative enbodi nents of perform ng
procedur 3o fOf fuf@Rk Uind@RATHolibh MBcRHR YheE SRl id8ETHIed FRRHRIIADS0d
illustrated are understood to be exenplary only, and operations hay be
conbi ned 198, Abechifhe, A0RACIAd0REnLENDY Bihurdh W blurdS: MEOAERk L vhol e
or part, unless statéed explicitly the contrary herein. rtarn
operations de idbed . may be inpl enented a,.co [ _executing a conputer
o ogr am BBk DR gt d TR aRTRD o Bk BhFETRHI S0 ¢ RSB Per orobr am
product copprises instructions,causi t he conputer.to execute one or nore
of the oPAPIEIBROSER (§6 MOdienBESRbr IS 2 IR GiTASEE 0B SRt o one. or
nore of the operations. [00035] A procedure includes an operation to punp a
first di & BHdenbnhe smbedipceofdig. (4. ehercammOs cpaages phieliq @S&sﬁ@érﬁé%‘tld%hrrp
having a first nunber of plungers with a rotation of a power end of the
punp. Thenficrsemigienot atbereeplaiesid it forang refagive dinttee dirrstionépt) ofticunme of t he
first nunber of plungers in response to the rotation of the power end of

t he punp f{ceplgte 41 3s diammgayothanetlr 402 aflfhotiienby pluogsdd) to thadhaxirhhimbe f urt her
related to the area of the face of the plungers. The procedure further

i ncl udes wathdepermtition. hay afangeort ddenbidatish o NAUIREsTs Ghdersfdd in the art to

2011/ 117831PCT/ 1B2011/ 051235 15 plungers to a second nunber of plungers,

and to pme@née«%&ﬁwdhwha%&W@o,tinaﬁam@tmﬁt)uttlﬁﬁtafﬁbyleggafgrnfgra drb&veRpsi tive
di spl acenent punp, having the second nunber of plungers, wth a rotation of

t he powe hai. ko j acenent
amount  of TRa P! LG SHEp Y R R gy A SRR el e
di spl acepent u i.e. the s . u f the cond, appunt, of plungers
s 11 onge RPBHeateo Tt S aT R i R R R R AR NGRTs) P T
certain additignal enbodinents, the second apgount. of ers.may: include
Che 1 1Pl or B By eraeneht et agor e R ADSOY TR ¢ ho fir ot
anount of plungers, or. be a set of pIun?ers that is a partial or conplete
subset ofMBIHEINF P1 18 ceridip grPodmeps hayeraall et el slagk- exenpl ary operation of

t he procedure includes changing the plungers by switching fromone set of

t hree pl (982 EIntcertain smbedicncyist thepomhiodd 1 hiinghiges 8 pomnrodllipeX0danéthsper at i on of
the procedure includes adding a set of plungers, subtracting a set of

pl unger s pluagel/ Id0 igdudes aplunggr lgi $060fA tlhamppllngaliss drderroules thopery wdd. The
operation to change the plungers further includes, in certain enbodinents,
an oper atliobond the gringermni10dytehgiginy @ulipenggipp @sslipseoha®ol Mbe epgapdopast a
threshold, and to performthe operation to change the plungers in response

to the puiRibea rggﬁ@aﬁl% @nddhsia8asd Keth PRS 504, 366 taha ﬁﬁgqala% a H00&idonhbe

exenpl ary procedure nmay be performed remotely or by an operator |ocated at
the punmp iAo EHRIRLALY PEHEEAMEE SR 14065, 3BinPRsE AN 00Id By $Rkek the first
set of plungers, the second set of "plungers, or both sets of plungers,

t her eby i i.x=Rl: S - e g i stinct
speci £ o s aRo BB R U B, B A e o R cTarti ng
the punp in.an pongoin unpi ng.operati on .9, Wwth other fluidly coupled
punpe. a ¢S pBRERRES. TR RS BLpbRytT it HlSFoprbEnY, “ang

et eas] Bty O EPShy SlerthngSl ko e kiR Fie LA Pl HRAES, 21 e

couples a pony rod lip 504 to a plunger lip 506, where the clamp 502 includes a flexible



WO 2011/ 117831PCT/ 1B2011/ 051235 16 started. The first nunmber of plungers
and/ or the second nunber of plungers may include a single plunger, or zero
pl unger s wbepa/a78shange i n the plungers occurs in respoRSE/IBW1HNS1235

over pressure event or other punp shut@own situation. [00038] In certain
enbodi nents, the changing fromthe first nunber of plungers to the second
nunmber of plungers occurs wthin a changing tinme value. The changing tine
val ue varies according to the specific systemand the purpose of the change
in the plungers. In certain enbodinments, a rapid change is desirable (e.g.
in a near-screenout situation due to fluid | eakoff where a | engthy shutdown
may risk punping job failure) and available (e.g. a rapid actuator response
i's possi blagpsischcraberadlg A IBE BEin50sirEn ) @RV estatiliisipg p@esTONThE 0, etc.)
and the changing tinme value is less than five seconds. In certain

e”bOdi”E@&Eﬂagﬁﬁﬁﬂﬂﬁﬂhﬂkﬂﬂﬁyhﬁﬁn@PF%@&&ES&E&B%&B%@?ﬁ%ﬁﬁﬁh hdsttioRgndinder st ood
by one of skill'in the art having the benefit of the disclosures herein,

t he changj t. i S F

i ol di SRRt foish LERE phBE Ik She" REALPAIN® A 1y seconas
(e.g. where, several tions, to Il the s. durin hangeover are
requi r ed SBERARTL R ARGhA IR s bBirinegtie s BAR s e AR HRARE,
enbodi nents, the changing ti val ue may be | ess than sixty seconds, or a
time gre R o dex oithy de-chilniginngopy i T ST BEG ner en n
are exenpl ary, and depend upon the specific requirenents and inplenmentation
of the s §t58%1(refeﬁer@é thaﬁﬁ)-eﬁﬁo@m%cﬁtr@l}t oAl 0% man gfldigonadly heldthe AASAI t hout

st oppi ng punpi ng operations of the punp. [00039] Yet another exenplary

pr ocedur é19 aicd mds svithdragpmeroattionmo prgvént imphois ketugsinghaplpogep 1 h@widige aomunber of
plungers to a fluid line, an operation to couple a first subset of the

pl unger s radl l&. powdtaseoitthoflisplaenpunmd 288 chllans dpatabilizorg o S putwpe@rnt thai d
through the fluid line with the first subset of the plungers. The procedure
further ichelpdeso apogR&l whéred nba MEuddek bf Iht 1333 RIEATY 112034816 13funkér punp
the fluid through the fluid line with the first subset of the plungers, an
operation @ GOPShEroa 138cond subset of the plungers to the power end of the
punp, and an operation to punp the fluid through the fluid Iine with the
second s ' udes an
operati owggld%{mé%g%%ﬁghgg%?gg%%@ E?n ‘%?%EEJS ?“‘Ewg’f ggﬁ%’a{rll goé %6%%? égrrcl)l% ?n@t he
operati Ot Qo e%%l eont h(?d 55 rl?sqgn édﬁbtg%t hPII e} hr%trgslignng(%r A iror%at{o%sotf%]ese to the
treat nent pre strd varue’ puirgetp '

plunger 110 (or the pony rod 114, although generally the pony rod 114 is rotationally
fixed) to an engaged position engages the dog tooth clamp 602 with an opposing
protrusion. Referencing Fig. 6A, a side view shows the dog tooth clamp 602 engaging the
pony rod protrusion 604, and Fig. 6B illustrates a perspective view of the dog tooth clamp
602 engaging the pony rod protrusion 604. In the illustration of Fig. 6A, the dog tooth
clamp 602 is fixed on the plunger 110, but dog tooth clamp 602 may alternatively be
included on the pony rod 114, or a number of dog tooth clamps 602 may be provided, with
some on the pony rod 114 and some on the plunger 110. A rotation of the plunger 110 (or
the pony rod 114) to a disengaged position dis-engages the dog tooth clamp 602 from the
opposing protrusion, and when the pony rod 114 withdraws from the plunger 110 the pony

rod 114 moves freely away without being coupled to the plunger 110. Referencing Fig.



[ 00040] Determ ning the treatnent pressure val ue includes determ ning any
treatnent pressure value understood in the art that either indicates a

di f f erentwpunp/mpssei fi c di spl acenent (e.g. plunger headPsiraBloii/gs1d&si r abl e,
or that a specific plunger or set of ¥l ungers has experienced a failure or
requi res mai ntenance. Exenplary operations to determ ne the treatnent
pressure value include determning the treatnent pressure value froma

m ni-frac operation, determ ning a naxi mnumtreatnent pressure observed
during the punping (which may be updated during the punping), and/or

predi cting a maxi numtreatnent pressure in response to pressures observed
during the punping with the first subset of the plungers. For exanple, the
det er m ngti 9RdOtichiiovk RIITR BdotDEIRES BOBrovAbd iy e dagddilem @it @b irsd@t | on
that a maxi mum pressure allowable for the first set of plungers will be

exceeded ?&tru@mh%b@ranH%g“%CCiHﬁétﬁQ:s% p@ﬂ?&!ﬂ'&g vRRESAE 88k 108 IANIOR UKD 1S made
to the second set of plungers before maxi mum pressure allowable is

achi eved, e I on to
ot eot - a P ERERahPoSTAOTHRERLSn bRTREARACL S WEHIRET 0 QOERAK CF e
pl ungers and eratlon Q. cou he secaond sub of the ngers in
; esponse“fsostatnhé’ PrfPE Bk fid 380 50 BEBR e Eahbria§e P Sur e
further includes an eratl rovi.de a sure to a downhol e
devi ce. B @éﬁéﬁﬁ%wmﬂ Eengrggd b SRR gt BB T CaPE P PR aghAnol 6 VIO
2011/ 117831PCT/ 1B2011/ 051235 18 tools, comrunicate with or respond to

| oggi ng PBOEE, 11810k Renyard bi4hmspypediaed tomns 9§ theengiged er diseieagibns under st ood
inthe art. In certain further enbodi ments, the procedure includes an

oper at i oposigonsobrmasheetafté detnggiogmall evemght (malnsingléy, drealy, er shghtly)windedr awn
position fromthe power end after the changing. Thereby, the dis-engaged
pl unger s sdbiliami pirofnbt hewni) triay preycptoniytivoadsitiof of the splovted plengkrduid (erg
operations. [00042] As is evident fromthe figures and text presented
above, apyay iodtly4pduck 0 ticREEEd pesitudieNgh gt ot digenph @I Rtmdin@Bd.i on are
contenpl ated. [00043] An exenplary method includes punping a first

di spl acengus4prRUBHoWihgAcdd ?tl&lsfﬂré)&m@l]ﬂ@t%tivh‘é&lbgﬂlﬁi%h@%@ﬁa%rnﬂﬁgm having a
first nunber of pIungers with a rotation of a power end of the punp,

changi ndp &@dlfrésr &qrgea M%ﬁg&ﬁ als?ac EnSifC ?g; g&mﬁﬁstatedawngefs and

punplng secon ce rom t he p05|t|ve

di spl aceqgat.. pUR qgaey(zerﬁ WE2SEOR ARG oF uAGSEo AR Aaughgtion. o

t he power “en Xe I'ncludes dhanglng

the plungers by, swt h|n from.o set of t hr ee second set of
L en R e S i ASoE A MR Pt alingod B B%tﬁ?‘ﬁn“ﬁ&?%r or

subtractlng a set of plungers, including de-caoupling all of the plungers
from t he "p5ieCestain opertioy despribed mpaychciBvicacnied &Y ReORBYLSF GFCHERE 4 ncl udes
determining that a punping pressure has increased past a threshold, and
per f or m GgMPHer RagiaE meduchon e spopwer reedapleengslivmi wWeerp thesompater pogeasi ng past
the threshol d.

product comprises instructions causing the computer to execute one or more of the

operations, or to issuc commands to other devices to execute one or more of the operations.
[00035] A procedure includes an operation to pump a first displacement amount of a fluid
from a positive displacement pump having a first number of plungers with a rotation of a
power end of the pump. The first displacement amount is related to the swept volume of
the first number of plungers in response to the rotation of the power end of the pump (e.g.
less any volumetric efficiency losses), and will be further related to the area of the face of

the plungers. The procedure further includes an operation to change the first number of



[ 00044] The exenplary nethod may be perforned renotely. In certain

enbodi nents, the first set of plungers has a first specific displacenent
and a secwoadoset17$3fi pl ungers having a second specific dipspliBzanesiis wher e
the specific displacenent is proporti®nal to an anmount of fluid punped for
each rotation of the power end. The exenplary nethod further includes

sel ecting one of the first set of plungers, the second set of plungers, and
both sets WD 2011/117831PCT/ 1B2011/051235 19 of plungers, thereby all ow ng
a six-plex punp to operate at three distinct specific displacenent val ues.
The met hod further includes starting the punp in an ongoi ng punpi ng
operation (e.g. with other fluidly coupled punps already punping) wth the

first pl Fmﬁlgi:r_*syO DfccPhdNgRES of PdgdriiGhe aspuigp & koRuabglacfenphtingRbs to the
second plurality of plungers after the punp is started. In certain

enmbodi MeSyi§ A8 the bsitAiGaceinci RGPS RS i ANHE cohd BuRBGIRHIRBER St f
pl ungers may be a single plunger. I'n certain enbodi nents, the changing

oceur's Vil o SRANAL Anl b YANE 1f Bt SRl Y5 SO lysCONTS,

thirty secon or sixty s certal n erbodi nments, the changi ng
i s perforned w.thout  stoppin unpi qperations of . the punp. The exenplary
mothod 1 dPeREer i B RUTPaRaRF B2t e SR oBries e GE 4B ce,
and/ or hol ding, the fjrst urality of plu rs at a nmost wthdr position
from t he SERte! P TR StoTtEh S lﬁlgePﬁﬁgg%ﬁnt?&Hmﬁh%ﬁW@zéfﬁ&%@ Wrbodi ment
is an apparatus including a punp having a power end and a fluid end, the
fluid endrayong oA Phigpel Iafcerninaddirienal yrbodiments dheisccerd ¢pamtphel udes an
actuator that couples the power end with a sel ectabl e nunber of the

pl unger s pluagers mayo mralwleltey fitshamouné beplusgess, ha pideiferoft setrod ppingerg éios1 thecor di ng
to a job punping rate and/or a job punping pressure. The controller further
provi des fian amotntaif prungemnarbd aisot afedpgasehdt s 4 pretid e eahpldtersubdeeof thé t he

pl ungers. The exenpl ary apparatus includes the punp having two groups of

t hree pl dingemsuntwiprmgéde sel ectabl e nunber of the plungers includes a
first group of three plungers, a second group of three plungers, and/or

both of {dud36[ 4 BEenlart Rp&atM M'"[Hceﬁl%ceduﬁ‘e Hert& dhaﬁggé)ﬂiermﬁltggﬁs tyhe
|

controller selects the nunber of the plungers according to an event

i ncl udi ngAhif ﬁB:Pro?é%&ro?t}ﬁgceﬂhn%e@s 'Jaiagbla?cﬂfd%aséfftﬁregﬁfﬁﬂéers.aAhQWeIBEt@SSur e
al ap al | t, a

event, a punp ure event, unger ure eve service event, a

punp V\Dogcgr%t%nlgfzt g’ Iz)l'rlgcCcT u:rl'eBl%Ql%l&ésoa%:clhzn?’gSa set of plungers, subtracting a set of plungers,

and/or de-coupling all of the plungers from the power end. The operation to change the
plungers further includes, in certain embodiments, an operation to determine that a
pumping pressure has increased past a threshold, and to perform the operation to change
the plungers in response to the pumping pressure increasing past the threshold.

[00037] The exemplary procedure may be performed remotely or by an operator located at
the pump. An exemplary procedure includes an operation to select the first set of plungers,
the second set of plungers, or both sets of plungers, thereby operating a six-plex pump at a
selectable one of three distinct specific displacement values. Another exemplary procedure
includes starting the pump in an ongoing pumping operation (e.g. with other fluidly
coupled pumps already pumping) with a first plunger or number of plungers, and

increasing the number of plungers to the second number of plungers after the pump is



20 startup event, a cavitation event, a blender failure event, and/or a

| ow- pressure fluid delivery failure event. [00046] The exenpl ary apparat us
i ncl udes wbeonctizsstior as a sliding sleeve that engages &ChaBio1i/ms1a3gr oove
and/ or a shaped dog, and may further %6ncl ude a key or displacenent rod that
engages the sliding sleeve, the ball, and/or the shaped dog. In certain
enbodi nents, the actuator includes a first pin that couples a clanp to a
pony rod in a first engaged position and a second pin that fixes the clanp
to a stationary portion of the fluid end in a second engaged position. The
controller engages the first pin to couple the power end to a sel ected

pl unger, and engages the second pin to de-couple the power end fromthe

sel ect ed satted gEtic filsORRMbEL of Plus@id @idroreidRed iBiintber bhgudeiddbPinciudehudes a
first nunber of teeth on a pony rod that selectively engage a second nunber

of teethgg lefbhiﬁ%leﬁ%lf %9’0? HBYS wheRaf éhan?erig R PlfbethReuRMgRGSh8td1g 1 cal gear

that seleclively locks the first plurality and second plurality of teeth

into enggg&g&g&ne%%ngﬁwgﬂgbhbggg&dg&ngkéﬁpgate enbodi ment, the actuator

i ncl udes hat couples a pony ro I'p to a plunger lip, where the

cl anp |n fl.exi ng i

stabili zi %@ﬁgf%‘fﬂmBF ggﬁnmnﬁmﬁgc ?@H%B?E §qh%§PP%8 ﬂﬁ%ﬁgrgugfes t he pony
rod lip to the un The uat or further a displ cenent
rod that S‘Fﬁﬁ%@’gh@ Og PL“(‘&‘%W??F%S BiRinaehanging Té"l“%é%l@e pﬁé‘i &138%‘“% HAX Yd&coupl es
the pony rod lip fromthe plunger I|p [ 00048] An exenplaég appar at us

i ncl udes VeI aaeqrélagé?thﬁém%c %’S@B’Qanﬁdléﬁlﬁlrﬁ?sﬁ therphangedu glegdungesody r od
protrusion to a plunger protrusion. The actuator further includes a

st abi | i zicergpipembedimentpragpidtchangs|inddsveble (¢ atih ancafscrecr@it eituagidn ghaoger

havi ng the plunger WO 2011/117831PCT/1B2011/051235
fluid leakoff where a lengthy shutdown may risk pumping job failure) and available (c.g. a
rapid actuator response is possible such as an automated sliding sleeve, displacement rod,
etc.) and the changing time value is less than five seconds. In certain embodiments,
dependent upon the actuator mechanism which will be understood by one of skill in the art
having the benefit of the disclosures herein, the changing time value is less than ten
seconds (e.g. manual quick-disconnect clamps in certain embodiments) or less than thirty
seconds (e.g. where several operations to roll the pumps during changeover are required,
dependent upon the pump controls and response). In certain embodiments, the changing
time value may be less than sixty seconds, or a time greater than sixty seconds. The
changing time values described herein are exemplary, and depend upon the specific
requirements and implementation of the system. In certain embodiments, the changing is
performed without stopping pumping operations of the pump.
[00039] Yet another exemplary procedure includes an operation to fluidly couple a pump
having a number of plungers to a fluid line, an operation to couple a first subset of the

plungers to a power end of the pump, and an operation to pump a fluid through the fluid

line with the first subset of the plungers. The procedure further includes an operation to



21 protrusion and a pony rod having the pony rod protrusion. Rotation of
the plunger and/or the pony rod nay be utilized to engage and di sengage the
pl unger amo2bhet1pssmy rod. [ 00049] Yet another exenpl aryPerbBzilvesie3i s a
system including a bl ender providingl7l owpressure fluid to a punp, where

t he punp includes a power end and fluid end having a nunber of plungers.
The systemincludes an actuator that couples the power end to a sel ectable
subset of the plungers. The sel ectabl e subset includes any nunber of

pl ungers from zero plungers (i.e. the power end is disconnected fromthe
fluid end) to all of the plungers. The system further includes a controller
that selects the subset of the plungers according to a job punping rate, a
j Ob  punpiphighp PicEHEE B ougdNBé ftiiddint hihctthe At §idksétWF eheq@idlersi Adlbgadtdinto and t hat
provi des an actuator comrand in response to the sel ected subset of the

pl unger s ¢ Jfi€a GRBLI Altk&of ft jlﬂ%’ers&@ kiRGIotvet B SRS FimP anti BE oﬁér!x'tﬂglecf) S

accor di ng to an event inclu an over pressure event, a |gh pressure

event, 3 LR AU, vtﬁghmdqmemtL@gécgﬁ&su%gm!nheqﬂm Uogh.fall ure event,

a serV|cg ent artup event, a cavitation ev n blender
ure event

failure event and/ sure

exenl ar LR Jud Ry TGRS Gperanfe et o5 frst Fel Rl et
t he subset  of t ers to co ni ca ure pul.se to wnhol e
devi ce. The! Od%ﬁ’hngfB%Tee"rp RN moua@ﬁ%m%ﬂf@%ﬁ@ﬁ@?ﬁﬂ&wéwgsﬁdn F‘?SB?HSSF(I t?le t he
plungers in response to an overpressure event. In certain enbodinents, the
sel ect ablEaE\§BSRESUSTYaUse pl ungers include a first set of three pIungers
having a first specific displacenent, and a second set of three plungers
havi ng al&Wdbhldctepaningitle teﬁagmré@eqmm valpQoki0¢s duterembioglinyetndatroéntt he
exenplary systemincludes a wellbore fluidly coupled to a formati on of

i nt er est preande aaldat@legaddian ithecarnthakudithert ihditatcked ifferanepurpp gesudice data from
the WO 2011/117831PCT/1B2011/051235 22 wel | bore. The controller further
sel ect s displabagint o.g.tphengpt hwag 8iz8) iR defablicNr that adsptdifiaphmgdr opk@ssur e val ue

froma mni-frac operation perforned on the formation of interest.
plungers has experienced a failure or requires maintenance. Exemplary operations to
determine the treatment pressure value include determining the treatment pressure value
from a mini-frac operation, determining a maximum treatment pressure observed during
the pumping (which may be updated during the pumping), and/or predicting a maximum
treatment pressure in response to pressures observed during the pumping with the first
subset of the plungers. For example, the determination of the treatment pressure value
may include an estimation that a maximum pressure allowable for the first set of plungers
will be exceeded at a later point during a pumping operation, and a switch is made to the
second set of plungers before the maximum pressure allowable is achieved. In certain
embodiments, the procedure includes an operation to detect a fluid end failure event
corresponding to the first subset of the plungers, and the operation to couple the second
subset of the plungers in response to the fluid end failure event.

[00041] The exemplary procedure further includes an operation to provide a pressure pulse

to a downhole device. Pressure pulses may be utilized to communicate with downhole



[ 00051] Yet another exenplary enbodinment is a nethod including fluidly
coupling a punp having a nunber of plungers to a fluid line, coupling a
first subwsetoufiirdse pl ungers to a power end of the punppPCpaRpiings1a3s¥ | uid
through the fluid line with the firsti8subset of the plungers, and after the
punping the fluid through the fluid line with the first subset of the
pl ungers, coupling a second subset of the plungers to the power end of the
punp and punping the fluid through the fluid line with the second subset of
the plungers. The exenplary nethod further includes determ ning a treatnent
pressure val ue, and coupling the second subset of the plungers in response
to the treatnent pressure value. Determ ning the treatnment pressure val ue
i ncl udes gy, tomMuiBa® WIS $ebpendRtIeEdThNRbLIsOS: 1O Peffaint MYy k& hrasuredet er m ni ng
the treatnent pressure value froma mni-frac operation, determning a
”HX!”Un]%ﬁ@@%ﬂﬁﬂhm@hﬁ&§ﬁ5&lﬁh&?&VengH&h@&ﬂkQ%mBH&HkH@Ah@BQk&hu@Fed'Ct'”9 a
maxi mum treatment pressure in response to pressures observed during the
punpi ng w i . i i ents, the
. Mc}l@g&egﬁ?%&r{nﬁﬁlté g&gﬁ’? ﬁ{shﬁlgfn‘aélg{c &aiib?lﬁlu Igers o Dol \Rfﬁllllcﬂa\%(;ﬁgs%({ﬁe

met hod i nc etectin event corresp Ing to the
first subset,of the plungers, and upli he second subset of .the

ol unger s Mo S opbcataHOPRE SharlE- IRURPLIPR S oaB R PR BHE RS oGRrI %, e
invention.@ﬁg been ilhyﬁtrated gad.described in detail in the draw ngs and
f or egoi ng B8P TPEOf ROV TR fWingONSEICBhsi dered as illustrative and not
restrictive in character, it being understood that only certain exenplary
enbodi mef¥W4EbkdeissEdantranediyrasad fxprigsary abrss. agrricty whaghedimees

nodi fications that come within the spirit of the inventions are desired to
be pr ot eetewdding to thhpighent b enthabears tovemplh@ad. whil e the use of words such as
preferable, preferably, preferred or nore preferred utilized in the

descri pt i[@943joby exenlir @dettdilid8 8ddRETMPp BRGIAK ObdRBB 28t dnmdinc aff eflwilat t he
feature so described nay be nore desirable, it nonethel ess may not be

necessar YroaiWp@ithedispeRtsettdtldpngvinga fEamRnmieyo turpeRiweiRpA atfdnasaw t hi n
the scope of the invention, the scope being defined by the clains that

fol I ow. BWE%@io%%etﬂ%ﬁlp%l?dntgﬁl thd ﬁﬂsﬁnﬂnﬁﬁe@@ﬁ'ﬁlﬂnééﬁ@fo MREhRmer stich as "a, "

"an," "at |east one," or "at l[east one portion” are used there is no

i ntentionyf0edi i uh@ﬁlg_cdl 2k dtd?sp@%leﬁﬁeﬁrhﬁl(juhfe(gﬁtff@hﬁﬁsfro?rpﬁl%i blifal |y stated to
the contrary in the claim en'the language "at least a ﬁbrtlpn and/or "a
portion disﬁla“esrﬁed t}pﬂr%g Elelpl%ﬁ}ae%ecli%rr]l%lnldr%%graof%?urr}glerosr{wi N RAtioh R iR Polelerd €M
unl ess specitical Fy stated to the contrary.

of the pump. The exemplary method further includes changing the plungers by switching

from one set of three plungers to a second set of three plungers. The changing may include

adding a set of plungers, or subtracting a set of plungers, including de-coupling all of the

plungers from the power end. In certain embodiments, the method further includes

determining that a pumping pressure has increased past a threshold, and performing the

changing in response to the pumping pressure increasing past the threshold.

[00044] The exemplary method may be performed remotely. In certain embodiments, the

first set of plungers has a first specific displacement and a second set of plungers having a

second specific displacement, where the specific displacement is proportional to an amount

of fluid pumped for cach rotation of the power end. The exemplary method further

includes selecting one of the first set of plungers, the second set of plungers, and both sets



WO 2011/ 117831PCT/ 1B2011/ 051235 24 WHAT | S CLAIMED | S: 1. A nethod,
conprising: punping a first displacenent anount of a fluid froma positive
di spl acernmot2opumms3havi ng a first plurality of plungers wCThBzi1reiiass on of a
power end of the punp; changing the fi9rst plurality of plungers to a second
plurality of plungers; and punping a second di splacenent anount of the
fluid fromthe positive displacenent punp having the second plurality of
plungers with a rotation of the power end of the punp.

of plungers, thereby allowing a six-plex pump to operate at three distinct specific
displacement values. The method further includes starting the pump in an ongoing
pumping operation (e.g. with other fluidly coupled pumps already pumping) with the first
plurality of plungers, and increasing the number of plungers to the second plurality of
plungers after the pump is started. In certain embodiments, the first number of plungers
and/or the second number of plungers may be a single plunger. In certain embodiments,
the changing occurs within a changing time value that is less five seconds, ten seconds,
thirty seconds, and/or sixty seconds. In certain embodiments, the changing is performed
without stopping pumping operations of the pump. The exemplary method further
includes providing a pressure pulse to a downhole device, and/or holding the first plurality
of plungers at a most withdrawn position from the power end after the changing.

[00045] Another exemplary embodiment is an apparatus including a pump having a power
end and a fluid end, the fluid end having a number of plungers. The apparatus further
includes an actuator that couples the power end with a selectable number of the plungers,
and a controller that selects a number of the plungers according to a job pumping rate
and/or a job pumping pressure. The controller further provides an actuator command in
response to the selected number of the plungers. The exemplary apparatus includes the
pump having two groups of three plungers, where the sclectable number of the plungers
includes a first group of three plungers, a second group of three plungers, and/or both of
the groups of three plungers. In certain embodiments, the controller selects the number of
the plungers according to an event including an overpressure event, a high pressure event,

a low pressure event, a pump failure event, a plunger failure event, a service event, a pump



2. The nethod of claim11, wherein the changing conprises switching fromone
set of three plungers to a second set of three plungers. 3. The

met hod ofweol2aimmiig3twher ei n t he changi ng conpri ses one ofPCadBMyoTIR3S
subtracting a set of three plungers f20)omthe first plurality of plungers.

4. The method of claim 1, further conprising determning that a punping
pressure has increased past a threshold, and perform ng the changing in
response to the punping pressure increasing past the threshol d. 5.
The met hod of claim 1, wherein the changing is performed renotely.

6. The nethod of claim1l1, wherein the punp further conprises a first set of
pl ungers having a first specific displacenment and a second set of plungers

havi ng asafeeBetnspeelitdtion ¢ &R AslenRNfailure event, antl/or BNewRENGE fRid cl ai m 6,
wherein the changing further conprises selecting one of the first set of

pl unger s gefihey saaRNGeset of plungers, and both sets of plungers. WO
2011/ 117831PCT/ 1B2011/ 051235

[00046] The exemplary apparatus includes the actuator as a sliding sleeve that engages a
ball in a groove and/or a shaped dog, and may further include a key or displacement rod
that engages the sliding sleeve, the ball, and/or the shaped dog. In certain embodiments,
the actuator includes a first pin that couples a clamp to a pony rod in a first engaged
position and a second pin that fixes the clamp to a stationary portion of the fluid end in a
second engaged position. The controller engages the first pin to couple the power end to a
selected plunger, and engages the second pin to de-couple the power end from the selected
plunger.

[00047] In certain embodiments, the actuator includes a first number of tecth on a pony rod
that selectively engage a second number of tecth on a selected plunger shaft, and a pin that
engages a helical gear that sclectively locks the first plurality and second plurality of tecth
into engagement. In an additional or alternate embodiment, the actuator includes a clamp
that couples a pony rod lip to a plunger lip, where the clamp includes a flexible clamping
member and a stabilizing pin. The stabilizing pin is biased into a stabilizing position that
couples the pony rod lip to the plunger lip. The actuator further includes a displacement
rod that moves the stabilizing pin into a release position that de-couples the pony rod lip
from the plunger lip.

[00048] An exemplary apparatus includes the actuator having a dog tooth clamp that
couples a pony rod protrusion to a plunger protrusion. The actuator further includes a

stabilizing pin that prevents relative rotation of a selected plunger having the plunger



25 8. The nmethod of claim1, further conprising starting the punp in
an ongoi ng punpi ng operation with the first plurality of plungers, and

i ncreasi ngotzhe/messver of plungers to the second plural i PgTAB20pl/AFIgE s aft er
the punp is started. 9. The nmetthod of claim 1, wherein the changing
conprises a changing tine value less than a tinme selected fromthe changi ng
time values consisting of: five seconds, ten seconds, thirty seconds, and

si xty seconds. 10. The method of claim1l, wherein the changing is
performed w thout stopping punping operations of the punp. 11. The
met hod of claim1, further conprising providing a pressure pulse to a
downhol e devi ce. 12. The method of claim1l, further conprising

hol di ng phenibiohshd Rbsiiyadodthytviag (e joRg esEpratrudorTRdtatidnt JTdkayng@shd/bon from
t he power end after the changi ng. 13. An apparatus, conprising: a

punp havimg, ARy PVl 606k 13 tPerfghld shdeinE AR ﬁlhﬂ%r andPtid rp%w tog. of pl ungers;

an actuator ructured to couple the power end a sel ectabl e nunber of

the pl UNY§039] Yet another exemplary embodiment is a system, including a blender providing
low-pressure fluid to a pump, where the pump includes a power end and fluid end having a
number of plungers. The system includes an actuator that couples the power end to a
selectable subset of the plungers. The selectable subset includes any number of plungers
from zero plungers (i.c. the power end is disconnected from the fluid end) to all of the
plungers. The system further includes a controller that selects the subset of the plungers
according to a job pumping rate, a job pumping pressure, and/or a fluid end failure event
indicator, and that provides an actuator command in response to the sclected subset of the
plungers. The controller further selects the subset of the plungers according to an event
including: an overpressure event, a high pressure event, a low pressure event, a pump
failure event, a plunger failure event, a service event, a pump startup event, a cavitation
event, a blender failure event, and/or a low-pressure fluid delivery failure event. The
exemplary system includes the controller is further structured to select the subset of the
plungers to communicate a pressure pulse to a downhole device. The controller further
disconnects the power end from all of the plungers in response to an overpressure event.
In certain embodiments, the selectable subsets of the plungers include a first set of three
plungers having a first specific displacement, and a second set of three plungers having a
second specific displacement.
[00050] An embodiment of the exemplary system includes a wellbore fluidly coupled to a

formation of interest, and a data gathering module that determines pressure data from the



a controller structured to select the nunber of the plungers according to
at |l east one of a job punping rate and a job punping pressure, and to
provi de awmoaeotwmiarsst conmand in response to the sel ect edpPoumanl/ofizihe

pl ungers. 14. The apparatus of22cl ai m 13, wherein the punp conprises
two groups of three plungers, and wherein the sel ectable nunber of the

pl ungers conprises a first group of three plungers, a second group of three
pl ungers, and both of the groups of three plungers. WO

2011/ 117831PCT/ 1B2011/ 051235 26 15. The apparatus of claim 13,
wherein the controller is further structured to select the nunber of the

pl ungers according to an event selected fromthe events consisting of: an

OVer pr esswllBoreY #R¢ cordrofleOirtpEra@sRbl @ sebRNGS théphayérP iR SflifLro@MRAtmend PUNP
failure event, a plunger failure event, a service event, a punp startup

event, Fe@é{ir& %lh@ﬂoﬁ\é‘%ﬁﬁn ﬁac %&Mﬁlrpe%%é{f &h RY %Hn’atl@rpgf 1ﬁte!réaw pressureée
fluid deplvery failure event . The apparatus of claim 13, wherein

the act U@ﬁ%l@ﬁ%ﬁbﬁ%&x@mﬁ a'r}sjétﬂgo @‘{Ea Blféﬁltod?&@@cﬂﬁog?ﬂﬁpg c%{qil%éjﬁ]dm na

groove a aped he apparatus erein the
actuator further rod t at engages at

et o L0t PRl BRSPS Botafle {HEPLRRETR Dkl B8
power end of the pump, pumping a fluid through the fluid line with the first subset of the
plungers, and after the pumping the fluid through the fluid line with the first subset of the
plungers, coupling a second subset of the plungers to the power end of the pump and
pumping the fluid through the fluid line with the second subset of the plungers. The
exemplary method further includes determining a treatment pressure value, and coupling
the second subset of the plungers in response to the treatment pressure value. Determining
the treatment pressure value includes performing a pressure determination operation such
as: determining the treatment pressure value from a mini-frac operation, determining a
maximum treatment pressure observed during the pumping, and/or predicting a maximum
treatment pressure in response to pressures observed during the pumping with the first
subset of the plungers. In certain embodiments, the method includes detecting a fluid end
failure event corresponding to the first subset of the plungers, and coupling the second
subset of the plungers in response to the fluid end failure event.
[00052] While the invention has been illustrated and described in detail in the drawings
and foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only certain exemplary embodiments have been shown
and described and that all changes and modifications that come within the spirit of the
inventions are desired to be protected. It should be understood that while the use of words

such as preferable, preferably, preferred or more preferred utilized in the description above



18. The apparatus of claim 13, wherein the actuator conprises a first pin
that couples a clanp to a pony rod in a first engaged position and a second
pi n that woxes/timssicl anp to a stationary portion of thePCraBzienti2sn a
second engaged position, wherein the Bontroller engages the first pin to
couple the power end to a selected plunger, and engages the second pin to
de-couple the power end fromthe sel ected plunger. 19. The appar at us
of claim 13, wherein the actuator conprises a first plurality of teeth on a
pony rod that selectively engage a second plurality of teeth on a plunger
shaft. 20. The apparatus of claim 19, further conprising a pin
engagi ng a helical gear that selectively disengages the first plurality of
t eet h anghdidae: HEABOtaithd§Addsébe@fmdy@Rtdore desirable, @ honctitgesdBRgmat bts of cl ai m
20, wherein the pin further selectively holds t he pl unger shaft at a nost

W t hdr awg. Q&I AR B0 ddRE1aRARY tHeQfme may be co@cgmply?:@ a@RRRAhY §c09f3 ofl aim 13,
wherein the actuator conprises at |east one clanp that couples a pony rod

|2IOE 1; g 1?‘ é}%l E’?#ﬁ%% 2‘[% 15 /)Bg%élg% %eﬁ%%é ARG e bR, tﬁh§ea(allr?grm& nglms\,/\{t)ls
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intended that when words such as an,” “at least one,” or “at least one¢ portion” are
used there is no intention to limit the claim to only one item unless specifically stated to
the contrary in the claim. When the language “at least a portion” and/or “a portion™ is used
the item can include a portion and/or the entire item unless specifically stated to the

contrary.



menber and a stabilizing pin, wherein the stabilizing pinis biased into a
stabilizing position that couples the pony rod |lip to the plunger lip.

23. The appanatugs3ef claim 22, wherein the actuator furPogEnBuwamiieses a

di spl acenent rod that noves the stabi34izing pin into a rel ease position
that de-couples the pony rod lip fromthe plunger |ip. 24. The
apparatus of claim 13, wherein the actuator conprises at |east one dog
tooth clanp that couples a pony rod protrusion to a plunger protrusion.

25. The apparatus of claim 24, wherein the actuator further conprises a
stabilizing pin that prevents relative rotation of a selected plunger
havi ng the plunger protrusion and a pony rod having the pony rod

protrusi QPHAT IS CLAMENISYSt em conpri si ng: a bl ender providing
| ow- pressure fluid to a punp, the punp having a power end and fluid end
conprising a plurality of plungers; an actuator structured to couple

the power end with a sel ectabl e subset of the plungers; a controller
structured t O1. A method, comprising:

pumping a first displacement amount of a fluid from a positive displacement pump
having a first plurality of plungers with a rotation of a power end of the pump;

changing the first plurality of plungers to a second plurality of plungers; and

pumping a second displacement amount of the fluid from the positive displacement
pump having the second plurality of plungers with a rotation of the power end of the pump.

2. The method of claim 1, wherein the changing comprises switching from one set
of three plungers to a second set of three plungers.

3. The method of claim 1, wherein the changing comprises one of adding or
subtracting a set of three plungers from the first plurality of plungers.

4. The method of claim 1, further comprising determining that a pumping pressure
has increased past a threshold, and performing the changing in response to the pumping
pressure increasing past the threshold.

5. The method of claim 1, wherein the changing is performed remotely.

6. The method of claim 1, wherein the pump further comprises a first set of
plungers having a first specific displacement and a second set of plungers having a second
specific displacement.

7. The method of claim 6, wherein the changing further comprises selecting one of

the first set of plungers, the second set of plungers, and both sets of plungers.



sel ect the subset of the plungers according to at |east one of a job
punpi ng rate, a job punping pressure, and a fluid end failure event

i ndi cat orwwoand/prssvi de an actuator command in response POTHRB1veI1es ed
subset of the plungers. 27. Thessystem of claim 26, wherein the
controller is further structured to select the subset of the plungers
according to an event selected fromthe events consisting of: an

over pressure event, a high pressure event, a | ow pressure event, a punp
failure event, a WD 2011/117831PCT/ 1B2011/051235 28 plunger failure event,
a service event, a punp startup event, a cavitation event, a bl ender
failure event, and a |lowpressure fluid delivery failure event. 28.

The system of gcirat MedBd ofbiRnei Nfulthe coamptikiak kaftingshd purhherandngbiggur ed to
sel ect the subset of the plungers to comrunicate a pressure pulse to a
downhol e pgﬁiﬂfn%%peration with the first plurality of plungers, and increasing the number of

plungers to the second plurality of plungers after the pump is started.

9. The method of claim 1, wherein the changing comprises a changing time value
less than a time sclected from the changing time values consisting of: five seconds, ten
seconds, thirty seconds, and sixty seconds.

10. The method of claim 1, wherein the changing is performed without stopping
pumping operations of the pump.

11. The method of claim 1, further comprising providing a pressure pulse to a
downhole device.

12. The method of claim 1, further comprising holding the first plurality of
plungers at a most withdrawn position from the power end after the changing.

13. An apparatus, comprising:

a pump having a power end and a fluid end comprising a plurality of plungers;

an actuator structured to couple the power end with a selectable number of the
plungers;

a controller structured to select the number of the plungers according to at least one
of a job pumping rate and a job pumping pressure, and to provide an actuator command in
response to the selected number of the plungers.

14. The apparatus of claim 13, wherein the pump comprises two groups of three

plungers, and wherein the selectable number of the plungers comprises a first group of

three plungers, a second group of three plungers, and both of the groups of three plungers.



29. The system of claim 26, wherein the controller is further structured to
di sconnect the power end fromall of the plungers in response to an

over pr esswoeavEm31 30. The system of claim 26, wreraBmit/hea23s

sel ect abl e subsets of the plungers imslude a first set of three plungers
having a first specific displacenent and a second set of three plungers
havi ng a second specific displacenent. 31. The system of claim 26,
further conprising a wellbore fluidly coupled to a fornmation of interest
and a data gathering nodule structured to determi ne pressure data fromthe
wel | bore, and wherein the controller is further structured to select the
subset of the plungers according to a treatnment pressure value froma

mni-frac opengtTRa fajhgrdmmir@ns,_t\kzleeréiﬁﬁﬁwdomml@fis fuither ®&ttured to scled2. A
met hod, conprising: fluidly coupling a punp having a plurality of plungers

to a fi Uik dunfiRr optﬁb'PiuhQ&s §ccfolr(fl§%]tosa‘ﬂl%$€ﬁt sQltectEéf'?roﬁl tH@%‘h% doRsi@ingper end of
t he punp; punplng a tlurd throu the fluid line with the flrst subset of

t .he pl ung Sr{)l% ¢ event ?flﬁgﬁw gré%@&re%%ﬁ?' 2[11%8{}1}%5&1]6%'\/91‘['[@ % erﬁtuhd line

with the set é ungers a sec Set of the

P ungers .16, BOUSL s . (15 PHOR, ﬁtagwf’ il pdat BeblLd Hietsh the

failure event, and a low-pressure fluid delivery failure event.

16. The apparatus of claim 13, wherein the actuator comprises a sliding sleeve that
engages one of a ball in a groove and a shaped dog.

17. The apparatus of claim 16, wherein the actuator further comprises one of a key
or displacement rod that engages at least one of the ball, the shaped dog, and the sliding
sleeve.

18. The apparatus of claim 13, wherein the actuator comprises a first pin that
couples a clamp to a pony rod in a first engaged position and a second pin that fixes the
clamp to a stationary portion of the fluid end in a second engaged position, wherein the
controller engages the first pin to couple the power end to a selected plunger, and engages
the second pin to de-couple the power end from the selected plunger.

19. The apparatus of claim 13, wherein the actuator comprises a first plurality of
teeth on a pony rod that selectively engage a second plurality of teeth on a plunger shaft.

20. The apparatus of claim 19, further comprising a pin engaging a helical gear
that selectively disengages the first plurality of tecth and the second plurality of teeth.

21. The apparatus of claim 20, wherein the pin further sclectively holds the
plunger shaft at a most withdrawn position from the pony rod.

22. The apparatus of claim 13, wherein the actuator comprises at least one clamp

that couples a pony rod lip to a plunger lip, the clamp comprising a flexible clamping



WO 2011/ 117831PCT/ 1B2011/ 051235 29 33. The nethod of claim 32,

further conprising determning a treatnent pressure value, and coupling the
second swweebl1ofl783Mme pl ungers in response to the treat meot/IproassiRss val ue.
34. The nethod of claim 33, wherein t¥e determ ning the treatnent pressure
val ue conprises performng a pressure determ nation operation selected from
the operations consisting of: determning the treatnent pressure value from
a mni-frac operation; determ ning a nmaxi mum treatnent pressure observed
during the punping; and predicting a maxi mumtreatnment pressure in response
to pressures observed during the punping with the first subset of the

pl ungers. 35. The nethod of claim 32, further conprising detecting a

fluid enehchiel shiden @MERtin€ pin! WEREMAhOGaBiRzihH Binfis bistcdShdsatabaizidde pl ungers,
and coupling the second subset of the plungers in response to the fluid end
failure e¥&fln that coupleSthe piny Y IG o tROMBAdS 1ip9:

23. The apparatus of claim 22, wherein the actuator further comprises a
displacement rod that moves the stabilizing pin into a release position that de-couples the
pony rod lip from the plunger lip.

24. The apparatus of claim 13, wherein the actuator comprises at least one dog
tooth clamp that couples a pony rod protrusion to a plunger protrusion.

25. The apparatus of claim 24, wherein the actuator further comprises a stabilizing
pin that prevents relative rotation of a selected plunger having the plunger protrusion and a
pony rod having the pony rod protrusion.

26. A system, comprising:

a blender providing low-pressure fluid to a pump, the pump having a power end
and fluid end comprising a plurality of plungers;

an actuator structured to couple the power end with a selectable subset of the
plungers;

a controller structured to:

select the subset of the plungers according to at least one of a job pumping rate, a
job pumping pressure, and a fluid end failure event indicator; and

provide an actuator command in response to the sclected subset of the plungers.

27. The system of claim 26, wherein the controller is further structured to select

the subset of the plungers according to an event selected from the events consisting of: an

overpressure event, a high pressure event, a low pressure event, a pump failure event, a



a neans for providing | owpressure fluid to a punp, the punp having a power
end and fluid end conprising a plurality of plungers; a neans for

sel ecti ngva 2ubies31of the plungers to be coupl ed to theprpoaBOlENd235aNd a
means for determ ning when to switch Broma first subset of the plungers to
a second subset of the plungers. 37. The system of claim 36, wherein
the nmeans for selecting a subset of the plungers to be coupled to the power
end further conprises a neans for selecting the subset of the plungers
after the punp has commenced a punpi ng operati on.

plunger failure event, a service event, a pump startup event, a cavitation event, a blender
failure event, and a low-pressure fluid delivery failure event.

28. The system of claim 26, wherein the controller is further structured to select
the subset of the plungers to communicate a pressure pulse to a downhole device.

29. The system of claim 26, wherein the controller is further structured to
disconnect the power end from all of the plungers in response to an overpressure event.

30. The system of claim 26, wherein the selectable subsets of the plungers include
a first set of three plungers having a first specific displacement and a second sct of three
plungers having a second specific displacement.

31. The system of claim 26, further comprising a wellbore fluidly coupled to a
formation of interest and a data gathering module structured to determine pressure data
from the wellbore, and wherein the controller is further structured to select the subset of
the plungers according to a treatment pressure value from a mini-frac operation performed
on the formation of interest.

32. A method, comprising:

fluidly coupling a pump having a plurality of plungers to a fluid line;

coupling a first subset of the plungers to a power end of the pump;

pumping a fluid through the fluid line with the first subset of the plungers; and

after the pumping the fluid through the fluid line with the first subset of the
plungers, coupling a second subset of the plungers to the power end of the pump and

pumping the fluid through the fluid line with the second subset of the plungers.
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33. The method of claim 32, further comprising determining a treatment pressure
value, and coupling the second subset of the plungers in response to the treatment pressure
value.

34. The method of claim 33, wherein the determining the treatment pressure value
comprises performing a pressure determination operation selected from the operations
consisting of:

determining the treatment pressure value from a mini-frac operation;

determining a maximum treatment pressure observed during the pumping; and

predicting a maximum treatment pressure in response to pressures observed during
the pumping with the first subset of the plungers.

35. The method of claim 32, further comprising detecting a fluid end failure event
corresponding to the first subset of the plungers, and coupling the second subset of the
plungers in response to the fluid end failure event.

36. A system, comprising:

a means for providing low-pressure fluid to a pump, the pump having a power end
and fluid end comprising a plurality of plungers;

a means for selecting a subset of the plungers to be coupled to the power end; and

a means for determining when to switch from a first subset of the plungers to a
second subset of the plungers.

37. The system of claim 36, wherein the means for sclecting a subset of the
plungers to be coupled to the power end further comprises a means for selecting the subset

of the plungers after the pump has commenced a pumping operation.



