POSITIVE DISPLACEMENT PUMP COMPRISING AN EXTERNALLY ASSISTED VALVE FIELD
[0001]Embodiments described relate to valve assemblies for positive displacement pumps used in
high pressure applications. In particular, embodiments of positive displacement pumps employing
mechanisms and supports for extending the life of pump valves, minimizing pump damage during
operation, and improving volumetric efficiency are described. BACKGROUND [0002]Positive
displacement pumps are often employed at oilfields for large high pressure applications involved in
hydrocarbon reesvetyefiagsiAdeasiitvedisprsenanipump Reyrncludeadivngerdiiven by a
crankshaft toward and away from a chamber in order to dramatically effect a high or low pressure on
the chamber. This makes it a good choice for high pressure applications. Indeed, where fluid pressure

exceeding a few thousand pounds per square inch (PSI) is to be generated, a positive displacement
pump is generally employed.

FIELD

0001} Embodiments described relate 1o valve assemblies for positive displacement
pumps used in high pressure applications. In particular, embodiments of positive
displacement pumps employing mechanisms and supports for extending the life of
pump valves, minimizing pumyp damage during operation, and improving volumetric
efficiency are described.

BACKGROUND

(0602} Positive displacement pumps are often emploved at oilfieids for large high
pressure applications involved in Thydrocarbon recovery efforts. A positive
displacement pump may include a plunger driven by a crankshaft toward and away
from a chamber in order to dramatically effect a high or low pressure on the chamber.
This makes it 2 good choice for high pressure appiications. Indeed, where fluid
pressure exceeding a few thousand pounds per squarc inch (PSI) is to be generated, a
positive displacement pumyp is generally employed.

f0003] Positive dispiacement pumps may be configured of fairly large sizes and
employed in a variety of large scale oilfield operations such as drilling, cementing, coil
tubing, water jet cutting, or hydranlic fracturing of underground rock. Hydraulic
fracturing of underground rock, for example, often takes place at pressures of 10,000 10
15,000 PST or more to direct & sohids containing fluid through 2 well to release oil and
gas from rock pores for exwraction. Such pressures and large scale applications are
readily satisfied by positive displacement pumps.

[0004] As noted, a positive displacement pump includes a plunger driven toward

and away from a pressurizable chamber i order to achieve pumping of & solids



100031Positive displacement pumps may be configured of fairly large sizes and employed in a variety
of large scale oilfield operations such as drilling, cementing, coil tubing, water jet cutting, or hydraulic
fracturing of underground rock. Hydraulic fracturing of underground rock, for example, often takes
place at pressures of 10,000 to 15.000 PST or more to direct a solids containing fluid through a well to
release oil and gas from rock pores for extraction. Such pressures and large scale applications are
readily satisfied by positive displacement pumps. [0004]As noted, a positive displacement pump
includes a plunger driven toward and away from a pressurizable chamber in order to achieve pumping
of a solids contain{i)ngd.fluid.ﬁl\élgrehﬁ)articularl , as the plupger is driven away from_the chamber,
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sealed off from the external envirgnmentwhile thesRlynger remains o communication with the

chamber. As such, the plunger continues its retreat away from the chamber generating a lowered

pressure with respeshtersuetianihiesair. fevenivatisthisiowered Rressute willleachalavel sufficient
to open a suction valve of the pump in order to allow an influx of fluid into the chamber. Subsequently,

the plunger may bednwsirdtwart!tiie chember4o ontetagainetestnahighipressurstiyetein. Thus, the
suction valve may be closed, the discharge valve re-opened, and fluid expelled from the chamber as
indicated above. [BOCBIITRE £ERFER G bitHE atiptrsfiEhd HiSetrag covaves iSuashiebeehprlivarily through
reliance on pressuye conditions ener,gted within the ﬁlh_amber. That is, the amount of pressure

required to open P SISEEEREFFVARTS 1S FHIhAtDT SPHRE Py SieBTChSIIAR EHE S0P PERFe along with
a spring employedfg.heldihe yalvel & nafurall dlosedgsiion (el 9 he champer.

Unfortunately, this results in a lack of direct control over valve actuation aves an inherent

inefficiency in opesatien etihe wrl\@snbar exampleApening i alvadeduiigs:gengiation of enough
of a pressure change so as to overcome the weight of the valve and nature of its spring. This is of

particular note regaxdingthe: sugtionciabie tivhisehrathenthar- apeningihMmediatelyedfom ehesure of the
discharge valve, a lowered pressure sufficient to overcome the weight and nature of the suction 'al-ye
and its spring mustfiisrBegatieredbivithin the chamber (i.e. net positive suction head (NPSH)). This
time delay in openin%gf theiuction valve is an inherent inefficiency in operation of the pump. Indeed,

for a standard postiVE HisplateATEHEBEMp BmBIBYEY HafAMmea, Yisreds dieved primarily

through rehiance on pressure conditions generated within the chamber. That is, the
amount of pressure required to open or close each valve is a function of the physical
characteristics of the valve along with a spring emploved 1o hold the valve in a
naturally closed position relative to the chamber. Unfortunately, this results in a lack of
direct control over vaive actuation and leaves an inherent inefficiency in operation of
the valves. For example, opening of a valve requires gemeration of enough of a
pressure change S0 as 1 overcome the weight of the valve and nawre of its spring,
This is of particular note regarding the suction valve where, rather than opening
immediately upon closure of the discharge valve, a lowered pressure sufficient o
overcome the weight and nature of the suction valve and its spring must first be
generated within the chamber (i.e. net positive suction head (NPSH)). This time delay
in opening of the suction valve is an inherent inefficiency in operation of the pump.

Indeed, for a standard posiuve displacement pump employved at an oilfield, a pressure
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of between about 10 PSI and about 30 PSI may be required within the chamber before the suction
valve is opened. 100061Reliance solely upon internal chamber pressure to actuate valves results in an
inherent inefficiency and a lack of direct control as indicated above. Of potentially greater concern
however, is the fact that this manner of valve actuation often leaves the pump itself susceptible to
significant damage as a result of cavitation and 'water hammering'. That is, as the plunger moves
away from the chamber decreasing pressure therein, the inherent delay in opening of the suction valve
may lead to the cavitation and subsequent water hammering as described below. [0007]During the
delay in opening of the suction valve, and in con'ﬁunction with the generation of lowered pressure in the

chamber, the fluid ThESFUFATYE tEGFealrtealRAToH Mastia rgERe s ighy Aisomamberoefewithin the

fluid and it may be%in to va ogize in theJace of the lowered pressure. Formation of vapor in this
€ SuCh Vaive 18 opened. . . . . .
manner may be fo owed By rapi cé’mpressmn of the vapor back into liquid as the plunger once again

advances toward (g gfjambercFbis apichampesssion ahie Jauid s aesomeanied by g gianificant

amount of heat and may also result in transmitting a degree of shock through the pump, referred to as

water hammering. #liineadh: ansigoificani-amourntofmdmpdamagenmaynatiallyQeewnmbased on the
pressure actuated design of a conventional positive displacement pump. 10008]In order to address
pump damage resgttifig: fromeoabitation. andewateh haimmesing téchhiguesaare ofteniemplayed in which
acoustic data generated by the pump is analyzed during its operation. However, reliance on the
detection of acousHEHASTHY ort KdWres8 6P dumsgefalTesulistantrily ansid Mt

development of pum damagel_Lrom cavitat&on and water hammering.in the first place. Furthermore, it
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is not uncommon for n(laeréina‘maged pump

therein, the inherent delay in opening of the suction vaive may lead to the cavitation
and subsequent water hammering as describad below.

{6007 During the delay in opening of the suction valve, and in conjunction with
the generation of lowered pressure in the chamber, the fluid may undergo a degree of
cavitation. That is, pockets of vapor may form within the fluid and it may begin 10
vaporize in the face of the lowered pressure. Formation of vapor in this manner may be
foliowed by rapid compression of the vapor back into liguid as the plunger once again
advances toward the chamber. This rapid compression of the Tiguid is accompanied by
a significant amount of heat and may also result in transmitting a degree of shock
through the pump, referred to as water hammering, All in all. 2 significant amouns of
pump damage may namrally occur based on the pressure actuated design of 2
conventional positive displacement pump.

[0008] In order to address pump damage resulting from cavitation and water
hammering. techniques are often employed in whick acoustic date generated by the
pump is analyzed during its operation. However, reliance on the detection of acoustic
datz ip order to address pump damage fails to substantially avoid the development of
pump damage from cavitation and water hammering in the first place. Furthermore, it

is not uncommon for the damaged pump to be employed in conjunction with an array
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of additional pumps at an oilfield. Thus, the damage may see its effects at neighboring pumps, for
example, by placing added strain on these pumps or by translation of the damaging water hammering
effects to these pumps. Indeed, cascading pump failure, from pump to pump to pump, is not an
uncommon event where a significant amount of cavitation andior water hammering is found.
SUMMARY [0009]A positive displacement pump is provided with a housing for a pressurizable
chamber. The chamber may be defined in part by a valve thereof which may be employed for
controlling fluid access to the chamber. The positive displacement pump may also include a valve
actuation guide that is positioned at least partially external to the chamber and coupled to the valve so

as to assist the coitFOMrIB AR HPacdEss 1o e dhafBRE BRI TE SERiPTIO RIS R EHE
DRAWINGS 100101Eig. 115 8,3ide View,otan Smpodiess of apasiive. fgplassment g employing
a valve actuation BUI e assem%lﬁl. -

damaging water hammering effects to these pumps. Indeed, cascading pump failure,

from pump to purnp to pump, is not an uncommaon event where a significant amount of

cavitation and/or water hammering is found.

SUMMARY

[0R09] A positive displacement pump 1s provided with a housing for a pressurizable
chamnber. The chamber may be defined in part by & valve thereof which may be
employed for controlling fluid access to the chamber. The positive displacement pump
may also include a valve actuation guide that is positioned at least partially external to

the chamber and coupled to the valve so as to assist the controlling of the fluid access

to the chamber,

BRIEF DESCRIPTION OF THE DRAWINGS

j06103 Fig. 1 is 2 side view of an embodiment of a positive displacement pump
emploving a valve actuation guide assembly,

{0011} Fig. 2 i1s a cross-sectional view of the pump of Fig. 1 revealing an
embodiment of a valve actuation guide of the assembiy.

[0012] Fig. 3 is a cross-sectional view of the pump of Fig. ! revealing an alternase
embodiment of a valve actuation guide of the assembly.

[0013] Fig. 4 is a cross-sectional view of the pump of Fig. ! revealing another
alternate embodiment of a vaive actuation guide of the assembly.

{0014 Fig. 5 18 a partially sectional overview of an oilfield emploving the pump of

Fig. 1 as part of 2 multi-pump operation.



100111Fig. | is a cross-sectional view of the pump of Fig. 1 revealing an embodiment of a valve
actuation guide of the assembly. [0012]Fig. 3 is a cross-sectional view of the pump of Fig 1 revealing
an alternate embodiment of a valve actuation guide of the assembly. [0013]Fig. 4 is a cross-sectional
view of the pump of Fig 1 revealing another alternate embodiment of a valve actuation guide of the
assembly. [0014]Fig. 5 is a partially sectional overview of an oilfield employing the pump of Fig. 1 as
pan of a multi-pump operation.

DETAILED DESCRIPTION

[0015]  Embodiments are described with reference to certain high pressure positive
displacement pump assemblies for fracturing operations. However, other positive
dispiacement pumps may be empioyed for a variety of other operations including
cementing. Regardless, embodiments described herein employ positive displacement
pumps with valves that are equipped with external actuation assistance. As such, valve
actuation i1s not left solely to the buildup of caviation-inducing conditions within a
chamber of the pump which would have the potential 1o create significant pump
damage through water hammering,

[8016]  Referring now to Fig. I, an embodiment of a positive displacement pump
101 s shown which may employ a valve actuation guide assembly 100. The pump 101
may include a power supply depicted as a crankshaft housing 150 coupled to 2 plunger
housing 180 which is in turn coupled to 2 chamber housing 175, In the embodiment
shown, the pump components may be accommodated at a conventional skid 130 10
enhance mobility, for example, for placement at an oilfield 501 (see Fig. 5). However,
in other embodiments a pump truck or alternatively less mobile pump configurations
may be employed. Additionally, the pump 101 may be of a conventional triplex
configuration as depicted. However, other positive displacement pump configurations
may also be empioved.

16017) Continuing with reference to Figs. I and 2. the chamber housing 175 of the
pump 10! may be configured with valves (250, 255) to draw iIn, pressurize, and
dispense an operation fluid. However, as indicated, the vaive actuation guide assembly
100 may also be provided which is coupled to the chamber housing 175, The guide
assembly 100 may be configured to assist valves (e.g. 250) in conwoliing or regulating

fluid mgress and egress relative to the chamber housing 173, As detailed herein-below,

i



DETAILED DESCRIPTION 100151Embodiments are described with reference to certain high
pressure positive displacement pump assemblies for fracturing operations. However, other positive
displacement pumps may be employed for a variety of other operations including cementing.
Regardless, embodiments described herein employ positive displacement pumps with valves that are
equipped with external actuation assistance. As such. valve actuation is not left solely to the buildup of
cavitation-inducing conditions within a chamber of the pump which would have the potential to create
significant pump damage through water hammering. 100161Referring now to Fig. 1, an embodiment of
a positive displacement pump 101 is shown which may employ a valve actuation guide assembly 100.
The pump 101 mafiatig&ss e Stigphy d dpi FRF Qe seRIAN KN HFeh SRIBIFL BB ¥0 880 a plunger
housing 180 whic%&%g furn couglgd 0. a chambper, ousin%fl%a In th%Fmbodiment shown, the pump
1

eration nhance overall efficiency. Uy . o
components may be accommodated at & conventional Ski Do epnlnance mobility, for example, for

placement at an oiglgh 501y HguR) HAWRYEL M.0ther ebodiments ARUBIPA LK gl alternatively

less mobile pump configurations may be employed. Kdditionally, the pump 101 may be of a
conventional triplexseanfigumation.as depigled] Haweaver, atharnpositiveisplasemantcpame:
configurations may also be employed. 100171Continuing with reference to Figs. 1 and 2. the chamber
housing 175 of thehpuwmp 101 ndy: baenfigurddwitibeatvbs (2661 255)ite dvaw meqhressiitize, and
dispense an operation fluid. However, as indicated, the valve actuation guide assembly 100 may also
be provided whichS¥e5t gfeditoHiE®niBer Adiisig drsnbendigiiae Adserioyeren mayse

configured to assist r_}}éal es é&e.%. 250) in controlling or re%’fﬁtﬁ@g@ﬂu'd Ingres agd aress Telatlve to the

. Qane; A% actuation Q’uldu may § € Ccou to the discharge valve
chamber housing T75°ASdetailed herein-below, . o P &

250 of the housing 175 or other valves not depicted. Additionally, as depicted in Fig. 2.
the valve actuation guide 200 may be of a crank-driven configuration as described
further below. However, in other embodiments, hydraulic, eleciromagnetic, or other
valve actuation assistance may be employed.

[0019] Continuing with reference to Figs. 1 and 2, the pump 101 is provided with a
plunger 290 reciprocating within a plunger housing 180 toward and away from a
pressurizable chamber 235 In this manner, the plunger 290 effects high and low
pressures on the chamber 235. For example, as the plunger 290 retreats away from the
chamber 235, the pressure therein will decrease. As the pressure within the chamber
235 decreases, the discharge vaive 250 may close returning the chamber 235 to a sealed
state. As the plunger 290 contlnues to move away from the chamber 2335 the pressure
therein will continue to drop, and eventually a lowered pressure may begin to arise
within the chamber 233.

[0020] In spite of the potential development of lowered pressure within the
chamber 233 as indicated above, significant cavitation may be avoided. That is, valve
actuation assistance may be provided 1o the sucuon valve 233 to effect its opening as
depicted in Fig. 2. As shown, the valve actuation guide 200 may be emploved to

ensure that the suction valve 255 is raised in order 1o allow a communication path 201

&



this valve assistance provided by the guide assembly 100 may minimize pump damage during
operation and enhance overall efficiency of the pump 101 [0018]With particular reference to Fig. 2, a
valve actuation guide 200 of the guide assembly 100 may be configured to assist in actuation of a
valve 255 of the chamber housing 175. In the embodiment shown, the valve actuation guide 200 is
mechanically coupled to the suction valve 255 of the chamber housing 175. However, in other
embodiments, a valve actuation g.uide may similarly be coupled to the discharge valve 250 of the
housing 175 or other valves not depicted. Additionally, as depicted in Fig. 2, the valve actuation guide
200 may be of a crank-driven configuration as described further below. However, in other
embodiments, hy@FafRE &RERS AR BB AN RicHaBOH adsistEnte ntly Bedmployed.
100191 Continuing with, ref r,encfe,tg Figs 1 %nglt , tpe ;Pumg) 101 islgrovi ed with a‘plun er 290
reciprocating withiPE PRhgeH BEUSiRg T ES OWArG And alvAs o A prass BFsabic CHSMBS 235. In this
manner, the plunger,290.effects bigh apgllowrassires oibeANaMRer.A30-fel SXample. as the
plunger 290 retreats away from the chamber 235, the pressure therein will decrease. As the pressure

within the chambe#ia8-decseasas, dhadischarge valve 250 may close returning the chamber 235 to a
sealed state. As the plunger 290 continues to move away from the chamber 235 the pressure therein
will continue to drdff2dhd eventimity af logrefeenpresstiretmaybeginio dnigeiwithintiechsanber 235.
[0020]In spite of the potential development of lowered pressure within the chamber 235 as indicated
above, significant B&HaHBH AR BE VG GBI HE R NAET Rt ulIfbR S SIBEAMES FBY: 158 Bovided to
the suction valve 255 to effect its opening as depicted in Fi%. 2. As.sho%g/n the yalve actuation guide

200 may be empldJRHETH eSS IREP RS s ARl or USRS 58S FRTEENT Bilfer 16 Kol 2 E8Hmmunication

path 201 hammering damage due to the rapid condensing of vaporized operation flui¢ may be
largely avoided. As such, in the embodiment shown, the plunger 290 may be thrust
toward the chamber 235, increasing the pressure therein. The pressure increase will
ultimately be enough to effect opening of the discharge valve 250 overcoming the force
supplied by the discharge spring 270.
f0022] In an embodiment where the purnp 101 1s t¢ be employed in a fracturing
operation, pressures may be achieved in the manner described above that exceed 2.000
PS1, and more preferably. that exceed 10,000 PSI or more. Furthermore, such a
posifive displacement pump 101 is particularly well suited for high pressure
applications of abrasive containing operaton fluids. In fact, embodiments described
herein may be applied to cementing, coil tubing. water jet cutring, and hydraulic
fracturing operations as indicated, to name a few.
[0623] As indicated. the valve actuation guide 200 is configured to assist in
actuation of the suction valve 255 ag detailed above. Howsver, the valve actuation
guide 200 may take a variety of configurations in order to provide such assistance. For
example, in the particular embodiment of Fig. 2, the valve acmation guide 200 1s of 3
crank-driven configuration. As such, an arm 205 is provided extending from the

suction vaive 255 away from the chamber 235 and to the guide assembly 100, In the



between a supply 245 of operation fluid and the chamber 235. As such, the uptake of operation fluid
may be achieved without sole reliance on lowered pressure overcoming-a suction spring 275. Thus,
significant vaporization of operation fluid within the chamber 235 may be avoided. [0021]Avoidance of
significant vaporization of operation fluid in this manner may substantially minimize the amount of
pump damage that may otherwise result as the plunger 290 re-pressurizes and condenses the
operation fluid. That is, water-hammering damage due to the rapid condensing of vaporized operation
fluid may be largely avoided. As such, in the embodiment shown, the plunger 290 may be thrust

toward the chamberbz %lncr}?asmghth%gr ure theirglp The ressu elngrg % will uItlmater be
enough to effect oper?lﬁigeolI fhie disc arge VAV 8ve?c‘6rrﬁfﬁgetﬁ5a orce su plerauﬁy ?f?éndlscharge

spring 270. 10022340 o £TARERIETMREFSBE TP 105 19.RESTPINEC,N A Tagiigg Operaton.

pressures may be achieved in the manner described above that exceed 2.000 PSI, and more

preferably. that exaeed:36:000:RS! o merank urhermosenstieh anpesitivasisplacement pump 101 is
particularly well suited for high pressure applications of abrasive containing operation fluids. In fact,
embodiments deserbed herehd magche ag plied toncbrrenting.ocdoiktubinghaitale? jetopptingicand
hydraulic fracturing operations as indicated, to name a few. [0023]As indicated, the valve actuation
guide 200 is confléﬁlFéﬁhﬁﬁ“‘éé%‘ié?‘i‘hfﬁétﬁfﬁﬁ%d’flfh@ SicHORPrARA 255 dsaRstaleYt above. However, the

valve actuation gjﬁl"% 4100 ma %varlety of conflgg ratlons in order %} %owde such aSS|stance For
example, in the particular embo HERERTEIgOPIRe BT gLl 08B 4 G arik-driven

configuration. As sl 1A A0RI S RURNIAEEEXRRAIA0URTIAR VS RNKRHE. AR 24K from the
chamber 235 and to the guide assembly 100. In t

as described below, a mechanism for synchronizing the timing of the valve actuation
guide 200 and its crankshaft 207 with the plunger 290 may be provided. Additionally,
in the embodiment shown, the arm 203 is reciprocated¢ in 2 rectilinear manner so as to
maintain isolation between the guide assembly 100 and the operation fluid supply 245.
This may be achieved through the emplovment of a crankshaft 207 of 2 conventional
rectilinear effectuating crank design.  Alternatively, other methods of sealing between
the guide assembly 100 and the operation fluid supply 245 may be emploved or a
tolerable degree of commmunication there-between may be allowed.

[6025] As indicated above, and with added reference to Fig. 1, 2 mechanism for
synchronizing the timing of the vaive actuation guide 200 and the plunger 290 may be
provided. As depicted in Fig. 1. the positive displacement puinp 10! includes e timing
mechanism in the form of 2 tming belt 123 running between the crankshaft housing
150 and the valve actuation guide assembly 100. More particularly, the gming belt 123
i positioned between a crank gear 155 at the crankshaft housing 150 and ap assembly
gear 110 at the guide assembly 100. The crank gear 155 may be coupled to the
crankshaft of the crankshaft housing 150 which drives the plunger 290. By contrast,
the assembly gear 110 may be coupied to the crankshaft 207 of the guide assembly 100,

Thus, rotation of the crankshaft of the crankshaft housing 150 drives the plunger 290 as



embodiment shown, the arm 205 is coupled to a rotable crankshaft 207 through a pin 209. The
crankshaft 207 is rotable about a central axis 210. Thus, as the crankshaft 207 rotates, it serves to
raise and lower the arm 205. In this manner, actuation of the suction valve 255 is achieved based on
the rotation of the crankshaft 207 as opposed to sole reliance on lowered pressure within the chamber
235 as indicated above. 100241As indicated above, the proper timing for actuation of the suction valve
255 is dependent upon the position of the plunger 290, relative to the chamber 235. Thus, as
described below, a mechanism for synchronizing the timing of the valve actuation guide 200 and its
crankshaft 207 with the plunger 290 may be provided. Additionally, in the embodiment shown, the arm
205 is reciprocatedfif&secliifisaitadiEmeo Bs toaiHaiReans16b| i béilvee treigisidevissembly 100

and the operation fluid suapfgly 245, This may be achieved through the employment of a crankshaft 207
of a conventional FERHTEAT eABE TR WERICTESIdn: AREIEN AN O ATEPMEthS8% o PS8 4iing between

the guide assembl, 100, andhe ARCYERN, Il BBl 245 mess o5 cploysd or Adpleraple degree of

communication there-between may be allowed. 100251As indicated above, and with added reference

to Fig. 1, a mechapisfafansymshienizinrgdhedimingef fha valve-apsationguide200,an6the plunger
290 may be provided. As depicted in Fig. 1, the positive displacement pump 101 includes a timing

mechanism in the foréa diartenibg belb &2 livriming be tive envtirecoraunkshalt fotising IaGwghd the valve
actuation guide assembly 100. More particularly, the timing belt 125 is positioned between a crank
gear 155 at the craHREH&1BLSiMF I3 dithdien asgesiislp Hisiang ofdbeieguieremsse mbiyb100. The

crank gear 155 may be cg{uﬁ)le to the ¢ran shaft%f tpe_cranks aft housing 150 which drives the
plunger 290. By conttast, the glé%ﬁyﬁﬁe%l T4 R & BEEETE G20 THECFAh REFLH98%8b fihe guide

assembly 100. Thtﬁéséﬁéé‘&i%% @%Qﬁéﬁ"ﬁ%@z@@&t%ﬁﬁ%@&%ﬁ Qrgn#ﬁ%ivne%lso drives the plunger 290 as

appropriately sized intervening gears 155, 110 and other equipment parts, precise synchronized timing

of the valve actuatjomgyide 2Rt inewithelrteciy esatingniungen@dQmay hs achigwes.
Additionally, in other embodiments, the valve actuation guide 200 may be mechanically linked to the
power output of theypdmPCLBldthiovdhsaltermaigiicanssRegardie sis:; thervoluinetdgsefficiency of the
pump operation may be enhanced in addition to the substantial elimination of cavitation and pump

damage as descrife@tibeivekaith SUchREoterred smsyrmindmnoritibn asmpliyael; be contractible,

similar to a conventional shock absorber. In this manner, the suction vaive 255 may
continue to be pressure actuated based on pressure within the chamber 225 in the event
that the rotable crankshaft 207 ceases rotation or otherwise faiis to properly operate.
For exampie. with & contractible arm 203, the suction valve 255 may avoid being stuck
m an open position as depicted in Fig. 2 should the valve actuation guide 200
malfunction or cease 10 operate.

[0827) The valve actuation guide 200 described above includes a crankshaft 207 for
actuating the suction valve 255 in both an open direction, as depicted in Fig. 2. as well
as in 2 closed direction (e.g. when the plunger 290 returns toward the chamber 235).
However, this type of external valve assistance may take place to greater or lesser
degrees. For example. in one embodiment, the valve actuation guide 200 may include a
rotable cam in place of the rotabie crankshaft 207. Thus, the arm 205 may be forced
upward by the cam during its rotation in order to open the valve 255, However,

returning closed of the valve 255 may be left to pressure buildup within the chamber



[0026]Continuing with reference to Fig. 2. the arm 205 of the valve actuation guide 200 is depicted as
a monolithic linkage between the suction valve 255 and the rotable crankshaft 207. However, in one
embodiment the arm 205 may be contractible, similar to a conventional shock absorber. In this
manner, the suction valve 255 may continue to be pressure actuated based on pressure within the
chamber 235 in the event that the rotable crankshaft 207 ceases rotation or otherwise fails to properly
operate. For example, with a contractible arm 205, the suction valve 255 may avoid being stuck in an
open position as depicted in Fig. 2 should the valve actuation guide 200 malfunction or cease to
operate. [0027]The valve actuation guide 200 described above includes a crankshaft 207 for actuating
the suction valve 285 in BSt SR BHEhARRHEEYs Mepiotdadinsriy, ocuanwalrasin & or8ed direction

(e.g. when the pIu%gru%gg returns tovygrgriélae chamberhzfg%%%)l.e 'EL%Vr}'l Ver, %.hiist%& of external valve

. OI £ reiance on ressure wit 53 Pn%{]g
assistance may take place to greater or lesser degrees. For example, 1n one empbodi “the valve

actuation guide 200:gay inaluge-aretakle.cam innlasart thesatable qrankshaft. 20z, ;Thus, the arm

205 may be forced upward by the cam during its rotation in order to open the valve 255. However,
returning closed ofikiee vatven? thanyayshi€idett texprassureruildup within the chamber 235. Thus,
significant cavitation may be avoided as the suction valve 255 is opened without sole reliance on
lowered pressure WHAR theSehdmibeh23mnbrdingels, emsloying serabaravsizhigieriyyeB¥umdvithin the
chamber to close the suction valve 255 is less Iike{%{éo result in any significant water hammering.

[0028]Similarly, th&BRIERHEN S UAHRERRY Feves) Prosyehae sesembly 1Ht Andsierierish Huide 200

adjacent only 10 ihg Sheflon.ol/es83ei kB Atualion o iNe, iacharde yalve 250ds el fo pressure
conditions within the chamber 235. This may allow for ease of design Simiar to"cam actation noted

above and may be,aqrasticakoptiand lighkotdhedast dhabsignificant.cayitatianis unjikely,correlated

to any discharge valve 250 position. However, in one embodiment external assistance is provided to
the discharge valvep2bf in sighitichtte the shatisisnifibse: 266:dhat is, amaddiienalactuation guide
similar to the embodiments described above may be positioned adjacent the discharge valve 250 and
coupled thereto in &fdkarge fiaie? Erianse. puhp efficienope Tinbeianetaketpladeakystadacing the
amount of time that might otherwise be required to open or close the discharge valve 250 based solely
on the pressure Wiﬁlﬁ)ﬁ’%ﬁg %@ﬁ]ﬁéthélgs_va ve 250 in addition to the suction valve 235. That is, an

additional actuation guide similar to the embodiments described above may be
positioned adjacent the discharge valve 250 and coupled thereto in order to further
enhance pump efficiency. This may take place by reducing the amount of time that
might otherwise be required to open or close the discharge vaive 250 based solely on
the pressure within the chamber 233,

[0029] Referring now to Fig. 3, an alternate embodiment of an actuation guide 300
1 depicted within the guide assembly 100. Namely, a hydraulic actuation guide 300
may be employed in order 10 provide external assistance to a vaive such as the depicted
suction valve 255, In the embodiment shown, an arm 303 once again extends from the
suction valve 255 to the external guide assembly 100 where it terminates at a plate 307
within 2 hydraulic chamber 309, As described below, hydraulic fluid within the
chamber 309 may act upon the plate 307 in order 1o effect reciprocation of the arm 305,
In tins manner, the suction valve 255 may be assisted in either opening to the position

shown i Fig. 3 or in closing.
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[0029]Referring now to Fig. 3, an alternate embodiment of an actuation guide 300 is depicted within
the guide assembly 100. Namely, a hydraulic actuation guide 300 may be employed in order to provide
external assistance to a valve such as the depicted suction valve 255. In the embodiment shown, an
arm 305 once again extends from the suction valve 255 to the external guide assembly 100 where it
terminates at a plate 307 within a hydraulic chamber 309. As described below, hydraulic fluid within
the chamber 309 may act upon the plate 307 in order to effect reciprocation of the arm 305. In this
manner, the suction valve 255 may be assisted in either opening to the position shown in Fig. 3 or in
closing. 100301Continuing with reference to Fig. 3, the actuationde 300 includes the noted hydraulic
chamber 309 whiclPfR%y be - RABLRS T BEMFESitRe fittefioPR TP oh SHISS FOU MrpAce terior
compartment 340 at either side of the plate 307.. Thus, an increase in pressure at the interior
compartment mayrf)géedeﬂrllhg?gi/%% t@%ﬂ\% té\%%%u%S%%gyb/ ré)glrﬁl Rd & jb@eﬁ?@ﬁfﬁ‘&e&fﬁ?ﬂ%ent. In the
case of the suction.yape-aaR samRIRA-AP dhe M ANF hisPrersyre increase Jeguitsin.asglosing of the
valve 255 and the communication path 201 between the fluid supply 245 and the pump chamber 235.
Alternatively, a pressurednnreasevithinuthe: exierion corpaament 340 raampietupanitie gpposite side
of the plate 307 to drive the suction valve 255 into the open position depicted in Fig, 3. Of note is the
fact that in an embaiFntwehdrematinadiiacdic potpatipipgeide B00dsalsof douplethtosthe discharge
valve 250, an increase in pressure at its pump side interior compartment would act to open the valve

250. Alternatively, SRR EREE FpressiireRIeTE oppGaiter esTiBrca mparandacwouRf aéido close the
valve 250. This manner of actuation Id be due to the unigue orientation of the discharge valve 250
atﬂe 105%%{1’ a%%%qplﬁf%veen tE]S @U%éélgléj 95(} agﬁ k}f ep a’

relative to the pump chamber 1Returning to SAntBACHRIIR G, 3 the Interior

t
compartment 330 i§ eryeetRY aagrésgtﬁ@qa@a&wﬁﬁme’ﬂéﬂ%ﬁ5%%4!%&&%@4&%%9@&4{@6“ IS

served by an exterior hydraulic line 320. Thus, in one embodiment a double acting’hydra ?lc control
mechanism may bendigposedshietviapnpbe inesc3hd,3R0 dacdove dydraglisflvid betwveanithe lines 310,

320 in order to regulate pressure within the compartments 330, 340 as described. Alternatively,
synchronized indegeridently detuateddmatslasatinépnibamatienactiatbrsemayhbe cobpdediiio each line
310, 320 in order to direct pressures within the compartments 330, 340 and achieve reciprocation of
the arm 305. actuation guide 300 18 also coupled to the discharge vaive 250, an increase in pressure

at its pump side interior compartment would act to open the valve 250. Alternatively,

an increase in pressure at the opposite exterior compartment would act to close the

valve 250. This manner of actuation would be due to the unigue orientation of the

discharge valve 250 relative to the pump chamber 233,

[0G31} Returning to the embodiment depicted in Fig. 3. the inmterior compartment

330 is served by an interior hydraulic line 310 whereas the exterior compariment is

served by au exterior hydraulic line 32C. Thus, in one embodiment a double acting

hydraulic control mechanism may be disposed between the lines 310, 32C to drive

hvdraulic fluid between the lines 310, 320 in order 10 regulate pressure within the

compartments 330, 340 as described.  Alternatively, synchronized independently

actuated double acting pneumatic actuators may be coupled to each line 310, 320 in

order to direct pressures within the compartments 330, 340 and achieve reciprocation of

the arm 303.
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actuation guide 300 of Fig. 3 provides valve actuation assistance to the suction valve in a manner
substantially reducing cavitation or boiling of operation fluid within the chamber 235 during retreat of
the plunger 290. Additionally, where the actuation guide 300 assists in both opening and closing of the
suction valve 255 in a synchronized manner, volumetric efficiency of the pump is also enhanced.
Furthermore, additional volumetric efficiency may be achieved in an embodiment where a hydraulic
actuation guide 300 is also coupled to the discharge valve 250 as described above. 100331As in the
case of the crank-driven configuration of Fig. 2, the arm 305 may also be of a shock-absorber
configuration to ensure continued valve operation in the event of breakdown aof the actuation guide

300. Additionally, 8 Hydratit 4t o ghial 560 R\ PRy EE for ASIRIEREYS#8Re actuation

in a single direction (e.g. opening,ofthe suction valye 255 similar to the cam actuated embodiment
described above).af0034ﬁ‘(folnte|riuin8] noW with reference to Ftllé)n 4 anot eer%?‘téﬁﬁ%?é%‘?% hodiment of an

actuation guide 4504dgfepicted:within the guide.assembly 1080 thiseasaihaactuationguide is an
electromagnetic power source that is wired through leads 421, 441 to an electromagnetic inductor 420.
Thus, in the embodhimbat Shodunnthetsuctibtyaive 25Bmayddaiof A conventienakmagnatic:or other
magneto-responsive material such that valve actuation may be directionally assisted based on the
polarity of the ind ¥ ESSEZO TPt iSPeREENNGCEIS IR0 M B HecERYevAlrSiBIES polariynsirehithét the valve
255 will either be assisted in opening_or closing depending on the magnitude and polarity of the
current through th@?ﬂﬁ‘ﬁcfé’}u%?‘fo??g%‘ﬁw}fh%f g?‘ﬁl?BHWn‘érﬁl%lf B th d MR ERTH- G4E%A80 remains

entirely free of phygical Gouping.fo.the, suction; valve 252 oy e of Imparing eleglromagnetic forces
guide 300 is also coupled to the discharge valve 250 as described above.
[0633] As n the case of the crank-driven configuration of Fig. 2, the arm 303 may
also be of a shock-absorber configuration to ensure continued vaive operation in the
event of breakdown of the actuation guide 300. Additionally, the hydraulic actuation
guide 300 may be emploved for assistance in valve actuation in 2 single direciion {e.g.
opening of the suction valve 255 similar to the cam actuated embodiment described
zbove).
[6634] Continuing now with reference to Fig, 4, another aliernate embodiment of
an actnation guide 450 is depicted within the guide assembly 100, In this case. the
actuation guide 18 an electromagmetic power source that is wired through leads 421, 441
to an electromagnetic inductor 420. Thus, in the embodiment shown, the suction valve
255 may be of a conventional magnetic or other magneto-responsive matenal such that
valve actuation may be directionally assisied based on the polanty of the inductors 420.
That is, the inductor 420 may be of reversible polarity such that the valve 253 wili
gither be assisted in opening or closing depending on the magnitude and polarity of the
current through the inductor 420.
[0035] in the embodiment of Fig. 4, the actuation guide 450 remains entirely fres of

physicai coupling to the suction valve 255 by way of imparting electromagnetic forces



through the inductor 420 imbedded within the seat below the suction valve 255 and adjacent the fluid
supply 245. However, in another embodiment, an arm similar to that of Figs. 2 and 3 may be coupled
to the valve 255 and extend toward the guide assembly 100. In such an embodiment, an inductive
mechanism may be retained isolated from the fluid supply 245 where desired. Thus, the arm, as
opposed to the valve 255 itself, may be made up of magnetic or magneto-responsive material and
acted upon by the inductive mechanism to assist valve actuation similar to the mechanical and
hydraulic embodiments depicted in Figs. 2 and 3. 100361As with prior embodiments detailed above,
the electromagnetic driven configuration of Fig. 4 provides valve actuation assistance to the suction

valve in a mannefi&eisstabiiHRpeay feh drbsddetisAtiuditionalheiinie tHegettrtonguige 450

induces a synchronized reverse of polarjty {0 assist in both opening and closing.of the suction valve
755, wolumettic SHHL A ING SRD 12 410 SR AR S A AP RRUAT i S efficioncy
may be achieved ipan. embediment Whre A1 BlesURMagnglic ARMAIANAHILe-A80.15 8139, coupled to

the discharge valve. [0037)With particular reference to Figs. 3 and 4, hydraulic and electromagnetic

valve actuation asgistancadnay beparewadly el skitedpmnon mechasisat synshrtanization with the
power output of the pump That is, rather than physically employing a timing belt 125 to link power
output and the guite faséenpbly 18D pivecpsitionTofuth ehplangers299oedthdrepunp Panssahay be
monitored via conventional sensors and techniques. This information may then be fed to a processor
where it may be aFalyRed i ErApRIYERFTA SCAENTP FRSIMArEUNEIS0Y aresiTorayReite450
actuation guides ergilo ed. I%ge.ed, with such techniques available, actugtion fjlss(%sﬁance may be

tuned in real-time T SHSrESERNIRLS AVS SN e SHEATRANBNE AN WEaRRAISRER B¢ ISR Etric pump

efficiency. 10038&&&!&%%%%%&@&%@%9? 19the embodiments of Figs. 3 and 4, non- intrusive
actuation assistance in the form of hydratlic 300 or electromagnetic 450 actuation guides provides

additional advantggess)For gxampler-ibeina@reductioniisthadotalnumberpfsnrebamicah moving
pans which must be maintained. Indeed, in the case of electromagnetic actuation, in particular, the

option of eliminatingnépuaatincofified 4pthedzalve 25ecalteviatesigemnecern tbyenthenpalential need to

maintain a sealed off fluid supply 245.
manner substantially reducing cavitation. Additionally, where the actuation guide 450
induces a synchronized reverse of polarity 1o assist in both opening and closing of the
suction valve 235, volumetric efficiency of the pump is alsc enhanced, Furthermore,
additional volumetric efficiency may be achieved in an embodiment where an
electromagnetic actuation guide 450 15 also coupled to the discharge valve,
{0837} With particular reference to Figs. 3 and 4, bvdraulic and electromagnetic
valve actuation assistance may be particularly well suited for non-mechanical
synchronization with the power output of the pump. That is, rather than physicaliy
employing a timing belt [25 10 link power ourput and the guide assembly 100, the
position of the plunger 290 or other pump parts mav be monitored via conventional
sensors and technigues. This information may then be fed to a processor where it may
be analyzed and employed in actuating the hydranlic 300 or electromagnetic 450
acwation guides emploved.  Indeed. with such technigues available, actuation

asgisiance may be tuned in real-time fo ensure adequate avoidance of cavitation and

maximization of volumetric pump efficiency.



(O039]Referring now to Fig. 5, a partially sectional view of an oilfield 501 is depicted whereat pumps
101 such as that of Fig. 1 are employed as part of amultipump operation. Each pump 101 is equipped
with a crankshaft housing 150 adjacent a chamber housing 175 and positioned atop a skid 130.
However, in order to reduce cavitation and pump damage, the pumps 101 are also each equipped with
an externally positioned guide assembly 100 to assist in valve actuation within the chamber housing
175 as detailed in embodiments above. Overall pump efficiency may also be enhanced for each of the
pumps 101 in this manner. Thus, inadequate operation of any given pump 101 is unlikely to ()CCM or
place added strain on neighboring pumps 101. (0040]In the particular depiction of Fig. 5, the pumps
are acting in conc¥ deliveriae iy T%fﬂ“%ﬁd‘th%u@ﬁ“%‘”%&?@?ﬂ%‘&%v@nH"c‘)’-fe%rd‘@ﬂjring ofa

formation 515. In this mann rauh drocarbon.re%]ov?r frggn thﬁ% ﬁm%wr&?%&m&yﬁbe stimylated. Mixing

equipment 590 méli}:rﬁsévé’rﬁa% oye %Sgﬁ%}ﬁfylfhe frad uring ﬁ‘ﬁ 1510 rough a manfold 575 where

pressurization by fhe pMPSAQ b MAY-theRibs.employeddo aﬁa@lﬁﬁgﬁ? fpid 219 hrougha well head

550 and into the well 525 at pressures that may exceed about 20,000 PSI. Nevertheless, due to

cavitation avoidange as:puesitt @f theheinpleyedrguide: assrmalies:1 Qi panp damsge-due to water
hammering may be kept at a minimum. [0041]Embodiments described here nabove address
cavitation, pump damagfe st evemanaprefficiencynimrewanmier thetdogsdiotreipsalelyrmpon internal
pump pressure for valve actuation. As a result, delay in opening of the suction valve in particular may
be avoided so as fSUBSIAMRFAIR E AR LI ERHETT ARG E sttt Hrsidr MsiRitBAM§ Mdeed, as
opposed to mere mo ilgg)c{i%ggc;)}‘ pymp conditions, embodiments described herein may be employed to

actively avoid pump amage from water hammering. [00421The preceding description has been

presented with refﬁfwe toﬁ%ﬁ@éﬁ@tlﬁfow to Fig. 5, a paruallv sectional view of an oilfield 501 is

depicted whereat pumps 101 such as that of Fig. 1 are employed as part of 2 multi-
pump operation. Each pump 101 is equipped with a crankshaft housing 150 adjacent a
chamber housing 175 and positioned atop a skid 130. However, in order to reduce
cavitation and pump damage, the pumps 101 are also each equipped with an externally
positioned guide assembly 100 to assist in valve actuation within the chamber housing
75 as detailed in embodiments above. Overall pump efficiency may also be enhanced
for each of the pumps 101 in this manner. Thus, inadeguate operation of anv given
pump 101 18 uniikely to occur or place added strain on neighboring pumps 101,
(0940} In the particular depiction of Fig. 3, the pumps are acting in concert to
deliver 2 fractuning fluid 510 through a well 523 for downhole fracturing of 2 formation
S15. In this manner, hydrocarbon recovery from the formation 5135 may be sumulated.
Mixing equipment 590 may be employed to supply the fracturing fiuid 510 through a
oanifold 575 where pressurization by tie pumps 101 may then be employed tc advance
the fluid 510 through a well head 550 and into the well 525 at pressures that meay
exceed about 20,000 PSL. Nevertheless. due to cavitation avoidance as a result of the
employed guide assemblies 100, pump damage due to water hammering may be kept at

& mipimum,



preferred embodiments. Persons skilled in the art and technology to which these embodiments pertain
will appreciate that alterations and changes in the described structures and methods of operation may
be practiced without meaningfully departing from the principle, and scope of these embodiments. For
example, valve actuation assistance may be achieved through the use of servo and/or stepped
motors. The assistance as detailed herein may also be employed to extend the life of valves by
increasing the rate of valve closure so as to ensure more effective crushing of abrasives carried by
operation fluid. Additionally, volumetric efficiencies enhanced by valve actuation assistance as
described herein may be even further enhanced by ensuring that valve opening is maximized during

pumping. Furtherf9re, the 1BREGBITE HESTIEE0 A ERBARS ot d5Eere S8 HRISR R §BREF B the precise

structures describgg n_in thne qﬁg&@p@%y&%% vgép\gs%le %J;u&%ghi% ;nhaqugld be read as

and show
. . S mp ericienc 0 PTCRS .
consistent with and a%pgugport for the fo owing claims, which are ave their fullest and fairest

scope. CLAIMS: LyApesitive:(isplacemant RUmP:compHsingiR ARuaNGior @ pirRsauHzakle chamber;
a plunger configured to reciprocate inside the pressurizable chamber a valve of said housing for

controlling fluid comamuindeations withubhenprdsstinzabie echambe and harem thevwaly @aseendigured to
move in a direction that is substantially perpendicular to a reciprocating movement of the plunger;
a valve actuation dudded extemmaito hanpressinipate ehawitierosiiestertedaienvafeechyed coupling to

assist opening or closing the valve to contral fluid communication with the pressurizable chamber; and,
herein may be employed to actively avoid pump damage from water hammering.

fo042] The preceding description has been presented with reference to presently
preferred embodiments. Persons skilled in the art and technology to which these
embodiments pertain will appreciate that alterations and changes in the described
structures and methods of operation may be practiced without meaningfully departing
from the principie, and scope of these embodiments. For example, vaive actuation
agsistance may De achieved through the uvse of servo andior stepped motors. The
assistance as detailed herein may also be emploved to extend the life of valves by
increasing the rate of valve closure 30 a8 to ensure more sffective crushing of abrasives
carried by operation fluid. Additionally. volumetric efficiencies enhanced by valve
actuation assistance as described herein may be even further enhanced by ensuring that
valve opening is maximized during pumping. Furthermore, the foregoing description
should not be read as pertaining only to the precige structures described and shown in
the accompanying drawings, but rather should be read as consistent with and as support

for the following claims, which are 10 have their fullest and fairest scope.



a timing mechanism for controlling a timing of when the valve actuation guide assists opening or
closing the valve relative to a position of the plunger inside the pressurizable chamber, and wherein
the timing mechanism is selected from the group consisting of (i) a timing belt, and (ii) a sensor to
monitor said position of said plunger and a processor to analyze data from said sensor. 2. The positive
displacement pump of claim | wherein the coupling is of an electromagnetic nature. 3. The positive
displacement pump of claim 2 wherein said valve actuation guide is an electromagnetic power source
coupled ¢ attepsst one electromagnetic inductor and said valve is of amagneto-responsive material. 4.
The positive displacement pump of claim 3 wherein the at least one electromagnetic inductor is of

reversible polarity,, i i t.a valve seat for contacting said valve. 6. The positive
B TASH,

displacement pu aims further comprising a mechanical arm disposed

between said valve agqjggqlél%\{% %éyﬁ?%b%%%ﬁ%@e coupling. 7. The positive displacement pump

of claim 6 wherein said mechanical'arm is of a contractible configuration.
a plunger configured to reciprocate inside the pressurizable chamber;

a valve of said housing for controlling fluid communication with the pressurizable
chamber, wherein the valve is configured to move in a direction that is substantially

perpendicular to a reciprocating movement of the plunger;

a valve actuation guide external to the pressurizable chamber connected to said
valve by a coupling to assist opening or closing the valve to control fluid communication

with the pressurizable chamber; and,

a timing mechanism for controlling a timing of when the valve actuation guide
assists opening or closing the valve relative to a position of the plunger inside the
pressurizable chamber, and wherein the timing mechanism is selected from the group
consisting of (1) a timing belt, and (ii) a sensor to monitor said position of said plunger

and a processor to analyze data from said sensor.

2. The positive displacement pump of claim 1 wherein the coupling is of an electromagnetic
nature.
3. The positive displacement pump of claim 2 wherein said valve actuation guide is an

electromagnetic power source coupled to at least one electromagnetic inductor and said

valve is of a magneto-responsive material.

4. The positive displacement pump of claim 3 wherein the at least one electromagnetic

inductor is of reversible polarity.
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8. The positive displacement pump of claim 6 or 7 wherein said valve actuation guide is configured to
drive said mechanical arm and assist the valve to control fluid communication with the pressurizable
chamber by one of a cam mechanism, a crank mechanism, a hydraulic mechanism, an
electromagnetic mechanism, a servo motor, and a stepper motor. 9. The positive displacement pump
of claim 8 wherein said valve actuation guide is configured to drive said mechanical arm by the
hydraulic mechanism, said mechanical arm further comprises a plate, the hydraulic mechanism having
a hydraulic mechanism housing disposed about said plate to form a pressurizable compartment on at
least one side of the plate, said mechanical arm configured to reciprocate in accordance with a 10.
The positive disptagenientdipnpeafealainm e whenein Saitkvalvthactuatnmguitie i ragfigired to drive
said mechanical arm by the electromagnetic mechanism, said valve actuation guide is an
electromagnetimgowensaurgeranthtibae lectivemagneticoneshagisadinghudes at least one
electromagnetic inductor. 11. The positive displacement pump of claim 10 wherein said mechanical
arm is of a magneto-responsive material. 12. The positive displacement pump of claim 10 or 11
wherein the at least one electromagnetic inductor is of reversible polarity. The Eositive displacement
pump oftany oridopeisi prdbwdiaemdnimenioreiant o iSitg PEGIRErSuUppyTtherHRMTMGERcoupled
to said power supply and in communication with the pressurizable chamber to direct a pressurization
of the pressurimb@mggg@m between said valve and said vaive actuation guide for the

coupling.

7. The positive displacement pump of claim 6 wherein said mechanical arm is of a

contractible configuration.

8. The positive displacement pump of claim 6 or 7 wherein said valve actuation guide is
configured to drive said mechanical arm and assist the valve to control fluid
communication with the pressurizable chamber by one of a cam mechanism, a crank
mechanism, a hydraulic mechanism, an electromagnetic mechanism, a servo motor, and a

stepper motor.

0. The positive displacement pump of claim 8 wherein said valve actuation guide is
configured to drive said mechanical arm by the hydraulic mechanism, said mechanical
arm further comprises a plate, the hydraulic mechanism having a hydraulic mechanism
housing disposed about said plate to form a pressurizable compartment on at least one

side of the plate, said mechanical arm configured to reciprocate in accordance with a
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where the timing mechanism is a timing belt, the timing mechanism disposed between said power
supply and said valve actuation guide. 14.The positive displacement pump of any one of the preceding
claims wherein control of the timing for when the valve actuation guide assists opening or closing the
valve to control fluid communication with the pressurizable chamber is tunable in real-time. 15. The
positive displacement pump of any one of the preceding claims wherein said valve is a first valve and
said valve actuation guide is a first valve actuation guide for connecting to said first valve, the positive
displacement pump further comprising: a second valve of said housing for controlling fluid
communication with the pressurizable chamber; and a second valve actuation guide coupled to
said secbind valle iwsissistzproingor mlaging thesaoonekvialvaidosivetiohfigishcandaisnication with the
pressurizable chamber. 16. A positive displacement pump assembly for positioning at an oilfield to
deliver a fluid tocwn feitdtherdatvd spidgranioperation bhehpadidoreisplate mesitapismpsasbeshlaly
comprising: a housing for a pressurizable chamber;

actuation guide is an electromagnetic power source and the electromagnetic mechanism

includes at least one electromagnetic inductor.

11, The positive displacement pump of claim 10 wherein said mechanical arm is of a

magneto-responsive material.

12. The positive displacement pump of claim 10 or 11 wherein the at least one

electromagnetic inductor is of reversibie polarity.

13.  The positive displacement pump of any one of the preceding claims further comprising:
a power supply;
the plunger coupled to said power supply and in communication with the
pressurizable chamber to direct a pressurization of the pressurizable chamber; and
where the timing mechanism is a timing belt, the timing mechanism disposed
between said power supply and said valve actuation guide.
14. The positive displacement pump of any one of the preceding claims wherein control of
the timing for when the valve actuation guide assists opening or closing the valve to

control fluid communication with the pressurizable chamber is tunable in real-time.
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a plunger configured to reciprocate inside the pressurizable chamber; a supply of the fluid adjacent the
pressurizable chamber; a valve of said housing for controlling access by the fluid to the
pressurizable chamber, wherein the valve is configured to move in a direction that is substantially
perpendicular to a reciprocating movement of the plunger; a valve actuation guide external to the
pressurizable chamber connected to the valve by a coupling to assist opening or closing the valve to
control fluid communication with the pressurizable chamber; and, a timing mechanism for

controlling a timihg kwhedithevahmaaipioneyse assiBisRRBIAY QLssIgre ywalverelative to a

position of the plunger inside the pressurizable chamber, and wherein the timing mechanism is

selected from theadisupabensistiagiohliea timingnbalidanda(i}a eansatiadaniioasaid position of said
plunger and a processor to analyze data from said sensor. mechanical coupling and an

electromagneticampling 1d &id fiespadityehdippiadendépl prempragserp bl b claimpdiGin: 17 wherein the
operation is one of fracturing and cementing. 19. A valve actuation guide assembly for positioning

adjacent a housing for acpregsutizableact hmiserzdba positiliadifpldcemennparp, thevadve actuation
guide assembly comprising an actuation guide connected to a valve of the housing by a coupling to
control fluid corpiergmizatbrcithbiteapeessurizable chamber, wherein said actuation guide assists
opening or closing the valve to control fluid communication with the pressurizable chamber, wherein
the valve is configured t6ceitsleaireaefiaideio guitatdeuplgsstarstitd seperp aatiic tdarssisophmper
reciprocating inside the pressurizable chamber, and a timing mechanism for controlling a timing of
when the valve aRHP&IBR G ¥akrts eperhd B criamynisetipaveticlbgiveessuapidarhwobehe plunger
inside the pressurizable chamber, and wherein the timing mechanism is selected from the group
consisting of (i) a timing belt, and (ii) a sensor to monitor said position of said plunger and a processor

to analyze data from, said sensor.
yz]6. A positszve dxssplacement pump assembly for positioning at an oilfield to deliver a fluid to

a well thereat during an operation, the positive displacement pump assembly comprising:

a housing for a pressurizable chamber:;

a plunger configured to reciprocate inside the pressurizable chamber;

a supply of the fluid adjacent the pressurizable chamber;

a valve of said housing for controlling access by the fluid to the pressurizable
chamber, wherein the valve is configured to move in a direction that is substantially
perpendicular to a reciprocating movement of the plunger;

a valve actuation guide external to the pressurizable chamber connected to the
valve by a coupling to assist opening or closing the valve to control fluid communication
with the pressurizable chamber; and,

a timing mechanism for controlling a timing of when the valve actuation guide
assists opening or closing the valve relative to- a position of the plunger inside the
pressurizable chamber, and wherein the timing mechanism is selected from the group
consisting of (i) a timing belt, and (ii) a sensor to monitor said position of said plunger

and a processor to analyze data from said sensor.
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20. The valve actuation guide assembly of claim 19 wherein the coupling is one of electromagnetic
and mechanical.

7.

18.

19.

20.

The positive displacement pump assembly of claim 16 wherein the coupling is one of a

mechanical coupling and an electromagnetic coupling.

The positive displacement pump assembly of claim 16 or 17 wherein the operation is one

of fracturing and cementing.

A valve actuation guide assembly for positioning adjacent a housing for a pressurizable
chamber of a positive displacement pump, the valve actuation guide assembly comprising
an actuation guide connected to a valve of the housing by a coupling to control fluid
communication with the pressurizable chamber, wherein said actuation guide assists
opening or closing the valve to contro! fluid communication with the pressurizable
chamber, wherein the valve is configured to move in a direction that is substantially
perpendicular to a plunger reciprocating inside the pressurizable chamber, and a timing
mechanism for controlling a timing of when the valve actuation guide assists opening or
closing the valve relative to a position of the plunger inside the pressurizable chamber,
and wherein the timing mechanism is selected from the group consisting of (i) a timing
belt, and (ii) a sensor to monitor said position of said plunger and a processor to analyze

data from said sensor.

The valve actuation guide assembly of claim 19 wherein the coupling 1s one of

electromagnetic and mechanical.
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